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UNITED STATES

PAaTENT OFFICE,

LEONIDAS G. WOOLLEY,

O MENDON, MICHIGAN.

ELECTRIC LAMP.

SPECIFICATION forming part of Letfers Patent No. 241,112, dated May 3, 1881,

Application filed Kovembery 24, 1330, {p mindel.)

To all whom it may concern :

Beit known that I, LEONIDAS G. WOOLLETY,
of Mendon, in the county of St. Joseph and
State of Mickigan, liave invented certain new
and vseful Improvements in Eleetric Tamps;
and I do herely declare the following to be a
full, clear, and exact description of the inven-
tion, sneh as will enable others skilled in the
art to whicl it pertains to make and nse it, rel-
erence being bad to the accompanying draw-
ings, which form part of this specitication,

My invention relates to au improvement in
electric lamps; and it consists, fivsg, in 3 po-
Iygonal lamp-frame which is suspended in posi-
tion by @ series of opposing springs applied to
itscorners, which springs neatralize the jarring
and ghaking movements in such a manner as
to adapt the lamp for nse as a Lead-light on a
locomotive; second,in the combination of the
carbon-holder, a sliding collar placed thereon,
a clamping-lever pivoted upon the eollar and
provided with an armature, a device for regu-
lating the distanee the outer end of the lever
shall rise, and an electro-magnet for raising
the lever, collar, and carbou-bolder upward;
third, in the combination of a Lorizontal helix
and a perforated endwise-moving bar or rod,
which extends into the center of the helix so
as to act ag an armature, and through which
the carbon-holder passes, whereby, wheu the
endwise-moving bar becomes electrified by the
action of the magnet, the bar is drawn into the
magnet with sufficient force to prevent the car-
bon-holder by frictional contact from drop-
ping downward too rapidly; fourth, in the ar-
rangenient and combination of parts which will
be more fally hereinafter set forth.

The object of my invention is adjnsting the
movement or feeding of the carbons by a very
simple and inexpensive meehanism, and to dis-
pense with all the wheels, elock-works, and
other such expensive devices as have hereto-
fore been used.

Tigore 1 is a side elevation of wy invention
complete. TFig.2 is a vertical section througl
the upper part of the frame-work taken atright
angles to Fig. 1. TFig. 3is a detail view. IFig,
4 is a vertical section of my invention. TFig.
5 is a detail view of the clamping device aud’
carbon-holder. .

A represents the frame in which the lamp

is supporied, and which may be either of the
form liere shown orany other that may be pre-
ferred.  Attached toeach corner of this frame
A is a spring, B, of any desired skape, size, or
construetion, and which prevent any shaking
or vibrating of the frame which would have a
tendeney to interfere with the perfect acting
of the light. If so preferred, the two lower
springs may be coiled ones nid the upper ones
fat-bar springs, or all of the springs may e
of the smme constrnetion as is here shown.

The great objection lieretofore existing to
the nse of the electric lamp as a head-light
upon locomotives has been that the jarving and
shaking of the locomotive when in motion are
80 great that the different parts of the lamp
have been shaken and jorred to sneh an extent
that the lamp soon becomesinoperative.  This
shaking has heretofore caused the earbons to
break and the upper earbon-holder to work so
nnsteadily that the lanp was practically use-
less as a locomotive head-light.

These objections I completely overcome by
snpporting the lamp-frame by eans of a sait-
able nawber of springs in an outer frame, C,
which may be attached to the front of the loeo-
motive or any otber objeet in any saitable
manner, and which springs serve to nentral-
ize the jarring and shaking wmotion to such
an extent that the slight and almost imper-
ceptible vibratory movement of the frame A
canses no inconvenience. The frame A, as
here shown, is supported in an outer frame by
means of four springs; hat it is evident that
this frame or any other suitable form of frame
may be supported upou o suitable number of
springs, and which will have to a very great
extent the same effect, though not as perfect
a one as when the springs ave applied to the
corners, as here shown,

Upon the top of the frame A is placed the
iron frame D, of any suiiable shape, and whiel
ig cast in one continnons piece, 30 as to form a
magnetic conduetor between the two maguets.
Passing down through the center of this frame
is the carbon-bolder E, over which, inside of
the frame, is placed a preferably non-magnetic
collar, I, which slides freely npon the carbon-
holder amd serves principally us & pivot upon
which theelamping-lever Gissupported. Upon
one side of this collar is formed a flange, @, and
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the angular end of ihe lever is cut out so asto
fit over this flange and vibrate freely upon its
pivot, which passes throngh the fange.  Upon
the top of this clamping-lever, which may be ot
the shape liere shown or any other that may be
preferred, is secured awp armatore, (Y, so that
whenever the current of electrieity is passed
through the magnet I this armatare is at-
tracted to thepole of themaguetand the clamyp-
ing device thus lifted horizontally upward,
The end of the clainping device whieli is in con-
tact with the carbon-lolder is so shaped that
when the device is raised upward the frictional
contact of this device against the side of the
carbon-holder will cause the carbon-holder to
be raised npward a sufficient distance to sepa-
rate the upper carbon from the lower one fur
enougl toproduce theare. - Theouterandlong-
er end of this clamping lever or device is made
to catch in the stop I, which is seenred to the
inper side of the frame D, and which stop is
placed in sueh relation to the pole of the mag-
net thatas the clamping deviee is being raised
hrorizontally npward, carrying the carbon-hold-
er with it, the outer end of the elamping de-
vies striliesthis stop before the armature comes
in contact with the pole of tie magnet, aud as
the clamping deviee eontinues to move npward
it is tilted or turned slightly upon its pivot ¢
in such a manner as to release its hold upon the
carbon-bolder, and thus let the carbon-holder
drop dowuward, while the clamping device re-
maius suspended against the pole of the mag-
net, Chis stop I may be of any snitable form,
andwill be preferably provided withaset-serew,
soas tobear against the outer end of this clamp-
ing device, and thus cause it to releasethe car-
boo-lbolder at any point during the npward
travel of theclamping deviee, and in this man-
ner regulate the distance whiclt the carbon-
holder shall be raised upward.

When the clamping device releases its bold
upon the carbon-holder the holder would drop
its full length down through the frame were it
not thatsome other means are provided soasto
regulate the speed at which the Lolder shall
move downward Dby its own gravity. Seecnred
in the frame D at right angles to the magnet
H is placed & helix, J, which, instead of being
provided with a stationary pole like the mag-
net H, is mwade hollow, and its armature is
formed by the endwise-moving bar or rod I,
which bhas a hole made through its center for
the carbon-holder to pass through. TUpon the
top of this armature is placed a small friction-
roller, which bears agninst theedge of theflange
upon the vertically-moving collar, and which
roller prevents any endwise movement of the
armature I untit the vertically-moving collar
has been raised to that point by the friction-
clamp where the frietion-clampreleases its hold
upon the carbon-holder, when the armatnre,
being free to move, is drawn endwise into the
helixsoas toexertjust asufficientfrictional con-
tactagainst thesideof the carbon-holder to pre-
vent it from moving toorapidly byitsown gray-
ity. The hole or opening through this arma-

ture for the carbon-liolder to pass through is
made slightly elongated, so that when the ar-
matare is not drawn into the helix it exertano
power upon the carbon-liolder.  Attached to
this armature at any snitable point is a small
spring of suitable shape, size, or constinetion,
atd which moves the armatureontward as soon
as it is left free to move,

One of the wires is counected with the mag-
net H, and the other one witle the lower ear-
bon-bholder, as shown in Fig, 1. The two mag-
nets, I J, are conneeted by means of their
wires or in any other snitable manner with
the frame D, and the eurrent passes (o the
one H throngh the frame, as shown by the ar-
rows.

After the frietion-clamping device has raised
the earbon-holder upward the clamping device
remains suspended nntit the current is broken,
wlen it immediately drops downward and is
ready for another hold upon the carbou-holder,
and this elamping device serves no other pur-
pose than to merely separate the earbons in
starting ov lighting the lamp.

As the ends of the earbon burn away and the
peintsbecome separated theelectric carrentbe-
comes weakened, and in propertion as this cur-
rent becomes weakened so the pole of the helix
to atiract the armature I becomes wealened
and exerts o less drawing pressure npon the
armatare, and thus releases the carbon-holder
sufficiently toletit descend fromits own weight,
aud as soont as the two points of the two ear-
bons approach each other sufficiently near to
fully re-establish the current the powerof the
helix is inereased at the sane instant, and it
exerts a drawing-pull aponthe armature I sui-
ficiently strong to prevent the carbon from de-
seending any farther. In thismanner the car-
rent is made to regulate the feeding of the car-
bons and a bright and steadylight is obtained.

In order to prevent the ecarbou-holder irom
descending too rapidly,adash-potorother well-
known device may be used for controlling its
descent. :

The constraction and operation ot the lamp
is such as is now in ordinary nse, and need not
e more folly deseribed here.

Having thus deseribed wy invention, I
claim—

1, In an electric lamp, the combination of
a polygonal frame and o series of supporting-
springs which are applied to opposing corners
of the frame, substantially as shown, '

2, Inan electric lamp,thecombination of the
carbon - holder E, a sliding collar, I¥, placed
thereon, the lever G, pivoted upon this collar
and provided with an armatore, &G/, a device
for regulating the distance the onter end of the
lever shall rise, and the eleciro-magnet I, the
inner cod of the lever forming a clamp for lift-
ing the carbou-holder apward, substantially as
described.

3. Thecombination of acarbon-liolder, aslid-
ing collar placed thereou, a friction-clamyp piv-
oted upon the eollar and provided with anarma-
ture, an electro-magnet, and a stop, whereby, a2
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the ftiction device is raised upward carrying
the carbon-holder with it the outer end of the
friction-clamp is arrested by means of a stop,
80 as to release the carbon-holder while the
friction - clamp remains smspended, substan.
tially as shown,

4. Inan electric lamp, the combination of an
electrically-operated 1rlcl;10n clamp for raising
the carbon-holder, and a seeond electncallj
operated friction-clamp to prevent the earboun-
holder from deseending too rapidly from its
own gravity, substantially as specified.

5. T an elecfrictamp, thecombination of the

helix J, the perforated armature L, and a spring
for w1t11dmwmrr the armature irom the helix 1y
and from agaiust the side of the carbon-holder
with a fuctlon clamping device aud an electro-
magnet foroperating thesame, substantially as -
showt,

In testimony that I claim the foregoing T 20
have erennte set my hand this 24th day of
November, 1880.

LEONIDAS G. WOOLLEY.

Witnesses:

Wi, H. KERN,
WM. W. MORTIMER.
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Witnesses | Inventors.
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UNITED STATES

PAaTENT OFFICE.

DAVID BARKER MACDONALD AND HANXIBAL WILLIAM WOODMAN, OF
HAMILTON, ONTARIO, CAKADA.

ELECTRIC LAMP,

SPECIFICATION forming part of Lietters Patent No. 339,908, dated April 13, 1886,

Application filed Dacomber 10, 1285, Berlal Wo. 185,260,  {¥o model,)

To all whom it may corncern:
Be it known that we, DAVID BARKER MAQ-

DOXALD and HANNIBAL WILLIAN WOODMAXN, |

both of the city of Hamilton, in the county
of Wentworth, in the Provinee of Ontario,
Dominion of Canada, have jointly invented a
certain new and useful Improvement in Elec-
tric- Are Lamps; and we do hereby declare
that the following iz a full, clear, and exact
description of the construction and operation
of the same,

The invention relates to an improvement in
electric-arc lamps by which all the devices
heretofore uged for regulating the feed of the
carbons may be dispensed with, rendering an
electric lamp much more simple and compara-
tively inexpensive,

The inveniion consists, first, in a device for
controlling the length of the are at the points
of the earbons, or any substitute for earbons,
by interposing a body or substance of any
kind whieh will stand the heat between the
carbon points, so that the said body will rest
upon the lower carbon, and the point of the
npper carbon will rest upon the body, and
by means of whielh the carbon points will al-
ways be the same distance apart, as the top
one will feed down by its own weight to the
lower one as the earbous are consumed; sec-
ond, the interposing body placed between the
points of the carbons may be of any shape or
form, and placed in any position to the ear-
bon points, or any substitute for carbons, by
placing the said body exactly between the
points of the earbons or to one side thereol
in any convetient manner. '

By reference to the drawings forming a part
of this specitieation it will be seen that Fig-
nre 1 répresents o very simple electric lamp;
T'ig. 2, a section of the upper and lower car-
bons with body interposed directly between
the carbon points; Fig, 3, a similar view,
bot showing body cat in two and separated,
but eonnecled with the body interposed be-
tweern two arms attached to the npper and
lower portions of the body. TFig. 4 is the

interposing body detached from the earbon
points. :

A represents a very simple frame of a lamp
secured to any convenient holder, as A’

B is a brass bushing.

C is a carbon rod.

D is the upper carbon, let into the carbon
rod G, and secured in any convenient manner.

I¥Y is the lower carbon, let into the lower
carbon-holder, E.

F is an insulator under and around the posi-
tive binding-post G :

H is the negative binding-post, -

I ig the positive condueting-wire,

J is the negative eonducting-wire,

K is the interposing body placed between
the two carbons D and D', It is formed with
a central body,which may be globualar or oth-
erwise, and provided with upper and lower
projecting - pins  «, made to enter the car-
bons, which are wade hollow, or rather con-
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structed with a ecentral opening, ¢, ronoing -

through their eative length, sufficiently large
to receive the projecting pins ¢ a of the
body K, '

It will be observed that the said body K
may be ent in two through the center, as seen
at Fig. 3, and two short arms, 4 4, secured to
the upperand lower portions, respectively, of
the hody K, abd have interposed hetween the
said arms, at their ontward ends, a body, K.
This means also prevents the upper carbon
from touching the lower one as when the body
K is interposed direetly between the points of
the carbon, as in Fig, 2,

It will farther be observed that we do not
confine ourselves to the particular manner in
which the body K is made to separate the car-
bon points, two only of which are shown, as
at Figs. 2 and 3.

Having thus deseribed our device and its
advantages, what we claim as our invention,
and desire to secure by Letters Patent, is—

1. In an eleetric lamp, the combination,
with the lower stationary carbon and the up-
per movable earbon, loeated one above the
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other, of the insulating - body K, interposed
between the points of said earbons, said up-
per carbon being constructed to rest by grav-
ity upon the interposed insulating-body, sub-
stantially as deseribed.

2, In an electric lamp, the combination,
with the perforated stationary lower carbon,
I, and the perforated upper movable carbon,
D, of the interposed insulating-body K, hav-

ing arms d 4, fitting in the perforations in the
carbons, substantially as deseribed.
Dated at Hamilton, Ontarie, Canada, this
24 day of December, A, D. 1885,
DAVID BARKER MACDONALD.
HANNIBAL WILLIAM WOODMAN.
In presence of— :
Joan KENRICK, .
‘Wi, BRUCE,

IC
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UNITED STATES

PATENT OF¥FICE.

SAMUEL E. NUTTING, OF CHICAGO, ILLINOIS, ASSIGNOR TO THE NUTTING
ELECTRIC MANUFACTURING COMPANY, OF SAME PLACE.

ARC LAMP.

SPECIFICATION forming part of Letters Patent No. 440,604, dated November 11,1890,

~ Application filed March 10, 1890,

Horlo] Mo, 343,318, (Mo model.)

To all whom it may concermn:

Be it known that I, SAMUEL E. NUTTING, a
citizen of the United States, residing at Chi-
cago, Illinois. have invented certain new and
useful Improvements in Arc Lights, of which
the following is a specification,

The object of my invention, in general
{erms, is to devise means for advaneing the
carbons or electrodes of an arc light to keep
them in their proper velative positions, so
that they will constantly foens at the same
point,

In the drawings, Figure 1 is a vertical see-
tion taken through the lower portion of an
arclamp; Fig. 2, aside elevation of the carbon-
holder; Fig. 3, a plan view of the same; and
Figs. ¢ and 5, side elevations of the earbon
covered or inclosed, ashereinafter described.

In making my improvement in arc lights 1
arrange a liollow and preferably cone-shaped
ghell A in the lower portion of the lamp-

frame, Tor econvenience I term this shell the

“gcarbon-holder.” As shown in the drawings,
it is provided with screw-threads and is

serewed into the lower portion of the lamp-
frame, although it may be attached and se-

cured to the frame in other ways, and, in fact,
in any convenient manner. This holder is
preferably made of a non-heat and non-cur-
rent conduecting substance and of a refractory
and non-fusible material. The higher the re-
fractory quality of the material is the better.

In my application of the invention to use
I have usually employed what is generally
known as “lava,” although any highly-refrac-
tory material capable of standing the intense
heat of the are when arranged ashort distance
therefrom maybe used. I preferably arrange
the sheil B extending below the frame of the
lamp and attached to it in any convenient
way. Asshown in thedrawings, this shellis
screwed to the lower edge of the carbon-
holder, although it may be attached to orsus-
tained by the frame in any desived way. I
preferably arrange anothershell C within the
shell B, so that there is an annular space be-
tween the two and open at the bottom, as
shown in Fig. 1. This inuer shell is shown
as screwed to the inner side of the earbon-
holder, although it may be secured in place

inany convenient manner, or, in fact, entirely
dispensed with. Its principal office is to af-

ford a guideway to assist in holding the car-

bon inits proper vertical position, whieh could
Le formed by rods or in other convenient
manner. ’

I arrange pulleys or sheaves D insome con-
venient place, but preferably immediately
under the lower edge of the carbon-holder, as
shown in Fig. 1. I also arrange a block or
cup E, in which o place the lower end of the
carkor, adapted to move up and down in the
shell C and be gnided in its movement thereby,
and run cords from this cup or bloek up over
the pulleys and attach them to the weights
T, arranged to move up and down in the an-
nular space between the two shells B and C.
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As shown in the drawings, these weights are

arranged in one annular ring, although they
may be made in seperate and distinet pieces,
if desired. When thecarbon isarranged with
its lower end in the cup E and its point in
the right position for the are, the cup will be
at its lowest position and the weights at their
highest; but as the point of the carboniscon-
sumed by the heatof the are the weights will
gradually move downward and draw the eup
with the carbon upward.

Unless there be something employed to re~
tard the upward movement or advance of the
carbon it is obvious that the weights would
immediately advance it against the upper
carhon and constantly hold it in that posi-
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gion. To provide against this and to retard

the upward movement of the earbon fo just
that degree of advance necessary tocoanstantly
keep its point in the right position to focus
thelight at the same place, soine means muss
be employed that will permit an advance in
porportion to the constant cousumption of
the earbon or electrode atitspoint. I securs
this proper degree of advance and retarda-
tion by providing the holder with inwardly-
projecting points or fingers @&, divected toward
each other, but with sufficientspace between
to nicely and easily permit the carbon to move
upward through the opening. To enable
these fingers or points to hold the carbon
against the npward tendency caused by the
pressure of the weights, I wrap or incase the
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carbon in a covering II, which is not quite
extended up tothe point of the carbon. This
covering or wrapping need be of only suffi-
cient thickness to enable the points of the
holder t0 impinge against it at its upper edge
and toprevent thecarbon frommoving upward
so long as the coveiing remains intact and un-
disturbed. The covering or wrapping, how-
ever, is made of such material or in such a
way as to be burned, changed, disintegrated,
or destroyed by the heat of the are at a lower
temperature than that necessary to consume
the carbon. This covering or wrapping may
be made of thread, paper, eloth, carbon-dust
less compacted than the carbon itself, or any
olher material, no matter what, which wiil
burn, erumble, break, or disintegrate under
the heat of tlte carbon with the same de-
gree of slowness or rapidity that the carbon
itself is consumed. Asthe npper edge of the
wrapping or covering is always the same
distance below thie point of tlie carbon, it
must be capable of erumbling or heing de-
gtroyed at a lower temperature than that
which consumes the point of the earbon,and
its distance from the point of the carbon
should be so proportioned as to enableittobe
consumed or destroyed with the same degree
of rapidity as the poiut of the carbon is con-
sumed. The different materials therefore
which may be used for a wrapping or cover-
ing should be placed closer to or farther
from the pointof the carbon as they may be
of greater or less refractory nature. For in-
stance, material that is easily destroyed
should be farther from the point, while ma-
terial that is more difficultto be changed by
the heat of the arc should be closer to the
point. A little experiment with different ma-
terials will enable a manunfacturer to readily
determine the proper distancefrom the point
to have the upper edge of the covering or
wrapping. As the covering material is sub-
jected to the heat of the are, it becomes
changed, so that it breaks and eruinbles away
at the points of the holder and enables the
Pressure of the weighis to move the carbon
upward. The breaking and erummbling away
of the upper edge of the covering is so grad-
ual, however, that the npward movement of

440,604

the ecarbon is maintained in a constant or
even advance or progress.

To enable the points of the holder to re-
ceive sufficient air to keep them from melt-
ing or being destroyed, I prefer to cut away
spaces between them, as shown in Fig, 2.
This enables the air coming in at the bottom
of the shell B to pass up through the holder
and out at the spaces between the points,
thus constanily protecting them in a meas-
ure from the intense heat of the are.

While I have shown and described my im-
Drovement in connection with only one of the
carbons or electrodes of the light, I wish it to
be distinctly understood that I shall apply it
to both if T so desire.

What I regard as new,and desire to sccure
by Letters Patent, is—

1. In an are lamp, the combination of an
electrode, a covering for the same of a mate-
rial that disintegrates under the heatl of the
arc at a temperature lower than is necessary
to consume the electrode, with its cdge next
to the arc at a distance therefrom to cause it
to be disintegrated with the same degree of
rapidity as the electrode is consnmed, and a
holder bearing against the edge of the cover-
ing next to the are and holding the electrode
from advancing until the edge of the covor-
ing is changed, consumed, or destroyed, sub-
stantially as deseribed.

2. Im an are lamp, the coinbination of an
electrode, a coveriug for the same of a mate-
rial that disintegrates under the heat of the
arc at a temperature lower than necessaty to
consume the electrode, with its edge next to
the are at a distance tlierefrom to cause it to
be disintegrated with the same degree of ra-
pidity as the electrode is consumed, and a
holder provided with separate inwardly-
turned points bearing against the edge of the
covering rext to the arc and holding the elec-
trode from advancing until the edge of the
eovering is changed, consumed, or destroyed,
substantially as described,

SAMUEL E. NUTTING.

Witnesses:
GEORGE S. PAYSON,
SaMUEL E, HIBBEN.
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UNITED STATES

PaTeENT OFFICE.

FARNITAM MAXWELL LYTE, OF LONDON, ENGLAND.

ELECTRODE.

SPECIFICATION forming part of Letters Patent No. 507,874, dated October 24,1893,

Applieation filed July I, 1393,

To all whowm it may concern:

Be it known that I, FARNEAM MAXWELL
LYTE, analytical chemist, of 60 Tionborough
Road, London, England, have invented new
and usefol ITmprovements in Electrodes for
Use in the Electrolytieal Deecomposition of
Metallic Salts, of which the following is a full,
clear, and exaet deseription,

My invention relates to the carbon elee-
trodes used in the eleetrolytic decomposition
of metallie chlorides or other metallic haloids
in a fused condition.

The invention has for its objeet to obtain
the advantage, as regards conduetivity, of a
metal eore for the earbon, without the lia-
bility of defective electrical contact between
the carbon and the core, or of bursting the
carbon in eonsequence of the different ratios
of expansion of the metal and earbon, when
heated by immersion in the fused salt to be
decomposed.

To this end the invention consists essen-
tially in the combination with a hollow car-
bon electrode closed at bottom and open at
top, of a core of meial or alloy which is fusi-
ble at the same or at a lower temperature
than the metallic salt to be decomposed, so
that the core will melt and in the fluid state
will inake intimate electrical contaet with the
carbon of the electrode, but will exert no burst-
ing sirain thereon in consequence of the ex-
pansion of the metal. The terminal of the
electrode is put in electrical communication
with the fusible core by a condueting rod dip-
ping into the fusible ecore but entirely free
from the carbon. By means of this fusible
metallie core, the thickness of the earbon to
be traversed by the eurrent may be so much
reducedand theelectrical resistanceso greatly
diminished, that the current will easily trav-
erse the carbon throughout its whole area,
thereby enabling electrodes of considerable
lengih to be used.

Reference isto be had to the accompanying
drawings, forming part of this specification,
wherein—

Sarlal No, 479,363, (o model,}

Figure 1 is a vertical seetion and IFig. 2 a
cross section on line 1—1,and Fig, 3 is a cross
section on line 2—2 of Fig. 1 of one form of
electrode embodying my invention; but it
must be understood that my invention is not
limited to any partieular external or internal
form of the electrode.

A, is the carbon elsctrode in the form of a
hollow eylinder closed at the lower,and open
at the upper,end but any other form may be
adopted provided it is hollow and closed at
the lower end. It may either be molded hol-
low, or be made solid and bored out, and may
be made either of retort earbon or of plum-
bhago. -

B, is the fusible core of lead, tin, or any
other metal or alloy which fuses at the same
or' a lower temperature than the metallic salt
to be decomposed. The fusing point of the
metal or alloy of which the eore is composed
should of eonrse not be so far below the fus-
ing point of the salt to be decomposed, as to
render the core liable to be sublimed or vola-
tilized by the heat necessary to fuse the salt,
In the case of decomposing fused plumbic
chloride, for which this invention is princi-
pally intended, I find that lead will answer
the purpose.

(, is a rod of diffienltly fusible metal, such
a3 copper or iron, attached to the terminal D
which is shouldered and fits quite loosely in
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the upper end of the carbon, 0 as to exert no

bursting strain thereon, or is otherwise sup-
ported so as to maintain the rod C in posi-
tion, the rod, which is of considerably smaller
section than the bore of the carbon, plunging
into the fusible core B. This rod, if of iron,
may be coated with another metal, lead for
instance, to prevent corrosion and insure good
electrieal contact with the fusible core B.

Having now particularly deseribed and as-
certained the nature of thesaid invention and
in what manner the same is to be performed,
I declare that what I claim is—

1. The combination, with a hollow carbon
elecirode closed at bottom, of a core of metal
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or alloy which is fusible at or below the tem-
perature at which the eleciroiytic decomposi-
tion of a fused metallic saltis to be performed,
substantially as specified.

2, The combination, with a hollow carbon
electrode closed atbotton, of a core of metal
or alloy whieh is fusible at or below the tem-
perature at which the electrolytic decomnposi-
tion of afused metallic saltis to be performed,
and of a terminal conductor of metal, not
fnsible at that temperatare, which is plunged
into the fusible core and is free from the car-

hon so a8 to exert no bursting strain what-
ever thereon, substantially as specified.
Dated this 16th day of June, 1893.

FARNHAM MAXWELL LYTE.

Witnesses:
T. W. KENNARD,
Clerk: to A. M. & Wm. Clark, Patent Agents,
58 Chancery Lane, London.
G. F. WARREN,
Nofcm"y Publie, 17 Graecechureh Streel, Lon-
don,
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UNITED STATES

PATENT OFFICE.

JOSEPIL A. VINCENT, OF PHILADELPHIA, PENNSYLVANIA.

ELECTRIC SMELTING-FURNACE.

SPECIFICATION forming part of Letters Patent No. 551,014, dated December 10, 1895,
Application filed July 18, 1895, Herial No. 566,316, (No moedel)

To il whom it may concern: -

I3e it known that I, JOSEPH A. VINCENT, of
thecity and county of Philadelphia and State
of Pennsylvania, have invented an Improve-
ment in Eleetric Smelting-Furaaces, of which
the following is a specification. .

Myinvention hasreference to electric smelt-
ing-furnaces; and it consists of certain imn-
provements, all of which are fully set forth
in the following specification and shown in
the accompanying drawings.

- My invention comprehends certain im-
provementsin electric smelting-furnaces, and
more particularly eonsists in providing two
clectrodes with a channel-way between them,
through which the materials or ores to le
treated are fed, to the end that the operation
may be a continnons one. The electrodes
may be fed, relatively toward eaclt other to
compensate for consumption thereof, and the
feeding may be accomplished by antomatic
means, sueh as an electrical or mechanical
regulator. The channel-way is preferablyv
horizontal, and the ores or materials to he

: smelted are fed into one end under the ac-

tion of ascrew or other suitable feeding device
and the smelted product discharged into a pit
at the other end. The use of a horizontal
channel -way supports the materials to be
smelted and prevents them moving, except
under the action of a positive force. Ilence
in uging the words ““horizontal” o1 ““snbstan-
tially horizontal” I have used them to desig-
nate such a position (o the channel-way as
will not canse the materials to mnove under
the action of gravity.

In carrying out my process I propose to
cause the movement of the materials to be
smelted between the electrodes to be a posi-
tive and regular movement mechanically pro-
duced. )

These improvements will e better under-
stood by reference to the accompanying dravw-
ings, in which—

Figure 1 is a sectional side elevation of an
electric smelting-furnace embodying my in-
vention, taken online # xof Fig. 2; and Fig.
2 is a transverse section of same on line ¢ y
of Fig, 1,

A is a horizontal chanmel-way having ahed
or bottom B of carbon, which is stationary
and acts as one of the electrodes.

C is a vertical or transverse opening ex-
tending into the channel-way, and in this is
arranged the other or positive electrode D, it
consisting of rectangular or suitably-shaped
carbon-blocks held in a metal clamp T,
which israised and lowered by a rod E, chains
or ropes ¥, and windlass G, Asthe carbonD
is consumed, the electrode isbodily lowered,
50 25 to approximately keep the two electrodes
at the same or uniform distance apart to
maintain an arve consuming substantially a
constant current and voltage.

As it is more desirable to mnake the feeding
of the movable or positive electrode auto-
matie, I may accomplish it by providing a
helix or solenoid II in series with the elec-
trodes B and D, in which a magnetic core I
moves. Thiscorelisconnected to the eliains
or ropes I and by them raises or lowers the
electrode D in accordance with the require-
ments. When this electrode - regulator is
used, the connection with the windlass G is
only used in setting the electrode in position.
It is desirable that the elamp T substantially
close the vertical opening C, so that little or
no air ean enter to abnormally consume the
carbon of the electrodes,

The ore or wnaterial to be treated is finely
pulverized and placed in a hopper J, from
which it is received by the feeding-serew I,
which forces it into the channel-way hetween
the electrodes. As the smelted product is
formed, the incoming unzmelted material
forces it into the pit L, wheve it is collected
and keptin a hot atmosphere until ready to
be removed, Itis evident that any suitable
kind of barrow or truck may be placed in the
pit to receive the smelted product to reduce
the labor of handling; but this is immaterial
to my invention.

M is the stack for the escape of gases gen-
erated by the smelting operation or process
and opens laterally from the channcl-way at
its discharge end, it heing desiralle to have
the channel-way continuous and uniform in
eross-section throughout its length,especially
where it receives the electrodes B and D,

In place of an electric regulator forthe elec-
trode D any desirable mechanical regulator
may he used.

My improved furnace is suitable ior elec-
trosmelting of all kinds, and is especially
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adapted for the rapid and cheap production
of caleium carbide. In carrying out the pro-
cess for producing said carbide I mix to-
gether lime and carbon in a state of finesub-
division and place it in the hopper J, from
whiech it is continuously fed by the feeding-
serew into the zone of the arc between the
electrodes Band . This carbide thus formnad
is pushed through the chanuel-way iunto the
pit by the advancing mixture of lime and car-
bhon. Tt will thus be seen that the processis
a eontinnous one.

The current used between the electrodesd
and D is preferably a continuons cwrrent of
constant potential, but may be an alternat-
ing curvent, it so desired. The generator of
olectricity is indicated at T,

I do not confine myself to the mere details
of construetion showi, as they may be varied
without departing {rom the spirit of my in-
vention.

What I elaim as new, and desire to secure
by Letters Patent, is—

1, In an electrie furnace, the combination
of a substantially horizontal chanuel way for
supporting the material to be smelted, two
electrodes of differeat polarity arranged
transversely to said ehannel way, a positively
acling feeding device arranged to force the
material to be treated into the channel way
at one end and between the electroces, and a
discharging pit avranged at the opposite end
of the channel way and opening into it

2. T an electricsmelting furnace, the com-
Dination of a substantially lhorizontal c¢han-
nel way for snpporting the material to be
gmelted, two electrodes arvanged in said chan-
nel way, means to positively feed the elee-
trodes relatively one to the other to compen-
sate for the consumption tlierecf and main-
tain them as boundary walls of the chanuel
way,afeeding device for positively foreing the
materials to be smelted through the channel
way and between the cleetrodes, a discharge
opening from the channel way, and achimney
flue to earry off the products of combnsiion
and vaporization.

8. In an electric smelting fuirmace, the com-
bination of a substantially horizountal chan-
nel way for supporting the matcrial to he
smelted, two eleetrodes mranged in said chan-
nel way and constituting a part of the walls
thercof, means to feed the electrodes rela-
tively one to the other to compensate for con-

sumption thereof and maintain them as
bomndary walls of the channel way, & posi-
tively acting feeding device consisting of &
acrew for foreing the materials to he smelted
through the channel way and positively be-
tween the electrodes, a hopper for containing
said materials and delivering them to the
feeding serew, a discharge opening from the
channel way, and a chimney flne to carry off
the produets of combustion and vaporization
from the discharge end of the channel way.

4. In an electric sinelting furnace, the com-
bination of a substantially horizontal chan-
nel way for supporting the material to e
smelted, two electrodes arranged in said chian-
nel way and constituting a part of the walls
thereof, means to feed the electrodes rela~
tively one to the other to compensate for con-
sumption thercof and maintain them as
bhonndary walls of the channel way, a posi-
tively acting feeding deviec consisting of a
screw for feeding the materials to e smelted
through the channel way aad betwecn the
electrodes, a hopper for containing sald ma-
terials and delivering them to the feeding
serew, a discharge opening from the chiannel
way, a chimney flue to carry off the products
of combustion and vaporization, and auto-
matic electrically eontrolled deviees for regu-
lating the means for feeding the electrodes
relatively one to the other.

5. Aneleetricfurnace for continnous smelt-
ing consisting of the combination of a sub-
stantially llorizontal ehannel way for support-
ing the material to be smelted, with mechani-
cal devices for positively [eeding Lhe wale-
vials to be smelted and smelted product
through the channel way in a continnous or
practically continuons manner, and two elec-
trodes of diffevent polarity having theiractive
surfaces extended into the channel way and
in the path of the moving material and con-
gtituting a part of the walls of the channel
way, whereby the materials are required to
pass slowly aud regularly between the said
electrodes during the maiutenance of the are
independently of the action of gravity upon
said materials.

Tn testimony of whicl invention I hicrcunto
set my hand.

J. A, VINCEN'I

Witnesses:

ERKEST IlowARD ITUNTER,
R. M. IIUNTER.
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t decomposed and the carbon nniting with the

! Ployed I keep the lower end of the upper

b time in order to further facilitate e forma-

l icrial not readily affected by heat, so as to

d what greater diameter than the electrode.

anyusual or suitable mechanism for bringing

UNITED STATES

PaTENT OFFICE.

WILLIAM C.-CLARKE, OF NEW YORK, N. Y.

MANUFACTURE OF CARBIDE OF CALCIUM.

SPECIFICATION forming part of Letters Patent No, 552,890, dated J anuary 14, 1896.
Application flled Angust 24,1895, Berial No, 560,382, (No specimens.)

To all whom 1t may concern.:

Be it known that I, WiLL1am C. CLARKE,
 eitizen of the United States, residing in the
city of New York, in the county and State of
New York, have invented certain new aud
useful Iinprovements in the Manufacture of
Carbide of Caleinm, of which the following is
a specification.

The object of my improvements is to render
more convenient and inexpensive the produe-
tion of earbide of caleium, which, as is well
known, may be formed by subjecting a mix-
ture of lime and carbon to a high degree of
heat in an electric furnace, the Hme being

metallie caleium to form the carbide.

In carrying my invention into effect T use
an electric furnace in which the electrodes
are vertically disposed to each other, and in
order to prevent the excessive heating of the
upper electrode whieh has heretofore heen
experienced where vertical clectrodes are eul-

electrode approximately at the level of the
upper edge of the furnace-wall, so that its
body is at all times above and outside of the
farnace and out of contact with the material
under treatment as I am enabled todo by the
means hereinafter deseribed. At the same

tion of the carbide and its removal from tho
furnace I so charge the furnace with the ma-
terial to e treated that only the central part
of it is subjected to a decomposing tempera-
ture, the remainder being highly heated, but
remaining in the granular state between the
carbide formed and the furnace-wall. o
thesc ends the lower electrode, which is pref-
erably circular in shape and forms a portion
of the bottom of the frumaee, is set in a suit-
able bed, which may he shinply a picce of
sheet-iron laid upon the ground. The upper
electrode is suspended above the lower in any
usual or suitable manner and provided with

itin contaet with the lower clectrode and sepa-
rating it therefrom when required. Around
the lower electrode I loosely construect a low
wall which may e done simply by placiug in
position two semicireular pieces or several
curved pieces of tile, fire-brick or othor ma-

form a cireular inclosure aronnd aned of some-

This inclosure I then fill or nearly fill with
the material to be treated, consisting of pul-
verized lime and earbon in the proportion of
substantially twenty parts of lime to twelve
partsof carbon. The electrodesbeing brought
in contact cuvrent is then turned on and upon
sepavating the electrodes an intense heat is
developed hetween them by which the lime is
decomposed and the carbon eombines with
the metallic ealeinm, forming carbide of eal-
cium,

Whien the decomposition of 1lie material be-
tween the electrodes lias been nearly or guite
effected, the wall of the furnace is raised by
adding another tier of the wall material, the
electrodes ave further separated by raising
the upper one and a fresh charge of material
Is thrown into the furnace on top of that al-
ready treated. This process of buoilding up
the wall, separating the electrodes and add-
ing fresh charges of material is continued
until the fnrnace hasreached as great aheight
as is convenient or where the resistance he-
tween the eleetrodes eannot be increased
without inconvenience when the current is
turned off. In this manner a column of car-
bide iz built up resting on the lower elecirode,
wlhich consiitnfes a practical extension of
sneh electrode as the operation progresses.
The material whieh is outside of the cirenm-
ference of the electrode not heing exposed to
such intense heat as that immediately De-
tween the electrodes will not be decomposed,
but will remain as a layer of grannlar mate-
rial around the carbide and interposed Dbe-
tween it and the wall of the furnace,

The loose furnace-wall is removed as soon
as the ecarbide has sufficiently hardened, per-
mitting the undecomposed material to fall
away, when .the carbide is easily removed
and the operation is repeated.

By reasou of the layer of granular material
interposed between the wall of the furnace
and the carbide, which wntil partially cooled
is in a soft state, any sticking of the carbide
to the walls of the furnace is prevented and
its removal from the furnace is facilitated.
By keeping the lower end of the upper elee-
trode always near the upper edge of the fur-
nace-wall, the hot gases generated in the fur-
nace are permitted to eseape without coming
in coutact with the body of the electrode, the

life of whiech is thus prolonged.

The invention will be better understood
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by reference to the accompanying drawings,
forming a part hereof, in which—

Figure 1 shows a vertical section of the
furnace as it appears at the beginning of the
operation. TFig. 2 is a vertical elevation of
the furnace as it appears at the close of the
operation; and Fig. 3 is a view in perspective
of & semicircular tile or fire-brick, which may
conveniently be used in building ap the fur-
nace-wall.

The same letters of reference indicate cor-
responding parts thronghout the drawings.

A is the lower and B the upper electrode,
preferably composed of carbon, which arve
respectively connected Dby conductors indi-
cated at @ and D with any suitable source of
electricity, as a dynamo-machine. Thelower
electrode A is set in an opening in the base
¢, which may be simply a piece of sheet-ivon
laid upon the ground. D ig one of the curved
bricks or tiles, shown in the present case as
forming half of & civele of which the furnace-
wall is composed.

In carrying out the operation, two or more
of the semiciveular hricks orv tiles D D' are
placed in position npon the base C around
the electrode A, forming a cirenlar inclosure
somewhat greater in dimmeter than the elec-
trode. "Thizs inclosure is then filled with a
charge of the mixture of pulverized lime and
carbon to Be treated, and current is cansed
to pass DLetween the electrodes which ave
sufficiently separated so that that portion of
the charge lying upon the electrode A will
be subjected to a decomposing temperature.
When the decomposition of this initial ¢charge
has been substantially effected, the wall of
the furnace is raised by laying another tier
of bricks or tiles upon the tiles D- 1), an ad-
ditional charge of the material to be treated
is thrown into the inclosuve and the electrodes
are still farther separated. ¥When the mass
of carbide has been built up to as great a
height as is convenient, or when the elec-
trodes have hecome so Lar separated that the
resistance between them is as great as is de-
sirable, the eurrent is {urned off, the wall K
is taken down, and the carbide is removed.

It will be obscrved that the lower end of
the upper electrode is kept at all times at or
only a short distance below the upper edge
of the furnace-wall, so that the hot material
in the furnace does not come in contact with
the Lody of the electrode and the hot gases
sef free in the process of forming the carbide
are not confined around the electrode, but are
free to pass away {rom it, aud the body of the
electrode is thus kept comparatively cool and
its durability theveby increased.

The undecomposed layer of material De-
tween the carbide formed and the furnace-
wall prevents any adhesion of the newly-
formed carbide to the wall of the furnace,
which is thus readily removed, and the gran-
wlar material falling down as the wall is re-
moved is ready to be again thrown into the
furnace as a part of a subsequent charge.

Being already highly heated it is in better
condition to be treated than when put in the
furnace in a cold state, so that I thns utilize
the otherwise waste heat of the furnacc.

As the carbide formed retains its heat for
a considerable period, the removal of the hot
mass from the fnrnace is greatly facilitated
by the taking down of the furnace-wall after
the formation of the earbide is completed, as
the earbide will then cool more vapidly and
can be easily grappled and carried away.

It is evident that the invention herein
claimed can be applied to the manufacture
of other maberial than earbide of ecaleinn,
and I thevefore do not limit my elaim to the
manufacture of carbide of ealeium alone.

What I claim as new, and desive Lo secnre
by Letters Patent, is—

1. The hereinbefore deseribed improve-
nent in the manufacture of carbide of eal-
cium, which consists in building np the fur-
nace-wall as the formation of the carbide pro-
gresses, adding fresh charges ol the madberial
to be treated as the wall is builtnp and keep-
ing the lower end of the upper clectrode at
all times near the upper edge of the furnace
wall,

2. In the process of manufacturing earbide
of ealeinm in an electric furnace having ver-
tical electrodes, the liereinbefore deseribed
method of preventing the heating of the up-
per electrode which consists in building up
the furnace wall as the electrodes ave sepa-
rated, whereby the Dhody of the upper elec-
trode is kept above the furnace wall.

3. The lereinbefore described impeove-
ment in the manufacture of carbide of cal-
einm, which consists in subjecting mingled
lime and earbon to a decomposing tempera-
ture between vertical elecirodes, adding fresh
charges of material from time to time, as ve-
quired, to continue the operation, building
ap a rvetaining wall, as rvequirved, fo hold in
place the material added, and finally remov-
ing sueh wall, substantially as and for the
purpose set forth.

4. The hereinbefore deseribed improve-
ment in the manufacture of carbide of cal-
cium, which consists in forming around the
lower of two vertieally disposed electrodes,
an inclosure greater in diamecter than such
electrode, charging into such inclosure the
material to he freated and subjecting it to &
decomposing temperaturs by means of an
clectric current betweensueh electrodes, add-
ing fresh charges of material and separat-
ing the electrodes as required to continue the
operation and building up the wall of the in-
closnre as required to contain the material
added.-

In testimony whereof I have hereunto sub-

seribed my name this 2d day of August, A. .
1895,
WAL ¢ CLARKI
Witnesses:
X, A. OLEXDORT,
CLARKSOY A, COLLIKS.
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UNITED STATES

PateEnT OFFICE.

GRORGE R. LEAN, OF CLEVELAND, OII10; JOTHAM POTTER, ADMINISTRATOR
OF SAID LEAN, DECEASED, ASSIGNOR TO TIE JANDUS ELECTRIC COM-

PANY, OF SAME PLACE,

ELECTRIC-ARC LAMP.

‘SPECLFICATION forming part of Letters Patent No, 595,809, dated November 16, 1897.
A jplication filed January 23,1897, Serlal Wo. 620,435, (No model

To all whom & taay corneer:

Be itknownthatl, GEORGE R. LEAN, a resi-
dent of Cleveland, in the county of Cuyahoga
apd State of Ohio, have invented certain new

5 and usefnl Improvements in Electrie- Arc
Lamps; and I do hereby declare the follow-
ing to be a full, elear, and exact description
of the invention, such as will enable others
skilled in the art to which it appertains to

10 make and use the same. _

My invention relates to an improvementin
clectric-are lamps, aiid more particnlarly o
the construction of the carbons with respect
to the arc to be formed between them and

15 0 the regulating mechanismt for controlling
their separation.

To insure the suceessful operation of elee-
tric-are lamps with alternating electric cur-
rents, it has been found desirable, and in

20 fact necessary, to employ electrodes having

cores of soft carbon the particles of which

traverse the space intervening between the
carbons and serve, in effect, to form a con-
ducting-bridge from one carbon to the other

25 forthe alternating currents and thus prevent

the constant breaking of the arc and the con-
sequent unsteadiness of the light.
Cored carbons which have been and are
now being used in the ordinary open-air alter-
3o nating-enrrent arc-lamps are constrneted
with a core of about one-eighth of an inch in
diameter. Insuchlampsthearcisaboutone-
sixteenth of an ineh in length and is main-
tained by a current of about thirty volts and
35 fifteen amperes. The are thus prodoced is
so short and thick that it is prevented from
entering to any appreciable distance within
the cores of the carbons, and hence the feed
and consumplion of the carbouns are main-
4o- tained sufficiently uniform to insure a light
sufficiently uniform and constant in its hril-
liancy to answer the requirements in com-
merecial use.
In the attempts which have heen made to
45 operate arc-inelosed alternating-current are-
lamps it has been found impracticable to nse
cored carbons of the consiruction heretofore
in use, owing to the extreme fluctuations of
the light which result from the employment
5o of such carbong and also to the faet that the

inner surface of the arc-inclosing glohe soon
became s0 coated with carbon as to matert-
ally obseure the light emitted from the adja-
cent ends of the earbons.

The objeet of my invention is to obviate 55
the difficulties and objectionable features
above noted; and with this end in view the
invention consists in certain features of con-
struction and combinations of parts, as will
be hereinafter set forth, and pointed ontin 6o
the claim.

In the aceompanying drawings, Figure 1 is
aview of an electric-are lamp embodying my
invention. Fig. 2 is an enlarged view of two
electrodes exemplifying my invention. TFig. 65
3 is a view showing the effect of the use of
electrodes with lavge soft-carbon cores in an
alternating-current arc-inclosed lamp, and
IFig. 4 is a similar view of the electrodes of
an open-air alternating-current lamp. 70

A represents an alternating-current elee-
tric-are lamp. The lamp is provided with
electromagnetic-regulating mechanism which
may be of any desired construction capable
of drawing and regulatingalong arehetween 75
the carbons, the arc being confined within a
close arc-inclosing globe B, supported in a
suitable manner by the lamp-easing. The
inner are-inclosing globe is itself inclosed by
a large outer globe C, as is usunal with mod- 8o
ern arc-inclosed electric-arc lamps.

Each electrede D E of the lamp is con-
structed with a small longitudinal bore or
hole a, which is preferably about one-six-
teenth of an ineh in diameter, or about one- 8s
half the diameter of the cores of the cored
carbons which have heretofore been used.
The core iz filled with carbon which is much
softer than the body of the electrode. _

In the operation of arc-lamps of this type go
the carbons are maintained normally sepa-
rated by a space of about three-eighths of an
inch, which requires an expenditure of an
electromotive force of about eighty volts and
a current of about five amperes to maintain o3
the arc between the carbons thus separated.

In the attempts which have been made touse
ordinary cored c¢arbons im this type of arc-
lamp it was found that the exeessively long
and attenuated are which it is necessary to 100
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produece and maintain wonld cenler itsell on
the adjacent ends of the earbons, and the op-
posite ends of the are would gradually eat
their way into the cores of the carbons in-
stcad of eating aud wearing away the ends
of the earbous uniformly, with the result that
as the earbons were fed togother the ends of
the ave would be concenled within the large
cores thus eaten away and operate to ma-
terially diminish the amount of light emitted
by the adjacent ends of the carbons,

The angle of the rays of light with & long
are between electrodes having cores of one-
cighth of an inel in diametor and borned in
an arve-inelosing globe will he about one hun-
dredand fifteen degrees. These remnrks ap-
Ply to a considerable extent also to an open-
alr aliernating-enrrent lamp employing clee-
trodes with large cores, the are in the latter
case being very short and the normal angle
of the rays of light being about ninety-five
degrees. In both cases the vapidly and abun-
dantly eseaping carbon pariieles from the soft
cores will heecome lodged upon and form a
coating within the globe and thius ohseure the

. light.

By making the solt cores of the clectrodos
very small—viz, about one-sixteenth of an
inch in diameter—a mininnun ameunnt of fie
earbon particles will be liberated, just about
enough tomaintain the cond netine-bridge be-
tween the ends of the carbons and insure the
continuity of the ave. The small amount of
carbon particles dischatged from the small
cores in a given length of time as compared
with the large amount emitted freom large
cores such as hervelofore employed will e
entirely eonsumed by the intensge heat of the
inclosed are, and no black ash or sediment
will colleet within the globe, and the latter
will not therefore e given a semitransluneent
coating, such as ocenrs when clectrodes with
large cores are employed.

With electrodes having soft-cavrhon cores
ol less diauneter than the nermal, such as 1
propese to employ, the counsumption of the
body of the clectrode and its eore will be
practically nniform, the wasting away of the
core being commensurate with that of the
body of the carbon, The clectrode ends will

therefore vemain a uniform distanee apart
during the conlinuanee of the normal nre.
The light-giving capacity of the are will not

598,899

e diminished by theentrance of thearewithin
the boves of the electrodes, (the endy of the
body of the clectrode heing always practically
flush with end of the cove,) as has beon ex-
perienced with electrodes having large cores,
and the maximum angle of about one hundred
and forty degrees of the rvays ol light from the
are willremain constant, Ialso{ind the pro-
poviion above mentionod between the body of
the carber and ks core to Lo valuable wlen
used as the lower electrode lor o continnous-
current are-inelosed eleclric-are Tamp in that
the “spinning of the are,” one of fhe mosl
objeetionable featurves of the loug-are lamp
now so generally nsed, is reduced 1o a ntini-
mum. The conditions, of conrse, areihe same
as in the alternating-cwerent Tunp in regared
to the discolovation of tle globe and unsteadi-
ness of the light with the use of clectrodes
having cores of greater dinmeicr than the
length of the normal are, Lat ab the same
time the advaniage of a cored earbon Lo con-
centrate the arve in tlie conterof the electrodes
is obtained. Two of these carbons are nee-
essary for an allemating-curvent are-lawmp to
produce the best results, But for 4 eonting-
ous-eurrcnt are-lamp one such carbou only is
necessary, prefernbly the lower cavbon, al-
though an upper carbor of this type could L
used, or both npper and lower, bub, asabove
explained,-onc is sutlicient with a continuos
current.

My improvement, thoughsigle, is of grent
importance in insuring the suceesstul opera-
tion of alternating-currvent ave-inclosed olee-
fric-are lamps, and by means of it anuoying
defects and objections heretofore envoun-
tered will be suecessiully obviated.

1laving fully deseribed my invention, what
I elaim as new, and desive to seenre iy Lot-
ters IPatent, is—

The combination with an arc-inclosed al-
ternating-current are-Iamp, of cored carlons
the cores of whieh are cue-sixteenth of an
in¢h in diameter or less, substantially as set
Eorth.

In testimony whereof T have sigued ihis
specification in the presceuce of two subserib-
ing witnesses,

GEORGE 13 TLEAXN,

Witnesses:

SHELDON CARY,
J. M. BEL.
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UNITED STATES

PaTENT OFFICE.

EDWARD GOODRICI ACIESON, OF l}UII"FALO, NEW YORK.

IMET_I:IOD dl-' MANUFACTURING GRAPHITE ARTICLES.

SPECIFICATION forming part of Letters Patent Ne, 617,970, dated January 17, 1899.
Appllcation filed November 3, 1898, Serial Ho. 885,405, (No specimens.)

To «fl wlom it may coneeriv:

Be it known that I, EDwanD GOODRICIH
ACHESON, a citizen of the United States, resid-
ing at Buffalo, in the county of Erie and State
of New Yorlk, have invented certain new and
nseful Improvements inthe Method of Manu-
facturing Graphite Articles, of which the fol-
lowing is a specification. )

My invention relates to new dnd useful
imprevements in the art of manufacturing
graphite artieles or in producing articles con-
taining a greater or less perecentage of graph-
ite, and it has for its object thte immprovement
and simplification of the production of such
artieles; and it consists in the various features
of invention substantially as heveinaftermore
particunlarly pointed out. Ilerstofore in gen-
eral practice when it was desired to make
an article consisting essentially or materially

of graphite—such, for instance, as motor

brushes, ecarpenter or lambermen’s pencils
and erayons, ecrucibles, stove-polish, and
other articles—it has been the custom to first
prepare the graphite and the desired hiading
material and then mold or otherwise form the
artictes from such materials into the desired
shape. ’ '

By my present invention I provide an im-

proved method of manufacturing various ar-
ticles containing the desired percentage of
graphite—such, for instance, as brushes for
electric motors or generators, lead-pencils,
erayons, stove-polish, cruecibles, and. other
articles, '
DBroadly stated, by my invention I first take
the various raw materials in the desived pro-
portions necessary to produce the intended
resilé, and then mold under pressure or oth-
erwise form the mixiurc into the shape of the
article to be made therefrom, and then con-
vert a greater or less portion of the inaterials
into graphite, while the materials retain their
molded or formed condition. Thus, for in-
stance, amorphous carbon, in the form of
colke, ehareoal, lampblaclk, or any other form
in which it exists in nature or has been pro-
duced, s granulated or powdered to any de-
sired degree of finenessand ismixed withsome
material, as an elemental substance capable

of combining with carbion or an oxid or salt

~apable of being reduced by earbon and the
vase of whieh will eombine with earhon, and

to which is added an appropriate binding
material, and then mold or forin the mixture
into the shape or configuration of the article
to be produced. This article is then sub-
jected to a temperature sufficiently high and
for a sufficient time and under snch condi-
tions as to canse more or less of the carbon
in the article to be converted into graphite,
Then the amorphous carbon ina pnlvernlent,
aranulated, or powdered form, for instance,
is mixed with a metallic salt, as sulfate of
iron, or an oxid of an element, as peroxid
of iron, dioxid of silicon, or one of the ele-
ments in a state of fine subdivision, as iron
filings. These materials may be mixed with
the amorphous carbon, either dry er in the
form of a solution of the salts or oxids, and
when they are mixed thoroughly they are
inoislened with water, which may have a little
sngar, molasses, tar, piteh, or any other suit-
able binding material in solution, so as Lo
form a paste or mixture thai can be readily
molded or pressed or otherwise formed into
the desired shape of the article to bhe pro-
duced. This shape or article is then placed
in an electric furnace and subjected to a tem-
perature and for safticient time to cause por-
tions of the amorphous carbon contained
therein to be converted into graphite, A
greater or less percentage of the amorphous
carbon can thus be converted into graphite,
according to the purposes desired, and in
some instances I have found it advisable to
leave n portion of the amorplious earbon un-
converted, as it tends to render. the article
stronger.

While ary desived form of eleetrical fu: -
nace suitable for the purpose may be used
and the rvequisite temperature may be pro-
duced in any desired way, I have found the
following a most suceesstul method of freat-
ing the articles.

‘The articles to be treated are embedded in
fine enrbon, the bed containing the articles
and thesurrounding carbon preferably being
made into a substantially eylindrical or ob-
long form, and this is preferably surronnded
by a layer of granular amorphous carborun-
{um, which is sufficiently thick to prevenf
the rapid radiation of heat. The bed of ear-
bon and its contained articles embedded
therein are arranged in the furnace so thni
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a current of electricity of sufficient value to
raise the temperature to the point necessary
for the production of the graphite may be
passed through it. In this way I produce
articles containing a greater or less propor-
iion of graphite by first mixing the materials
and molding the articles out of the mixture
of amorphous carbon and metallic salt or
equivalent material and then converting por-
tions of said carbon into graphite, while the
avticle retains its desired shape.

While I have stated that a metallic salt or
an oxid of an element or elements way be

mixed with the amorphous carbon, I do not-

limit myself to what may be technically
known under these names, but include there-
in all materials or substances which are re-
duced by and are capable of entering into
chemical association with the earbon at the
temperatures to whieh they are exposed,
which associations, if actually made, are

afterward breken or disassociated, leaving’

the carbon in the form of graphite. The
amount of metallic salt used in connection
with the amorphouscarbon will vary, depend-
ing upon the particular character of the salt,
the desired amount of graphitization, its
mode of treatment and other conditions, and
the givenorspecificinstances, asin the manu-
factureof motor-brushes I take aboutnincty-
seven parts of amorphous earbon, in the fisrm
of coke or charcoal reduced to a powder, and
mix therewith about three parts of oxid of
iren and form or mold the article out of this

mixture, The valne of the current necessary

depends upon a number of conditions, as the
character of the materials, the nature of the
articles, &e.; and, as an example, if, for'in-
stances, the eieelrodesof the electric furnace
are sixteen feet apart and the connecting
cylinder of carbon containing the articles to
be graphitized is twenty inches in diameter,
the current at starting is about one hundred
and fifty volts and three hundred amperes,
and as the graphite is formed in the article
it becomes a better conductor, reducing the
resistance, so that the voltage of the current
can be reduced and the amperage increased
until the graphitization is completed to the
desired extent, and at theend of the furnace
operation the volts may be about one hun-
dred and the amperes seven thousand.

Incarrying outthe process above deseribed,
wlile I hiave not been able to determine with
absolute certainty the exaet chemical or other
changes wlich occur in said furnace, there
is reason to believe, and L am at present of the
opinion, thial all volatile matters are driven
off as tho temperatnre rises to the several
points of volatilization, and the saltsor oxids
are decomposed or reduced and their volatile
constitnents dissipated either in a free state
or in association with a portion of the car-
bon, leaving in the path of the current the
carbon of the molded article in a free or pure
state and the metal or metallic base of the
salt or oxid.

Those portions of the free carbon that are
in immediate contact or proximity with the
base unite therewith to form a earbid, and as
the temperature rises the carbid is decom-
posed, separating the carbon in a graphitic
form, and the base thus separated unites
with another portion of the free carbon to
form further carbids and-is again decom-
posed, so that the action may be said to be a
progressive one, in that suecessive portions
of the free carbon are successively converted
into graphite by what seems to be a progress-
ive formation and decomposition of a earbid.

It may be said that a true carhid is not
formed and decomposed and that the free
earbon is converted into graphite without ac-
tually forming & carbid; but whatever may
be the exact action or reaction taking place
the actual result of this treatment is that a
large portion of the carbon of the article is
actually changed into graphite. My reasons
for this theory are based somewhat upon the
fact that there is not enoungh of the base or
oxid to combine at once with the free carbon
to form saficient carbid, which on being de-
composed would produce the amount of
graphite actually produced if these elements
combined in their proportions and weights
usually understood to be necessary to forin
carbids. ' '

The graphite blocks or articles made as
above stated may in some insiances be
broken or powdered for use, asin the case of
blocks for use as stove-polish, &c.

What I elaim is— _

1. The method, substantially as hereinbe-
fore set forth of producing articles contain-
ing a greater or less percentage of graphite,
which consists in forming the articles from a
ntixture of earbon, and a metallic salt, hav-
ing a base capable of being reduced by and
conbining with carbon and then subjeeting
them to a temperature safticiently high and
for a sufficient time to form and then decom-
pose a carbid, and thereby convert the car-
bon into graphite.

2. The method, substantially as hereinbe-
fore set forth, of producing articles contain-
ing a greater or less percentage of graphite,
which consists in forming the articles froma
mixture of earbon and a metallic salt, hav-
ing a base capable of being reduced by and
combining with carbon, the relative propor-
tions of the carbon and salt, being less than
that necessary to form & carbid of all the car-
bon desired to be converted into graphite,
and then subjecting them to a temperature
sufficiently high to progressively formn and
then decompose a carbid, and thereby pto-
gressively convert the carbon into graphite.

In testimony whereof I have signed my
nawme to this specification in the presence of
two subsecribing witnesses. :

' EDWARD GOODRICH ACHESOYN.
Witnesses:
GEO0. R. RAYNER,
A. D, KY80R.
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UNITED STATES

PaTENT OFFICE.

ALEXANDER STUTTMAXNN, OF RUSSELHEIM, GERMANY.

ELECTRIC-ARC LAMP.

SPECIFICATION forming part of Letters Patent No. 630,470, dated August 8, 1899,
Applleation fled December 14,1898, Serial Fo. 609,240, (No model)

Io olf whomy it may coneern:

Deitknown that I, ALEXANDER STUTTMANN,
engineer,residing at Russelheim-on-the-Main,
inthe Empireof Germany, haveinvented new
and nseful Improvements in Eleetrie- Arc
Lamps, of which the following is a specifica-
tiomn.

Attempts to fix the luminous point in an
arc-lamyp by feeding two carbons at an angle
toward the same eonstant burning-point have
Lbeen nnsuceessfnl for many reasons, First,
in using the ordinary carbons, and particn-
larty cored earbons, a good light eannot be
obtained for the reason that two craters are
formed in the upper carbon, which also ae-
counts for the faet that the proper softening
and incandescing of the mass does not take
place at the point of contact with the two
earbons, toward which point theyare pressed
by spring power or other means, so that the
feed takes place only by fits and starts at the
times at which the edge of the erateris hreal-
ing away; but it has further been found that
earbons cannot be produced with sueh uni-
formity or homogeneity as to insure the uni-
form burning away neeessary for a uniform
feed, and eonsequently one carbon soon moves
past the other.

The present invention has for its object to
completely obviate these drawbaeks,

The formation of a central erater the deep-
est point of which extends close up to the
meeting-point of the two carbons may bein-
sured by employing eored carbons whereof
what I term the ‘*core,” for the want of a
better expression, is exposed at the side
which is situated within the angle which the
two earbons form with each other—i. e., an-
gle of convergence. By ‘“‘core”inthiscasel
mean a continnons body of material intaid in
the side of the carbon and of a substance
other than earbon. Such earbons are pref-
erably made of semicireular form in eross-
section and placed with the flat sides together.
The manufacture of such earbons is more
sttple than that of the ordibary cored ear-
bons. The fact that the lnminousarec is kkept

in the eenter and that the heat is eoncen-
trated close to the point of contaet of the car-
bons insures that the earbon becomes burned
at that place and becomes soft, so that the
earhons can e fed on toward this point. TFor

the purpose of preventing with complete cer-
tainty all movement of the carbons past each
other both earbons may be transversely flnted
or serrated on their adjacent sides, so that if
at any time the cireumstances at vhe point
where the carbons hear against each other
slould be such that one carbon tends to slip
past the other then this carbon wonld at once
cateh Ly the point of its next tooth or serra-
tion against the point of the corresponding
tooth or serration of the othier earbon. Tur-
ther, the uniform forward feed of the car-
bons may be effected, in case the carbons are
formed perfeetly homogeneous, by conneet-
ing the feeding mechanism positively insuch
a manner that the corresponding carbons
shall advance through equal Qdistances in
equal times, Finally, it may be stated that
with this arrangement of the carbons the use
of aclosed air-tight globe containingtheentire
lamp mechanism is considerably facilitated
because it is possible 1o place the whole mech-
anism in the interior of a hermetically-clozed
casing,

In the accompanying drawings, Figure 1
shows two earbons with their Autingsand with
the erater formed by them.

Fig.2 is a section through the two earbons
whera they bear against each other. A and
A are the serrated carbons, d indieating the
serrations, and C is the core.

Trig. 3 shows the general arrangement ina
elosed casing. The carbons A A are guided
in the slotted tubes @ ¢, in which followers B3
B are drawn foward their point of intersee-
tion by means of the cords b b, passing over
the pulleys ¢ ¢ and a spring-barrel D. The
same applies to the lower carbons A" A', tubes
o' o, small blocks B' B', eords &' ¥, pulleys
¢ ¢',and the spring-barrel D'. Thetnbesa
are stationary with relation to the globe N,
The tubes ¢ ¢ and the spring-barrel D are
fixed to an arm E of the rod F, which is con-
neeted to the soft-iron core M of a solenoid-
c¢oil P. The core M is suspended from a le-
ver B by means of a spring @, and to its lower
end is conneeted by & link f a lever g, which
by meeting a zet-serew T limits the ascending
movenient of the core M. The solencid-eoil
P aets in the well-known manner to produce
the upward and downward movement of the
coro M and serves in a considerable degres to
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raise the corve A, and with it the earbons A’
A’ sufficiently to strike the are and to allow
them to descend again to the proper distance
after the lnminous are lias been formed.

Now what I elaim, and desire te secure by
Letters Patent, is the following:

1. In an electrie-are lamp, the combination
of a set of converging carbous meeting at a
point each of which carbons has inlaid therein
a continnons hody of material along its side
which is included within the angle of eon-
vergence, the said earbons being of the same
polarity, with another set of converging ear-
bons meeting at o point each of which ear-
bons has inlaid thérein a continuous body of
material along its side whiek isinelnded witli-

in the angle of convergence, the said conver-

ging carbons being of a polarity opposite to
that of the first-mentioned earbons whereby
an are may be maintained between the meet-
ing poiuts of the twoe sets of ecarbons.

2. In anelectric-are lamp, the combination
of aun clectrode eonsiituied by a set of con-
verging carbons meeting at a poing, each ear-
bon having a contintons body of inlaid wa-
terial along its side lying within the angle of

convergence, and a second electrode codper-
ating with the set of earbons to form the ave,

3. In an eleetrie-are lamp, employing car-
bons meeting at an angle, each earbon having
a continuwons inlaid portien within the angle
of convergence, means for preventing the car-
bons from Dbeecoming displaced comprising
teeth or serrations loeated npon the sides of
the earbons which lie within the angle of con-
vergence, the said teeth or serrations being
adapted to engage with each other to prevent
the earbons from slipping past each other.

4. As a newand usefnl article of manufae-
ture, a earbon substantially semicirenlar or
half-round in eross-section with a continuons
Body inlaid in the side of the carbon corre-
sponding to the diameter of the cirele, sulb-
stantially as described,

In testimony whereof I Lave signed my
name to thig specification in the presence of
two subseribing witnesses,

ALENANDER STUTTMANN,

Wiknesses:

JEAN (GRUXD,
Drax B. Masox.
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UNITED STATES

PATENT OFFICE.

WILLIAM J. BURKE, OF SCRANTON, PENNSYLVANIA, ASSIGNOR OF ONE-
HALF TO HENRY A. KAUFHOLD, OF SAME PLACE.

METHOD OF RENDERING ANTHRACITE COAL CONDUCTIVE, &c.

SPECIFICATION forming part of Letters Patent No. 853,468, dated July 10, 1900,
_ Applloation filed April 27,1900, Serlal No. 14,823, (No speclmena,)

To all whom it may concern:

Be it known that I, WILLIAM J. BURKE, a
citizen of the United States, résiding at Scran-
ton, Laekawannacounty, Pennaylvania, have
invented a certain new and useful Mathod of
Rendering Anthracite Coal Conduective and
the Article Produced Thereby, of which the
following is a specification. .

My invention relates to the production of
aconduetive material for use in electrical and
metallurgical apparatuses,

The object of my invention is to 50 treat
anthraeite or hard coal in a retort closed to
external air as to drive off all impurities in
the form of gases until practically-pure com-
mereial carbon is produced, the artiele so pro-
duced being a good conductor of electricity.

The invention will first be described and
then specifically pointed out in the claims.

The drawing shows in perspeetive an elec-
tric brush or conductor formed of a single
piece of my new conducting material. '

In carrying out my improved process I take
anthracite or hard cpal of any size and place
it in a suitable retort.
within a short distance of the top and then
place a sheet of paper or other suitable ma-
terial upon the coal, aftér which I seal the top
with clay, upon which I place a covering of
fine coal dust or ashes to prevent air from en-
tering the retort. Ieaf will now be applied
{0 the exterior of the retort sufficient to drive
off the impurities contained in the eoal, and
these impurities issue from the sealed top of
the retort in the form of gases, which ignite
and are consumed, This heating is kept up
for several hours, or until the gases from the
retort cease to burn. Ihave produced a good
condactor of electrieity by this method in
about two hours; but a longer time may be
taken without injury to the produet and ac-
cording to the use to which the product may
be employed. It ig bestto allow the material
thus treated to cool gradually in the retort
without exposure to the atmosphere.

The anthracite or hard coal treated by my
method, where eleetric peneils, brushes, elec-
trodes, or contacta are to be formed, is in
lumps or blocks, and after treatmment the pen-

This retort I fill to .

by turning them ouf in a lathe or other ma-
chine, or, if preferred, these pencils, &e., may
be first formed by suitable machinery from
lamps or blocks of coal and then placed in
the retort. Where a granular conductor is
to be formed--such, for instance, as that em-
Ployed as a cors between the electrodes of an
electrieal metallurgical furnace—I take gran-
ular anthracite or hard coal and subject it to
the foregoing process, after which it is ready
for use. In the drawing the brush A shown
was first formed from a lump of anthracite’
coal and then subjected to my above-described
process or method of treatment. The carbon

thus produced may also be finely gronud and-

aemployed as a ““facing” for moldsin foundry-
work instead of the graphite ard other ex-
pensive facings now employed to keep the
gsand from adhering to the molded articles,
My new conducting material may also be em-
ployed for heating by electricity. )

In my present precess I do not add to the
coal any oleaginous material and also dis-
pense with several steps and cheapen the
prodnet elaimed in my allowed application,
Berial No, 740,573, filed December 16, 1899,

What I claim as new, and desire to secure
by Letters Patent, is— :

1, The herein-deseribed method of render-
ing anthracite or hard coal electrically con-
daetive, or of transforming it into a conducs
tor, which consists in heating the same in its
natural condition of solidity, in aretort closed
to external influences until the imparities are
driven off. '

2. The herein-deseribed method of render-
ing anthracite or hard coal electrically con-
dactive, or of transforming it intoc a condue-
tor, which econsists in placing the same ih a
retort, then ecovering the coal with a layer of
suitable fabrie, then applying a layer of clay
and finally a layer of coal dust or ashes, then
heating the retort to drive out the objection-
able elements in the form of gases and to con-
vort the coal to commercially-pure earbon,
and continuing the heat till the escaping gases
cease to burn, '

3. As a new article of manufacture, cons

cils or other forms of conduetors may be made 5o
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ducting - carbon formed from anthracite or | In testimony whereof I affix my signature
hard eoal bylfreeing it from its volatile non- | in presence of two witnesses.
cenducting elements or constituents. _
4, As a new article of manufacture, a car- WILLIAM J. BURKE.
5 bon formed from a piece of anthracite coal | - Witnesses: .
freed from its wolatile nen-eonducting ele- - GRACE P. BRERETON,
‘ments or constitnents and cutb to shape, GEeo. H. Evans. -
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: PnoloE'ss OF MAKING CALCIUM CARBID.

SPECIFICATION form.mg pa.rt of Letters Patent No, 760,312, dated Ma.y 17 1904,
&pphc&tmn filed June 28, 1902, Seua.l Fo. 118,680, (No specimens,)

Io all whom it may concérn:

Be it known that I, Arrrep H. CowLes, a.:
citizen of the United btates residing at {Jleve-
land, in the county ot (Juyahooa and State of

Oluo have invented certain new and useful
Iinprovements in -Processes of Malking Cal-
eium Carbid, of which bhe following is a speci- |

fication. .
This plocess is 1ntended for. the contmuous
production of calcium carbid and involves the

use as a means for heating the charge of raw |

materials of a resistance-conductor which is
raised to a high temperature by the passage
ot an electric current through it. The process
further involves. the use of a sufficient tem-

perature to melt the carbid or. maintain, it in |

a molten condition and the removal of the
carbid from the furnace through a tap-hole or
other sunitable outlet, fresh matertals. being
supplied as requir ed 1o replace those con-
verted info carbid. The resistance-conductor
may be a carbon rod or core having suitable
terminal connections to the source of electric
current, The mixture of lime and carbon is
then paclied around the core and raised to the
necessary temperature by the. heat radiated
from the incandescent core. It is desirable,
however, to use as the resistance-conductor

- the mixture of lime and carbon which consti-
The charge in this.

tutes the furnace charge.
case may he one containing large pieces of
carbon which lie in contact with each other
at varicus points, and thereby afford direct
paths for the flow of current, the lime being
distributed in the interstices hetween the
pieces of coke. If the normal charge, how-
ever, consists of a not sufficiently conducting
mixture of colte and lime, the furnace may
first be put into operation by use of a con-
ducting-core or by otherwise providing initial
paths for the flow of current. The eurrent
passing in the first instance soon raises the
temperature of that portion of the mixture

between the electrodes to a point which will

enable it to act as a resistance-conductor. In

normal working condition the body of mate-
rial between the electrodes may consist partly
of incandescent but unreduced material and
partly of molten or semimolten carbid. The
temperature maintained in the furnaee is pref--

A pipe 11 serves to deliver waste gases from
.the furnace.
of the electrodes of the furnace, corrvent he-

] erably sufficient to cause a pool of the molten

carbid to collect adjacent to the tap-hole, the

carbid being tapped out either intermittently

or continuously, as desired, accordmw to the
output.of the furnace. .

The process may be carried out in a furnsce
or container of any desired shape. A furnace

55

is noteven requisite, as the resistance-condue-

tor, material undergoing reduction, and mol- - -
ten carbid may be held in a cavity made with- 6o
in a pile of the mixture of lime and colke con-

stituting the charge, For the sake of illustra-

tion, however, one form of furnace isshownin
the accompanying drawing,in which the figare
is a vertical central section. The furnace
shown comprises asolid carbon hearth 1, sur-
rounded by a sheet-iron casing 2,a layer of fire-
brick 3 being interposed between the sides of
the hearth and the casing. A tap-hole 4, hav--
ing plug 5, serves to deliver the molten product jo.
fromthelowerportion of the hearth. . A dome-

65

- shaped water-jacketed top 6 issupported upon
' the casing 2, being insulated therefrom by a-

ring 7, of asbestos. Thistophas doublewalls, .
preferably of sheet-iron, and water inlet-and: 75.
ontlet pipes- 8 9, leading to the space between
the walls. Feeding-hoppers 10, hereshownas
three in number, are arranged to discharge
raw material through the top into the furnace.
8o
The carbon hearth serves as one

ing supplied to it through the bottom of the
casing 2 and a terminal 12, bolted to the cas-
ing.. The other electrode 13 is made of car- 85
bon, suspended vertically within the furnace
by a metal terminal 14, having an upwardly-
extending stem 15. A sheet-metal casing 168

is supported on the top of the furnace, heing
insulated therefrom by an asbestos ring 17. ge
The stem 15 of the upper electrode passes ad-
justably through a stuffing-box 18 at the up-
per end of this casing. The electrodes are
connected to a suitable source of current, pref-
erably an alternating one.

In operation the charge of lime and colte is
fed in through the hoppers until it fills the
furnace to a height somewhat above the lower
end of the upper electrode. That portion of
the charge between the electrodes is then too
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brought to incandescence in any well-known
manner and maintained at a temperature suf-
ficient to effect conversion of the charge into
carbid. Molten carbid accumulates on the
hearth and is removed through the tap-hole,
and turther portions of the charge are fed in
through the hoppers, the process thus being
a continuous one. If the normal charge is a
not sufficiently condueting mixture of ime and
coke, it soon becomes heated as it descends into
the furnace by the heat thrown off from the
resistance - conductor or that pertion of the
charge betweenthe electrodesand by the waste
gases rising from the zone of reduction to a
temperature which will enable it to act as a re-
sistance-conductor when it descends into the
paths of current flow.

While the resistance-conductor employed is
preferably the charge itself or the resulting
carbid,a permanent resistance-conduetor, such
as a carbon rod, may be inserted between the
ialectrodes 1 and 13, as indicated by dotted

ines.

The word ** tapping” as used in the claims
is intended tocover the removal of molten car-
bid through a tap-hole or by any suitable
means. The term ““ body of superheated mol-
ten carbid ® used in the claims is intended to
mean a body of carbid which has not only been
produced and melted by the heat from the re-
sistance-conductor, but which has alse been
raised thereby to such a température that it
will run through a suitably-located tap-hole
without requiring further heat to be supplied
to it to compensate for that lost by conduc-
tion and radiation. It is not practicable to
tap molten caleivm carbid from an electric
furnace unless it is either superheated or more
heat is supplied to it at the tap-hole, its tem-
perature of tusion being se high and the heat
logses during its transit to and through the tap-
hole being so great that it will otherwise be-
come viscid or solid and clog the tap-hole.

I claim—

1. The process of making calcium carbid,
which consistsin heating a resistance-conduc-
tor to incandescence by passing an clectric
ocurrent through it, subjecting carbid-forming
materials placed around said conductor to the
heat from said conductor and thereby produe-
ing a body of superheated mobten carbid, and
tapping out carbid and supplying fresh mate-
rials as required.

760,312

2. The process of making calcinm carbid,
which consists in heating a resistance-condye-
tor ot carbid-forming materials or carbid pro-
duced theretrom to incandescence by passing
an electric current through it, subjecting car-
bid-forming materials placed around said con-
ductor to the heat from said conductor and
thereby producing a body of superheated mol-
ten carbid, and tapping out earbid and sup-
plying fresh materials as required.

8. The process of making calcium carbid,
which consists in heating carbid-forming ma-
terials to a temperature sufficient to produce
a body of superheated molten earbid hy pass-
ing an electric current through said materials,
or carbid produced therefrom, acting as a re-
sistance-conductor, and tapping out carbid and
supplying fresh materials as required,

4. The process of making calciom carbid,
which consists in maintaining a resistance-con-
ductor of carbid in a superheated moltén con-
dition by passing an electric current through
it, subjecting carbid-forming materials placed
around said conductor to the lieat from sail
conductor and thereby producing further
amounts of superheated molten carbid, and
tapping out carbid and supplying fresh mate-
rials as required.

5. The process of making ecalcium carbid,
which consists in heating a vertical resistance-
conductor to incandescence by passing an clec-
tric current through it, subjecting earbid-
forming materials placed around said conduc-
tor to the heat from said conductor and there-
by producing a body of superheated molten
carbid, and tapping out earbid and supplying
tresh materials as required.

8. The process of making caleium carbid,
which consists in heating a vertical resistance-
conductor of carbid-forming materials or car-
bid produced therefrom to incandescence by
passing an electric current through it, subject-

ing carbid-forming materials placed around

said conductor to the heat from said condnctor
and thereby producing a body of superheated
molten carbid, and tapping out carbid and
supplying fresh materials as required.
Intestimony wheveof I affix my signaturein
presence of two witnesses.
ALFRED H. COWLES.
Witnesses:
A. BE. Rosingon,
Horace W. Powers,

55

00

3

rid

8o

Qo

95

100




No. 785,516, . PATENTED MAR. 21, 1906.
0. OLIVER,
ELEGTRIC ARC LAMP,

APPLIOATION FILED FEB. 29, 1804,

Fag.R. |

2 BHEBTS8-BHEET 1.

N I T

Fis Zz

. 7
> 7
7
7!
# s
y: S
&7l L
g3 A
> 72
. 2 :
141;
C o+ : g )
W. Trcay . Korrelf. Py Bty Frhcn




| No. 785,518. : PATENTED MAR. 21, 1905,
C. OLIVER.
ELECTRIC ARC LAMP.

APPLIOATIONR FILEL FEBR, 20, 1904,

2 SHBETS—SEEET 2.




1o

13

20

25

30

35

40

45

50

No, 785,516.

UNITED STATES

Patented March 21, 1905,

PaTeENT OFFICE.

CHARLES OLIVER, OF WOOLWICH, ENGLAND.

ELECTRIC-ARC LAMP.

SPECIFICATION torming part of Letters Patent No. 785,516, dated March 21, 1905,
Application filsd February 29, 1904, Serial No. 185,813,

To aed whom it ey conceri:

Be it known that I, CHARLES OLIVER, elec-
trical engineer, of the firm of CGliver & Co., a
subject of the King of Great Beitain, residing
at Cambridge Place, Burrage Road, Wool-
wich, in the county of IKent, England, have
invented cevtain new and usetul Inproveinents
inor Relating to Electric-Are Lamps, of which
the following is a specification.

In are-lamps which burn with long luminouns
arcs and wherein the electrodes contain orare
impregnated with metallic salts and are ar-
anged parallel or inclined toward each other
instead ot vertically above one another, as is
usual with the ares burning at the lower ends
of the carbons under a reflector and under
magnetic influence or not, the mechanism hith-
erlo in use lor feeding them lorward together
to keep the are in a fixed position has been
complicated, expensive, and in many cases un-
reliable,

This invention is designed {#uter alia) Lo
overcome the above undesirable features, and
a lamp constructed accordingly is exceedingly
efficient, simple, and cheap to manutacture.

According to my present invention 1 pro-
vide carbons in pairs tixed either vertically or
otherwise parallel so each other or inclined to-
ward each other, but always in such a posi-
tion that the are can he formed between the
lower entd of each carbon, each of which las
its burning-point peinting downward. A re-
flector orr shield or top plate (hereinafter re-
ferred to as the **retlector ) placed just above
the points of the carbons where the arc takes
place is advantageously of an inverted -cup
form or other suitable form advantageously
Iyt not neeessarily so that it incloses or partly
incloses or surrounds or partly surrounds said
points. It may be made either closed at the
top or open or parily open, as required. Any
suifable carbons or electrodes may he em-
ployed in lamps constracied according to the
present invention, such lmnps, however, be-
ing specially suitable for use with carbons or
electrodes which produce a long luminous
Aame or are, such as the present well-known
flame carbons or electrodes which contain ov
are impregnated with metallic salts, and the
use of which latter for the sake of example 1

will hereinafter describe. The points of the
carbons between which the are is formed pro-
ject from above through the top or sides of
this veflector. The earbons are fed forward
together as they burn away, their sizes beingy
proportioned so that they consume evenly
throughout. Contacts to carry the current to
the carbons are provided just above the arc.

An insulated carbon holder or holders may
be provided, into which the upper ends of the
carbons are fixed or held and fed forward as
required, or I may advantageousiy disponse
with earbon-holderssuch as these and in their
place provide an arrangement only for push-
ing forward the carbon or earbons, in which
case 1 preferably make the contact devices
above mentioned of such a strength as to hold
the carbons by friction in their position ex-
cept at such times as they are being fed for-
ward through them. One advantage ol this
last arrangement is that the earbons do not re-
quire any special fastening. They are slipped
into position from below, a tube being advan-
tageounsly provided for each carbon into which
to insertit.

In order to start the arc between the car-
hon points, I employ a starting device, such
as a bridge-piece, which acts as a conductor.
For example, a small connecting-piece of car-
hon or other suitable conducting materinl is
provided, which is automatically inserted be-
tween the carbon poinés to make a circuit and
is antomatically withdrawn when the current
passes through them, so striking the are by
means which are readily understood,or the car-
bons are caused to touch each other, and when
current passes they are separated and the arc
is formed in the known manner.

In order te feed the carbons forward at the
rate at which they burn away—thatis, to keep
the are or " Hame” in a certain lxed position
in relation to the reflector—I provide o length
of glass or other suitalle material affeeted by
heat—for example, a rod or rods of glass—
of any suitable section or form advantageously
arranged parallel to the carbons and of equal
length, the lower end or ends of which will,
owing Lo the gradual consumption of the car-
lons and the conseguent adjacent position of
the arcand heat therefrom, he caused to slowly
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soften or to fuse or to disintegrate or to be
consumed thereby or to be so altered or af-
fected continuously or otherwise during the
burning of the carlbons as to enable them to be
moved or operated in such wise as to keep the
arc or flame located in the desired plane or
position rvelatively to the reflector.

For the sake of example I will deseribe my
present invention as carried into practice with
each pair of carbons provided with a single
stick or rod of glass extending throughout the
length of the said pair of attached carbons and
parallel to them, such glass rod or sticl being
attached either direetly or indirectly to the
said pair of carbons. For instance, the glass
rod or sticlt may be fixed in or he operatec on
by the same holder or device or means, (such
as a weight,} which hold or forece down or op-
erate on the pair of carbons. An abutment
or stop or other means are interposed in the
path of travel of said glass rod at or near the
point where the are takes place, this stop, &e.,
consequently serving to normally prevent the
descent of the glass rod, and thereby normnally
preventing the descent of the attached pair of
carbons. The glass rod is slipped into aslot-
ted tube or other snituble guide specially pro-
vided for the purpose, so as to prevent its be-
ing bent or broken when under the action of
the feeding-weight.

The feed tales place as follows: The lamp
having heen started, as the carbon points burn
away consequently the ave approaches or tends
to approach toward the point where the stop,
&e., arrests the descent of the glass rod, and
the heat from the are graduoally softens or
melts or atfects the lower end of the glass rod,
and thereby allows a gradual descent of said
glass rod, and consequently couses the descent
of the carbon pencils, and the further meli-
ing or softening of thie glass ceases until the
arcagain approaches the aforesaid point, where
the glass rod is controlled and the operation is
repeated, andsoon, Inpractice, however, the
carbon points come to rest at what T may term

L DO ] e b _ g
a ‘' point of equilibrinum,” the glass rod being
continuously hut very gradunally and steadily
softened or melied or atfected, and so continu-
ously feeding the carbons and keeping the
lower-carbon points in the desired position—
#. ¢., practically iu the same plane througlout
the burning of the lamp. In practice I have
successtully employed a short metal tube or

- sleeve or socket, the lower end of which is

provided with a curved piece or extension,
against which the end of the glass rod nor-
mally rests and is arrested, and as the heat
from the arc acts npon said lower end of said
glass roditis softened and descends the curved
plate or stop and is thereby bent, (and even-
tually this lower ead of the glass rod melts
away,) and so permits the gradual feed and
steady <descent of the carbons.

I find that both with alternating and con-
tintous currents, but espeeially with alternat-

785,516

ing current, T obtain an advantage in slight!ly
projecting or directing the are or Aame mag-
netically, or otherwise to one side of the car-
bons in the direction of the fusible rod for the
purpose of directing its heat with greater zor-
tainty upon it to theveby feed the carhbons
with greater veliability.

As a modifieation I may malke the glass rod
of longer or of shorter length than the car-
bons; bub in such cases special gear munst be
provided in order that the glass rod may fead
relatively to the carbons more slowly or more
rapidly, as the case may be, or said sible,
&e., rod or rods may be bent or of curved or
of any other suitable formation, suitable
means heing provided within the lanp Lo feed
the said rods or devices iu order to feed the
carbons in the aforesaid manner—that is, by
the continuons melting or disintegration of
the said rod or rods.  Also instead of a weight
to force down the carbons the action of a
spring may be employed for the same purpose.

Inecarrying thisinvention into practice in or-
der to malie or provide a long-hour or long-
hurning lamplmay arrangea pluorality of pairs
of carbon pencils, each pair provided with a
glass rod, &e., asaforesaid, for regulating the
location of theare, or, if desired, a single glass
rod can be arranged to ‘feed more than one
pair of earbons, and Iso arrange such plurality
of pairs of carbons that vpon the burning of
one pair of carbous being tinished the current
is then avtomatically switched or directed
through another pair, and so on with each
pair in the lamp, as will be readily understood.

In constructing my arc-lamp for working
on constant-potential eircuits when inclined
clectrodes are used instewd of their being ar-
ranged parallel to each other it is neccssary
to employ antomatic means to keep ihe vol
tage across the points of the carbons constant
or practicably constant, as there is a Jisturh-
ing element in thatan are of higher or lower
temperature (such as one of higher or lower
voltage, and consequently also varying enr-
rent} will influence the feeding action quite
apart from the distance of the are from the
fusing, &e., point. Furthermore, with arve-
lamps constructed with inelined clectrodes
the points of which do not remain at o sufli-
ciently uniform distance apart there is diffi-
culty in maintaining reliable regulation—for
instance, aslightly-inereased current, and con-
sequently increased heating effect, would feed

the carbons forward—:, ¢, downward—and 12

also together reducing the distance between
their points, and consequently the resistance
of the are, which in its turn would again in-
crease the ecurrent through the are, and so on.

Sometimes it is more convenient when it is
necessary to employ electrodes arranged in-
clined to each other to place them with their
points crossing. In this way a ereator ineli-
nation of the carbons ean be obtained, aceom-
panied by a smaller possible variation in the
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length of the are in the lamp. When, there-
fore, I construct a lamp aceording to my in-
vention having electrodes inclined to each
other at such a large angle as to render the
lamp defective owing to the above undesir-
able featurescoming into practical effect, I pro-
vide special means, magnetically or otherwise,
to keep the distance betweén the carbon points
uniform at whatever relative position they
may oecupy to the feeding-stop. This is ac-
complished by moving one or both of the car-
bons nearer toor farther away from the other
or each other, the regulating-gear being op-
erated by either the main current or by a
shant, or both cornbined, or by other suitable
means. Forinstance, in some cases I ean ar-
range to keep a sufficiently uniform voltage
of arc by acting on it magnetically notwith-
standing the distance between the points of
the carbons varying. When I employ any
such arrangement, it is convenient to allow
the points of the carbons to touch each other
hefore striking the arc instead of employing
o separate bridge-piece, and in this case the
same mechanism may be used for striking the
arc as for maintaining its uniform length or
voliage.

In order that my said inventiom may be
more easily understood and readily carried
into practice, L will proceed to turther describe
sarme with reference to the drawings herennto
annexed. :

Tigure 1 is a view, in clevation and partly
in section, of a lamop having earbons armanged
parallel to each other. Fig. 2isa view of the
lamp looking in thedirection of the arrow A,
Fig. 1—7. e, at vight angles to Fig. 1. Fig. 3
is o sectional plan through line A’ A*, Fig, 1,
looking in the direction of thearrow B. Figs.
4 and 4* are detailed drawings, showing tusi-
ble rod and stop, g, 4 being a view in ele-
vation, and Fig. 4* being a vertical section on
line 4 4, Fig. 4. Fig, 5is a local view in de-
tail, on an enlarged seale, showing the posi-
tion of the ecarbon points, luminous are, and
glass rod during the burning of the lamp.
Figs. 6, 6*, and 7 are detailed viewsof lamps
arranged with inclined electrodes, each ar-
rangemnent being hereinatter deseribed. Tigs.
8 and 8" show a pair of carbons specially dis-
posed to cach other, as hereinatter described.

Reterring to Figs. 1, 2,and 3, U and (U are
the two carbon holders or tubes, connected to-
gether at each end and insulated from each
other. - These tubes C (¥ are slotted at D 1Y
throughout their length, through and in which
slots, pins, or projections ¢ ¢ pass and are
guided. Thesepinsdd are fixed to the weight,
E, which is free to move up and down over
the tubes C (¥, it being guided by said pins
in said slots. At the lower end of the tubes
(O (Y there are weighted levers F F', pivoted
at £ 7, (or, if desired, spring-clips,) so ar-
ranged as to elip and liold by friction the car-
bons G (& in the tubes. Running parallel

a

with the two tubes C ' there is another
slotted tube H, having alongitudinal slot I,
in which another pin, 4, is guided and projects
through. This pin A {which bears on the top
end of the glass rod I in said tube H} is con-
nected to the cireular weight I, as are the
pins ¢ &, which latter bear on the top end of
the carbons (3 (/. At the lower end of this
tube H a collar or stop J is provided, swhich
is readily attached or removed trom the tube
H or lower part thercof--for example, by
means of the bayonet-joint JJ'.  {See Fig. 5.)
A ¢lass rod I (see Figs, 4 and 3} of aboutan
equal length to the carbons (x (&' is inserted
in this tube I, and the saidstopJ beingin po-
gition normally prevents the glass rod from
falling out or descending. Thus the weight
T is mainly supported by its pins 2 bearing
on the top of the glass rod K, while its pins
¢ bear on the top of the carbons (x (7', as
aforesaid. The stop J is shown in Fig. 4" in
section and has a hole 7 througlh which the
glass rod I passes and is guided. A tongue
or bent portion ;* projects nunder the hole 5
and acts asastop on whichthe glass rod rests.
A reflector Liis litted at the lower end of the
tubes, and the arc ¢ between the points of the
earbons G (3’ takes place in about the position
shown, or said are may take place entirvely
within the reflector L.
carbon orother conductor M', (pivoted at M¥,)
is actuated through the connecting-rod we by
the magnetic coil or solenoid »/'.

In order tostrike the arc, the lower points
of the carbons (GG’ are bridged by thestriker
or condueting bridge-piece M, and when the
current passes and the striker is sutomatically
withdrawn the are g is formed. The feeding
ol the carbons commences when they are
burned away so as to bring the are ¢ sufhi-
ciently close to the tongue y' and the end of
the glass rod I, whereby the lowermost part
of the glass rod softens by the heat, and owing
to the pressure from above exerted by the
weight I& the said glass rod K is slowly
pressed past the tongue /', which in its rigid
condition was not possible, thus allowing the
slow descent of the weight K, and conse-
guently the pins ' at the same time also
press downward on the top of the carbons &+
G+ and feed thewn down together, and se re-
moving the arc ¢ farther away from the end
ot the glassrod I and tonguey’, which move-
nment results in the retardation of or stopping
of further motion vneil the glass is further
affected by the heat and permits turther feed-
ing action, and so on.

Tigs. 4 and 4* show a large-seale view of
stop J with glass rod I{ before the action of
the heat upon it. Fig. 5 shows the stop un-
der or after the action of the heat. The end
of the glass rod K graduoally melts, and from
time to time drops of glass fall fromit. Fig. 6
shows amodibied arrangement somewhat simi-
lar to thatshownin Figs. L, 2,and 3, bat having

The strilker M, with :

70

75

85

g0

-
L

jale]

115

20

[25

£30




10

s

20

23

3o

35

40

45

55

Ho

65

4

the carbons inclined at a slight angle to each
other, Fig. 8" being a cross-sectioned view on
the line 6 6, Fig. 6, looking in the direction
of the arrow 6, Fig, 8. In this modified ar-
rangement the pins € & (which bear on the
top of the carbons as aforesaid} are rigidly
fixed to the swinging frames or batls ¢ *, vach
of which latter is pivoted at * to the weight
E, which latter carvies the pin %, extending
into the glass tube H, as aforesaid, a central
aperture It' being provided in said weight of
a size and shape (s-uch as shown in Ifig. 6"} to
allow said weight to travel vertically tlnouoh~
out, the lenwth ot the carbon-holder tubes C
<, notwmllstandmg that same are inclined to
each other, as shown in these figures. If de-
sired, the tubes C €' may be slotted on both
sides opposite to one another and (instead of
the separate pins d ', as shown) one single
pin or horizontal bar may he employed, which
would connect the two bails or swinging
frames « %, or the swinging frames coull be
done away with and the pin or bar connected
directly to the weight E, either of these ar-
rangements acting in a similar manner as be-
fore.

Fig. 7 illustrates another modification—
namely, the inclined tubes C ' are pivoted
or hinged at C* to a fixed part of the lamp-
frame, while a magnetic arrangement (such
as the solenoid N, agtached to the tube C, and
the core N', attached to the tube (') operates
upon the hinged tubes C C in such wise {when
the current lows) as to swing or move said
tubes s0 as to strike the are, and, if desirved,
this magnetic arrangement may also he util-
ized during the hurning of the lamp to vary
oradjnst antomatically the length of the arc as
ocecasion requires.  In this view, Fig, 7, 1 have
illustrated another modification—namely, in-
stend of the weighted levers F I, asemployed
in Fig. 1 and TFig. 6, I may employ a spring
I, attached at F* to the outside of each tube
C (J . 1esp<=cti\e aly, the lower end of each said
spring ¥ being provided with a pin F*, which
is normallv Le[)t pressed inward by the spring
F* against the carbons G or G, and thus re-
tain the latter in their normal position, this
spring-pressure, however, being such as to be
easily overcome by the weight IE, so that as
the latter is caused or allowed to descend it
will push the earbons (3 (" downward past
the spring-actuated pins F*. TFhis apnno-chp
arrangement F* F*, agshown in this view, Iig.
7, may he nsed (in place of the weighted levers
F I} in and with the other constructions of
the lamp—as, for example, with parallel car-
bons, as shown in Fig. 1.

Figs. 8 and 8" show views at right angles of
a pair of earbons with their points erossing.
This disposition of the carbons may be em-
ployed for my purpose instead of having the
carbons inclined toward each other, especially
if no arc-regulating appliance is used, for it
is possible by this arrangement of the carbons
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with their points erossing to place the carbons
in this manner at a much larger inclination or
angle without such a great variation of are
length.

It is to be observed that in the drawings
hereunteannexed, and moreespecially in Figs.
1 to 3, the carlons are for the sake of clear-
ness represented farther apart than would be
the case in actual practice, as in the actual
constroction and use of lumps of the type illns-
trated in Figs, 1 to 31 find it advantageous to
locate the earbons G G' ab a distance apart of
about one-eighth of an inch.

Having now described my invention, what
1 claim as new, and desire to secure by Letlers
Patent of the United States, is——

L. dn an electric-are lampwherein the elec-
trodes are arranged with their burning-points
directed downward; the combination with such
electrodes of a rigid rod of fusible material,
means to afford escape of that part of the tusi-
ble material which has been sufficiontly acted
on by the heat from the are, means which will
prevent downward movement of said fusible
rod while the latter is in the rigid state, means
to cause descent of the electrodes, a connec-
tion between the rigid material and the means
to causc descent of the electrodes so that such
descent is governed by said rigid material,
guides for the electrodes, means to normally
prevent the electrodes dropping out of their
guides, contact-making devices to normally
hear against the electrodes and convey enr-
rent to the latter near their bhurning-points,
and a guide to support the fusible material
throughout its length in order to prevent
buckling or brealage thereof, substantially as
and for the purposes hereinbefore set forth.

2. In an electric-are lamp wher ein the elec-
tirodesare arranged with their burning-points
directed downward; the combination w 16 sucl)
electrodes of ar 1g1d rod of glass, means to afl-
ford escape of chat partof the glass rod which
has been sufficiently acted on by the heat From
the are, means which will prevent downward
moveinent of said glass rod while the latter is
in a rigid state, a weight to cause descent of
the echtl‘odeﬁ, a connection between the glass
rod and the weight so that such descent is
governed by said glass rod, guide-tubes for
the electrodes, means to normally prevent the
clectrodes dropping outof their guide-tubes,
contact - making deviees to normally her
against the eleetrodes and convey eurrent to
the latter near their burning-points, and a
guide-tube to support the glass rod through-
otit its length in order to prevent buclling or
hreakage thereof, substantially as and for the
purposes hereinbefore set forth.

3. In an'electric-are lamp wherein the elee-
trodes are arranged with their burning-points
dnecteddownwal'd the combination with such
electrodes of a l'lUld rod of fusible material,
means to afford escape of that part of the fusi-
ble material which Las heen sufliciently acted
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on by the heatfrom the are, means which will
prevent downward movement of said fusible
rod while the latteris in the rigid state, means
to cause descent of the electrobes, a connec-
tion between the rigid material and the means
to cause descent of the electrodes so that such
descent is governed by said rigid material,
guides for the electrodes, means to normally
prevent the electrodes dropping out of their
guides, and a guide to support the fusible ma-
terial throughout its length in order to pre-
veat buckling or hreakage thereof, substan-
tially as and for the purposes hereinbefore set
forth.

4. Inan electric-arc lamp wherein the elee-
trodes are arranged with their burning-points
directed downward; the combination with such
electrodesofa rigid rod o fglass, means to aflord
escape of that part of the glass rod whicl has
been sufficiently acted on by the heat from
the are, means which will prevent downward
movement of said glass rod while the latter
is in a rigid state, a weight to cause descent
of the electrodes, a connection between the

glass rod and the weight so that sueh descent

is governed by said glass rod, guide-tubes for
the electrodes, means to normally prevent the
electrodes dropping out of their guide-tubes,
and a guide-tube to support the glass rod
throughout its length in order to prevent hue-
kling or breakage thereof, substantially as and
for the purposes hereinbefore set torth.

5. Inan electric-are lamp wherein the elec-
trodes are arranged with their burning-points
direeted downward; the combination with such
electrodes of a rigid rod of fusible material,
means to atford escape of that part of the
fusible material which has been sufficiently
acted on by the heat from the are, a stop
such as J comprising a metal tube sleeve or
socket having means at the top thereof forag-
taching same to the lamp and provided at its
lower end with a bent tongue or extension
such as j' which interposes in the path of
travel of the fusible rod such as K through
the tubular part of said stop, means to cause
descent of the electrodes, a connection be-
tween the rigid material and the means to
canse descent of the electrodes so that such
descent is governed by said rigid material,
guides for the electrodes, means to normally
prevent the electrodes dropping out of their
guides, contact-making devices to normally
bear against the electrodes and convey cur-
rent to the latter near their burning-points,
and a guide to support the fusible material
throughout its length in order to prevent bue-
kling or breakage thereof, substantially asand
tor tlie purposes hereinbefore set forth.

6. Inan electric-are lamp wherein the elec-
trodes are arranged with their burning-points
directed downward; the combination with such
electrodes of 4 rigid rod of glass, means to af-
ford escape of that part of the glass rod whieh
has been sufficiently acted on by the Leat from

S

the are, a stop such as J comprising a metal
tube sleeve or sacket having means at the top
thereof for attaching same to the lamp and

provided at its lower end with a bent tongne .

or extension such as ;' which interposes in
the path of travel of the fusible rod such as
K through thé tubular part of said stop, a
weight to canse descent of the electrodes, a
connection between the glass rod and the
weight so that such descent is governed by
satd glass rod, gnide-tubes for the electrodes,
means to normally prevent the electrodes

dropping out of their guide-tubes, contact- .

making deviees to normally hear against the
electrodes and convey currvent to the latter
near their burning-points, and a guide-tube
to support the glass rod throughout its length
in order to prevent buckling or breakage
thereof, substantially as and for the pnrposes
hereinbefore set torth.

7. In an electric-are lamp wherein the elec-
trodes are arranged with their burning-points
directed downwatd; the combination with such
electrodes of a rigid rod of fusible material,
means to attord escape of that part of the fusi-
ble material which has been sufficiently acted
on by the heat from the ave, a stop such as.J
comprising a metal tnbe sleeve or socket hav-
ing means at the top thereof for attaching
same to the lamp and provided at its lower
end with a bent tongue or extension such as
/" which interposes in the path of travel of
the fusible rod such as K throngh the tubolar
part of said stop, meaas to cause descent of
the electrodes, a connection between the vigid
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material and the means to cause descent of the

electrodes so that such descent is governed by
said rigid material, guides for the electrodes,
means to normally prevent the electrodes
dropping out of their guides, and a gnide to
support the fusible material throoghout its
length in order to prevent buckling or break-
age thereof, substantially as and for the pur-
poses hereinbetore set forth.

8. In an electric-are lamp wherein the elee-
trodes are arranged with their burning-points
directed downward; the combination with such
electrodes of a rigid rod of glass, means to ai-
ford escape of that part of the glass rod which
has been sufficiently acted on by the heat from
the are, a stop such as J comprising a metal
tube sleeve or socket having means at the top
thereof for attaching same to the lamp and pro-
vided at its lower end with a bent tongue or ex-
tension such as ;7 which interposes in the path
of travel of the fusible rod such as K through
the tubular part of said stop, a weight to eause
descent of the electrodes,a connection between

-the glass rod and the weight so that such de-

scent is governed by said glass rod, guide-

tubes for the electrodes, means to novtally

prevent the electrodes dropping out of their

guide-tuhes, and a guide-tube to support the

glass rod throughout its length in order to

prevent buckling or breakage theveot, suly-
Yy

105

110

-

20

125

130




S

stantially asand for the purposes hereinbefore
set forth. :

9. In an electric-are lamp wherein the elec-
trodes are arranged with their burning-points
directed downward the combination therewith
ot a stop such as J comprising a metal tube
sleeve or socket having means at the top there-
of for attaching same to the lamp and pro-
vided at its lower end with a bent tongue or

to extension such as ;' which interposes in the

path of travel of the fusible rod such as KX

785,516

thvough the tubular part of said stop, sub-
stantially in the manner and for the purposes
hereinbefore described with reference to and
as illustrated in the drawings hercunto an-
nexed particularly Figs. 4, 4£" and 5.

In witness whereof I have hereunto set my
hand in presence of two witnesses.

CHARLES OLIVER.

Witnesses:
Hexny Bizksrck,
Herpeer D. Jamnson.
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To all whom 7t may conocern:

Beitknown that T, HErnrion Brox, civil en--

gineer, a subject of the German Emperor, re-
siding at 7 Leipzigerstrasse,in thecity of Mein-
ingen, in the German Empire, have inveated
certain new and useful Improvements in Elec-
tric-Arc Lights, of which the following is a
specification.

The advantages of my new electric-arc lamp
for continuous current, as well as for alternat-
ing current, are based upon a new principle

“for regulating the teed of the electrodes. This
principleischaracterized by the electrode rest-
ing laterally upon a support with its extreme
end, this end, which constitutes the support-
ing-peoint of the electrodes, being gradually
consumed by the heat of the are-light, so that

" _ the electrodes will descend in a perfectly uni-

form manner. The lateral edge of the elec-
trode, the end of which rests upon a suitable
support, consists in my invention of carbon
or of some material which is converted into
carbon by combustion and which showsa simi-
lar behavior. The latéral edge, the extreme
end of which constitutes the restmc-pomr of
the electrode, may consist of a special narrow
ridge of carbon or the like, which is laterally
attached to the electrode, or it may he formed
by shaping the electrode itself correspond-
ingly. Itisessential in my invention that the
electrode with lateral supporting-ridge, the
extreme end of which rests upon a support,
is pointed and hollowed out at the side which
faces the arc-light in such a manner that a lat-
eral starting or supporting point, so to speal,
is provided for the arc-light, whereby a quist
burning ot the electricare is produced in the
new lamp. The lateral supporting-ridge may
he provided on both electrodes; but it is suth-
cient to have the positive electrode only rest-
ing with the end of its outer edge upon asup-
port and then securing the uniform feed of
both electrodes by suitably conpling the elec-
trodes with each other. In order to protect
the electrodes against the lower parts of the
supporting edges burning out laterally, this
part of the electrodes in a modification o my
invention is provided with a device for limit-
ing the supply of air—a sleeve or the like,
for instance, preferably made of metal and
being of sufficient size and presenting a soffi-

clentcoolmg-surface for transmitting theheat
resulting from the electrode to the air with-
out becommcr incandescent itself. Inasmuch
as the supporting edges are made of carbon
or the like, a perfectly uniform combustion or
evaporatlon of the pointed end of the-support-
ing-ridges is produced by theelectric arc; nor
is there any disturbance of the arcor colora-
tion of the same by material dripping down
from thesupporting-ridges. For the'parpose
of operating and for cutting out electric-arc
lamps of this kind igniting and extinguishing
devices of most simple construction may be
employed.

Hereinafter some modifications of my in-
vention are shown and will be illustrated in
the accompanying drawings. -

In the drawings, qure 1 shows an ar-
rangement of the electrodes in form of two
vertical and parallelly-arranged carbon rods
or pencils provided with lateral combustion-
ridges. Fig. 2 is a section through Fig. 1
on the line of section 1 1, a part being shown
in plan view. Fig. 8 shows an arrangement
of electrodes ha,vmcr two carbon rods ar-
ranged at an angle to each other. Figs. 4.
and 5 are two different cross-sections througlh
carbon rods of different outer shape. TIig. 6
represents an arc-light electrode, the sup-
porting-ridge of which rests npon an inclined
supporting-surface. Figs. 7 and 8 represent
in elevation and in sectional view an arc-light
electrode with lateral supporting-ridge .pro-
truding only slightly outward and with an
air-protecting sleeve or casing with. cooling-
ribs. Fig. 9 representsaconvenient form of
coupling and of suspension of two are-light
electrodes arranged at an angle to each other,
of which the positive electrode is provided
with a lateral sapporting-ridge. Figs. 10,
11, 12, and 18 are representations of two dif-
ferent auntomatic extinguishing devices for
ave-light electrodes with lateral snpporting-
ridge in the normal and in the operative po-
sition. Fig. 14 is a section through the in-

terior of a modification of an electric-are-
light lamp in aceordance with my invention,

In the drawings, Fig. 1 represents two are-
light electrodes vertically and. parallelly-ar-
ranged with relation to each other, the said
electrodes  heing provided with longitudinal
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supporting or combustion ridges 5 of carbon,
These supporting-ridges » areattached by glue
or some other similar adhesive to the elec-
trodes, which are provided with a correspond-
ing groove, as shown in plan and in section
ontheline 11in Fig. 2 of the drawings. The
tapering ends of the supporting-ridges ¥ rest
each upon a sapporting-surface ¢ of metal or
of refractory material. These supporting-
surfaces are preferably arranged adjnstably
in relation to the e¢lectrodes. These support-
ing-ridges, as appear from Figs. 1. 2, and 6
of the drawings, become pointed in a pecul-
iar manner in the heat of the arc, and if
made of snfficient thickness they reach be-
yond the earbon pencils ¢ upon cthe burning
away of the electrodes. The points of the
supporting-ridges 4, which reach heyond the
carbon pencils, preferably provided with a
core, form at the same time the lateral bor-
cdering of the are-light ¢, in consequence
whereof the variations of this arc-light are
considerably rednced. The sleeves #, which
are attached to the supporting-surfaces ¢
and which surround part of the supporting-
ridges & above the supporting-points, restrict
the adumssion of atr to these parts of the sup-
porting-ridges, which paris are yet exposed
to the immediate influence of the heat of the
electric are, and they therchy prevent the
ohjectionable lateral burning out of the snp-
porting-ridges above their supporting-points.
This lateral air protection is of considerable

importance for the unitorm feed of the elec-

trodes. ,

The electrodes « in the form of execution
of the invention {represented in Figs, 1 to 3
of the drawings) are free to slide, with their
supporting-ridges §, in sleeves or shoes ¢, sur-
rounding the electrodes and sceuved to par-
allel electrode-supports & In the burning
away of the carbon penecils # the projecting
tapered ends of the supporting-ridges § are
also gradually consumed in proportion, so
that the electrodes descend uniformly within
the shoes ¢ without any speeial device. The
inerease or reduction of the distance of the
loweredges of the air-protecting sleeve from
thesupporting-suiface of the supporting-ridge
presents a means for adjusiing the feed of the
electrodes with more or less exactness inas-
much as the burning away or the wearing off of
the tine poiuts of the supporting-ridges talies
place in longer or shorter periods, respec-
tively, according to the height of the air-
protecting sleeve. It the two electrodes of a
lamyp are suitably connected or coupled to
each "cother, a supporting-ridge will only be
necessary on one cleetrode and in particular
on the positive elecirode, As the are-light
of the positive electrode is most subject to
variations, the lateral Lordering of the are-
light by the pointed end ot the combustion-
ridge on the positive electrode is suflicient,
as o rule.

795,681

The above-described lamp may also be em-
ployed with four or more carbon pencils.

The arrangement shown in Fig. 3 of the
drawings is distinguished trom the form illus-
trated in Fig. 1 only by the inclined position
of the electrodes.

Figs: 4 and 5 show are-light electrodes in
cross-séction where the longitudinal combus-
tion-ridges are formed by giving a suitable
shape to the carbons.

1n order to prevent the accumulation of
ashes and the like npon the supporting-surface
¢ of the supporting-ridge 4, this supporting-
surface ¢ is preferably inclined, as shown in
Fig. 6 of the drawings. -

I have tound from experiments that when
using an air-protecting casing or sleeve of a
material which is a good conductor of heat
and whieh affords a sufficient beat-radiating
surface or volume the lateral combustion-
ridge of the arc-light electrode needs only to
be very narrow and that it can even be dis-
carded entirely when the conditions are very
favorable without the continued formation of
a lateral supporting-ridge for the electrode
and the uniform consumpiion of the sail sup-
porting - ridge being interfered with. By
means of an air-protecting casing or sleeve of
sufficient mass or body and ot sufficient ra-
diating-surface I have succeeded to alse con-
trol the feed of circular electrodes for are-
lights by means of lateral supporting-ridges.

Figs. T and 8 of the drawings represeng
in side view and in cross-section a form of
execution of the feeding device according to
this invention, where the carbon peneil ¢ is
only provided with a very narrow combustion-
ridge &, which projects but slightly beyond
the cirenlar section, the said combustion-ridge
resting with its pointupon a supporting-sur-
face which is somewhat downwardly inclived.
Alove the supporting-point the arc-light elec-
trode is surronnded by ametal sleeve £, whicls
presents a comparatively large mass and body
and soflicient radiating-surface so as to be
able to carry off to the air the heat taken up
by the electrode without hecoming red-hot
itself. The support ¢ preferably forms a
whole with the metal steeve # in ovder to
thus effect a sufficient carrying off of the heut
of the supporting-ridge, as clearly shown in
the hereunto annexed drawings.

In order to induce the formation of the are,
igniting devices of any suitable and well-
known construction may be used. Electrodes
which are arranged at an angle to each other
are preferally snspended from electrode-con-
taining supports or helders, ene or both of
which are rotatably or rockingly arranged,
Fig, 14, so that the points of the carbon rods
will touch each other when the lamp is with-
out current, thus making the contact neces-
sary for the formation of the are upon the
switching on of the tamp. For the purpose
of keeping the poinis of carbon pencils which
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‘are arranged at an angle to each other at the
required distance during the operation of the
lamp a small pulling-magnet %, operatively

connected to the movable electrode-support

h, may be employed, Fig. 14,

[ustead of movably suspending both elec-
trode-holders one of them may be rigidly se-
eured, as shown. in Fig, 9 of the drawings,
which representsan arrangement of electrodes
with downwardly-inclined carbon pencils & «'s
in vertically-depending electrode holders or
supports 4 A'w. with shoes . Thé electrode-
holder &' is rockingly suspended from a wall-
sapport, and itis exténded upwardly in a ver-
tical direction beyond the point of suspension.
To the threaded end of this extension is op-
eratively connected a spring, which may be
regulated by means of a screw.
serves only for the suitable adjustment of the
electrodes with respect to each other.

By means of the displaceable weight m the
electrode-holder may be poised in such a man-
ner as to be in the position of neutral equilib-

rium, any oscillations of the electric lamp in

consequence of exterior forces being thus un-

able to disturb the equilibrinm of the moy-

ably - suspended "electrode - holder #. The

equilibrium of the movably-suspended elec-

trode may also be regulated by increasing or
- diminishing the mass of the weight .

In Fig. 9 a preferred means of coupling the
two electrodes @ &' to each other is shown,
whereby apreferably uniform descent of Loth
electrodes issecured, while asupporting-ridge
is only used in connection with one electrode.
Only one of the carbon pencils ¢ is provided
with a longitudinal supporting-ridge b of car-
bon, which rests against a support . To the
upper end of the carbon pencil a: a tape or
chain ¢ or the like is fastened, which passes

around two stationary rollers » and ¢, and

the other end of which is fastened to the sec-
ond electrode a’.  As the supporting-ridge 3
is gradually consumed by the arc-light in ac-
cordance with the combustion of the electrode

a1, the said electrode will also descend into

the shoe . The tape s, to which the second
electrode is suspended and which passes
around the rollers p and ¢, is thereby short-
ened in the part directed toward the elec-
trode @, which movement is immediately fol-
lowed by a corresponding lengthening of the
part of the tape directéd toward the electrode

@. In consequence thereof the carbon pencil

« descends the same distance as the elecirode
&1 has descended in accordance with the burn-
ing away of the supporting-1idge 3. _
The positively-connected feeding device of
the carbon rods or pencils, (shown in Fig. 9,)
which operates by means of but one combus-
tion-ridge & on the positive electrode ¢ and

by means of the roller and rope transmis-

sion device s p ¢, also contributes to the quiet-
ing or damping of the oscillations of the

- rotatably or rockingly suspended electrode-

This spring |

holder %' inasmuch as there will be a slight
displacement of the carbon rod ¢ within the
corresponding shoe g accompanying these os-
cillations, the friction caused thereby between
the carbon and the shoe operating to counter-
act these oscillations. : :

Apartfrom theabove-mentionedadvantages
the longitudinal supporting - ridges of the
carbon rods or pencils afford a simple means
for the automatic switching out of cirenit of
the.electric-are lamp . in all cases where the
carbon pencils are burned away to such a de-
gree that a melting action on the metal parts -
of the lamp by the burning of the arc-light
is to be feared.

In the form of execution of an automatic
extinguishing device shown in Figs. 12 and
13, the feeding of the electrodes is regulated
by the combustion of the supporting-ridges &
and by, the extreme ends of which rest upon
supporting-surfaces ¢ and ¢i.  The support-
ing-ridge & of th ' electrode a is recessed in
its upper part, or it may be entirely dispensed
with. If the consumption of the carbon pen-
cil @ has advanced sufficienily so that the
supporting-ridge 5:is used up by the are-
light up to the commencement of the recess,
the carbon pencil &, which has now become’
deprived of its support, drops down suddenly
fora somewhat larger distance, and in conse-
quence of the displacement of the pointed
ends of the carbon pencils ¢ and a: in relation
to each other resulting therefrom the are of
light & is broken off and the lamp s ex-
tingnished. (SeeFig.13.) The reformation
of the arc of light is prevented in this form
of execution by an arm provided atthe upper
end of the carbon pencil @ and consisting of
insulating material or which is correspond-
ingly insulated and which keeps the rotata-
bly-arranged carbon-holder 4 locked in the
position in which it is at a distance from the
carbon-holder 4. :

In Figs. 10 and 11 I have shown an auto-
matic extinguishing device for are-light-lamp
electrodes with -combustion-ridges. Of the
electrodes « and @ the electrode « is pro-
vided with a laterally-arranged combustion-
ridge b, of carbon, which insures a uniform
feed of this electrode in accordance with the
combustion. By coupling the two electrodes
« and @ with each other inany suitable man-
ner the second electrode « isalso fed forward
correspondingly, The electrode a slides
down along the electrode-holder 4, and it is
partly guided within a ring g1, while at the
upper end the current-admission device # em-
braces the holder 2. The extreme end of
the combustion-ridge b rests upon a support-
ing-surface ¢, provided upon the electrode-
holder %, the said supporting-surface being
connected to the guide-ring g of the elec-
trode -holder. “The arc-light electrode ¢

slides down within the gnide-ring ¢’ and along
the electrode-holder /', together with the cur-




- 8

rent-admission device #/, the holder being ro-
tatable on the pivot 6. The guide-ring ¢ of
the movable electrode-halder A of the carbon
pencil « is arranged higher than the guide-
ring g of the electrode-holder % of the car-
Lon pencil «. Hence the current-admission
piece ¢ touches the pole-picce ¢ of the elec-
trode-holder /i after the ecarbon pencil o is
sufticiently consumed and already before the
current-admission piece & of the other car-
hon pencil @ touches. the guide-ring ¢ of
the electrode-holder /. Thus the further
dropping down of the carbon pencil ¢ is pre-
vented, before even the dropping down of the
other carbon pencil « isstopped. Hence the
carbon pencil @ descends gradually propor-
tionately with the consumption of the ridge
b, while the carbon pencil «, which is kept
arrested, burns off and becomes shoriened
more and more, so that the extreme ends of
the two carbon pencils ¢ and . become. more
and more distant until the gradually-length-
ened arc of light & finally breaks off and the
lamp is extinguished, Fig. 11,

Fig. 14 represents in sectional view taken
through the lamp-easing an electric-are lamp
in accordance with this invention which is
" provided with a regulating-electromagnet £
and with an extinguishing device in accord-
ance with Figs. 10 and 11. The lower ends
of the carbon rods are surrounded by a cylin-
drical reflector and economizer «, of fireproof
material.

What Lelaim, and desire tosecure by Letters
Patent of the United States, is—

1. In an electric-are lamp, a pair of carbon
electrodes arranged points downward, alateral
support on which one of said electrodes rests
with its extreme lower point, and means for
retarding the consamption of the part of the
electrode turned away from the are of light.

2, In an electric-are lamp, & pair of carbon
electrodes arranged points downward, one of
said electrodes having a longitudinal ridge
projecting beyond the lower point of the elec-
trode, a lateral support on which said ridge
rests with its extreme lower peint, and means
for retarding the consumption of the ridge.

3. Inan electric-aré lamp, a pair of carbon
electrodesarranged pointsdownward, alateral
support on which one of said electrodes rests
with its extreme lower point, and means for
limiting the access of air to the part of the
electrode turned away from the arc of light
and retarding the consumption of said part of
the electrode.

4, In anelectric-arc lump, a pair of carbon
electrodes arranged points downward, one of
said electrodes having a longitndinal ridge
projecting beyond the point of the electrode,
a lateral support on which said ridge rests
with its extreme lower point, and means for
limiting the access of air to the lower part of
the ridge causing it to be consumed more
slowly than the electrode.
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5. In an electric-are lamp, a pair of carbon
electrodesarranged pointsdownward,a lateral
support on which one of said electrodes rests
with its extreme lower point and means for
conducting the waste heat away from the part
o the electrode turned away trom the are of
light causing retardation of the eonsumption
of that part of the electrode.

6. In an electric-are lamp having carbon
electrodes with points downward and lateral
supports for said electrodes, the combination
of carbon-holders permitting the carbon pen-
cils to move in a downward direction only,
said carbon pencils resting with their extreme
lower ends turned away from the arc of light
on said lateral supports, means cansing the
resting-pointsof the electrodes 1o he consumed
more slowly than the other parts of the lower
ends of said electrodes and means for forming
an arc of light between the inner faces of the
lower ends of the carbon electrodes.

7. In an electric-arc lamp having carbon
electrodes with points downward, the combi-
nation of carbon-holders permitting the car-
hon pencils to move in a downward direction
only, a lateral support upon which one of suid
carbon pencils rests with its extreme lower
énd turned away from the arc of licht, the
support being of .a relatively large piece of
metal so as to cool the resting-point of the
electrode and means for forming an arce of
light between the inner faces of the lower ends
of the carbon clecirodes.

8. In an electric-arc lamp having carbon
electrodes with points downward, the comx-
nation of lateral supports for said eléctrodes,
carbon-holders permitting of the carbon pen-
cils to move in a downward direction only,
said carbon peneils having longitudinal ridges
of carbon, resting with the extremelower ends

| of said earbon ridges on said lateral supports

and said carbon ridges being metal-plated to
cause them to be consumed more slowly than
the other parts of the lower ends of the elec-
trodes, and means for forming an arc of light
between the lower ends of the carbon elec-
trodes.

9. In an electric-are lamp having earbon
electrodes with points downward, the combi-
mation of carbon-holders permitting the car-
bon pencils to move in a downward direction
only, a lateral support on which one carbon
electrode rests with its extreme lower end,
opposite to thearc of light, means causing the
resting-point of this electrode to he consumed
more slowly than the other part of its lower
end, means through which one of the carbon-
holders is movably suspended, a gaide-roller
fixed near the lower part of the lamip, another
cuide-roller ak one side of the upper part of
the lamp, a flexible connection passing over
said guide-rollers and having its ends secored
to the upper ends of the carbon electrodes, an
electromagnet having an armature in opers-
tive connection with the movably-suspended.
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carbon-holder, means for arresting the down-
ward movement of one of the electrodes within
its holder before arresting the downward
movement of the other electrode within its
holder, and a casing surrounding all of said
parts.

10. Inan electric-are lamp, the combination
of a lateral support, a carbon electrode ar-
ranged point downward and resting with its
extreme lower end on said support, a second
carbon electrode arranged point downward,
holders for said electrodes, one of said hold-
ers being movably suspended and the elec-
trodes being displaceably arranged within said
holders, an extension on the movable holder

projecting beyond its point of suspension, a
balance-weight on said extension, an adjust-
able spring in operative connection with said
extension and adapted to move the electrodes
toward each other, an electromagnet having
an armature in operative connection with said
extension, and a casing surrounding all of said
parts, :

In witness whereof T have hereunto set my
hand in the presence of two witnesses.

HEINRICH BECKE.

Withesses:
OsKax ARENDT,
HEeEnkY Haserr.
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HENRY NOEL POTTER, OF NEW ROCHELLE, NEW YORK, ASSIGNOR TO
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ELECTRIC FURNACE.

No. 797,747, -

Specification of Letters Patent,

Patented Aug, 22, 1905.

Application filed July 23, 1908. Serial No. 166,669,

To all whom & may coneeriv. :

Beit known that I, HExrRY Noern PoTTER, a
citizen of the United States, and a resident of
New Rochelle, county of Westehester, State of
New Yorlz, have invented certain new and use-
- tul Improvements in Electric Furnaces, of
which the following is a specification.

I have discovered that when two parts of
an otherwise continunons cireunit are separated
within a region of intense heat, as in the inte-
rior of a highly-heated tube-furnace, electric
current will traverse the gap between the
electrodes thus formed under a greatly re-
duced potential as compared with what would
be required to maintain an are under atmos-
pheric conditions or even under condigions of
moderate heat. This discovery can be util-
ized for the purpose of reinforeing the heat
of the furnace itself, whether such heat isde-
rived from an electric current or from any
other source.

It is especially convenient to ntilize the de-
seribed arrangement in connection with an
electric tube-furnace, and in the present de-
seription such a furnace will be assumed, al-
though, as already indicated, heat may be de-
rived from any preferred source. It is also
true that the shape of the furnace may be va-
ried to suit working conditions.

By putting a gap of the character deseribed
ingide of a furnace and applying by means of
the latter sufficient heat to render the gap
conductive a condition is obtained where a
eurrent may be passed under such moderate
differences of potential that it becomes prac-

tically possible to add to the heat of the fur- .

nace any desired quantity ot heat developed
in the gap. In this manner it is possible to
produce a range of temperatures beginning
with that reached by the unaided furnace and
ending at temperatures at least as high as
those of the electric arc.

In resistance-furnaces hitherto constructed
there has heen an upper limit to the tempera-
ture imposed by the heat conductivity of
packings and by the speedy disintegration of
the resistance constituting the furnace. The

maximum temperature at which it has been
practical to operate has been considerably
lower than that produced by the are. On the
contrary, in arc-furnaces temperatures lower
than that of the arc itself have been only ob-
tainable at a distance from the are, and such

tem peratures ave difficnlt to maintain and con-
trol. By my system it becomes possible to
pass current across a gap at voltages which
are too low to maintain such current-passage
unaided. From one point of view it may be
stated that the function of ionization of the
vapors in the gap is not solely performed by
eurrent traversing these vapors, bui is assist-
ed by an anxiliary ionizing agency. The con-
ducting-gap thus established appears to have
all the electrolyzing qualities of the electric
are, so that I am ahble to combine in the fur-
nace the effects of great heat and those which
are peculiar to the arc or conducting-gap.
For the above reasons, without determining
the question as to how nearly allied the de-
seribed phenomenon is to an electric are, I
prefer to designate it asa “* conducting-gap.”

The furnace itself may be supplied by any
adequate source of heat and may be of any
convenient or suitable material. For exam-
ple, it may be built of refractory earths and
heated by oxy-gas jets. In general, however,
1 prefer to heat the furnace itself by electrical
means, and when the furnace itself is supplied
with heat from a source of electric current
I may utilize an alternating current for gen-
erating the furnace portion of the heat and
may then pass eurrent across the gap in any
desired quantity by means of either direct or
alternating currents.

One of the simplest forms of furnace is an
electric tube-furnace (such. as that described
in Letters Patent issued to me on the 9¢h day
of December, 1902, numbered T15,508) pro-
vided with anxiliary electrodes between which
the gap or- gaps is or are established. These
auxiliary electrodes may be of carbon, and in
certain cases the wall of the tube-fnrnace or
a portion thereof may itself constitute an elec-
trode,

Another form is to use a furnace in which
the heating-conductor is a dvy electrolyte or
a mixture of dry electrolytes in the form ot

-a tule within which may be mounted auxil-

jary clectrodes composed of conductors of
either the first or second elass, one ot which
may, as in the ease of carbon, be the wall of
the heating-tube itself. A modification of
this latier form is to construct the tubular
heating-conductor of iridium or similar ma-
terial, within which an auxiliary electrode or
electrodes cousisting of & conductor or con-
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ductors of the second class are suitably
mounted.

The regulation of temperature in the ahove
furnace may be effected in various ways. For
example, the temperature of the main hLeat-
ing-furnace may be varied. The length of
the gap may also be varied and the auxiliary
work expended at the gap.
ot furnace the gap becomes the space between
a central rod and the walls of the tubular fur-
nace. The carrent-low across the gap may
therefore he considered radial and spread
over a considerable extent. This is a par-
ticularly satisfactory form for gas reactions,
for which this type of furnace is in general
especially well adapted.

To render my invention elear to those skilled
in the art, I have illustrated certain embodi-
mentsin the accompanying drawings, Figures
1,2,8,4 5,86,7,8, 9,10, 11, 12, 13, 14, and
15. It will be understood that these draw-
ings are to a large extent disgrammatic, such
obvious and subordinate details as terminal
constructions, packing, housings, &e., being
omitted, as their form and application can he
appreciated by reference to publications, in
particular to my former Letters Patent re-
ferred to above. _
~ In the first figure of the drawings, 1 repre-

sents a suitable source of eurrent connecting
through leads 2 and 3 with a heating resist-
ance 4, composed of carbon, ividiam, or re-
fractory dry electrolyte, either solicl or fused.
A conductor 5, also of any refractory mate-

rial, is arranged in general parallel to and at

a short distance from the resistance 4. If
now a current be passed through the resistance
4, there will be a potential drop between the
points ¢ and 7 of the rod 4, which points lie
opposite the ends of the conductor 5. The
rod 5 will be at the same potential throughout
as long as it does not earry current. There
will therefore be set up a difference of poten-
tial between the resistanece 4 and the conduetor
5, which will vary from point to point along
the conductor 5. If the temperature pro-
duced in the resistance 4 and communicated
to its envivonment is sufliciently high, cur-
rent will leak across from the resistance 4 to
the conductor 5 and after flowing a distance
in the conductor will leak back again to the
resistance, thus traversing the intervening
vapor or gus.

By bending the conductor 4 of Fig. 1 into
a loop, as shown in Fig. 2, the points of dif-
ferent potential represented by 6 and T may
be brought close together and ‘the conductor
5 will be superfluous, the leakage taking place
directly hetween the points 6 and 7. This is
analogous to the leakage under conditions of
high vacuum in certain incandescent lamps.

Instead of bending the conductor 4 the
points 6 and 7 of different potentizls may be
brought closer together by making part of

In certain forms.
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the conductor £ of relatively smaller diawne-
ter, as shown in Ifig. 3. Here the leakage
cuarrent will flow parallel to and around the
contracted portion of the part 4. This idea
may be applied to a porous or granular or
powdered conductor, for, if we consider two
contacting grains, as in Fig, 4, where they
are shown greatly magnifed, it is clear that
the grains 6 and 7 together constitute the
electrically-uninterrapted conductor 4 of the
former figures. They contact over a small
areqa and approach closely, but do not contact
at other places. Thos we have the conditions
of heat, proximity, and difference of poten-
tial, which has been shown to be sufficient to
effect a leakage current across a Lan.

There are a great variety of forms of ap-
paratus suited to assist in maintaining the
conductivity of a gap by external thermic
means, and these are in general modilications
of those already shown. In Fig. 5 the design
of Fig. 1 is meodified by developing the con-
ducting resistance 4 into a tube surrounding
the rod conductor 5, while in Fig. 6 the con-
ductor 5 becomes a tube surronnding the re-
sistance 4,

Tt is clear that it for any reason adjacent por-
tions of the elements 4 and 5 should be held
at the same potential this wmay be accom-
plished by connecting them by a non-gaseous
conduetor instead of through a gas or vapor.
In Hig. 7 the construction illustrated in Fig.
1 s shown with such modification. In the
foregoing the difference of potential main-
taining the gap-current has not exceeded that
employed in heating the resistance 4. How-
ever, such a limitation is not necessary, nor
is it necessary that the same kind of current
be used for the gap and the heating resistance
4. For example, in Fig, 8 I show a modifi-
cation of the construction shown in Fig. 5,
wherein an alternating current is employed
to heat the part £and a direct current is main-
tained across the gap. The alternating-cor-
rent source is shown at 21, and at 22 and 23,
respectively, appear the primary and second-
ary of a transformer. The source of direct
current is inclicated at 24 and a regulating re-
sistance at 25.

It is not always desirable to have the heat-
ing resistance 4 constitute one electrode of
the gap. For instance, it is often desirable
to make the part 4 of carbon and ling it with
a refractory lining to prevent carbon vapors
within thetube, Insucha case the electrodes
may be iridium or electrolytic conductors
arranged as shown in Fig. 9. IHere 8 and 9
are gap-electrodes with a source of voltage
30 and a regulator 31. A lining for the heat-
ing-tube 4 is shown at 10,

It is sometimes an advantage to make the
area of the conducting-gap large and the cur-
rent density therein fairly even. This is ac-

complished Dby producing practically a fixed
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drop across all portions of an equally long
gap, as shown in Fig, 10.

In Fig. 11 is shown an arrangement wherein
the heating function of the part 41s performed
by an oxygen-fed flame. Thisarrangement is
particularly in place where iridium is heated,
as it has been observed that this expensive
material wastes away much quicker when
heated electrically than when heated to the
same temperature by a flame. At 11 appears
the outer furnace~-wall, at 12 the burner, and
at 26 an iridiam tube.

It is advantageous where extremely high
temperatures are required to produce the
heating hy an arc instead of by gas or re-
sistance heating of solid or liquid conductors.
SBuch an arc-heated gap is shown in Fig. 12,
which is a Moissan furnace with a tube 16 of
carbon, within being the gap-electrode 8, the
tube constituting the electrode 9, as in Figs.
10 and 11. o

There is still another variation of the idea
introducing the element of time, whereby
- during an interval heat is stored until a suf-
ficient temperature is reached, then the heat-
ing-current interrupted and a gap introduced
supplied with a small potential difference not
sufficient to produce a eurrent to maintain the
temperature. Aslong as the temperature re-
mains high current will pass and will cease un-
less after a little, more heat issupplied. Such
adevice isshown in Figs. 13and 14. Herethe
gap-electrodes 8 and 9 are shaped like parts
of a valve and are shown in contact. Current
traverses them and the contact, heating them.
It now the potential be—let us say, ten volts,
and a current of gas he forced upward through
the electrode 9 the electrode 8 may be raised,
producing a gap across which current will
flow while all remains hot. By arranging
the gas-pressure and gas-friction in the tubes
properly a stuttering opening and closing of
the contact between the electrodes will be ef-
fected and the gases passing submitted to the
electrolyzing action of the electric gap-cur-
rent. By the addition of a coil 82, possessing
selt-induction in series with the electrodes,
the current across the gap can be increased
by the coil discharge at each break when di-
rect current is employed for operating the
furnace. Care must be exercised, however,
not to use enough self-induction to produce a
constricted arc or spark discharge across the
gap, as such a discharge would be local and
much of the passing gas would not be sub-
jected to the elecerolyzing action.

Up to this point I have described relative
arrangements of parts. It remains to show
mote specifically how such furnaces are con-
trolled. There are several factors conspiring
to produce a given condition, and in general
a change in any of the factors will effect the
resultant condition produced by all together.

It is clear that the auxiliary heat can Dbe
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controlled by regulating the current through
the resistance 4 in Fig, 5, or through the are
in Fig. 12, or the gas-supply in Fig. 11. It
is also clear that the gap-potential can be con-
trolled in Figs. 8,9,10,11,and 12, Thearea
of the gap can be varied in Figs. 10 and 11 by
pushing the electrode 8 more or less into elec-
trode 9. The length of the gap can be varied
in Fig. 9 by moving either electrode 8 or 9
axially relative to its codperating member.

In Figs. 18 and 14 the period of vibration
of the cleetrode 8 can be modified by econtrol-
ling the gas-pressure, as stated, and the ac-
tivity of the gap-current increased by increas-
ing the self-induction of the cireuit, ineluding
the electric source 23, the regulator 34, and
the electrodes 9 and 8. A further modifica-
tion can be effected by shunting the gap 8 9,
as shown in Fig. 15.

In the case of a furnace such as illustrated
in Fig. 11 or Fig. 12 the action is greatly af-
fected by Dlowing a gas or mixture of gases
or vapors throngh the tube 9. Suoch a gas
cools the gap, and where g reaction is pro-
duced the cooling depends not only on the in-
itial and end temperature of the gas, but also
on the energy absorbed or set free by the re-
action itself.

All methods of control affect the dimensions
of the gap, the temperature of the gap, orthe
electric tall of potential across the gap, and
any agency which affects any of these may
serve as a control,

What has been said in the foregoing con-
cerning the thermically-induced. conductivity
of the gap and the passage therethrough of
current under moderate differences of poten-
tial must not be talken to exclude from my in-
vention the combination of a gap, a source
of high temperature affecting the gap, and a
eurrent across said gap under a difference of
potential as high or higher than that necessary
to mainfain an are. The auxiliary heat need
not become unimportant even under these con-
ditions, as its effect is to steady and expand
the arc and to allow it to be lengthened more
than otherwise possible. The tendency to
constriction is reduced and in general the
volume of the arc materially increased, so that
the current tends to How between the elec-
trodes as if they were Immersed in a con-
ducting liquid. The temperature gradients
are naturally less steep in such an are, and it
is therefore preferable where reactions are
desired which are reversed by excessive tem-
peratures.

Fig. 16 represents a modification of the
device shown in Fig. 4, the material in this
instance being represented as porous, such
a material serving the conditions required in
that it has surfaces of diferent potential at
high temperature and near together. Assum-
ing that the porous material isin the form of
a tube, gases might enter the inside of the




=

tube and bhe subjected to electrification at
high temperature in passing through the
pores and might then pass out to a collecting
device, .

The. furnace herein deseribed may be used
under conditions of pressure above or helow
atmospheric pressure.

Inadivisional application filed July 1, 1905,
Serial No. 267,913, claims are made upon cer-
tain features of construction disclosed herein.

I claim as my invention-—

1. The method of snpplying heat to a fur-
nace of the character described, which con-
sists in heating the hody of the furnace by
-any snitable means, and adding to the heat
thus produced the heat energy derived from
a condueting-gap.

9. The method of supplying heat to an elec-
tric furnace, which consists in heating the
furnace-walls by utilizing the body of the fur-
nace s an electrical resistance, and adding to
the heat thus produced the heat energy de-
rived from a conducting-gap.

3. The method of reducing the terminal
voltage of a condncting-gap, which consists
in subjecting the said gap to the influence ot
great lLeat.

4. The method of reducing the terminal
voltage of a conducting-gap, which consists
in subjecting the said gap to the influence of
great heat, and confining the gap within o
suitable chamnber.

3. The method of regulating the terminal
voltage of a conducting-gap, which consists in
subjecting the said gap to the influence of vari-
able degrees of heat.

8. The method of regulating the terminal
voltage of a conducting-gap, which consists in
subjecting the said gap to the influence of great
heat and varying the resistance of the circuit
including the gap. .

7. Tlie methed of producing reactions in a
furnace, which consists in applying to the ma-
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terials wichin the furnace, the effects of great
heat derived from external sources, and the
electrolyzing effects of a condneting-gap.

8. The wethod of producing reactionsin an
electric furnace, which consists in subjecting
the materials to be acted upon to influence of
intense heat from the walls of the furnace, and
also subjecting them to the intluence of a con-
ducting-gap carrying a current of lower veol-
tage than that of the normal electric are.

9. The method of supplying heat from two
sources to an eleetric furnace, which consists
in utilizing as one source of heat the electrical
resistance of a conducting solid body, and as
the other source of heat the clectrical resist-
ance of a conducting gas or vapor, and regu-
lating the relative values of the heat energy
supplied from the said sources.

10. The method of producing heat inside an
electric furnace, which consists in developing
conductivities locally in two corrent-paths and
heating sueh paths by the passage of electric
current.

11. The method of producing leat inside an -
electric furnace, which consists in arranging a
conducting resistance and a vapor resistance,
one within the other, and heating both resist-
ances simultaneously by the passage of clec-
tric eurrent.

19. The method of producing heat inside an
electric furnace, which consists in introducing
into the interior of a solid conducting resist-
ance a vapor resistance, heating the said con-
ducting resistance and thereby rendering the
said vapor resistance conductive and after-
ward utilizing the heat of both resistances.

Signed at New Yorls, in the county of New
York and State of New York, this 15th day of
July, A. D. 1903,

HENRY NOLL 1POTTER.

Witnesses:

W H. Carur,
Tros. H. Browx, Jr.




PATENTED TEB, 18, 1903.

No. 879,180,

0. KONITZER.

ARC LAMP,
APPLIOATION FILED JAN,19, 1905,




10

15

20

25

30

UNITED STATES

PATENT OFFICE.

0SKAR KONITZER, OF MUNIUH, GERMANY.

_ARC-LAMP,

No. 879,180.

Specification of Letters Patent,

Patented Feb, 18, 1908,

Application filed January 19,1906, Serial No. 296,819,

To all whom it may concern: '

Be it known that I, Oskar Konrrzer, a
subject of the German Emperor, residing at
Munich, in the Empire of Germany, have in-
vented a certain new and useful Arc-Lamp,
of whicl the following is a specification.

This invention relates to a device for pre-
venting the excessive heating and ultimate
destruction of the supporting piece of such
are bamps, in which the meclianism for ad-
justing the distance between the carbons,
which is actuated by the electrie eurrent and
which is usually of a very complicated char-
acter, is replaced by a device acting in o
purely mechanieal manner and consisting of
@ supporting plece provided with an edge
which cuts through the layer of the carbon
resting upon it, that has been rendered por-
ous by the action of the luminous are, to a
depth that corresponds to the burn and so
causes the carbon to drop.

Two different forms of carrying out the in-
vention are illustrated in the accompanying
drawing, -

Figure 1 is & front view. Fig. 2 is a trans-
verse section on the line A—B Fig. 3 a longi-
tudinal section on the line C—D and Fig. 44
trangverse section on the line E—F,

A longitudinal channel, which is filled with
alr or other comparatively diathermic ma-
tertal, Is so provided in the upper carbon
electrode 1 that the wall 3 of the carbon elec-
trode is thinnest at the point of contact of the
supporting piece 4. The narrow portion of

the electrode resting on the su porting
will be sufficiently heated to
with the porous layer which is necessary to
the feeding of the eP;ctrmles without the heat
of the crater injuriously affecting the sup-
porting piece 4.

The line of contact between the su porting
piece 4 and the carbon electrode 1 Wﬁ]ch cor-
responds practically with the line passing
through the points where the wall 2 is thin.
nest, may also be determined b arranging in
the electrode 1 a narrow slot 5 into the lower
end of which the supporting piece 4 fits,

What 1 claim as my invention and desire
to secure by Letters Patent is:—

L. Inan electric are, the combination of an
eccentrically Eerfomted carbon and a feed
stop engaged by the thin disintegrating wall
at the side of said carbon opposite from the
major portion of its mass which is involves
in the are.

2. An arc lamp electrode provided with an
eccentric longitudinal passage close to one
side thereof, and a supporting plece upon
which the thin wall of the electrode formed
by said channel rests substantially as de-
seribed.

In testimony whereof I have hereunto
signed my name to this specification in the
presence of two subscribing witnesses,

OSKAR KONITZER.

piece 4

Witnesses:
Urysses J. BYWATER,

Grore KoOrRNER.
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EDGAR F. PRICE AND FRANK J. TONE, OF NIAGARA FALLS, NEW:YORK.

ELECTRODE FOR ELECTBIC FURNACES AND PROCESS OF MAKING THE SAME.

No. 867,128,

Bpecifleation of Letters Patent. '

Patented May 12, 1008,

Application filed Immny 8, 1906, Serial No, 295,098, Renewed December 26, 1907. Serlal No, 408,150,

To all whom it may concern: . -
Ba it known that we, Epgar F. PricE and
Frank J.Tons, citizens of the United States

residing at Niagara Falls, in the county of

Niagara and State of New York, have in-
venfed certain new and useful Improve-

.. ments in Electrodes for Electric Furnaces

and Process of Making the Same, of which

- the following is a specification.
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The electrodes usually emlf)loyed in elec-

tric furnaces consist either of'a mixture of

amorphous carbon and a binder, or of graphi-

tized carbon ‘produced, for examplej)y the
rocess of Ug

. G. Acheson. S .

Amorphous carbon ‘electrodés are hard,
brittle, non-homnogeneous and of relatively
low density and electrical conductivity.
Graphitized electrodes are expensive and are
of such hi%h heat conductivity as to require.
water-cooled holders and cause serious heat
losses; the conversion into graphite is also
apt to be incomplete, in the case of large
electrodes. | S .

The present invention relates to the pro-
duction of an electrode comprising a mix-
ture of electrically-produced graphite and a
hinder, specifically one containing graphite

" and amorphous carbon in suchi proportions
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" and baked at a-temperature sufficient to de--
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a8 to give the desired
ductivity. S : .
- In manufacturing ' the new’ electrode
graphitized carbon produced by any'usua.i
electric furnace method is pulverized or
ground and mixed with -a suitable hydro-
carbon capable of being converted into a per-
manent binder. The mixture is then molded

compose the hydro-carbon and drive off the
volatile constituents, leaving residual carbon
which serves as a binder for the graphite.

‘For certain purposes, it has been found de-

sirable to employ electrodes having a'lower
heat conductivity than pure graphite elec-
trodes possess, but having a higher electrical
conductivity than is characteristic of ordi-
nary amorphous carbon electrodes. In'such

- eages it is advantageous to replace a portion
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“of the

bon. The électrical and heat conductivities,
of the product are then a function of the ra-
tio between the amounts of contained graph-
ite and amorphous carbor and may there-

~ fore be fixed at any predetermined figure.

56

The electrodes made by the herein described

process are of uniform composition, through-

Patent Number 702,758, to-
- .| process hias been found to offer considerable

electrical and heat con- |-
' | consists in shaping a mixture of electrically-

aphite by ordinary amorphous car--

‘out, are dense and strong, and cdn be easil
‘machined. They can be produced at a mue
lower cost than electrodes which are elec-
trically graphitized after being molded as the
large percentage of breakage incident to the
manufacture of the latter is obviated; and

80

moreover the electric. heat is more efficiently -

utilized.. The low mechanical strength of

| electrodes which are electrically graphitized
1 after being molded has been found to be a

serious disadvantage in electric furnace prac-
tice, especially when emlploying electrodes of
large size or extreme length. The use of
electrodes made -by the herein described
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()

advantage on account of ‘their superior me- -

“chanical strength.
We claim: - - : ‘
. 1. An electrode for electric furnaces, com

5

prising & mixture of electrically-produced -

graphite and a binder, as set forth. -

2. An electrode for. electric furnaces, con-
sisting of & mixture of electrically-produced
graphite, amorphous carbon and a binder, as
set forth. - . : S
8. An electrode for electric furnaces, con-
sisting of a coked mixture of electrically-pro-
du aphite, amorphous ¢carbon and a hy-
drocarbon binder, as set forth.

-4. The process of making electrodes, which

A

8

produced graphite and a hydrocarbon binder -

{1.10to -an electrode, and heating it to a-tem-

erature sufficient to coke the binder, as set
orth. . =~ ..~ -
- 5. The process of making electrodes, which
~consists in shaPing a-mixture of electrically-
produced graphite and & hydrocarbon binder

1nto an electrode, gnd heating it in & nonoxi- <

dizing atmosphere to a temperature sufficient
to coke the binder, as set forth. - )

6. The process of making electrodes, which _

consists in shaping a mixture of electrically-

produced graphite and a hydrocarbon binder *

into an electrode, and electrically heating it
to a temperature sufficient to
as set forth. _ :

7. The process of making electrodes, which

consists in shaping a mixture of electrically-

produced graphite and a hydrocarbon binder

coke the binder,”

30

into an electrode, and electrically heating it .
in & nonoxidizing stmesphere to a tempera- = |
ture sufficient to coke the binder, as set forth. -

8. The process of making electrodes, which

.consists in sh’ag}ng a mixture of electrically-.

-produced graphite, amorphous carbon and a

P
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hydrocarbon hinder into an electrode, and
‘heating'it to a temperature sufficient to coke
the binder, as set f}c)rrth.

9. The process of making electrodes, which

which consists in shaping a mixture of elec-
trically-produced graphife, amorphous car-

- bon and a hydrocarbon binder into an elec-

trode, and electrically heating it in a nonoxi-

&

consists in sha,ﬁing a8 mixture of electrically-
Eroducerl graphite, amorphous carbon and a’
ydrocarbon binder into an electrode, and
heating it in a nonoxidizing atmosphere to a
temperature sufficient to coke the Einder, as
10 set forth.
10. The process of making electrodes,
which consists in shaping a mixture of elec-
trically-produced graphite, amorphous car- |
bon andpa hydrocarbon binder into an elec-
15 trode, and eiectrica,lly heating it to a tem-
eral,:ure sufficient to coke the binder, as set
“fort .
11. The process of making electrodes, |.

dizing atmosphere to a temperature sufficient
to coke the binder, as set forth.,
In testimony whereof, we affix our signa- 25
tures in presence of two witnesses.
EDGAR F. PRICE.
FRANK J. TONE.
Witnesses as to the signature of Edgar F.
Price:
J. 8. Jackson,
I', B. O’Coxvor.
Witnesses as to the signature of Frank /J
Tone: :
AsHMEAD G. RopGERS,
Fraxg J. BugLL.
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UNITED STATES PATENT OFFICE.

FRANZ JANBEOEE, OF NARLIN, XEAT PRAGUE, LUSTRILBUNGARY

ELECTRODE FOR ARC-LAMPS.

No. 903,383..

 Specification of Letters Fatent.
Application fled May 16, 1907. Serial No, 373,907,

Patented Nov. 10, 1908.

To all whom it may concern: - '
Beit known that T, FRANZ JANBEGEX, a sub-
ject of the Emperor of Austria-Hungary, resid-

ng at Karlin, nenr Prague, Bohemia, Austria- |

Mungsry, have invented certain new and use-
ful fmprovcments in. Electrodes for Arc-
Lanips; of which the following is a specifica-
tion. -

The present invention relates to improve-
ments in are lamp electrodes of that type in
which the rod is fﬂrnished with pins or stoy s,
andl my invention consists in providing the
electrode with stops projecting from a strip of
metal and therefors all in metallic connection.

The invention is illustrated in the accem-
panying drawing, in which—

Tigure 1 is a vertical section through s por-
electrode. Fig. 2is
a cross section through the same., Wig. 3
shows & cross section and side elevation re-
spectively of » {raginent of the metal stxip
folded realy for insertion into the electrode.
I'ig. 4 shows a cross section, edge view and

lan of a fragment of the metal strip prior to
Ee_ing folded. Fig. 5 is a vertical section
through s portion of an wrc lamp fitted with
the new electrode. :

In carrying oul my invention 1 employ a
strip of sheet metal K having sinuous or cor-
rugated marginal portions 1 (Fig. 4) and so
stamped out cenbrally as to present cross
bars ¢, somewhat resemblin tﬁe rungs of a
ladder. This metal strip K I bend or fold
over on its longitudinal centesr-line, so that
wlien seen in sile clevation (Fir. 3) it pre-
seuts approximately the form of a comb,
wiiose Dack is eonstituted by the marginal
batids 1, nnd whose teeth wre represented by
the doubled over bars ¢, This pectinute
metal strip [ insert into the cleut.rodle A (Big.
17 which is longitudinally grooved ab » to re-

Ceeive it 1 Higs. 1 and 2 the groove n is

shown of dovetal! shape and the strip I can

© be realily tuserted therein by pincling the

85

two portions 1 logether and pushing tham
into the groove, The resilience of the strip
will enuse the purts 1 to press ontward, where-
by sullicient hold is obtained without the ail
of wuxilizry means.

The corfugations on the margins 1 make

dntimate contact with the clectrode A at a

lnrge nunmber of places, so that the comb K
ulso serves the Imrposc of u metal core and
renders ary such device for reducing the re-

sistunce altogother redundant.

Fig. 5 illustrates the manner in which the
improved electrode is employed in an _arc

lamp. The coupling of the electrode A (Ell‘llg C

5), by means.of 1ts guide pin 8, with the s
ing member 2, is obtained by means of the
bell erank contact lever v, one contact arm 4

of which is turned down obliquely against’

the side of the pin, while its other, weighted,
arm 5 rests upon the top of the pin 6. In
this manner a reliable contact of pin 6 with
the arm 4 is assured since the supported elec-

trode presses with its guide pin 6 against the -

arm 5. If the electrodes burn down, where-
by further movement of the sliding member
2'is stopped by the stop 7, and the last elec-
trode tooth ¢ has dropped off the rest d, then
at the moment when the electrode A is no
longer sup(forted and drops, the contact be-
tween guide pin 6 and arm 4 will be inter-
1-a,[i)tad without sparking because the arm &
wl
and the. sFarking takes Place onl
bresking of the contact of the guid)u; pin 8
with the arin 5. The contact ann 4 and the
side wall of the guide pin, thevefore, are pro-
tected against being damaged by sparking
and a constant contact is assured.

Having thus described my invention, what
I clabn as new and desire to secure by Let-
ters Patent is—

1. An electrode for avc lunps comprising &
rod provided with a longitudinal dovetail
aroove and o ladder-shaped metal stri ™ lou-

upon

Bled upon itself on its fongitudinal axis, said .

doubled strip being located and held in the
groove by ils own resiliency and the points
formed by the doubling projecting beyond
the rod, substantiaily s Jescribed. '
2. An electrode for are lnmps comprising a
rod provided with a longitudinal dovetail
groove andl w corrugated hulder-shap~d nietal
strip doubled upon itsclf on its longitudinal
axis, said tl()lll)[lcl.{ strip beiig located and
lield in the groove by its own resiliency and
the points forned by the doubling projecting
beyond thie rod, substantially as described.
n testimony whercof I ailix any signaturs
in presence of two witlesses.

FRANZ JANECEK,
Witnesses: '

MiLostay Ilnuny,
Aporen Frsoyer.
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UNITED STATES PATENT OFFICE.

HEINRICH BECK, COF FRANKFORT-ON-THE-MAIN, GERMANY, ASSIGNCR TO BECK
FLAMING LAMP COMPANY, CF CANTON, NEW ¥CRK, A CORFORATION OF NEW YOREK.

ELECTRIC-ARC LAMT.

959,045,

Specification of Letters Patent.

Patented May 24, 1910.

Application filed November 14, 1308, Serial No. 343,450,

To all whom it may concerq:

Be it known that I, Hexnricm Brex, a
subject of the German Emperor, residing at
Frankfort-on-the-Main, Germany, have in-
vented certain new and useful Improve-
ments in Electric-Are Lamps, of which the
following is a specification.

My invention relates to electric arc lamps
and ore particularly to the carbon holders
thereof and its novelty consists in the con-
struction and adaptation of the parts as
will be more fully hereinafter pointed out.

In Letters Patent of the United States
No. 795,681, granted to me July 25, 1905,
I have described a lamp, which among other
instrumentalities, comprises an electrode
provided with a longitudinal rib or ridge
and a lateral support Tor the said rib so that
the electrode rests on this support while the
lamp is in operation. My present invention
is an improvement upon the form of support
for the electrode disclosed in that patent
and in brief consists in making the electrode
support movable, removable and adjustable
with respect to its electrode, so that in case
of injury to the support either a fresh sur-
face can be presented to the electrode or the
old support may be removed and a new sup-
yort can be at once put in its place without
disorganizing the other parts of the lamp,
while at the same time the support may be
adjusted to move the e]ectroge a variable
distance from a fised point on the frame-
work.

In the drawings, Figure 1 represents in
clevation a portion of the lamp showing the
lower part of an electrode, my improved
support with ﬁart of the framework of the
lamp to which the support is secured, all
non-essential parts being omitted; Fig. 2 is
a similar view showing the electrode sup-
port rotated to move the electrode farther
away from the framework; Fig. 3 is a plan
view of the parts below the plane of the
line 3—3 in Fig. 1; Fig. 4 is a perspective of
the electrode support bolt and its set screw;
Fig. 5 is a plan view of a modification of the
electrode support when it is made in the
form of a frustum of a pyramid with five
sides; Fig. 6 is a view similar to Fig. 5
showing a frustum of a pyramid of six sides
and Fig. 7 is a perspective of a conical sup-
port having its screw teat made integral
therewith. '

In the drawings, « represents an electrode
snitably supported against lateral displace-
ment in a holder (not shown) in the man-
ner described in Letters Patent above re-
ferred to. It is provided with a longitudi-
nal rib or ridge b and rests by gravity upon
the support ¢ which is secured to and pro-
jects from any suitable carrying element
therefor, as the framework m of the lamp
for example. The support ¢ is preferably
made of metal or a switable fireproof mate-
rial or of carbon. It is preferably made of
symmetrical form with respect to its vertical
axis, for instance, in the form of the frustum
of a cone, as shown in Figs. 1 and 2, or in
the form of a frustum of a pyramid, as
shown in Figs. 5 and 6, so that it presents
externally a downwardly sloping surface
u}fon which the rib & of the electrode is
adapted to vest, The support is centrall
apertured to permit of the passage of a bolt
n having a head o slitted at p and which
terminates in a threaded teat ¢ adapted to
engage in a threaded aperture formed for
that purpose in the frameworkm. Theteatyq
is eccentrically placed with respect to the
center of the bolt n and it is provided with
an annular groove 7, adapted to receive the
point of a set screw s also passing through a
threaded aperture in the framework s by
means of which the teat and consequently
the bolt may be held in place after adjust-
ment,

It will be apparent that the means herein
described provide two distinct adjustments
for the support, namely:—a rotative oune

‘around the bolt », by which a different por-

tion of the surface thereof is brought into
supporting relation with the arcing end of
the electrode, without affecting the extent of
projection of the support with respect to
the frame-work, or, in other words, without
affecting lateral adjustment of one electrode
relatively to the other; and, an adjustment
by means of the eccentrically placed teat,
whereby the position of the supporting sur-
face relatively to the frame, is charged. By
means of these two adjustments of this frus-
tum shaped support, and the possibility of
combining the same, a multiplicity of
changes 1s possible.

Provided the support ¢ is made of the
proper material, it is, of course, possible to
make the teat ¢ integral with the support
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itself and omit the bolt, such o construction

being shown in Fig. 7.

What I claim as new is:—

1. In an apparatus of the kind -desecribed,
a conoidal electrode support, the external

surface of which engages the electrode and a

pivot having connection with the support
and arranged eccentric to the axis thereof.

2. In an -apparatus of the kind deseribed,
downwardly-extending electrode, a carrier,
and an electrode support having a conoidal
portion engaged with the lower end of the
electrode and a pivot arvanged eccentric to
the axis of said conoidal portion and con-
necting the support to the carrier.

3. In an apparatus of the kind described,
a support for an electrode, having a frustuin
shaped portion adapted externally to en-
gage the electrode and provided with an ee-
centricaily placed teat for connecting it with

a sutable carrier and whereby it is adapted’

to be adjusted relatively to the electrode sup-
ported by it, for the purpose set forth.

4. In an-apparatus of the kind deseribed,
the combination of a carrier, and an elec-
trode support connected therewith and hav-
ing a plurality of independent adjnstments,
one of which 1s eccentric, said electrode sup-
port provided with a downwardly sloping
external wall to engage the electrode.

5. In an apparatus of the kind deseribed,
the combination of a carrier and a conoidal
electrode support the outer tapered surface
of which is adapted to engage the electrode,
and means for connecting the support with
the carrier, adapted to provide a plurality
of independent adjustments, one of which is
eccentric to the axis of the support and an-
other of which is areund the center of the
same.

8. In an apparatus of the kind described,
a carrier, an electrode support having a
downwardly sloping external wall, and an
element extending through the center of the
support and carrying the same, said element
and support being rotatably wmovable yela-

tively to each other, and means for connect- -

959,045

ing said element to the carrier, éceentrically
placed with relation to the former.

7. In an apparatus of the kind described,
a carvier, an electrode support having a

downwardly sloping external wall, and a

bolt extending through the center of the
support, said bolt and support being mov-
a‘bie rotatively with relation to each other,
and a teat eccentrically placed with respeet
to the ‘bolt and projecting therefrom and
connecting the same with the carrler.

8. In an apparatus of the kind described,
a carrier, an electrode support of frustum
shape having an eccentrically placed projec-
tion engaging the carrier, and means engag-
ing said projection, for removably securing
connecting the same with the carrier,

9. In an apparatus of the kind described,
a carrier, an electrode support of frustum
shape, means by which .{'.llle support is ro-
tatably mounted, arranged in the center
thereof, an eccentrically placed projection
from the support, engaging the cariier, and
securing means engaging said projection.

10. In an apparatus of the kind described,
an apertured carrier, an electrode support of
frastum shape, a xemovable snpporting bolt
upen which the same is rotatably mounted,
stid bolt extending threvgh the center of the
support and provided with means for at-
taching it to the carrier, comprising a teat
which extends into the aperture of the Jatter
and is arranged-off the center of the support.

11, In an appaxatus of the kind described,
a relatively-inovable conoidal cicelrode-sup-
port and a supporting means therefor, hav-
mg a portion which 18 eccentric to the axis
ol the electrode, whereby the lateral position
of the electrode is varied in the relative
movement of the puarts,

In testimony whereof I aflix my sionature
in presence of two witnesses.

HEINRICH BECK.
Witnesses:
JeaN Gruno,
Care Grunp,
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ARC-LAMP ELECTRODE.

959,133, Spectfication of Letters Patent. Patented May 24, 1910,
Application filed April 26, 1907, Sertal No, 370,348,
_—
o all whom it maY concern: on the plane of the line 3—3 in Fig. 9; and

Be it known that I, Joser H, Harierrg, a Fig. 4'is a transverse section through the
citizen of the United States, residing at New | form of electrode in whieh the conductor
York, in the county of New York and State is embedded in the rib,
of New York, have invented certain new and In the drawings 2 is a bage preferably

useful Improvements in Arc-Lamp Elec- eylindrical in form and suitably supported.
trodes, of which the following is a specifica- 66 is a transverse apertured plate of non.-
tion. conducting material adapted to rest in its

My invention relates to electric are lamps | lowermost position upon g shoulder 65
and particularly to certain improvements around the inner wall of the base 2,
in the electrodes thereof of that Lype em- Hangers 6 are suitably supported from the
bodying a rib to éngage a support. npper part of the lamp and terminate at

In lamps of this character, In which the | ¢ e bottom in sleeves 8 adapted to support
elecirodes to he burned are composed of | and encircle the electrodes which nove
columns of material of different degrees of through them. The sleeves 8 pass through
fusibility, there results at times an unsteadi- suitable apertures 670 in the plate 66 and
hess of the light due to the movement of the | are each provided with brackets 48 to the
are with respect to the longitudinal center lower extremities of which are secured con-
of the electrode becanse of the fact that the | jeal bermanent supports 50 upon which the
arc will leave the core of the clectrode, or Tibs of the electroges rest, :
the place where the more fusible salts are Each electrode comprises a body a made
located, and moving elsewhere will vary | of carbon in the usual manner and prefer-
the resistance and malke the light unsteady. | ably eylindrieal or polyhedral in form. At
The tendency of the arc is to move to the | of hear the central of ‘the body is a core
point of lowest resistance and the purpose | made of suitable fusible sajts of the alka-
of my invention is so to locate this point | line metals in a manner wel] known to the
with respect to the fusibe core that a prac- | art. At the rear of the body ¢ and prefer-
ticaily uniform cousumption of the electrode ably roade integral witl, it, and made of the
will result. I accomplish this by fup. saine material as the body ¢ is 4 longitudinal
nishing the electrode with » metallic con- rth ¢ and longitudinally arranged either
dnctor embedded ejther in the rib or in the within the vib or iy the body a between the
body of the electrode belween the core and | rily and the core  is a mietallie conductor d
the rih. The arce naturally seeks the point | in the form of 4 wire,
of least resistance which 15, of course, the The rear edge of the rib ¢ is preferably
lower terminal of the mefallic conductor, provided with teeth ¢ arranged in series and
This brings the arc to g point where the presenting the appearance of g saw edge.
flame is always in contact with the body of | The angle of the lower edges of the teeth
the electrode” near the core and causes a | shonld be substantially the same ag the angle
substantially uniform consumption of the | of the edﬁre of the permanent support 50

with the orizon, so as to afford as much

entire electrode, becanse the indirect heat
supliwrting surface to the rib as Possible,
The mode of oIpera-tion of my improved

of the arc assists in the consumption of the
electrode around the metallic conductor, I

electrode is read ¥ undersiood.” When the
lamp is energized ‘and the are is formed it

also provide the rib of the electrode with
serrations along its rear edge. As each one
of the teeth is consumed the clectrode at seelts the wire  and draws the flame across
once dI‘OpS so that the next tooth above is the body of the carbon @ and past the lower
brought to rest upon the support, extremity of the core 3. It also assists in
In the drawings, Figure 1 is a centra] the combustion of the ik ¢, by its indirect
vertical section and partial elevation of | heat, As one of the teeth ¢ burns away and
the lower part of an are lamp embodying finally crumbles the electrode drops umiil the
i next tooth ahove rests upon the support 50,
The electrode herein described and claimed
Is well adapted for use ip a Jamp of the con-
struction exemplified by the application for

an enlarged detail of the lower end of the
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United States patent
March 9, 1907, and
361,465,

What T claim as pew is:—

1. An electrode for arc lamps, comprising
a body of carbon having a core, 2 radially
projecting external rib, and a longitudinal
conductor arranged In the electrode n 2
plane which ig approximately between the
core and the outer surface of the rib.

9. A cored electrode for are lamps, hav-
ing an external longitudinally extending rib
and provided with 2 longitudinal metallic
conductor which Is arranged in the elec-
trode in substantially the same radial plane
as the vib.

3. A carbon electrode for arc lamps, col-
prising a bedy of carbon, a core, a radially

which was filed by me
is numbered, serlally,

959,133

projecting external rib and @ longitudinal
metallic conductor embedded in the tib.

4. A carbon electrode for are lamps, hav-
ing a radially projecting external rib, and
a longitudinal metallic conduetor embedded
in the rib.

5. A cored electrode for electric arc lamps,
having its body portion provided with an
oxternal serrated rib, said electrode also pro-
vided with @ longitudinal metallic conaue-
tor which is arranged between the core and
the serrated edge of the rib.

Ip testimony whereof 1 affix miy signature
in presence of two witnesses.

JOSEF H. TALLBERG.

Witnesses:
QrpPHBN 5. NEWTON,
W, R, Bairo.
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ELECTRIC-ARC LAMP. .

963,736, ’ Specifieation of Letters Patent, Patented J uly 12, 1240.

Appiieation filed July 14, 1509, Serial No. 507,648,

In the accompanying drawings, F-igu're 1

o all whom it may concern: |
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-Be it known that I,” Twomas Epcax
Apaxs, of Cleveland, in the county of Cuya-
hoga and State of Ohio, have invented cer-

tain new and useful Improvements in Elec- |

tric-Are Lamps; and T

the following to be a full, clear, and exact | lateral projections -for
such ag will | Fig. 4 is a view of an arc lamp showing the

deseription of the invention,
enable others skilled in the art to which it
appertains to make and use the sae,

This tnvention relates to improvements in
electric are lamps and more particularly to
that type in which onc of the cléctrodes is
provided with lateral projection: removable
sieeessively by leat from the siv to reeoin-
plish the feeding of said electrode.
It has heretofore been’ pro

. osed to pro-
vide an electrode with Iaterall projecting

inctal pins rentovable by heat from the are.

hut with prior constructions, the clecirodes
had to be handled with
distortion of "the lateral: projections, such
distortion being apt to render the lamp em-

ploly'mg the electrode inoperative. To
mak

metal than would be eondncive to a perfeet
arc when the clectrede is in use in a lamp,
and: the large amount of molten metal
would be likely to spot the globe or Liklge,
as einder, between the electrode and prevent
relighting, T :
The object of my present inveution is to
avoid the difficultios incident to prior con-
structions and to provide an electrode with
laterally projecting devices adapted to be
removed by heat from the arc and to so con-
struct such devices that they shall be me-
chanieally strong with the use of a minimum
amount of mutal, : ' .
A further ohject is to so construet an are

lamp of the type referred to that the lateral

projections and the stop with which they co-
operate shall be so located relatively to each
other and to the are that said stop will not
be unduly affected by heat from the are and
thus permit the accurate feeding of the clee-
trodes ag the lateral projectiens become sue-
cessively detached from’ the electrode,

consists in cerfain novel featuves of con-
struction and combinations of parts as here-
inpafter set forth and pointed out in. the
claims. ' _ _

e the ribs or projectitns as heretofore-
constructed, sufficiently strong to withstand -
- the usual treatment,” would require more

do hereby declave | face view 6f the ‘blade which

reat care to avoid |

|
I_

15 an_enlarged view showing portions of
two electl‘ocﬁs and the relation of my im-
provements to the upper electrode; Fig. 2
Is a transverse sectional view. Fig. 3 Is 8 5y
forms the
the electrode, and

application of my improvenients thereto.
1, 2, represent_the upper and lower olec-
trodes respectively, aud in ‘the present in-
stance, the upper electrode is provided with
a longitudinal groove 8 for the reception of
a merber 4 at one edge of a blade such as -
shown in Fig. 8. This blade is made of 70
suitable shect metal and provided with a
series of diagonal slots 5, -the portions .of
the metal separating said slots constituting -
projections 6 which are disposed diagonally
or upwardly inclined with relation o the
axis of the blade and the electrode. At
their inner ends, the projoctions 6 ars in.
tegral with the member 4 which is disposed
in the proove of the electrode. '

The iuetal of the blade which forms the
outer ends of the slots 5 constitutes'a mem-
ber 7 but this member is slit or cut between
cach two projections 8 us shown at 8, the
slots extending from the outer edge of the
member 7 horizontally and intersecting the
slots somewhat below the upper ends there-
of and the métal above each slit is bent lat-
erally to form a tooth 8* whereby a substan-
tial bearing for the blade upon 1 sto block,
is formed as hereinafter explained. Tho
cub portions of the member 7 are contecled
by solder so as to render the blade easy to
handle without danger of distorting the
sung, but in the operntion of the lamp these
solder connections will be melted before the g5
adjacent lower projection shall have been .-
melted to cause the severance of the Iatter
from the électrode. B _ _

The upper electrode 1 having the lateral
projections above, deseribbd secured thereto,
may be inserted into a tube $ which forms
a portion of the framework of a lamp,—
said tnbe having a lateral longitudinal en- -
largement 10 for the accommodation of the
lateral projections on the electrode, The:
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With these objects in view the invention ; apper end of the elecirode 1 is provided

with & contact device 11 to engage the tube
% and the lower end of the o cctrode is
adapted to pass through a suitable opening
in the floor plate 12 of insulating material, 110
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secured to the lower portion of the lamp
frame or tube 9. The floor plate supports a
stop-block 13 having a beveled fage 14 upon

. which the lower end of the member 7 hav--
§-ihg a lateral tooth §° below the lowermost-

rojection 6 rests, B &)rovidmg the stop
lock 13 with the beveled face 14, the mem-
ber 7 at the outer ends of the projections 6
is caused to bear against the wall ef the en-
10 larged portion 10 of tube 8 so as to cause the
latter to absorb a Eort.ion of the heat from
the outer ends of the projections 6 and thus
facilitate the steady feeding of the elec-
trodes as the projections 6 melt. away. By
15 making the projections 6 extend upwardly
_ and outwardly obliquelg{f to the axis of the
~ electrode, the stop block can be located an
_aEPrec_ial’JIe distance from the arc, thus en-

~ abling the durability of said stop block.
20" The lower electrode 2 is suppoited by a
. snitable holder at the lower end of a i'ocF 15
which is vertically movable through a tube
or sleeve 16 supported by the base of the
lamp frame. To the upper end of this rod.
25 the lower end.of a chain 17 is attached and
this chain, after passing over a pulley 18
supported ,by the top bracket 1¢ of the lamp,
-is provided with a weight 20.” A clutch 21
_ engages the rod 15 and is connected with
'30 one end of a lever 22 pivotally supported
“ between its ends by the lamp frame. The
other arm of this lever is connected with the

[

- core of a solenoid 23,—the latter being in--

cluded in series with the electrodes. A stop

35 24 is provided for the clutch 21. . . |
". Assuming that the electrodes dre in con-
“tact when the lamp is not in cireuit,—it will

be seen that when the lamp cireuit is closed -

‘the solencid 23 will be energized and, rais-
40 ing its core, will cause the descent of the

cluteh 21 and with. the latter the descent of |

the rod 15 and the lower electrode 2, thus
-establishing the arc. "As the upper electrode
becomes consumed and the arc lengthens,
45 the projections 6 wiil be melted by heat

from the arc and thus pérniit the upper elec-

trode to feed down by gravity step by step. -
It will be apparent that the regulafion of -

the arc between the periods at which the
projections 8 becéme rémoved, can be effect-
ed by the movements of the lower electrode
under the control of the solenoid 23.

50

Having fully described my invention what ™

1 claim as new and desire to secure by Let-
‘ters-Patent, is,— o :

1. The combination with an electrode, of

a blade secured thereto and comprising’

members parallel with the axis of the elec-
trode, and projections spaced apart and con-
nec‘gi%smd members,

o

e combination with an electrode, of

55

60

a blade secured thereto, said blade compris- -
ing parallel members, one of “which is se- .
cured to the electrode, and projections con-

necting said members an s%ace_d -apart;
the outer member being cut b
projections and united w1

65

etween the -

ti!:solder. ST
3. The combination with an electrode, of

ing a strip of metal having. diagonal slots

axis of the electrode and oblique projections,
and a stop to codperate with said blade, - ..

a blade secured thereto, said blade compris- " -
70
forming parallel members faamlle ~with the”

4. The combination with an electrode, of

o blade secured thereto, said blade compris-
ing two members and diagonal projectrons’
connecting the same and spaced apart, the '

75

outer member having slits” intersecting the
slots between the projections below the up- .

per ends. of said slots and bent to form lat-
eral teeth, -the slit portions of the -outer.

member connected by solder.

In testimony whereof, I have signed this -

80 -

specification in the presence of two subscrib-

ing witnesses.

Wit.neéses’: S
J. H. Worss,
J. R. OzpurT.

THOMAS EDGAR ADAMS.
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-ELECTRODE AND PROCESS FOR MAKING THE SAME,
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Patented Aug. 30, 1910,

Appleation flled Angust 30, 1909, Serial No, 515,384,

To all whom it may concern:

Be it known that I, HenprIicUs JoHANNES
Jacopus Janure, Jr., electrical engineer; a
citizen of the Klingdom of the Netherlands,
and resident of 20 Helmerstraat, in the city
of Amsterdam, Netherlands, have invented
new and useful Improvements in Electrodes
and Processes of Making the Same, of which
the following is a spectlication.

My invention relates to electrodes for arc
lamps and more particularly to an electrode
or carbon circular in cross section and which
1s appropriately supported for the purpose
of automatic adjustment while burning.

The edge of the support is of sufficient
width. and strength to hold the electrode in
the proper position and the support may be

rotatable if desired. Various devices have |.

been made with a view to cbviate the burn-
ing away of the support or the irregular
burning away of the supporting “edge, by
the employment of appropriate materials.
Thus, for 1nstance, a rib or strip of readily
melting metal has been placed or fitted in a
longitudinal notch or groove of the electrode
in any desired manner. Or a rib of carbon
has been formed on the electrode and con-
sisting of the same material as the latier.
However, none of these devices has given the
desired result. :

It has been found that in order to form a
supporting edge on the electrode the ma-
terial most suitably adapted and which
neither leaves a dripping slag or residue on
the support nor causes the latter to be
scorched is pure carbon of a smaller den-
sity than that of the remaining portion of
the electrode. The supporting eg e there-
fore as well as the electrode 1tself are ac-
cordingly made of carbon, but the body of
the supporting edge is less dense than the
electroge itself, consequently a smaller quan-
tity of heat is necessary for its combustion.
The heat supply is not impeded nor is the
lateral distance of the supporting edge in-
creased as in the case of flanged or ribbed
carbons, because the amount of heat used is
proportional to the material consumed by
combustion. By appropriately selecting a

supporting edge of the proper density, the

burning away of this edge can be so con-
trolled as {o maintain a certain distance be-
tween the support or carrier and the point of
the electrode. The support therefore is rel-
atively remnote from the crater and the

surface area is offered to the air for the con-
sumption of the carbon. Moreover a carbon
round in cross section is always preserved
and as already mentioned no sfs;g can drop
on to the support. *To the burning edge
which burns away, a substance giving off
or develo%)ing oxygen is preferably aﬁded,
such as, for Instance, dioxid of barium or
manganese or the like, in order to provide
during the burning away of the carbon for
the presence of a sufficient quantity of oxy-
gen. If desired the whole electrode may g
provided with a coating or cover made of
the supporting substance. _

In order that my invention may be more
fully understood reference is made to the
aceompanying drawing in which:

Figure 1 shows an electrode, in section,
resting on its support. Fig. 2 is a cross sec-
tion of the electrode shown in Fig. 1. Figs.
3 and 4 are cross-sections of different forms
of electrodes. Figs. 5 and 6 illustrate the
method of forming double or multiple elec-
trodes as a whole from which single elec-
trodes, according to this invention, can be
subsequently made by division,

It will thus be seen that the object of my
present invention is to arrange on the elec-
irode a supporting edge of pure carbon,
maintaining the electrode of ordinary circu-
lar or round cross-section but having the
supporting edge less dense than the other
part of the electrode in order that the sup-
porting edge will burn at a lower tempera-
ture than is required to burn the body of
the electrode, owing to the smaller density
of the edge. The supportin
made of %amp black or powdered charcoal
compacted together and mixed with sub-
stances which will give off oxygen under the
action of heat, such as dioxid of barium or
manganese. By this arrangement the sup-
porting edge will always be burned away at
some distance from the point or crater of
the electrode so that the are can not reach
the support. Electrodes of this kind can be
produced in various ways. For instance,
an electrode can be provided with lateral
grooves and the supporting edge can be
glued in.

An excellent form of electrode made ac-
cording to this invention is shown in Fig. 2,
in which an outer -body or covering « of
dense carbon of the cross sectiomal form
shown is made in any known manner, but

point of highest temperature, while a large i hellow and having a longitudinal slot on one

edge may be
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side. A separate supporting edge b is then

- separately made and inserted in the slot of

AL

10

15

25

the body @, after which an appropriate fill-
ing or wick substance is so forced or pressed
into the central cavity of the body « that
the supporting edge is secured in its place
and unable to move in its seat. Or several
electrodes as a whole can first of all be made
as shown in Fig. 5 or 6 and subsequently
split up or divided into single electrodes.

ut the outer body or covering of hard car-
bon and the supporting edge can also be
produced simultaneously and pressed to-
gether. Also the supporting edge can be im-
pregnated with substances giving off oxygen
or with other material ; its cross;section may
vary and it may be sunk in a groove of the
electrode.  Or the supporting edge may be
produced by treating a portion or strip

Fig,4) of the outer body of the electrode
by changing the nature or consistency of
tge material at that point. During the
pressing in of the substance the electrodes
can if desired be covered. Or an ordinary
electrode can be impregnated laterally with

the substance giving off or developing oxy- _

£68,940

gen. Preferably the support is made of a
material which is a bad conductor of heat
as, for instance, corundum,

I claim: :

1. An electrode having a body of hard
carbon and a supporting edge made of car-
bon less dense than the body of the electrode
and 1mé;~regnated with a substance which
gives off oxygen when heated, substantially
as deseribed.

2. The process of making electrodes which
consists in forming a number of electrodes
joined together, made of hard carbon and
inserting In one side of each of said elec-
trodes carbon less dense than the body of
the electrode, and then severing the elec-
trodes from each other, substantially as de-
seribed, _

In testimony, that I claim the foregoing
as my invention, I have signed my name in
c]‘:iress.ence of two witnesses, this eighteenth

ay of August 1909.

HENDRICUS JOHANNES JACHBUS JABURG, Ji.

1t1%ss%s‘.:T S
. F. Taxss,
A, HumekorEr,

4y

35

43

45




R. H, WOLFF,
ELECTRODE,
APPLIOATION FILED TAR,14, 1910,

974,008. . | ‘ Patented Oct. 25, 1910.

ey
S

_\\‘..,“-
0
AN

Willomdfille) ” Raphael WA
Bfutor Cbpadioat— O s et

THE HORRIS FETERA 70, WAEHINGTGN, D. .



10

15

20

25

30

35

40

45

60
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_ RAPHAEL H. WOLFF, OF NEW YORK, N. Y.

ELECTRODE,

974,008,

Specifieation of Letters Patent.

Patented Oect. 25, 1910,

Application filed January 14, 1910. Serial No. 538,018

To all whom it may concern:

Be it lmown that I, Rapeapn H. Worrr, a
citizen of the TUnited States, residing at
New York city. county of New York, and
State of New York, have invented new
and unseful Improvements in Electrodes, of
which the following is a specification.

My invention relates to electrodes made
of carbon mixtures used principally for
electro-metallurgical operations. Such as
are used in electric furnaces have to be of
large dimensions and it is difficult to bake
them in such a way so they are heated uni-
formly, and also difficult-to expel the gases
that form in the interior during the process
of baking. To heat them sufficiently so the
core of such large electrodes will be as
thoroughly baked as the exterior and expel
the gases completely involves a danger of
spoiling the product. In order to overcome
these difficulties I have devised a carbon-
electrode of two or more pieces each of them
made scparately. '

This invention is set forth in the follow-
ing specification and claims and illustrated
in the annexed drawing in which—

Figure 1 represents a longitudinal section
of an electrode embodying this invention.
TFig, 2 shows a plan view of Fig. 1. Tigs.
3 and 4 show longitndinal sectional views of
modifications.

I provide an exterior and interior elec-
trode. The latter may be one piece or con-
sist of a number of pieces. The exterior
electrode or electrode part is indicated at 4
and the interior part is indgcated at o. A
suitable binder or binding material indi-
cated at ¢ can be applied to secure the two
parts against separation. The exterior or
its component parts can be of any shape or
configuration required as for example round,
oval or otherwise as indicated in the various
figures of the drawing,

The exterior electrode is hollow. The hole
or opening in the exterior may be wider at
one end, it may be a tapered hole or it may
be a cylindrical hole widened at one end so
another electrode fitting in the opening of
the exterior electrode may be inserted. This
is to prevent the inner electrode from fall-
ing through and holding same to the exte-
rior electrode or having it supported or con-
fined by any means within the exterior elec-
trode. Any space left open between the in-

side and outside electrodes may be filled

in with tar, piteh or any suitable binder or
material or a combination of same, that will
fill all openings and spaces and conneci both
pieces or the inferior, consisting of one or
more pieces, as solidly as possible with the
exterior electrode to ingure a uniform prod-
net. :

The interior opening of the outside elec-
trode and the form of the interior electrode
to be inserted therein, may be of any suit-
able shape, for imstance as in sketech an-
nesed, to fit into each other in any way that
may accomplish the purpose, in fact any de-
sign or shape or method that will hold them
together. It may be done by inserting the
inner electrode either of one solid piece or
a combination of pieces, to conform to the
form of the hollow space in the intertor of
the electrode and infuse the tar piteh or
any other suitable binder or material, or
combination of same to fill in any open
spaces afterward, substantially as describec.

T claim:

1. The preparation of an electrode which
consists in forming several parts of the elec-
trode so that one part can be inserted into
another to be retained therein and §lling the
spaces or interstices with suttable material,
snbstantially as described.

9. As a new article of manufacture an
electrode of several parts each formed of
carbonaceous mixture and placed one within
another and having the spaces filled with
suitable binding material.

3. A new article of manufacture consist-
ing of a number of electrode parts of car-
bonaceous mixture suitably formed and
placed one +within another, the inner part
being formed of several pieces and the outer
part being made to confine the inner one,
said electrode having the space hetween the
parts filled with hinding material.

4. The process of making combination
electrodes, consisting in previously made
electrode parts so formed that the interior
electrode part can be inserted into the ex-
terior part and all spaces filled with a suit-
able material, to produce a uniformly solid
combination electrode, substantially as de-
seribed.

5. A new article of manufacture produced
by forming two electrode parts of carbo-
naceous mixture an interior and an exterior
and inserting the interior electrode part into
the exterior part and then filling the open

6G
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spaces with  suitable binding material, to
make one solid uniform electrode.

6. A new article of manufacture consist-

g of two electrode parts previously made

5 of carbonaceous mixture, consisting of prop-

erly shaped inside electrode parts of one or

more pieces inserted in a correspondingly

properly formed outside electrode part and

confined therein, the open spaces infused

10 and filled with a suitable binding material,

producing one solid combination electrode
as a uniform article,

In testimony whereof I have hereunto set
my hand in the presence of two subscribing.
witnesses.

- RAPHAEL H. WOLFF.

Witnesses:
CHRISTIAN ALMSTAZDT,
W. C. Haurr,

N

H.




R. M. DOOLEY.
~ HEADLIGHT. _
APFPLIGATION FILED TAN, 27, 1910,

1,007,435. Patented Oct. 31 1911

T T,
r‘_—-'_--'--""__"'"_"__"_ b
12 . ! /
|§| . ‘?7 zfé ;zf 1:/#7 Z
7o 'I FE3N i jﬁ‘ :
' lii 3
oGy INA et
e I l\ " £3 .
; Jlr bl 1B . L . i /5
A Billes Yo -7 il
if i 517 |8 58 ] al
Al o d “1 ' ! I2 _
1 30
7
) IF:L‘[ .
) C e
17 G
Ellll 1:'.
; .":'. i
Ak &1
F

AR

WITNESSES. INVENTOR -

L Bowt: ;?z;zz?ao/.gg_. o

(5. Tk S Y |




15

29

25

33

40

45

60

55

"‘Tl'l LD bTATEb PATENT OFFICE

ROBERT M. DOOLEY, OF BOCKI.ANI) TEXAS,

HEADLIGET,

1,007,435..

o all whom zt may concern:

‘Be it known that I. Roserr ’\I. Doowry,
citizen of the United States, residing at
Rockland, in the county of Tyler and State
of Texas, have inv ouied certain vew and
useful Tmprovements in Headlights, of
which the following is a specification.

- My nvention relates to new and aseful
improvements to hend-lights and moye par-

g ticularly to electric head- lights.

The, oh;mt ‘of my inv ention is to provide

an clectiie head-tight w hich will adjust the

eirhons of the ave lanp \\1thout the usual
vibration.

Another objeet of my invention is to pru—
vide an adjustable stand for an arc Iighit
whielt will allow the sime to be pmpml\'
foetised in a head-light.

Fially the oh;oct of my invention is (o
provide. au deviee of the character desuribed
which will be simple, streag, durable anl
cilicient, and one in which the several' part=
will not be likely to tret out uf workiog
order.

With these and other objects in. view, my
invention has relation to certain novel fea-

“tures.of constrnction. and 01]@1‘!110]1 an ex-

ampletof whicl is described in the follow-
ing sppeification and illustrated in the ac-
companying drawings, wherein:

Figure 1. ts a vertical section of my de-
viee, “and Iig. 2. is a plan new of the arc
lamp.

In the drawings the numeral 1 designaies
it suitable h(msmﬂ ad uumeral 2 de‘sl;,-
nales-a central’ st.mtl ou which a tubular sup-
porting member 3 isanoimnted to slide up or
down. This moventent is regulated by nuts
4 artanged to (rn on a bolt 5 mounied on
the base of the stand 1. The tabular mem-
ber earries an arm 6 near its lower oxtremity
which is provided with a set serew 7 adapted
to engnge with a carbon 8. At the top of
the tubular member an arm 9 extends over
the arimm 6 and earries a vertieal sleeve 10
which is insulated tl'erefrom by a non-col-
ducting collar 11,

A snitable bl"(]ll'lf" post 12 is- arranged on
ihe sleeve while another sleeve 14 is ar-
ranged to slide in the first named sleeve
aud fo engage with a carbon 15. Normally
the earbons 8 and 13 contaet at-a point di-
veetly opposite the conter of the u‘ﬂector 16
and (he lens 17.

Solenojds 18 and 19 are mounted \\'I{llll‘l
the tulndar member and have electrical con-

Speciﬁcation of Letters I‘atent.
npplication filed January 27, 1910,

Serial No. 540,310,

ntction with the lead wire 20. al-l-d are con-
nected up in cirenit with the upper earbon

Iatented Oct. 31, 1911,

15 by the conductor 21, which is secured to

the bindiug post 12 of the sleeve heretofore .
The frame of the lamp is con-

described,
neeted to the Tlead wire 20° below the lead

20, the Jower carbon being in’cireuit there--

with through the earvying arm 6. These

solenoids are so posmoned that .pon being ..

ettergized. tlw cores 23 thereof will be moved
upw :m[!\ raising the arm- 24 and one ond

of the lever 25, which latter is pivoted at 26,%

The other end of the lever 25 engages with

one encd of o lever 27 pivotally motrnted on E
The other end of the

the tubular meatber,

lever 27 engages with a link 28 +which . #x-

tends downward throngh an apertuyre 29 in.

the arm 9 and mnnoul% toa ring 30. The
ring engages the carbon on it upward

nmwment hut will shide downr without en--

vaging with the earben.
. Tetween the solenoids 18 .uld 19 a dash-
],ni A1 s mounted v receive a piston 32

connected I alinement with the arm 24, A

Tever 33 extends downward from the end of

30

the lever 25 and conneets with one end .of |

‘a lever 34 which is pivoted below the sup-
port of {he magnets.

A spring 35 having connection witht the
other end of the lever 34 extends downward
and has connection with a Jug 36 made on

‘the interior of the lubular member anid is

made adjustable by a nut 37. This nut may
be reached by the operator through an ap-
erture 38 in (he tubular member.

When the carbons are close together the
resistanee s at a mininum and the solenoid
coils will be cnergized enough to raise the
electrode 15 agaiust the tension of the spring
85, * As the ele¢ttode is raised the resistance

is increased and énergy exerted by the sole-
noids is decreased until it is neutralized by
the tension of the spring.
trodes arve farther separated by reason of

When the elec-

their being burhed away the spring will
overcome tho action of the solenoids and
then the dash pot and the electrode will be
returned to its. normal . position.

It is obvious that an arc lamp so con-
structed ¢an be installed in places where the
space is veiy limitéd and that the meeha-

nism being inside of the stand .will be pro-

teetod and will not be lable tor get out of
‘wdjustment,

ANl the lovers 11-ed in the
mechanism being short and the merhanism
being compact decreascs the Yability of the

7=
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* electrodés being affected by wibration should

10

2 . ... 1007488

the lamp be used as a heaqlight on & mov-
ing vehicle, " - . '
What I elaimis: - . - .. .. .
1. In an electric headlight, ‘the combina-
tion with a base, of a;t!ﬁmlar_ stand sup-
orted on the base, means for raising or
owering the stand with-relation to the base,
an-arm arrangefl near.the lower éxtremity
of the stand adapted to support an electrode,

- & second arm arranged at.tlic upper extrem-

ity of the stand, a sleeve fixed in the last

" naimed arm and insulated therefrom, a sec-

20

~ond sleeve arranged to slide in the first

named sleeve and to support anelectrode, a
ring clutch adapted to surround the last
named electrode, a' lever pivoted -on the

‘stahd, a-link connecting one end of said le-

ver With the ring clutch, two opposite verti-
cal solenoids supported within the stand,
cores arranged 'to operate in'the solenoids

"and adapted to have upward movement
. upon the energizing of said solenoids, a sec--

25

ond lever pivoted upon said stand hetween:

and .pivotally connected to the free end of

. said first n#smed-lever and said cores; a hori-

zontal levei piyoted beneath said solenoids,

- & vertical link éxtending parallel to the sole-

“roids and pivoted: to the pivotal point of

30

35

:0

connection” between the first named levers.
and the inner end of said horizontal lever,

* 4 spring concealed within the stand and se-
cured to the free outer end of the horizontal-

lever, and means for adjusting the tension
of said spring. - -

- 2. In an electric "headli(_glt the combina-

tion with a base, of 2 tubular stand sup-
orted on' the base, means for raising or
owering the stand with relation to the Easé,‘
an arm arranged near the lower extremity

.of the stand adapted to su(rl)port an elee-

trode, & second arm.arrunged at the upper

-extremity of the stand, a sleeve fixed in the

last named arm and insulated therefrom, a
second sleeve mrranged to slide in thie- first

narhed sleeve-and to support an cléctrode, a.

ring -cluteh adapted to surround the last

named clectrode, a lever pivoted on the

45

stand, & link connecting one end of said le- .

ver with the ring clutch, two opposite ‘ver-

tical solenoids supported within the stand,.
cores arranged to operate in the solenoids.

and adapted "to have- upward movement
upon the energizing of said solenotds, a sce-

‘ond lever pivoted.upon said stand between
and ‘pivotally corinected to the free end of

said first named lever and said cores, 2 hori-
zontal lever pivoted beneath said solenoids,
a vertical link extending fparallel to the
solenoids and pivoted to the pivotal point

of connection between the first named levers
‘and the inner end of said-horizontal lever,

a spring concealed .within the stand and se-
cured fo the free outer end of the horizontal
lever, means for adjusting the tension of
suid spring, a dash pot positioned. between
said selenoids and operatively connected with
said second 1amed lever, said solenoid cores
being adapted for upward movement upon
the energizing of said solenoids, and said

solenoids, eléctrodes and arms adapted for .
the passing of an electrode - circuit there--

through. , o
In testimony whereof I have signed my

] name to this specification in the presence of

two subseribing witnesses, .
' ROBERT M. DOOLEY.
Witnesses: ' , :

* ' J. F. CaRter,

.~ N, H. CarEr,
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~ UNITED STATES PATENT OFFICE.

 CORPORATION OF NEW JERSEY.

WILLIAM ACHESON SMITH, OF NIAGARA FALLS, NEW. YORK, ASSIGNOE TO INTER.
' NATIONAL ACHESON GRAPHITE COMPANY,

OF NIAGARA FALLS, NEW YORK, A

ELECTRODE.

To all whom it may concern:

Be it Imown that I, WiLriam Acmeson-

Swyrra, a citizen of the United States, resid-
ing at Niagara Falls, in the county of Ni-
agara and State of New York, have invented
certain new and useful Improvements in
Electrodes, of which the following is a

This invention relates to electrodes for
electric furnaces, the object of the invention
being the provision of improved electrodes
consisting of or containing conduetive mem-

‘bers disposed to provide an increased effec-

tive area at the working end of the electrode,
as compared with an equal weight of con-
ductor arranged in a compact prismatic or
cylindrical form. . :

Certain preferred embodiments of the in-
vention are illustrated in the accompanying
drawings, wherein—

Figures 1, 2, 4 and 5 are transverse sec-
tional views of certain electrode construc-

‘tions; Fig. .3 is a longitudinal section on

line ITI—IIT of Fig. 2; Fig. 6 is a plan
view of another form of electrode; and Fig.
7 is an elevation of the construction shown
in Fig. 6, . - ;
It Eas been found desirable, for certain
electrothermic purposes, to provide elec-
trodes which may be of very large size, their
transverse section often comprising several
square feet, In such cases it has proven de-
sirable, instead of constructing the electrode
of a_compact homogeneous mass or body of
condnetive material, as graphite or carbon,
to distribute the conductive members in sep-
arated relation, often in conjunction with a
filling or bedding ‘mass of lower electrical

-conductivity.

According to the present invention there

1s provided an improved electrode construc-

tion wherein the conductive members are ss-

-'sembled in such manner as to provide an effi-

45

B0

cient distribution of the current at the work-
ing end of the electrode, the arrangement
being such that the cross-sectional area of
the electrode may be increased as desired in
either dimension. :

It is characteristic of the preferred em-
bodiments of the invention that the several
conductive members are in electrical contact
with each other, usually throughout -their
length, and are disposed to provide a plu-
rality of parallel interspaces. or channels,

Specification of Letters Patent, - Patented Jlﬂy 92,1912,
"Application flled May 28, 1911,

ferlal No, 830,033,

rial of lower conductivity according to the
Intended use of the electrode, '

It is further characteristic of the inven-
tion, in its preferred embodiments, that cer-
tain of the conductive members are laterally
exposed at the exterior of the electrode in
such manner- that effective electrical contact
may be made with them at any desired
point. :

. Referring to the drawings, the construe-
tion of Fig. 1 comprises conductive members
1, 2, alternately wider and narrower, where-
by there are provided a plurality of inter-
spaces or channels 3. The conductive mem-
bers 1, 2, are usually of graphite, but may he
of non-graphitic carbon. The relative ar-
rangement- of these members is such as to
provide a large effective working area at the
end of the electrode. The several members
may be secured together by any appropriate
means, as by the use of graphite pins 5,

The interspaces or channels may be-filled
with a material of lower conductivity than
the members 1, 2, as indicated at 4 in Tigs,
2 and 3. This filling is preferably also of
lower heat conductivity than grap{ite, and
may comprise a mixture of coke and tar,
other carbonaceous material and binder, or a
composition comprising a slag or slag-form-
ing mixture appropriafe to the use for which
the electrode 1s intended, such mixture usu-
ally having cementitions properties. '

Fig. 4 illustrates an essentially similar

which may be left void or filled with mate-
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electrode, in which each of the wider mem- -

bers consists of two laterally abutting con--
_ductive plates 1, the joints being covered

and secured by members 2 narrower than
the combined width of the members 1, there-
by providing parallel channels 8. In this
as 1 all othér cases, the channels may be
filled a5 described in connection with Figs.
9,8, .
Fig. 5 shows a further extension of the
electrode, consisting in this case of a mul-
tiple series of three abutting plates 1, with
intermediate members 2. This construction
provides in addition to the exterior chan-
nels 3, interior channels 32, making a cellu-
lar electrode, whereof the channe
terspaces may be filled or not.

A further modification is illustrated in
Figs. 6 and-7, in which the plates 1 are as-
sembled to provide a cellular electrode con-

90
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sisting of a plurality of hollow priéfnat.ic

forms having their pdjacent sides in com-

mon.

One of the principal advantages of the
forms shown is that the cross-sectional area
of the electrode is capable of indefinite ex-
tension in either dimension by assembling
the desired number of standard parts. Fur-
thermore, the length of the electrode may
be increased as desired, its composite char-
acter permitting the addition of members

with abutéing ends, as indicated at 6, 7 in.

Fig. 8.

I claim:— .

1. An electrode having conductive mem-
bers assembled in contact with each other to
provide a plurality of. substantially parallel
1nterspaces. '

9. An electrode having graphite members
assembled in contact with each other to pro-
vide a plurality of substantially parallel in-
terspaces. .

3. An electrode. having conductive mem-
bers assembled in contact with each other
to provide a plurality of substantially paral-
lel interspaces, said interspaces filled with
a material of lower electrical conductivity.

4, An electrode having graphite members
assembled in contact with each other to pro-
vide a plurality of substantially parallel in-
terspaces, said. interspaces filled with non-
graphitic carbon,

5. A prismatic electrode composed of con-
ductive members assembBled in contact with
each other, and an intermediate filling of:
material of lower electrical conductivity.

6. A prismatic electrode composed of

1,082,247

graphité members assembled in contact with

each other, end an intermediate filling of

material of lower electrical conductivity.
7. A prismatic electrode composed of

graphite members assembled in contact with

each other, end an intermediate filling of

non-graphitic carbon. N
8. An electrode comprising exterior mem-

bers of conductive carbon assembled in con-

ductive relation to each other, and an inter-
mediate filling of lower electrical condue-
tivity.

9. An electrode comprising exterior mem-
bers of graphite assembled in conductive re-
lation to each other, and an intermediate
filling of lower electrical conductivity..

10. An - elecirode comprising exterior
members of graphite assembled in conduc-
tive relation to each other, and an interme-
diate filling of non-graphitic carbon.

11, An electrode comprising exterior and
interior members of conductive carbon, and
an intermediate flling of lower electrical
conduectivity.

12. An electrode comprising exterior and
interior members of graphite, and an inter-
mediate filling of lower electrical conduc-
tivity.

18. An electrode comprising exterior and
interior members of graphite, and an inter-
mediate filling of non-graphitic carbon.

Tn testimony whereof, I affix my signature
in presence of two witnesses.

WILLIAM ACHESON SMITH.

Witnesses:

Orrin E. Dunuar, -
C. A. Tryon.
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UNITED STATES PATENT OFFICE.

WILLIAM ACHESON SMITH, OF NIAGARA FALLS, NEW YORK, ASSIGNOR TO INTER-

NATIONAL ACHESON GRAPHITE COMPANY,

CORPORATION OF NEW JERSEY.

OF NIAGARSA FALLS, NEW YORK, A

COMPOSITE ELECTRODE.

1,082,248,

Specification of I.ettgr# Patent. _ __Pa,t?ented J uiy 9,1912.

' Application filed June 5, 1911, Serial No. 631,342, -

To all whom i may concern’? o

Be it known that T, Wittiam ACHESON
SarrTa, o citizen of the United States, re-
siding at Niagara Falls, in the county of
Nisgara and State of New Yorlk, have in-
vented certain mew and useful Improve-

ments in Composite Electrodes, of which
“the following 1s & specification.

This invention relates to electrodes in-
tended particularly for electrothermic worl,

.the object of the invention-being .the pro-

vigion of an improved composite electrode,

wherein the several parts are firmly united.
Tt is often desirable in conpection with

electrothermic operations to provide elec-

trodes of large cross-sectional area and con-
sisting of conductive members of carbomn or
graphite in eonjunction with a filling -or

supporting body of lower ¢lectrical condue- |

tivity. : -
According to the present invention an in-

.terlocking engagement is provided between

such . conductive member or members’ and
ihe filling. This presents several technical
advantages of great importance, among
tlem a diminished liability to fracture or
separation under the extremes of tempera-
ture to which the elecirode is submitted,
and a greatly improved electrical - contact
between the conductive members which re-
ceive the current and the mass of lower con-

" duetlvity to which the current is usually 1n

35

* drawings, wherein—-

" form of electrode embodying the invention;

40

45

part diverted.

Certain preferred embodiments of the in--

vention are shown in the accompanying

Figure 1 is a view in_elevation of one
Fig. 2 is a transverse section thereof on line
II—IT; Fig. 3 is a view in elevation of a

modified form of electrode; and Fig. 4 is a

transverse section on line IV—IV of Fig. 3..

Referring to Figs. 1 and 2,1, 1, indicate
conductive meinbers,” which are usually of
graphite, although other forms of carbon
or earbonaceous materials may be used; and

ductivity. In this embodiment ‘of the in-
vention the ¢onductive members 1 are bev-
eled at their -edges as-shown at 8,.and the

manner as to hold the conductive members

trode of this kind is conveniently prepared
by merely inserting the members 1 1n a pris-
matic form and casting thérein the filling
material 2, which ray comprise for ex-
ample a heated mixture of carbon and tar,

terial not objectionable for the pu
which the elecirode is to be used; or the
filling may consist of silica or other non-
conduetive or slightly conductive material.

In Figs. 3 and 4 the conductive members
4 consist of rectangular prisms located at

provided on their interior faces with lon-
gitudinal grooves or depressions 5, with
which the filling 2 interlocks. - The manper
of forming the electrode is as above de-
seribed. . o '

Electrodes thus prepared may be baked
by the usual methods, in case the filling
cnnsists of a carbon-tar mixture or other
composition capable of being hardened by
heat. Preferably the conductive members
are not completely embedded in the filling
mass, but are exposed laterally in such man-
ner that the electrical connections may be

of the alectrode, or may be arranged to
glide thereon. In certain cases however a
single member, interlocking with the filling,
supporting or ~embedding .mass, may be
used. ' :

The means for securing the interlocking
connection may be varied as desired, and
may comprise either depressions or projec-
tions of any kind in or upon the conductive
member or - members, and either ‘integral

therewith or in the form of pins or rods so

firmly in place under all conditions of man- !
~ufacture, transportation and use. An elec-

or a4 cement or concrete of slag or other ma-
oses for.

the corners of the composite electrode, and:

agplied at any desired point in the length .

9 indicatés a filling of lower electrical con- '

50

filling interlocks with these edges’ in such -
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disposed as to afford the necessary inter- [ laterally-exposed conductive member Cor 18
lIocking comnection between the components | members, and a filling of lower electrical
of the electrode. ' conductivity interlocking therewith.

I claim:— : In testimony whercof, I aflix my sigha-
5 1. A composite electrode consisting of a | ture in presence of two witnesses.
graphite member or members, and a support- WILLIAM ACHESON SMITIH.
ng material of non-graphitic carbon fnter- | Witnesses-
locking therewith. Orrin E. Duxsvor,

2. A composite electrode consisting of a C. A. Tryon.
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BERTHOLD BEDLICH, OF RATIEOR,

GERMANY, ASSIGNOR TO THE FIRM OF PLANTA-

WERKE AETIENGESELLSCHAFT ¥R KOHLENFABRIXATICN, QF RATIBOR, GER-

MANY.

To all whom it may concerni

Be it kmown' that X, Berrroro -RepLici,

subject of the : Emperor -of  Austria-Flun-: -
gary, residing at - Ratibor,
-&érmnn_v, doctor-of chemistry,-have invent--
_ed certain new-and useful Improvements in

TUpper Silesia,

Carbon Electrodes for Electric Furnaces, of
which the following is a specification..

- The carbon electrodes 'in which metal
cores which’ offer ‘a

ons difficulties in’ their production; . I the
meta] core is inserted

trode before burning, the: metal; ezpecially.

iron. absorbs carbon” during- the ~ biirning

process and thus becomes brittle; so that-its

mechanical durability, which® is of -impor-

20

. Jburning t
cure contact -on the -employment of.-very.
eross sections, offers
difficulties.. Experiments have: proved: that'
the metal core and
+he electrode is obtained by casting molten’
“metal or metnl alloys inite the hollow spaces

25

30

- golidification may
" electrode by
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core is inserted into the hollow ¢

tance when it is in'nse is influenced. * If the

recesses, provided dn the. slectrode, -after
e production of a sufficiently se-

simple and marketable

a good contact between,

provided in the electrode. If. in this man-
ner’ great advaniages arve. obtained, diffi-
culties are still met with, as the metal con-
tracts on solidification and the carbon re-
tains its shape, so that the metal core affer
be separated from the
2 thin air space thus produeing
2 bad contact between the metal core and the
carbon electrode.
be avoided by providing the metal core and
the bore in the carbon of a correspending
form and employing the property of the
solidifying metal or metal allovs, which con-
tract to a high degree, for the parpose of
effccting a firm pressing of {l:e metal core
against the electrode wall. The form of the
metal core can also be so chosen that, after
casting it can be made to fit aceurately into
the form of tha hollow space by suitable
mechanteal anxiliary means.

Tn the drawing are shown a few eonsdrae- !

tional forms of the impravement.
Figure 1 is a eross section of an eleetrode

provided with 2 metal cove. Fig, 2 12 a cross

cortion of o modifieation. Fig. 3 ig a croes

‘section of a fuvther madifteation a1l A cor-

rosponding plan, Fir. 4 13 4 crnss sevlion
of anaihier mod fication and a eorvespoisling

CARBOKN ELECTRODE FOR ELECTRIC FURNACES.

. 8pectfication of Letters Patent.

) Application filed Pebroary

_ ; offer -a -¢considerably yeduced-
elactrical resistance are embedded offer vari-

into the carbon elec: |

aces OF-

This disadvantage can

- Patented Déc. 31,1912,
19, 1912. Serial No. 678,602, L

fications witl “corresponding plans.

Fig. 1 shows the carbon electrode which is
core b which has been cast into' this is by
reason” of the end plate ¢ firmly’. pressed

sohdification.. -~ =~ - - . oo
- Acoording to” Figi 2, a metal core & i3
Tooselv inserted into the ¢a rhon electrode «.
 The bore of ‘the carbon electrode in -this
instance is.also conical and between the in-
ner wall of the carbon and the metal core b
a metal or metal alloy is enst, whiel:-en solidi-
fication forms a -good contact: between- the
hollow body and. the core due to-its contiac-
Hom: - e
In Tig 3 the metal cere B is provided of
" slight conical form at both -ends.” Afier
ponring in_the cast mass; the: metal con-
tracts both in a longitudinal and.in-a trans-
verse direction. . In this manner a-high pres-
sure is exerted in the direction of the arrows
.and the metal shrinks. ;
‘wall'of the carbon electrode. Tt is advisable
to provide these walls with_grooves for. the
purpose of increasing: the ,contact surface.
In Fig. 4 the metal core is of cvlindrical
form but its ends are conical and terminate
in cylindrical or rectangular portions. Also
in this case, an adhesion of the metal core
along the cenical surfaces as also at the end
castings takes place. This arrangement si-
multaneonsly operates as the armature for
the electrede, as a strong pulling action tnkes
place in the direction of the arrows.
~ Tig. 5 shows a constructional form in
which the metal core is pressed into the hol-
low space provided in the bady of the car-
bon by mechanical means. The metal core
b is of slightly conical form and into its end
is cast a serew-bolt ¢. After easting, there
is inserted in the recess g, provided at the

casting. the

% and on this a nut f. Tf on
i has beond

core has shrunk, and an air space

trade. an intimate contact with the walls of
the electrode is effected by 2 powerful tight-
emine of the nut f on the bolt.
Fig. 6 shows the same principle in anotber
'lnrran;_iement. On the employment of the
clectrode care must be taken that the conieal
! part of the core in which the bolt is secured
| is continually directed upward. .

other end of the eleetrade, a strong washer’

formed between the metal core and the elec--

plan' and Figs:'5 and 6 show fﬁi—ihér: modi-~ - '

provided ‘with a conical bore.. The metal. -

il

against the inner walls of the carbon- on .
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By the heat which is produced in the

eleciric furnace the metal core expands more
than the carbon, and therefore also during
the employment of .the. electrede s firm
pressing and thus also a good contact is
effected between the metal core and the élec-
trode. _ S :
- What I'claim as my invention and desire
to secure by Letters Patent is: '
1. A carbon electrode for electric furnaces
consisting of a carbon meniber having a
hole, means for reducing the electrical ve-
sistance o

metal ¢ore in said hole, said metal core ex-
tending along ‘the whole length of the elec-
trode and being retained in intimate contact
with. the carbon member. '

9. A’ carbon electrode for electric furnaces

_comprising a c¢arbon member, means for ve-

ducing the electrical resistance of the carbon

_member, consisting of a metal core cast and
shrunk into the carbon member,

said meral
¢ore extending along the whele length of the
carbon ymember. _ : S
‘3.°A ]'garb_ojl electrode for eleetric furnaces
comprising a varbon. member;, means for re-

- ducing the electrical resistance of the carbon

member consisting of ‘@ metal core cast and
shrunk‘iite the carbon member, said metai

‘means for reducih

‘the carbon member comprising a |

1,048;681

core extending along the whole length of the
carbon member, and means for retalning

-the core in said carbon member,

4, ‘A carbon electrode for electric furnuces
comprising 2 carbon member having a hole,
] the electrical resistance
of the carbon member consisting of a metal
core cast tnto said hole and exfending sub-
stintially  along the whole length of said
carbon member, the hole and the core being

| of such form that the core on solidification

will sbrink into said hole and firmly contact
with the carbon member.

5. A carbon electrode for electrical pur-
poses comprising a carbon member having
a hole, said hole extending along the whole
length of the carban member and being
partlIy conical, means for reducing the elec-
trical resistance of the carbon member con-
sisting of a metal core, cast into the hole
and on solidification contracting dand firmly
contacting with the carbon member,

In testimony whereof I have hereunto
signed my name to this specification, in the
presence of two subscribing withesses.

: BERTHOLD REDLICH.

Witnesses: -
Fraxe G. Ports,
Ernsr Karz.

Coples of this patent may be obtained for five ‘cents each, by addressing the  Commissioner of Patents
. ’ : Washington, D. C.”
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UNITED STATES PATENT OFFICE.,

ARTHUR T. HINCELEY, OF NIAGARA FALLS, NEW YORK, ASSIGNOR TO NATIONAL
- 'CARBON COMPANY, OF CLEVELAND, OHIC, A GORPORATION OF NEW JERSEY.

ELECTRIC-FURNACE CARBON ELECTRODE.

1,058,057. .

Bpecification of Letters Patent.

Patented Apr. 8,1913,

Application filed Pebruary 2, 1912, Serial No. 674,936,

To all whom it may concern:

Be it known that I, Arrrur T. HINCELEY,
a citizen of the United States, residing at
Niagara Falls, in the county of Niagara and
Siate of New York, have invented a certain

new and useful Improvement in Electric-

Furnace Carbon Electrodes, of which the
following is a full, clear, and exact descrip-
tion. ’ :

The object of this invention is to increase
the durability of carbon electrodes, espe--
cially of the larger sizes, when used in elec-
tric furnaces; and particularly to reduce
the chances that such carbon electrodes will
break or shale as”the result of differences
in temperature of the outer and inner parts
‘of said electrodes, which result from put-
ting them into or taking them from electric
furnaces.

‘When a large carbon electrode of the ordi-
nary construction is put into an electric
furnace at high temperature, the electrode
will become 1ntensely hot on the outside,
while the center thereof is still compara-
tively cool. This is owing to the fact that
the heat conductivity of carbon is relatively
low. It may well happen that a carbon elec-
trode, of say 14 inches diameter, may be so
hesied that its center will be at a tenmipera-
ture of 500° only, while the outer surface
may have a temperature of say 1000°. The
disruptive force caused by these temperature
differences is very great, and much breakag:
of electrodeés results therefrom, as will
readily understood if one considers that the

_coeflicient of tensile élasticity of such earbon

electrodes
steel. .
- In practice, it is necessary, or, at least, it is
common to put a cold carbon electrode into
a very hot eleciric furnace. Very frequently
the result of so doing is the disruption of
the electrode. When the electrodes do not.
break, they uently shale, which is ex-
ceedingly objectionable-and troublesome.

~ The electrode shown in the drawing and
‘hereinafter described and claimed is of such -
construction thst the above mentioned un-
when the
in electric

is only about one-tenth that of

electrodes afe put into or

furnace work. Said electrode is tubular and
bhas a narrow longitudinal slit extending
frem the outer surface to the central hole,
and extending from end to end.

In the drawing, Figure 1 is a perspective
view of a Barbon electrode embodying this
invention ; and Fig. 2 is an end view thereof.

55

- Referring to the parts by letters, A rep- -

resents a tubular electrode; that is to say,
an electrode having a longitudinal hole a
Tunnin
ditionally, a narrow slit ¢’ is formed from
the hole to the outer surface, which slit is
extended from end to end of said electrode.
Such electrodes may be made of any suitable
carbon or carbonaceous mix,—and may be
compressed and :formed in any manner be-
fore baking; and may have any desired ex-
ternal conhguration,

‘It is evident that, In” an electrode A hav-
ing a hole ¢ running through it lengthwise
in the center, the distance through which the
disruptive force of temperature differences
will act is reduced from the radius of the
electrode to one-half the thickness of the
annular wall; because, Ly convection, the
exposed surface of the wall of the hole
reaches furnace temperature substantially
as soon as the external surface. There will,
of course, be sorhe unequal expansion which
might cause breakage even with a tubular

through it from end to end. Ad--
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carbon, but the liability that this unequal ex-

pansion shall produce the injurious results
referred to is praetically eliminated b{' the
longitudinal slit referred to. - If this slit in
8 16 inch carbon is one-quarter of an inch
wide. it will serve its purpose admirably.
Having described my invention, I claim:’
" A carbon electrode for .electric furnace
work having a hole formed through it longi-
tudinally from end to end, and having

through its wall a narrow slit which alse’

extendsfrom end to end.
In testimony whereof, I hereunto aflix my
signature in-the presence of two witnesses.

ARTHUR T. HINCKLEY.
Witnesses: : ' g
H. R. Suriavan,
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resents a mixture of carbon flour agglom-

erated by carbonaceous coke, and B repre-

senis the particles of carbonaceous material

~ which . are distributed throughout the elec-
& trodes . ’ o

. Hawing thus described my invention, ¥

chibmz . '

An, electrode for use in electrothermal

processes consisting of carbon fiour agglom-

:0 erated by a carbondceous coke, and having

distributed throughout its mass relatively
large particles of ecarbonacecus material sub-
stantially as and for the purpose specified,

In testimony whereof, I heveunto affix my

signature in the presence of two witnesses, &

ELMER B. JEWETT.

Witnesses:
Cuaripg Long,
Joux C. Lowa.
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Yo all whone it wewy concorn:

Be it kuown that I, Joserrm W. Ricirarns,
2 DBritish subject, having declared my in-
tention to become a citizen of the United
States, and residing at South DBethlehem,
Northampton county, State of Pennsyl-
vania, lave invented certain new and use-
ful Improvements in Electrodes; and I do
hiereby declare the following to be a full,
clear, and exact description of the mvention,
such as will enable others skilled in the art
to which it appertains to make and use the
same. :

In elecirodes which dip into hot electro-
lytes, or which serve as terminals or con-
ductors of electricity to or from electric fur-
naces or other apparatus operated above the
ordinary temperature, the power of the elec-
trode or terminal to conduct heat away from
the hot apparatus and to disperse it by radi-
ation ami) conduction, is often a highly im-
portant factor in the economic working of
the apparatus. Some electrode materials
have lfow heat conductivity but also low
electric conductivity ; others have high heat
conductivity and also high electric conduc-
tivity ; none are at present known with low

heat conductivity and high eleétrical con-

ductivity, which would be. the ideal mate-
rial to use if it existed. ) o
The object of the present invention 1s to
provide an electrode of satisfactory elec-
trical conductance for the uses referred to,
but whose heat conductance, as an electrode,
is considerably diminished. The principle
employed by me to effect this object is prob-
ably mainly based upon the fact that the
electricity conducted away from an elec-
trode passes away only at a definite point
(where the conductor terminals are clamped
or fastened in any other way to the elec-
trode), while the heat conducted away is
for the most part dissipated by conduction
to the air and radiation from the whole ex-
posed outer surface of the electrode, and
usually only a small part of it through the
holders or conductor terminals or similar
metallic contacts. Since, then, electricity
escapes at o definite point on the termi-
nal, while Leat escapes all over the ex-
posed surface, this makes possible devices

for changing the relative values of its elec-
trical conductance and its heat conductance.

In the accompanying drawing,—Iigure I
illustrates, partly 1n section and partly in
elevation, an electrode embodying my in-

vention, in one of its forms or applications;
Ifig. 2 represents a transverse sectional view
thereof on the line 2—2 of Fig. 1; Figs. 3
and 4 represent, partly in elevation and
partly in section, modifications of the form
shown in Fig. 1; and Figs. 5 and 6 illus-
trate a helical arrangement of peripheral
recesses. :

Similar letters of reference indicate simi-
lar parts throuighout the several views.

The several forms or modifications illus-
trated in the drawing are but typical of
many others that might be chosen to show
the application of the fundamental prin-
ciple of the invention and its adaptability to

- practical uge. The form of electrode select-

ed for such illustration is an ordinary ecy-
lindrical electrode having an electrical con-
nection at its upper end and intended to pro-
ject at its lower end into the furnace, bath, or

other hot apparatus for which it is intended.

The electrode may be connected to the
source of current supply in any suitable
manner, as, for instance, by a metallic elec-
trical connection & screw-threaded at & into
the electrode head ¢. The working end of
the electrode is indicated at ¢, and # indi-
cates its outer periphery, more or less of
which may be exposed to the air or to the
atmosphere of the furnace, as the case
may be, :

xtending inwardly from the periphery
of the electrode are gaps or recesses, prefer-
ably continuous, such as may be conven-
iently made, for instance, by a saw or other
cutting tool., These gaps or recesses are in-
dicated in Figs. 1, 2 and 5, at 4 and are of
relatively small breadth, In Mg, 3, the
gaps or recesses are Indicated at ¢ and in
Figs. 4 and 6, at %,

The gaps or recesses may be left simply
as-spaces, freely open to the air, or they may
be filled partly or entirely with loose or com-
pressed fibrous, powdery, or solid material
of lower heat conductivity than the material
composing the substance of the electrode,
The practical effect of these gaps or recesses
is to reduce to some extent the electric con-
ducting power of the electrode as compared
with a plain cylinder of the same outside
diameter, but to reduce in a much- greater
proportion its heat conducting power as re-
gards heat conducted away from the bath,

urnace, or the like, and clissipated to the air
or surroundings or through mnietallic con-
tacts. The reason for this effect appears to
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me, at the present time, to be that the heat

currents in a plain cylindrical electrode,

supplying the heat losses to the outside, are
mainly wpward through the outer layers of
the electrode, because that is their shoriest
path to the outside surface, while the elec-
trical currents are either uniform through-
out its eross-section or converge toward, the
center at the top. 'When such an electrode
is provided with gaps or recesses, as in Fig,
1, the electrically conducting cross-section
is diininished somewhat in the proportion
of the avea cut off (but not quite so greatly),
while the thermally conducting cross-section
is greatly reduced because of the cutting of
the outside layers through which mosf of
the main heat currents were flowing. The
heat currents are thus forced to take a de-
vious or Imore extended path to reach the
surface than before, and thus the practical
heat conducting and dissipating power of
the electrode is greatly diminished. Con-
cerning the depth of these gaps or recesses,
I have determined by experiment that when
they equal in depth (toward the axis of the
electrode) their gistance apari, the area thus
severed from direct current connection still
relains approximately one-fourth of its
original eFectrical conductance. If, for in-
stance, as in Fig. 1, the cuts extend two-

thirds of the distance toward the center, the.

un-severed area is one-ninth of the whole,
while the severed area is eight-ninths, but
since the disconnected area retains effec-
tively one-fourth its original conductance,
the whole electrode has

1/941/4(8/9)=1/8

of the electrical conductance of a plain
cylinder of the same outside diameter. As-
suming the electrode end ¢ to be immersed
in the bath to the first gap or recess, then
the heat conducting power to the outer sur-
face of the first section above ¢ is diminished
to about 1/5 of its conductance without the
first gnp; the next superior section to about
1/4; and, since these are the hottest parts of
the electrode surface, the total heat loss is
thus very materially less than if the gaps
were absent.

Fig, 8 shows the gap or recesses ¢ inclin-
ing toward the axis of the electrode; in this
manner, still further lengthening the path
of the heat currents in reaching the outside

eriphery f from which the principal heat
ispersion occurs, while the electrical con-
ductance is approximately the same as in
the form shown in Figs. 1 and 2.

Fig. 4 shows the gaps as peripheral V-
shaped cuts, with the interstices filled with
suitable poor heat-conducting material. If
the electrodes are continuously consumed
in the apparatus in which they are used, the
poor heat conducting material must be of
such composition as not to be harmful to the

1,088,206

product of the appafatus; it may, in many

such cases, be material such as is being regu-
larly consumed by or fed into the apparatus
for treatment, e¢. g¢., in the production of
aluminiom, it may be alumina or other
aluminium compounds such as may be useful
in the electrolytic bath.. In the case of an
electrode not being rapidly consumed, a

.wider choice of the poor heat conducting

material placed in the gaps or recesses ie
permissible;
Fig. 5, illustrates -a helical arrangement

“of the recesses d, such as are shown in annu-

lar arrangement in Figs. 1 and 2; and Fig.
6, shows a similar helical arrangement of
the inwardly narrowing recesses A of the
kind shown in annular arrangement in
Fig.4.-

In the industrial production of elecirodes
having forms suitable for utilizing the
principles of this invention, various methods
are possible. If the electrodes are of soft
material or material not too difficult to work,
the gaps or recesses may be made as cuts
or incisigns produced by hand or machine
work, upop the electrode itself; e. g¢., as
with graphite or metal electrodes, If the
electrodes sdre molded (as distinguished
from being “forced ”. or “squirted”), the
gaps or recesses may be produced in the
finished article by embedding strips, wash-
ers, or layers of volatile or easily fusible or
removable material of suitable poor heat
conduetivity in the body of the electrode as
it is being molded. During the baking, such
embedded inclusions either volatilize, de-
compose, or melt, thus leaving the gaps or
recesses at the places desired, or else they
remain as layérs of easily removable mate-
rial, or as permanent fillings of poor heat
conducting and electrically insulating mate-
rial, thus constitating an electrode utilizing
advantageously the principles of this in-
vention.

In the practical use of this invention, it
must not be forgotten that in almost all
electric furnaces or apparatus in which high
temperatures prevail and elecirodes are
used, the energy losses by heat flowing out
of the apparatus through the electrodes are
of very much greater amount and impor-
tance than the small energy losses caused
by the electrical resistance of the electrodes.
Tt results that very considerable reductions
of the electrical conductance of an electrode
are practicable and profitable, if at the same
time the heat conductance is materially re-
duced, since the saving in energy lost as
heat flow may easily be made to exceed the
increased energy required by the increased
electrical resistance. It is therefore quite
possible, in many instances, to effect a large
net saving in electrical energy if, for ex-
ample, the practical heat conductance of
the electrode be diminished say 25 per cent.,
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even though in deing so the electrical con-
ductance be diminished say 50 per cent. or
more. The energy losses {uy heat radiated
from electrodes are frequently large and
serious, and even a small percentage of
saving therein can easily compensate for
and more than permit a very considerable
increase of their electrical resistance.

Having thus described my invention what
I claim is:

1. An electrode provided with heat-re-
tarding gaps or recesses extendin%]inwardly

the general
direction of heat flow through the electrode;
substantially as described. :

2. An electrode having encircling heat-re-
tarding e'{ﬁ:eripheral recesses ; substantially as
described.

3. An electrode having encircling heat-
retarding peripheral recesses said recesses
narrowing inwardly; substantially as de-
seribed, _

4. An electrode having encircling heat-re-
tarding peripheral recesses containing ma-

o

terial of lower heat conductivity than the
material constituting the main substance of
the electrode; substantially as described.

5. An electrode having heat-retarding pe-
ripheral annular recesses; substantially as
described.

6. An electrode having heat-retarding pe-
ripheral annular recesses containing mate-
rial of lower heat conductivity than the ma-
terial constituting the main substance of
the electrode; substantially as deseribed.

7. A carbonaceous electrode having heat-
retarding gaps or recesses {ransverse (o the
general direction of heat flow through the
electrode, said heat-retarding gaps or re-
cesses containing a compound of aluminum ;
substantially as described.

In testimony whereof I aflix my signa-
ture, in presence of two witnesses.

JOSEPH W. RICHARDS.
Witnesses: '

M. A, B,
H. M. Lewis.
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Speciﬁca.'tion of Letters Patent.

Patented Mar. 31, 1914,

To all whom it may concern ! -
Be it known that I, Jorx W. Browy, a
citizen of the United States, residing at
Lakewood, in the county of Cuyahoga and
§ State of Ohio, have invented a certain new
© and
which the following is a full, clear, and ex-
act description. '
. This invention relates to electrodes -of
10 large’ size snch ag may be used in electric
furaces, and under similar circumstances,
th¢’ object of the invention being to produce
- a/ built-up elecirode, that is, one which is
ade of several segments or parts that are
1§ suitably secured together to form a unitary
., ¢ straeture. C
© . A further object is to censtruct an elee-
trode which may be continually built u
~ -and added to as the electrode is consume
30 .in its use. '
-7 - Generally speaking, the invention com-
_prises the elements anil combinations there-
of set forth in the accompanying claims.
Reference should be had-to the accom-
26 panying drawings forming o part of this
gpecification in which—
Figu

2 is a horizontal cross sect. .n ¢f the showing

30 in Fig, 1. Fig. 3 is a partial vertical sec-
tion upon the line 3—3 of Fig. 2. Fig. 4 is
a;taodp plan view of a.modified form of elec-
irode, . '

- It is the usual practi®s at the present time

85 -to make electrodes such as are used in elec-
tric furnaces by forcing a suitablé carbon
mix through a suitable die which produces

a solid electrode of the desired size. Such

. electrodes after being baked, are ready for
40 uge. The size or diameter of electrodes
which may be thus forced is limited and this
‘1limiting size is reached when the friction
beiween the die and mix retards the move-
ments of the outer portion of the mix to

45 such an extent that the central part of the
_mix moves faster than the sides; resulting

in the uneven forcing of the miy, which pro-

duces checks and cracks in the finished elen-
trode. CS

50 The Hmit as to di/a,m' er of electrode
which may be forded ig“much below that
which it is frequelitly - desired to force.

Hence the larger sife electrodes must be| )
_ | Auintil all is consumed but the butt end; whieh -
86 sccomplishing the making of large elec-

.- otherwise made, if at all, and one way of

ful Improvement in Electrodes, of |

re 1 is a vertical elevation of one.
form which the electrode may assume. Fig.

Application filed July 28, 1911, Serial No, 641,123, © .

+{:trodes is herein shown. However, it should.
. be understood that no limitation is herein

intended to be placed upon the gize of elec-,
tfodes which' may be produced, for the in- -
vention is-gusceptible of being used in the 80
mannfacture of electrodes of any size de-
sired. . . o :
The electrode shown in Figs, 1 and 2 is
cylindrical and is compesed of the segments
&, b, ¢, d, ¢ and f, although the precise num-
ber of segments is not essential, that being
a matter of choice. The segments are se-
cured-each to the other, and as one means
for the purpcse, the segments may be keyed
together, that is, each segment may be pro-
vided - with *a groove and projecting ribs
upon opposite sides thereof, the groove be-
ing cormplementary to the rib. In aSsem-
bling the various segments, the rib upon
eacl segment engages with tlie groove upon
the segment adjacent to it, ag will readily be
understood from an inspéection of the draw-
ing. Preferably, the rib and groove shounld -
engage each other with a wedging action in
arder that the segments may come .close to-
-gether,. and therefore the ribs are shown
with sides which .slant so that the part of
“the rib which jeins the body is the narrow-
‘st part thereof. The grooves are undercut
in a ‘manner to complement the ribs.. When 88
the sections are thus formed, they ave-assem-
bled by starting a rib of one segment into
the groove upon another s¢gment, at one end
of such groove, and then kliding one or the .
other or both of the segments longitudinally
until they are correctly positioned with re-
spect to each other. The segments should
t snugl{ together, otherwise the resistance
of the electrode will be greatly inereased.
The segments. may. be i:ure ared ‘either by
forcing through -suitable dies or in any
other manner which may be fould suitable. -
It will be readily seen thint an electrode
constructed as just described may be either
solid or ccred, the first form being shown 100
in Fig. 4, while the second form }s shown -
in Fig, 2. If it is desired to produce an
electrode of a predetermined length, the seg-
ments are preferably of one piece, and eac
end of the electrode is finished flat, At the
present time, it is the practice to-use elec-
trodes in an electric furnace of a prédeter-
mined length and these electrodes are used
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When the electrode is consumed, the butt
end is removed and discarded as waste, and
a new clectrode inserted in its place. .
As was stated in the first part of this
specification, an electrode constructed in ac-
cordance with this invention may be so made

that it may be continually bwlt up while-

being held in a suitable furnace electrode
holder, and the electrode fed into the fur-
nace as the active end theveof is consumned.
Such a coustruction has advantages which
at onece hecome apparent,—namely,—no losg
of material in the form of stubs; no loss of
time to replace an electrode which has been
consumed, these, together with other advan-
tageg which are more or less germane to
those given. In carrying out tlus idea, it is
proposed to start au electrode with a series

or set of clectrodes which vary ip height or

length, Therefore, the fiist set of electrodes
will present the appearance of spiral steps.

These segments arve joined together in the

saume manner as has heretofore been indi-
cated. To the first series of segments, there
i« added a sccond series which are of equal

length, these being fitied upon the segments.

of the first sef, from which it will be ap-
parent that the ends of the second set of
segments -also present the appearance of
spiral steps. The ribs and grooves of the
second set of segments engage with the ribs
and giooves of the fivst set throughout por-
tions of their length and in building up an

electrode when a third set of segments iz

addnd, they will engage with the sécond set
and so on ad inflsdéum, - The reason for

starting the electrodes with the segments of |

varying length is that the joints in the vari-
cus segments, as they are built up, may

hrealt with each other, and thus produce an

electrode of nnbroken continuity. The ends
of the seginents are preferably beveled as

indicated at ¢ in Fig, 1. When, therefore,

two alined segments engnge each other, there
is a wedging nction Detween them which
forces them into close relationship with each
cther-and with adjacent segments,

Fig. 4illustrates an electrode havinga dif-
ferent external form than that shown in
Tigs. 1 and 2, although the construction is
otherwise the same, It is thurefore intended
{0 place no limitation as to the external
shape which the electrode may assunie, If
desired, the contacting surfaces of the vari-
clis segments of the eﬁ;ct-rode may bhe coated

-adhere to each other,

-segiments, the joints between the alined

1,001,659

with scme form of cementitions malerial
whieh will cause the adjacent segmenis io
When a heilow or
cored form of the electrode herein shown is
used. the continuity of the holiow portion
may be interrupted in any desiréd manner
cither by the .use of solid or grinding ma-
terial comaple ely or partially Olling ihe hol-
lowed portie . | _ )

Having t¥ s described my inveation, whoi
T c¢laim 3s: ~ 7 '

1. An electrode comprising a plurality of
segments, each seginent being formed writh
an undercut rib and 2 complementary

LY
groove, the rib upon each segment tiing in
a groove of an adjacent segment.

9, - An electrode adapted &0 be continuonaly
built up comprising a plurality of segmenis
which are seeured to each other, on ond of
each segment being beveled, other
having beveled ends in aiinemont '«
first mentioned segments, the Inst inentionad
segments being joined to cach other wnd io
the first mentioned segnenis, the boveled
ends of the segments cobperating to bring
the segments into close engagement with ese!
other. - _ .

8.. Anelectrode adapted to he continuously
built mp comprising s plirality of segmenis
keyed to each other, and oiher segments in
alinement with the first mentioned segments,
the lazt mentioned segmeunts being keyed to
each other and keyed to the firsl inenticasd

LE
NN

PN
wments hemg stagoered with respect to sach
ather. . o :

4. Anelectrode adar ged to be condinueusly
built 1 comprising s plurality of segmenis,
ench gegment being formed with an under-
enl. rib and a eomplementary groove, the
ribe upon each segient fitting in the grogve
upon the segment ¢ ] sthey
seginents formed widh
adapted to engage with

upen the first set of segments, the said see-

ot set of segments being in slinement with
the first set of sogmreais and the joints be-
tween the two sods of gegments being stag-
gered wiil respect (2 sach other.

In testimony whereotf, I hereunto afliz wmy
gigmature in the pregenice of two witnesaes,
. JOHN W. BROWH

Withesses: .
A, J. Hupsox,
I1. E. Sgirivaw,

nig 7

Sodt- .
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53"5‘633 goﬁohiit may cqnc.er#:" .
‘Be 1t known that I; Fforexrtine J. Ma-

CHALSKE,2 citizen of the United States,resid--

.ing at Plattsburg, Clinton county, New.

York, have invented certain.siew and useful

- Tmprovements in Electrodes, of which the’

19

following is a {full, clear, and exact deserip:+

tion. . -
My invention relates to improvements in
-electrodes for smelting furnaces, and has:

~ for its object to provide an electrode which

15
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shall supply current through a large ares
and at the same time shall not have a larfge
areg of carbon. ~ o - L

It further has for its object fo provide
an electrode which shall be largely composed
of slag-producing material. .

The following is a description of an em-
bodiment of my invention; reference heing
h&}lc} hto -the accompanying drawings, in
which— C S ’

Figure 1 is a plan view of an electrode.

embodying my invention, and Fig. 2 is &

longitudinal section. of the same on the line

z—z Fig. 1. : .

Referrive more particularly to the draw-
ings, 1 is a casing, preferably sheet iron.

2 is & plurality of carbon rods within said
casing. These rods may be of ordinary car-
K-m or may be of artificial graphitic carbon
oY/ graphite, the former being preferred on
accounit of chegpness. Within the casing;
and filling the spaces around the carbon.
rods,.1s 2 %Iler 3 of magnesium oxid, or, as
found in a state~of nature, dolomite, cal-
cium - magnesivm cgrbonate (MgCaC,O,).
This magnesium oxid, before being placed
in the casing, is mixed with a suitable binder,
such as hot tar or silicate ofsoda, only
enough of the binder being used to form the
oxid into a cohering mass. The oxid with
its binder is tamped 1in place within the cas-
ing so as to form a solid mass, and after the
casing is filled, the electrode is haked so as
to expel all the moisture therefrom, The
carbon rods are provided with suitable elec-

tric connections 4 st one end so that they |

can be connected to a source of electric cur-

‘rent. -

In operation, the electrode is nsed in an
eleciric smelting furnace in the ordinary
way, the lower end of the electrode being
applied to the charge. As the. current is
supphied: te the elecirode, it passes through

! the carbon rods, heating their lower ends to
meandeseence and heating the surroupding:

maguesium oxid also to ~incandescenes,
Magnesiom oxid, as is well known, is a re-
fractory magnesium compound and has the
peculiar property of becoming a conductor
of comparatively low resistance when highly
heated. The lower end of the electrode, 15 3
whole, therefore, becomes incandescent as
the'current passes, and forms an incandes-
cent aren of relatively large extent in con-
“tact with the charge. Moreover, the incan-

largely composed of magnesium oxid
(* dolomite ” -CaMgC,0,)- and -only to a
small extent composed of carbon so that

of the carbon rods, as they are heated, be-

current into artificial graphite, which is not
" substantially acted upon by the molten metal
or. dissolved thereby., A minimum amount
of carbon’ is, therefore, introduced into the

trodes. Moreover, the - magnesium oxid
(“ dolomite ¥ CaMgC,0,)} is a slag-forming
compound,.so that the heat supplied is prac-

carbon in-the electrode is practically kept
.out.of contact with the molten metel and the
carbiirizing of the metal is reduced to a
mlnimum, : - B

"What I claim is:,

1. In an electrodd for smelting furnarves,
the eombination of a refractory magnes am
compound of relativel
when heated, and carbon, the magnesium
compound providing the major portion of
the conducting surface. -~ o

2. In an electrode for smelting farnaces,
the combination of a refractory magnesium
compound .of relatively high conductivity
when heated, and graphite, the magnesium
compound providing the inajor portion of
the condycting surface. = - '

3. In an electrode for smelting furnaces,
the combination of a refractory magnesium’
compotnd -of relatively high conductivisy
when heated, and. carbon closely associated
‘therewith, the latter fotming a conducting
path extending lengthwise of said electroue,

4, In an électrode for smelting furnaces,

N

the combination of a refractory magnesium

descent. portion of the electrode is wery

molten metal by feason of the use of my elec-

55
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‘there is little carbon exposed to the molten -
metal at any time. Moreover, the lower ends.

come gutomatically converted by the electric’

ki

80.

tically plways supplied through slag and the -

85

90 -

high conductivity
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" compound of relatively high cdnducfbivitjr

- associated therewith, the latter forming con-

. when heated, and carbon closely associated:

ciated therewith, the latter formiing 'a con-

: the combination of a refractory maégnesi_um
" compound -of relatively high condu

Q. - . N 8 : -.- . 1’099

when heated, and a carbon rod closely asso-

ducting path extending lengthwise ‘of said
electrode. - - e
.. 5. In an electrode for smelting furnaces,
the combination of a refractory magnesium
compound ' of relatively high conductivity
when heated, and » plurality of carbon -rod53’
closely associated therewith, the latter form-
ing ¢ondueting paths extendi lengthwise
of s21d electrode and embedded in said mag-
nesitm compound. : ' _
6. In an electrode for smelting furngces,

: etivit
when heated, and a plurality of carhon ro

ducting paths extending lengthise of said
electrode, T S

* 7/ In-an electrode for smelting furnaces,
the combination of a refractory magnesium
compound of relatively high conductivity

sos  BEST AVAILABLE COPY

therewiﬁh, the latter forming s conducﬁng

‘path extending lengthwise of said electrode,

and a sheath surrounding the magmesium
compound and carbon. '

‘25

8. In an electrode for smelting furrices, -

the combination of a refractory magnesitm
compound’ of relatively high conductivity
when heated, and a plurality of electrically

30

connected “carbon rods associated therewith, .

the latter forming'conducting paths extend-

ing lengthwise of said electrode; - -
9. In an.electrode for smelting furnaces,

when heated, 2 plurality of electrically con-
nected carbon rods associated theréwith, the

latter forming condueting.paths extending .

lengthwise of said eléctrode, and a shéa

smirounding the magnesium compound and-
| carbon rods o

FLORENTINE J. MACHALSKE.
“ Witnesses: - :
W. H. Crazrg,
T. G. Ioyr.

35

_the.combination of a refractory magnesium -
compound of relatively high conduetivity -
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. ASSIGNMENTS, TO AMERICAN FERROLECTRIDE CORFIRATION, OF PLATTSBURG,

. 1,099,559."

- Be'it known that, ,_Frorenting J. Ma-
. CHALSKE, a ecitizen of the United - States, re-
' siding _'at'Plattsbulég,

10 ? .
- furnace for smelting ores, were particularly

15

-+ .where the furnace charges’ are of basic char-
- gcter; an ordinary-carbon linifig’ will not. re-

20

- either of those above mieritioned which "are
. rapidly, and, morcoyer, where an ordinary

- with the-molten iron, is made of electrically
- preduced. graphite and at’ other ‘points_is
-1

.. bodirhent-of my invention, Teféresice. being
., had :to the accompanying  driwings, - in
7 whiche- . o T T : N

45 - ol a
., . furnace of the open type, Fig, 2 is a plan.

" a-longitudingl section of the same.. - -

50

- trically treated carbon known as Acheson

-rials like magnesite brick, while partly ve-
eisting the action of the slag, will niot resist’

_combination with the molten metal; there-
by affecting its properties.and feducing its-
%0 e R s A, TP CICIng 1LS

::i.bm'et_'nent.ibned-ob'ectionsan&'diiﬁi;’u]tiésaré'
... overgome, o that the life of the-lining'is of
.., 'long duratioh and the iron, ig not affected by
-.." the combinétion

* at 1is bottom a layer of hricks of artificial

. NEW YORE, A CORPORATION OF NEW YORK. .
o ' " ELEGYRIC FURNACE. -

- Specification of Letters Patent. -

=

To all whom it may consern: -,

‘Clinton rcounty, -New
York, have invent, _
ful Tmprovements in Electric: Furnages, of
which the: followitig .is ‘2" full, clear, and-

exact descriptiom. - - _

. My invention relates.to eléctric furnaces
and ‘%’as' for its object to- provide an. electric
iron ores, having*a permauent lining which
is-practically unaffected by the molten metal .
and’ does: not combine therewith -s» as to
produce impurities theretn. . Sl
In electrically -sinelting. ores,

stst, the action .6f the molten metal or the.
slag and a lining of other refractory mate-
the action of molten iron:: Linings such- a8,
now cemmonly used:- dre” destroyed very.

carbon liniig is used, the carbon enters into -

value,©/ 7]

- I have discovered that if the lining of 4 |

smelting: furnace, where.dt Gomes in-contact

made of a suitable refractory material, the.

of the lining with the meol-’
tenmetal, o0 e T
" The following is a:descFiption .of an em-

_ TFigure 1. representd s cross section of a

view of one.of ‘the élactrodes, and Fig.3 i

. Referring mote¢ particularly. to the d_rig,‘wf?
ings, 1 is the ¢aging of the furnace havin

graphitic carbon or graphite, namely, elec-

graphite. The subjecting .of ordipzry car-

‘it into such artificial

- superior to native
certain new. and yse- |

“brick
‘tance o
~Above the eor:

especially {: ; '
-1n, the.-charge, being located near the bot- -
- toni ‘of the furnace at.the start, and after
.the "charge -has become somewhat heated, - ‘

-ed-at their lower.ends by

“full len
~which, .
.of ordinary

ing  surroundin
filled” with.a hg.'ll

| with ‘seme

bon to the heat of an electrie dre F!(-Z;JJVEI‘tS
l graphite and.produces o
substantially pure grap

_ Patented June 9, 1914,
Application filed Yune 27,1913. Serial No. 776,158, ' ST T

55

tite product greatly -
grapliite for-my purposes,

The-lower portion of the walls of the fur- -

nace is composed
graphite. . In the drawings the.two layers,
of -briek. 2 are ‘of this artificial
brick.. In. the furpsce I use; the.

- abont six inches from.the botton.

osed .of ma, .
_ a'highly refractory material
which' i, practically unaffected: by the slag,

. 3—38~-4 are electrodes which areé: inserted

of bricks of ‘the artificiat

phite brick, the walls ave-con-
E agnesite (thagnesium carhonate) .
. brick, this being

1

‘graphite . .
L he T graphite
on the walls' extends upward a dis- "~ -

85 .-

70

raised 'so as'to be slightly above the upper - -

surface of. the

trodes. 53 are connected -tg one terminal of

molten metal-and surround-:
the slag.: The elec. -

%5

a gource of current, while the electrode 4 is - -

 connected to. the other teriminal. of! said -
source.. The furnace is provided with a tap-

hole 5 .at. the battom
ten metal and a tip hole § located just above
the graphite portion of the walls Tor draw-
ing off the slag,- =~ .~ - .

" “In"connection . with this furnace I ‘prefer

7 of .any -desired  diameter, preferably of

sheet iron; the diameter which I have used *
being about twenty iinches. Within this
‘metal sheath or casing,

or the saké of cheapness, inay. be
carbon, although they may also
be ‘of ‘graphite. :The space within the eas-
the - four carbon rods is
ing 9 of ‘closely packed
magnesium- oxid or * dolomite » {caleium-

-magnesiam carbonate—MgCaC,0,}. - I mix
madgne_'sinm"_oxid or dolomite} -
indin,

the, filler-
g material, such as tar or
silicate of soda, the binder, when . tar ig
used, being heated daring the mixing proc-
ess. T use c¢nly enough of the binder to.
form the filler (magnesium oxid or dolo-.

mite) into a cohering mass. After the filler

. This form of-

80.
for drawing off the mol- -~ =

85
“to. use u special form of electrode, although -
cther forms may be used. :
-electrode is shown in detail in Figs. 2 and
-3 and ¢onsists of o metal sheath or casing

and extending the . .
th thereof, are four 'carbon rods-8, -

95
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- nace, the lower ends of the carbon rods first |

3

- nesium oxid (dolomite) being a slag form-

TS
- nor is the metal combined therewith so as

%

-9. current and then communicate the heat to

“surtounding the sume, which then becomes

-lower portion, which condition is the desired

Tods, however, are quickly converted into
-graphitic carbon or artificial graphite so
-that even if they come in contact with the !

PEST AVAILABLE popr

a 1,090

mixture is packed into the casing around |
the carbou rods, the electrode is thoroughly |
baked o drive off any remaining moisture. :
The carbon rods when the electrode is in
use are electrically cemmected together as
at 10 and to the source of current. With
such an electrode when it is used in & fur-

become highly heated by the passage of the
the lower portions of the magnesium oxid

a conductor of relatively low conductivity,
with the result that the electrode has when 1n
tise n-very extended incandescent area at its

condition in a smelting furnace. The mag-

ing element, adds to the slag formed in the |
fr=ngce and protects the molten metal from |
tlie carbon. "The lower ends of the carbon

rolten metal, they are not attacked thereby

to be carburized. The particular compesi-
tion and construction of the electrode above.
referred to, while disclosed herein, is not
claimed herein, being the subject matter of
another application filed stmultaneously !
herewith Serial No. TT6157. o
_In operating the furnace, the tap ¢ is|
ordinarily left cpen so as to drain off the |

,559

slag. The tap 3 is opened from time to time
so as to drain off the wolten metal, the
molten metal being maintained at a height
corresponding to the height of the graphite
portion of the walls of the furnace during
substantially the period of operation of the
furnace. When the furnace is tapped to
draw off the molten metal, more of the
charge is shoveled in so as to quickly make
up for the metal drawn off. The charge
used in operating this furnace should be a
basic charge as distinguished from an acid
charge, and is preferably of the character
described in another application filed simul-
taneously herewith Serial No. 776,156, viz.
2 charge in which artificial graphite is used
as the redncing or de-oxidizing agent,

What T claim is: | :

1. A furnace having its bottom -and the
lower portions of its side walls lined with

" artificial graphitic carbon and having the

adjacent porfions of its walls covered with
magnesite. N

9. A furnace having its bottom and the

- lower portions of its side walls lined wifl.h_-
the *-
‘adjucent portions of its walls covered with

artificial graphitic carbon and having

a magnesite lining and having taps located
adjacent to the bottom of the furnace and at
the top of the graphitic lining. '
FLORENTINE J. MACHALSKE.,
Witnesses: ' ) '
W. H. Crarx,
T. G. Hoxm.

Conlei of this patent may be obiained for five cents

each, by addressing the “Commissioner of Patents,
Washington, D. C.* . .
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RATLPH L. SRABURY, OF LAREWOOD, OHIO, ASSIGNOR T0C NATIONAL CARBON COM-
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ELECTRODL

1,115,027,

Specification of Letters Patent.

Patented Oct. 27, 1914,

Application filed August 2, 1911.  Serial No. 641,819,

To all whom. it may concern:

Be it kmown that I, Rarer L. Seanury, a
citizen of the United States,. residing at
Lakewood, in the county of Cuyahoga and
State of Ohio, have invented a certain new
and useful Improvement in Electrodes, of
which the following is o full, clear, and ex-

act description.
- This invention relates to carbon electrodes,

primarily intended for use in electric fur-
naces, and seeks to provide an electrode
which will more uniformly distribute the

heat generated incident to its use, to the |

charge of material operated upon and also
will apply the heat over a greater area of
the furnace charge than is possible with elec-
trodes as at present constructed.

Furthermore, the invention comprises a
method by which it is possible to form elec-
trodes of a greater size by I"OECiI.lE them
throngh dies than is possible under the pres-
ent method of forming. electrodes.

The invention also includes the fastening
of the electrodes together to form a continu-
ing electrode which may be lowered into the
furnace as it is used. .

Generally speaking, the invention com-
prises the elements and combinations there-
of set forth in the accompanying claims.
Reference should be llllacl:ll to the accom-

anying drawings, in which—
P F?g?l%& 1is a front elevation, partly in sec-
tion of one form of my invention; Fig. 2 is
a horizontal cross section thereof; Fig. 3 is
a front elevation partly in section of another
form of electrode; Wig. 4 is 4 horizontal
cross section thereof; Fig. 5 is a vertical ele-
vation partly in section of a third form of
electrode; ¥ig. 6 is a horizontal section
thereof; Figs. 7, 8, 9, 10 and 11 are longi.
tudinal cross sections of abutting electrodes
showing means for securing them together,

At the present time, in the maling of
electrodes g{)r electric furnaces and in gen-
eral electrodes of large size, it is customary
to form them by forcing a proper mix
through dies which deliver the electrode as
one solid piece of carbon. . These electrodes
may be made in various shapes, but the mest
commeon form is round. The electrodes are
next baked and are then ready for use.
‘When such solid electrodes are used in an
electric furnace, but g short time elapses un-
til the active end of the electrode or the end

| of the electrode which is adjacent the charge

in the furnace, becomes pointed, and by so
much reduces the area of the electrode
which is adjacent the are, and from which
the arc must spring. TInasmuch as the arc
travels over all the surface of the electrode
which is presented to the charge, it will be
apparent that as the end of the electrode ap-
proaches a point, the area of the charge upon
which the arc is acting is being constantly
reduced, and by so mucﬁ, the zone of activity
in the furnace is reduced. '

In Fig. 1 there is shown an electrode 1
which is cylindrical, although not neces-
sarily so, this form bein: merely illustrative.
Through the center of the electrode there is
& cored out portion or ¢ylindrical opening 2,
which may be of any suitable dimension, and
of course is proportional to the external
diameter of the electrode. This electrode
may be formed in the usual manner by fore-
ing through dies, it merely being necessai
to use a form of die which will produce the
central opening. Such an electrode is baked
In the usual manner and is then ready for
use. :

When an electrode, such as has been de--
scribed, is used in an electric furnace, it will
at once be seen that the electrode cannot
burn to a point, and therefore this electrode
overcomes a serious cause for objection in
solid electrodes which has heretofore been
pointed out, but further, the construction
shown has a positive advantage in that for
a given cross sectional area of carbon, the
zone of operation of the electrode, or in
other words, the areas of the bath to be
treated, which is affected by the are Spring
from the electrode is much greater than
where a solid electrode is used. Therefore
from the fact that the heat developed by the
passage of the current is distributed over a.
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60

65

70

75

80

85

80

95

greater area of the bath, it follows that the'

zone of activity in the furnace is also en-
larged. :

some instances, it may be undesirable
to use un electrode having an open passage
throughout the length thereof, and in such
an event, means may be employed to ob-
struet the continuity of the passage or cen-
tral opening, and as one means for accom-
plishing this result, T have shown the con-
struction disclosed in Figs. 3 and 4, wherein
the electrode body 1° is provided with the
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opening 2¢, which opening is filled with some
refractory material, as for instance, granu-
lar carbon. This may be mixed with some
suitable binding material and inserted in the
electrode, either before the electrode is
baked, in which event, it is baked at the same
time as the electrode, or the granular car-
bon mixture may be inserted after the latter
has been balked and in this condition used in
the electric furnace. Aside from the advan-
tages to be derived by the use of an elee-
trode constructed as shown and described,
additional advantage is gained in the ease
of manufacture, particularly of electrodes
of large size.

Practically all electrodes are made by
forcing the carbon mixture through dies to
give them their form, and it is found in
?orcing' solid electrodes that a limit as to
size is soon reached, for the friction of the
material upon the sides of the die becomes
so great that the portions of the mass being
forced which are pressing against the sides
of the die are retarded in their movement,
while the central portion of the mix moves
faster than the sides thereof, whiéh, of
course results in an Lnperfect electrode and
produces cracks and check marks upon the
exterior portion, which upon baking be-
comes more accentunated. However, 1f the
electrode be cored, as shown in Figs. 1 and
2, the whole situation is changed, for the
friction of the moving mix upon that por-
tion of the die which forms the core, pre-
vents the central portion of the mix from
moving faster than the outer portions of
the mix. Therefore, the resultant electrode
is more uniform and may be forced with-
out the objectionable results encountered
when forcing a large solid electrode.
Therefore, it is possible to force electrodes
in this mauvmer of considerably larger di-
ameters than is possible in the case of solid
electrodes. This then presents an .advan-
tage, inasmuch as it permits the manufae-
ture of electrodes having cross sectional sur-
face areas which may affect larger areas of
the furnace bath or charge when they are
used in an electric furnace than is possible
to obtain with solid electrodes. However,
if it be desired to produce a solid electrode
of large diameter, it may be accomplished
by first forcing a hollow carbon body hav-
ing an external diameter, the same as that
desired for the solid electrode. Then forc-
ing a carbon body of a diameter to snugly
fit the hollow or cored out portion of the
first carbon body, and while both bodies
are still in their green state, placing the sec-
ond carbon body within the hollow portion
of the hollow carbon body, and then while
the two electrodes are in this assembled con-
dition baking them. It is found that when
two bodies are treated in this way, after
baking the two bodies are substantially uni-

1,115,027

tary and inseparable. In this way solid
electrodes may be made which it would be
absolutely impossible to force through dies.

At present carbon electrodes when used
in an electric furnace are supforted by suit-
able means which permits o
of the electrode into the furnace as the elee-
trode is consumed. The use of the electrode
continues until such time as there remains
only a butt or stub portion, which is that
portion of the electrode %rasped by the
means which supports it. It is customary
to remove these butts, which are then use-
less and to replace the consumed electrode
by a new electrode.

With the hollow electrode herein shown
and described, it is possible to join electrode
to electrode in such a manner as to produce
a continuously built up electrode.

The successive electrodes may be joined
together in any suitable manner, several of
which are suggested in Figs. 7 to 11 inclu-
sive. In Fig. T, the electrode A is f'oined
to the electrode B, by means of a plug or
rod C, which is of conducting material and
is formed so as to snugly fit within the
cored out or hollow portion of the electrodes
A and B, In Fig. 8 there is shown a plug
D for joining the electrodes, this plug be-
ing tapered from both ends toward the cen-
ter. The spaces between the tapered sides
of the plug and the walls of the electrode
may be filled with any suitable granular
conducting material which will insure good
electrical conductivity between the walls of
the two electrodes. In Fig. 9, the plug or
rod E is inserted within the hollow por-
tion of one of the electrodes and is caused
to fit snugly therein, while the opposite end
of the plug is screw threaded 9.11chJ is adapt-
ed to fit with a screw thread formed upon
the wall of the cored out portion of the
elecirode, which is to be joined to the first-
electrode. In Fig. 10, the plug or rod F is
screw threaded throughout its length. The
abutting ends are screw threaded within
the hollow portion for a short distance; and
the threads upon the plug are adapted to
engage the threads upon the two electrodes
so that they are substantially united. In
Fig. 11, the same idea is shown as that
embodied in Fig. 10, with the exception that
the plug G is made with a double taper and
the adjacent ends of the electrodes are
formed to complement the taper upon the
plug. As will be seen from the drawing,
the plug and the interior walls of the elec-

.trodes are provided with screw threads

which permit the plug to join the two elec-
trodes together. .

Having thus described my invention,
what T claim is:—

1. An electrode for electric furnaces com-
prising a tubular body portion of substan-
tially uniform cross sectional area and an-
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other body of carbon occupying the interior
of the tubular carbon body.

2. The process of mak]ng electrodes for
nse in electric furnaces which consists in
forcing a-tubular -carbon body and a second

“carbon body of a diameter to fit within the

tubular body, then inserting the second
body within the tubular body and baking
the combined bodies.

3. The process of makin
use in- electric furnaces, w

'electrod'es f9r
ch consists in

foreing a tubular carbon body, placing car-
bonaceous material to substantially the
tubular carbon body, then balnng the com-
bined bodies.

In testimony whereof, I hereunto afix my
gignature in the presence of two witnesses,

RALPH L. SEABURY.

Witnesses:
Ricmarp H. HANEY,
Harey R. Arvison.
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To all whom it may concern.; T
Be it known that I, Marcorar H. Baxer,

a citizen of the United States, and a resident
of Boston, in the county of Suffolk and Com-
monwealth of Massachusetts, have invented
certain new and nseful Improvements in
Avc-Lamp Electrodes, of which the follos-

" ing is a specification.
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iiy invention. refers particnlarly to the
type of electrode having a longituclinal me-
tellic feed regulating stiip secured thereto,
the said strip being adapted to operatively
engage ot its lower end with a lateral sup-
port, and thus to permit a downward feed
of the electrode as the said strip is fused by
the heat of the arc, the said feed regulating

_strip being attached. to the electrode in any

20

suitable manner. Long continued experi-
ment with this type of electrode shows it to
be of great advantage to limit the amount of
metal in the feed strip. While such elee-

~trodes, and partiewlarly flaming are elec-

25
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trodes, are usually provided with an infernal
metallic wire to reduce ohmic resistance, and
while a metallic feed strip longitudinally at-
tached thereto serves also as a current con-
ductor through the electrode, vet its neces-
sary cross section as a. feed strip greatly ex-
ceeds that required 2s a current conductor.
The introduction of this relative increase
of metallic mass in the feed strip tends to
introduce disturbance in the operative burn-
ing of the electrode. ITor this reason, I have
found it advantageous to limit the amount
of metal in the feed strip as much as pos-
sible. Such feed strips, in general, operate

~in cobperation with a support upon which

40
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they rest during theii gradual fusion. The

radial dimension of the strip can not be
limited beyvond a point which gives a safe

engagement between the said strip and the
support. To limit the mass as desired I
have, therefore, found it desirable to limit
its thickness to the lowest practicable di-
mensions. . For instance, I may employ a
strip having a thickness of about .006 inches,
but such a strip, particularly of a metal of
low fusibility and of a low annezling point,
such as aluminum which has been formel weli
adapted for the purpose, and which I pref-
erably employ, may be, and generally is,
subjected to the heat effects of the arc for &
considerable distance up from the point of
support; and the said strip, carrying as it
may the weight of the electrode or of inter-

- connected electrodes, tends to collapse side-

wise at or near the said point of support,
and thus to produce an over feed of the elec.
trode. " This chance of collapse of the feed

- strip is notably present in aluminum, on ne-

count of the low temperatura at which this
metal anneals,—about 300° ., althougl its
fusing- point is 1100° F.~and for this
reason a stiffening formation for the portion
of the said aluminum exterior to the elec.
trode is practically an inherent necessity.
I have sought, therefore, not only to limit
the amount of metal in the strip, and to in-
stre its finm union with the electrode, but
particulazly to limit the smount of metal
exterior to the electrode, and to so form this
exterior portion as to strengthen it laterally,
and thereby to minimize the chance of strip
collapse and consequent irregularity of feed,
or over feed. To accomplish this rvesult, 1
have developed the forms of feed strips
herein shown, all of which, while of very
thin cross section interior to and at the line
of union with the electrode, are given a
stiffening formation exterior to the said
elecirode, and as o preferable form, I have,
after long experiment, devised and adopted
& form which has the same thin eross section,
but which, by means of corrugations, pref-
erably regular longitudinaily of the strip,
is stiffened to a marked degree and vet with-
out the introduction of move metal to accom-
plish this result. The object of this corru-
gation, or its equivalent, is, otherwise ex-
pressed, to maintain a constant radial aline-
ment between the electrode slot and the feed
governing strip, and the said corrugation
may be applied either before or after the
str1)y is locked in place in the eléctrode, but,
as & convemient manufacturing method, I
prefer to cut the feed strip from thin metal

“of uniform gage, and to give to the outer

and inner eclges each a corrugating forma-
tion, the outer corrugaticn being for the
purpose of stiffening the strip, and the mmer
corrugation being for the purpose of lock-
ing the strip securely within the electrode
slot when the said strip is drawn theve
through. Instead of covrugating the outer
edge of the strip, I may bend, fold, or other-
wise distort it, or I may merely place a
series of indentations along the edge, the

sole object being to give rigidity to the por--

tion of the strip projecting outside of the
body of the electrode. I may also roll or

i1
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press the étrib of metel into the shape of an

1 beam or other equivalent shape and there-

10

20

by obtain both the electrode locking and ex-
terior stiftening’ results, but 1 prerer to use

metal of wunirorm - thickness as first -de-.

seribed, in order to employ a
amou.nt of the said metal. '
1 have 1liustrated my invention in the an-
nexed drawings, in which—
ligure 1 15 an elevation of a complete

nnimum

electrode provided with my improved feed
reguiating strip, lig. 2 an eniarged plan of

the same 1n section, Ifig. 3 an enlarged side
elevation of the strip alone, and K1g, 4 a
pian of the same in section. - Fig. 3 is a plan
of a strip in°which the reinrorcement or
strengthening is obtained by bending the
outer longitudinal edge at right angles,
Fig. 6 iliustrates an eage turned over and
ilattened, Fig. 7 shows tue edge rolled over,
and Iig. 8 15 a plan of a strip rolled o1

~.pressed 1nto the form of an I beam.

. 2B

30

35
~awranged, I further find that about 80 per
" ¢cent. of the total metallic mass of the strip

is retained above the support and is thus

40

- In the figures, 1 is the main or central por-

tion of the strip, 2 the inner longitudinal
edge which locks in the electrode slot, and

.3 the outer longitudinal or stiffening edge.

The electrode appears at + and the electrode
slot at 5. : . _
In actual practice I have found, with the

electrodes of ordinary commercial length,

irom 400 to 650 millimeters, that improved
results are had by eliminating the usual in-

ternal conducting wire and causing its func-

tion to be performed by. the feed strip.
When the support and strip are properly

prevented from entering the arc.
I claim as my inventlon: . .. .
1. An arc lamp electrode provided with

_an. external longitudinal metal extension,

the said extension being given a stiffening
formation substantially along its outer lon-

~gitudinal edge and entirely outside of the.

_electrode. '

B0

~ vided with a longitudinal slot, a longitudi-

2. An arc lamp electrode having a lon-
gitudinal externally projecting metal feed
regulating extension -operatively "attached
thereto, the portion of said exbension ex-
terior to the electiode having a stiffening
formation relatively stiffer than said strip
at its junction with the electrode.

3. An arc lamp electrode having, in com--

bitiation with a main -electrode portion pro-

* larged portion of said slot.

i,118,464

nal externally projecting metal feed regulat-
ing strip entering said slot,.the portion of
said strip exterior to the main electrode
portion having a stiffeninig formation rela-
tively stiffer than said strip where it enters
said slot. o _ ' _

4, An arc lamp electrode having a longi-
tudinal external metal feed regulating strip

secured thereto; the gaid strip- having an.

electrode engaging longitudinal portion of
substantially uniform cross section, and the
exterior portion of the said feeding strip be-
ing given a stiffening formation.

5. An arc lamp electrode having, in com-
hination with a main electrode portion pro-
vided with a slot having a contracted en-
trance and an inwardly expanding portion,
a continous lengitudinal metal feed regu-

lating strip having a2 maxXimuin eross sec

tion substantially at its opposite longitudinal
edges and a coniracted portion located in
saicl contracted POI‘tIOIl of 'said slot, said

strip being locked to the main electrode por-

tion by the engagement of its inner longitu-
dinal ‘edge with the enlarged portion of
said slot. '

"6, An arc lamp electrode having, in com-

bination with o main electrode portion pro-
vided with a slot having a contracted en-

60
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" trance and an inwardly expanding portion, -

a continuous longitudinal metal feed regu- -

lating strip formed of sheet metal of sub-
stantially uniform thickness but corrugated
along its longitudinal edges and having a
plane portion between the said corrugated
portion located in said contracted portion
of said slot, said strip being locked to the

‘main electrode portion by the engagement

of its inner longitudinal edge with the en-

7. An arclamp electrode having a longi-
tudinal externally projecting metal feed
regulating strip secured thereto and of sub-
stantialiy uniform thickness{ said strip hav-

‘ing an electrode-engaging longitudinal rec-
- tilinear porticn, and the external portion

being laterally stiffened by corrugations ex-

“tending across said external portion and lo-

cated wholly externally of the electrode.
Signed at Boston, in the county of Suf-
follk and Commoniealth of Massachusetts

“this twentieth day of October, A. D. 1909.

MALCOLM H. BAKER.
Witnesses: o
 Crarves D, Jenxives,

-Josgua D. Ropiwsow.

: Gopiés of this pafent. may be dbtained fozj. five cents ezeh, by addressing the © Commissioner of Patents.

‘Washington, D. C.”
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To all whom. it may concern:

Be it known that I, Georees Favier, a
citizen of the Republic of France, residing
in Suspension Bridge, New York, have in-
vented certain new and useful Improve-
ments in Molding Electrodes, of which the
following is a_specification.

This mvention aims to provide certamn

improvements whereby electrodes of large
sizes and of great length can be made with
comparatively little difficulty and of a de-
sired composition throughout their cross-sec-
tion at a low cost. .

My process involves two prijlcipal points -

of improvement and certain improvements
in detail which are referred to at length
hereinafter. The two principal points of
improvement are the progressive pressing
of the electrode paste as the length of the
pressed portion gradually increases, the
pressing ing'pre?emblv effected by means
of rollers working on the interior portion
of the cross-section as well as on the onter
portion; and second, the employment of
special pastes which make the central por-
tion of the electrode spongy or porous dnr-
ing the subsequent baking or burning there-
of and which greatly facilitates such burn-
ing, the pastes being preferably graduated
so as to increase the porosity gradually
from the outer portion toward the center.
The accompanyin
suitable machine
process. _
"Figure 1 is a vertical diametral section
through the mold and adjacent parts, show-

or carrying out the

ing the parts within the mold in elevation;

- Figs. 2, 3, 4 and 5 are respectively hori-

®

zontal sections on the similarly numbered
lines in Fig. 1 the outer casing being omit-
ted from Fig. 4. TFig. 6 is partly a longi-

tudinal section and partly an elevation of

an electrode made in accordance with this
invention. :
These lar%e electrodes are used chiefly in
metallurgical furnaces, but may be used in
other classes of electrical apparatus.
Referring to the apparatus illustrated, a
mold A of cylindrical or similar shape is
mounted at its lower end upon a horizontal

base B 'supgorted upon balls C and_upon a. -

pivot D and rotated continuously by means
of a worm gear E driven by a motor F.
The mold may be divided into four or any
other desired namber of segments fastened
together by means of vertical flariges G

Specification of Letters Patent.

"is held in a suitable ogenm

drawings illustrate a

Patented Aug. 17,1915,

" Application filed April 15, 1914, Serial No. 832,007,

mounted thereon and bolted together as in-
dicated in Fig. 5. At its lower end the mold
is mounted on the base B by means of a
similar flange H. At its upper end the mold
in the floor J
which carries a pair of guides K connected
by a cross beam L for a purpose hereinafter
explained. At the center of the mold there
is fized a round wooden rod M fastenied to
the base B and extending upward clear to
the cross beam 1., This rod serves te guide
the pressing rollers and also forms the center
of the completed electrode.

- The ¢ompressing of the paste of which the
electrode is to be formed is accomplished by
means of rollers such for example as the
three rollers N, N’ and N2. The roller N”
covers substantially the middle third of the
space between the central rod M and the
mold ; and the rollers N and N cover respec-
tively the inner and the outer third of sue!
space. These rollers may be polygon:i: '
indicated or may be cireular or may be of
any other desired shape, and are preferably
smaller at their inner ends to compensate
for the comparatively slower rate of move-
ment as the rollers rotate about the rod M.

The rollers are mounted in arms O, O’ on.

the lower end of a tube P which surrounds
the rod M freely. The tube P extends up-

-ward above the floor J and carries arms Q,

the ends of which embrace the guides K so
as to prevent rotation of the tube P. Thus

- as the base B- and mold A are rotated the

central rod M is also rotated, but the rollers
N, N’ and N2 (though rotating on their in-
dividual axes) do not rotate around the rod
M. There is thus a relative rotation of the
mold and of the paste therein on the one
hand and the rollers N, N and N? on the
other hand. .

The paste is fed continuously and regu-
larly and is compacted by the relative
movement of the rollers thereon. As the
quantity of molded paste increases the roll-
ers continually ride on the top and, there-
fore, rise slowly, carrying with them the en-
tire frame P, Q on which they are mounted.
There is thus produced a very thorough
compacting of the paste througl}llout the
cross section and- throughout the height of
the electrode. The pasie may be fed inte
the mold in various ways and by various
means using the above described method of
compacting it uniformly and making it of

any desired’ height. I prefer, however, to

6G .

68

70

7E

8¢

85

90

1

104

105

116




10

15

20

feed the paste in the particular way herein-
after described. 1 feed several different
compositions of paste at different points be-
tween the center and the outer surface of
the electrode. Preferably three different
pastes are used and each 1s fed just in ad-
vance of one of the respective rollers N, N’
and N% so as to produce a plurality of
roughly outlined concentric zones or rings
10, 11 and 12 (Figs. 1 and 5) of differing
materials graded toward the center. ‘The
paste whicﬁris fed just in front of the out-
ermost roller N2 is the purest graphite or
similar conducting material. The paste. fed
in ‘front of the intermediate roller N is a
mixture of the paste used for the outermost
ring with saw dust or similar material
which’ will burn out during the burning of
the electrode and will render the latter more
or less spongy so as to facilitate the escape
of the gases produced in the burning and
thus permit a very quick and a very regular

/,

- burning, which in turn produces an economy

30
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of time and of fuel. In fromt of the inner-

5 most roller N there is fed a paste containing

a still greater proportion of saw dust or the
like. ‘Thus an electrode of increasing poros-
ity toward the center is produced. At the
same time the distribution of the material is
very regular and: substantially the same
throughout the cross section at all points in
the height. The wooden rod M js converted
into charcoal during the first moments of
the burning of the electrode and by reason.
of the great }ﬁorosity of such charcoal it

-forms practically a chimney for the escape

of the gases generated. Such gases, there-
fore, escape readily from all points in the
cross section inward and de pot exert any
serious ‘pressure upon the outer surface of
the electrode. :

In the apﬁaratus illustrated the means
for feeding the paste comprise a set of ver-
tical tubes R, R’ and R?* mounted in

2 brackets S carried by the tube P and pro-

vided at their upper ends with hoppers T
into which the material is fed at a rate
which is uniform for the three hoppers.
These hoppers are located just above a plat-
form U which covers the top of the mold
and facilitates access of the workmen to the
feed hoppers. The platform U rests on the
floor J and has a central ring V surrounding
the tube P and through which this tube

-rises as the height of the molded electrode
_increases. The pipes R, R’ and R? are made

in sections of any desired length, say three
‘feet, united by couplings W. When the
feeding has continued sufficiently to bring
the '_hop]f:-ers-T more. than three feet above
the platform then the uppermost section of
each feed pi;i:;
hoppers may be applied to the next sections
of the pipe so as to keep the hoppers within
reach of the workmen on the platform U.

may be taken off and the-

1,150,021

Though I have described with great par-
ticularity of ‘detail .a certain apparatus yet
it will be understood that various styles of
apparatus may be used for carrying out my
improved process. The rollers are prefer-
ably of truncated pyramidal shapes in

order to effect a certain amalgamation of the

paste, but they may be conical or otherwise
shaped. They may be solid or hollow or of
practically any composition, though I pre-
fer that their external portions shall contain
some copper because this metal does not ad-
here strongly to the paste. Of course, it is

70

7%

only necessary to have a relative movement

of rotation of the roller-carrying frame with
respect to the mold. Either may be rotated
about the central axis of the mold while the
other is held stationary with the same result
upon the material being molded. Similarly

‘the relative vertical movement may be se-

¢ured either by causing the contacting roll-
ers to rise as the height of the molded paste
increases or by lowering the body of paste
similarly. The number of rollers used may
be increased or diminished according to the
diameter of the electrode to be molded and
other circumstances and. their sha
varied. Likewise the number of rings of
paste of different compositions may .be
greater or less than the three described and
their compositions may also be different
from those described. The paste may be fed
either by hand or by any usual or suitable
mechanism for feeding regular quantities
of such materials. The wooden rod at the
center may be made of greater or less size
depending on the size of the electrode and
upon the composition of the paste and the
expected volume of gases generated in the
paste during burning. There is no great
amount of strain on this rod and it may be
entirely omitted, eSﬁecially in electrodes of
comparatively small diaineter and other
means used for holding the roller-support-
in%&frame centrally of the mold. -

. portion of an' electrode 13 molded ac-
cording to this invention and then burned
in the usual way is shown in Fig. 6.

It will thus be seen that by this
we can make electrodes of any desir

rocess
diam-

‘eter and of any desired length with neo

practical difficulties and that such electrodes
may be molded of any internal composition.
It will also be seen that the molded elec-
trode will be of the greatest homogeneit
and will permit an economical and rapi
burning and when burned will possess in
the highest degree the virtues of condueti-
bility and great regularity and will be prac-
tically without cracks or similar defects.
The burning referred to is necessary for
all electrodes 1n order to eliminate volatile
particles or gases. With electrodes molded
in the old way of uniform density it has not

" heen possible in all cases to effect 2 complete

80

85

90

may be -

5

100

108

110

118

120

128

130




-

bl

“of a more uniformly g
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distillation. - Such imperfectly burned ekee:
trodes tend to break into pieces under sud-
den increase of temperature when in use in
electric furnaces, thus stopﬁing the opera-
tion of the furnace as we i

electrode. In burning an electrode of one
meter dinmeter for example, supposing it
molded in the old way of uniform density,
the heat will penetrate very slowly from the
outside toward the center and the distilla-
tion will generally be imperfect in the cen-
ter, and there will be occasional smrface ir-
regularities due to the escape of gases out-
ward suddenly at particular points; where-
as in burning an-electrode molded accord-
ing to this invention, the more porous cen-
ter will liberate its gases more freely, so as
to compensate in a measure for the slower
heating of the interior; and with a wooden
core, which 1s ?{ﬁckly converted to char-
coal, the heat will have quick access and the

distillation products an easy exit from the

central ftart of the electrode. Thus elec-
trodes of this character can be burned more
rapidly and more cheaop;lc}lr and will be found
quality than those
heretofore known, : '

What I claim is—

1, In the manufacture of electrodes the
method which consists in. molding the elec-
trode of different compositions arranged in
concentric zones, the mmner zone having a
greater percentage-of combustible material

as losing the -

f-:its “composition, and -then burning the
combustible material whereby the inner
zone is rendered more porous than the outer
zone.

9, An electrode comprising concentric
zones of material of increasing porosity to-
ward the center.

. 8. An electrode comprising concentric
zones of material of increasing porosity to-
ward the center, the particles of one zone
being intermingled with those of the next
to form a unitary structure.

4, An electrode comprising concentric

35
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45

zones of material of increasing porosity to-

ward the center, the outer zone being of the
most highly conductive material and the
center being of charcoal. '

5. An electrode comprising concentric
zones of material of increasing porosity to-
ward the center, the outer zone being of the
most highly conductive material .

6. An electrode comprising concentric
zones of material of increasing porosity to-
wa:id the center, the center being of char-
coal.

In witness whereof, I .have hereunto

. signed my name in the presence of two sub-

seribing witnesses. . :
GEORGES FAVIER.
Witnesses:
. Axporew THoMPSON,
Pavr Mogrris.
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UNITED STATES PATENT OFFICE.

CHARLES B. HILLHOUSE, OF NEW YORK, N, ¥,

ART OF REDUCING METAL ORES AND FUSING OTHER MATERIALS,

Specification of Tetters Patent.

Application flled November 25, 1912, Serial Neo. 733,303,

To all whom it may concern: = .

Be it known that I, Cmarwes I3, Hmr-
nousy, a citizen of the United States of
America, residing in the borongh of Man-
hattan, city, county, and State of New York,
have invented a certain new and useful Im-
provement in the Art of Reducing Metal

Ores and Fusing other Materials, of which

the following is a specification.

The process comprising the subject matter
of this invention is one In which finely di-
vided ore mixed with flux or reducing
agents, us occasion may require, is fed
through or along an electric arc or arcs
where it 1s subjected to a sufficient tempera-
ture to cffect its reduction during transit.
The degree of fineness to which the ore is
reduced should be appropriately related to

the are area and its intensity. The electric

arc-or arcs may be mranged horizontally
and the comminuted ore passed therethrough
vertically, or the arc or arcs may be arranged

al various angles through which, vertically

or at an angle, the ore may be passed: or,
again the arc may be disposed vertically and
the ore passed through or along the arc

. lengthwise. An important feature of the in-
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vention is feeding the comminuted ore at
accelerated speed beyond that afforded by o

mere gravity drop. The apparatus employed.

may assume a. variety of forms although in
the drawing but one general arrangeément of
are is illiwstrated.

In the accompunying drawings which
show an organization of apparatus

appro-
priate for practising this invention; FEl)gure

1 is a general view partly in elevation and
partly in vertical section in which the com-
minuted ove is fed by an air blast; Fig. 2, a
detail elevation partly in section indicating
2 modificatton in which the ore is fed at
accelerated speed by a centrifugal appara-
tus; Fig. 3, & modification in the arrange-
ment of orie of the electrodes and feed

as-
sage for the ore which is indicated as fe&) by

an air blast; and Fig. 4, a side elevation in-

- dicating apparatus such as is shown in Fig.

50

n

3 except that the ore is fed by a centrifugal
apparatus.

Referring to Fig. 1, 1 is a retort that may
be built up of sections of appropriate ve-
fractory material. In its cover there is cen-
trally disposed an aperture for an electrode
and in its bottom there is a co-incident aper-
ture for a corresponding electrode. Around
the lower aperture is a depressed annular

chamber 2 having an upwardly and inwardly
extending overhanging annutar wall 3
through which there are apertures 4 of any
appropriate number, ;
this chamber opens a discharge passuge 5
leading to u chute 6 that discharges into any
suitable rvecepiacle.  The centtal clevated
floor 7 of chamber 2 is find and in it is cen-
teally formed the aperture through whieh
the lower electrode passes. This electiode 8
is formed with an exterior shell 9 fitting the
aperture in the floor of the retort and an in-

ner tube 10 open at the top and connected for

cooling purposes with an inlet water supply
11, a water outlet 12 being connected with
the shell or outer tube of the electrode, 13
indicates the electrical connection with the
exterior of the electrode. These connections
are ull located below the bottom of the re-
tort. The electrode head 14 hag an annular
Hange or curtain 15 that extends below the
flat floor of the central portion of the cham-
ber 2. The upper clectrode comprises an
outer shell 16 and an inner shell 17 thus
Jeaving an open central hore or passage
way 18. Between the shells 16 and 17 is dis-
posed an annular shell 19. Cooling water
is introduced at 20 and withdrawn at 21, 22
indicates the electrical connection with the
outer shell 16 of the electrode. Tt is designed
that the electrode shall be movable vertically
throngh the aperture.in the top of the retort
and to this end it is embraced by a collar 23
from which extends a horizontal arm 24
having a hinb 25 that tuns on a shaft 26, A
serew shaft 7 passing through the arm 24
and provided with an appropriate hand
wheel serves to elevate or llower the elec-
trode. Disposed in the central hore 18 of
the upper electrode is a feed pipe 28 that re-
ceives tlhie comminuted ore with or without
flux or reducing agents as mny be required.
The ove is placed in the lLopper 29 which
has an ordinary gate valve 30 and below-the
valve there ig introduced an air or other gas
jet under appropriate pressure through pipe
31 which may he ﬂexiblle. The air at appro-
priate pressure may be taken from any suit-
ahle source. In .the upper part of the wall
or vetort are a plurality of apertures 32
opening to an annular chamber 33 on the ex-
terior of the retort and to which 1s connect-
ed a pipe 34 leading to an exhaust fan or
other apparatus for removing gases from the
retort.

. "'When the arc'is established between the

r
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electrodes the finely divided ore is fed, at a
speed in excess of that obtainable by grav-
ity, by means of the air jet and is intro-
dueed into or to the are axially thereof.
The pirpose of accclerating the speed is to
nerease the out-put of the furnace. So far
as I s aware, however, I am the first to

~pass conuninuted orve axially through or

along an electrie are or arc area. It 15 de-
signed that the ore shall be rednced during
transit through the are and thaet the molten
product of the operation shall be drawn
from the chamber 2 either continuously ov
from time to thae, The greater the inten-
sity of the are and the greater its length, the
Ligher the speed at which the comminuted
ore may be passed through it and, as before
stated, the degree of fineness to which the
ore 1s gronnd or crushed may be such that
the particles thereof will break down or be
reduced during transit through or along the
are,  The apertures 4 serve to discharge
inte chamber 2 redneed or melted material
th:lfi may foll outside of the overhanging
wall 8,

The feed pipe at 51 may be formed with
a telescoping section 52 to afford adjustment
of the feed pipe relatively to the electrode.

The stream of ore, as accelerated by a jet
of air or other gas, will make feasible a
longer arc than would otherwise he obtain-
able. The stream of comminuted material
may be of any desired cross section.

Referving now to Fig. 2, assuming the
appavatns to be us all'eaﬁj described except
with respect to the air jet, it will be seen that
the comminuted ore from the feed pipe 35
is tangentially introduced at 86 into the
shell of a centrifugal machine 37 having a
driving evlinder 33 with radial plates or
blades dividing the annular space between
it und the shell. This inner dislz or eylinder
is driven at appropriate speed by a belt 39
or otherwise and the comminuted ore is dis-
charged tangentially at 40 into the feed
pipe 28,

Fig. 8 shows a different construction of
electrode there being an outer shell 41 with-
in which is disposed a tube 42. Coolin
water euters at 43 fo the inner tube an
leaves, the onter shell at 44. Around the
electrode is disposed a shell 45 so spaced as
to leave an annular chamber 46 between it
and the outer shell of the electrode. The
outer chamber is divided into a helical pas-
sage way by helical ribs 47 on the interior of
the shell 45. Comminuted ore is introduced
tangentially into the annular chamber 46 at
48 from which a pipe 49 leading to the

1,193,783

hopper and into which below the hopper
enters a compressad alr jet through pipe
31, TIn this figure the clectrical connection

with the clectrode s ndicated by 50, The

ore passes around the outside of the upper
clectrode and falls on to the lower electrode,
The are or arveg arex is determined by the
electric current Howing Letween vartous por-
tions of the under surfuce of the upper elec-
trode and lower electrode, so that the ore,
ete., is intimately associated with the wre,
and is submitted to the full action of the are
as 1ts Hew 1s coincident with the uxis of the
are avea. The fineness to which the ore is
ground or pnlverized will be governed by
the speed of flow of the ore, the intensity of
the current and the length of the are and its
area. :

Fig. 4 indicates an apparatus such as is
shown in ¥ig. 8 except that instead of the
air jet the centrifugal apparatus 37 is em-
ployed to accelerate the speed of the ore.
This feature of passing the magerial through
a helienl passnge, thus causing the stream to
flow spirally longitudinally through ov along
the clectric are, 1s elaborated and cliimed in
an application for Letters Patent filed by
me July 3, 1913, under Serinl No. 777,143,

T claim:

1. Animprovement in the art of redneing
metal ores which consists in passing finely
divided ore at higher speed than that doe
to gravity axially through or along an elee-
tric arc area.

2. An mprovement in the art of reducing.

metal ores which consists in passing finely
divided ore at higher speed than that due to
gravity axially longitndinally throngh and
along an electric are.

3. An improvement in the it of redue-
ing material which consists in passing it
vertically when comminuted axinlly through
or along an electric arc aren at accelerated
speed beyond that due to gravity, the axis
of the arc being vertieally arranged.

+. An improvement in the art of reducing
material which consists in passing it by
means of a gas under pressure at a speed
greater than that due to gravity axially
through or along an electric are area whose
axis is vertically arranged, the said material
falling upon a surface included in and heat-
ed by the arve circait.

In testimony whereof, I have hereunto
subscribed my name,

CHARLES B. HILLHOUSE.

Witnesses:

Laura. E, Sarrrs,
Micorep L. ST,
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* UNITED STATES PATENT OFFICE.

'JURGEN EBRNST THOMSEN, OF JERSEY CITY, NEW.JERSEI, ASSIGNOR TO THE JOSEPH
DIXON CRUCIBLE COMPANY, OF JERSEY CITY, NEW JERSEY, A CORPORATION OF

NEW JERSEY,

ELECTRODE AND PROCESS OF MAXING THE SAME. -

1,243,009,
No Drawing.

- To allwhom it may concern?

Be it known that I, Joreun Ernst Trom-
SEN, 8 citizen of the United States, residing
in Jersey City, in'the county of Hudson, in

5 the State of New Jersey, have invented cer-
- tain new and useful Improvements in Elec-
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‘trodes and Processes of Making the Same,
of which the following is a specification. .
My invention relates to electrodes or elec-
trical conductors and particularly to that
class of electrodes which are composed
partly of carbon. An object of my inven-
tion 1s to produce a harder and stronger

article of this class than those in common

use at present. Electrodes of my invention
are of particular value as dynamo brushes,
but they have numerous other uses.
In order that my invention may clearly be
-understood, I will describe in detail a spe-
cific embodiment of it.
In producing my electrode, I first mix to-
" gether finely divided carbom, a phenol or
creosol. or a compound or mixzture contain-
ing phenols and credsols, such as pitch,
tar or creosote oil, and formaldehyde or
o formaldehyde derivative, such as para-

* - formaldehyde, and hexamethylenetetramin:

3¢

49

45.

I find it preferable not to have the car-

bon content of this mixture reduced to-

a uniform degree of“fineness. It should
preferably consist of particles of graphite
of different sizes. If formaldehyde isused,
I find it desirable also to add a small quan-

- tity of alkali, as, for example, ammonisa, to
36

the mixture. . .
- The strength of the final material as well
as its electrical conductivity may be varied
by varying the 3)roportion of the carbon to
the other mgredients in the mixture. Ome
formula which I have found to give a very
satisfactory product is as follows:— -

64% carbon (containing particles of dif-
ferent sizes), = - S
" 18% cog) tar,

15% creosote,

3% hexamethylenetetramin.

The above described mixture is then heat-

~ed to a temperature not exceeding 450° F.

50

to drive off the volatile matter and the re-

malnmg mass is ground to a powder. =
‘The powder thus formed is then pressed

into molds .at. & pressure which must vary

" - according to the hardness and density .de-
aired in the product. When making the-

Spetification of Letters Patent, -

- a pressure of two tons

" a.red heat.

Patented Oet. 16, 1917.

Application filed February 2, 1917, Serial No. 146,204.

electrode for use as a motor brush, I find
per square inch satis-
factory. ' .

The meolded blocks are then caleined at a
temperatnre above the decomposition points
of the condensation products of the for-

-maldehyde and the. phenols and creosols.

It is necessary to surround or cover: the
blocks with fine carbon during the calcining

or otherwise prevent oxygen from coming

in contact with the blocks when heated about
In calcining, the temperature
must be raised very slowly up to the point
where the condensation products of the for-

‘maldehyde and the cresols and phenols are

fully carbonized and all the gases from their
decomposition have been expelled. When
this point is reached, the calcination is com-
plete and a further in¢rease in the tempera-
ture has no effect. - :

I wish it clearly understood that my in-
vention is by no means limited to the spe-
cific embodiment which I have deseribed.
My invention is defined in the following
claims, in which I have used the word “tar®
in a generic sense to include either wood tar,
coal tar or a mixture of the two or any sub-
stance or substances containing phenols or
creosols or both. o

I claim:— _

1. An electrode consisting of a hard non-
inflammable body produced from a mixture
of carbon, tar, and a compound containing
the formaldehyde radical. .
- 2. An electrode consisting of a hard non-
inflammable body produced from a mixture

of finely divided carbon including particlés

of different sizes, tar, and a compound con-
taining the formaldehyde radical.
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. 3. An electrode consisting of a hard_noﬁ-' '

inflammable body produced from a mixture
of the following components in about suh-

_stantially the following proportions: earbon

64%, tar 33%, and formaldehyde deriva-

tive 8%. .

. 4. An electrode consisting of a hard non-
inflammable body produced from a mixture
of finely divideg carbon containing parti-

cles of different sizes, phenols and creosols, -

and a compound containing the formalde-
hyde radical.

95
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5. A process of making electrodes, com- -

prising mixing together carbyn, tar, and a

formhidehyde

compound . containing the
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radical, pressing the mixtire into blocks,
and calcining the blocks at a temperature
above thé' decomposition point of the con-
densation products present. '

6. A process of making electrodes, com-

" prising mixing together tinely divided car-
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bon containing particles of different sizes,
tar, and a compound containing the for-
maldehyde radical, pressing the mixture
into blocks, and caleining the blocks at a

temperature above the decomposition point.

of the condensation products present.

7. A process of making electrodes, com-
prising mixing carbon, tar, and a_compound
containing the formaldehyde radical, heat-
ing the mixture sufficiently to drive off the
volatile matier, pressing the mixture into
‘blocks, and caleining the blocks at a tem-
perature above the decomposition point of
the condensation products present.

1,243,008 -

8. A process of making eleetrodes, com-
prising mixing together carbon, tar, and a

compound containing the formaldehyde -

radical, heating the mixture sufficiently. to
drive off the volatile matter, grinding the
resulting mass to a powder, pressing the
powder into blocks, and calcining the blocks

at a temperature above the decomposition
point of the condensation products present. -

9. A process of making electrodes, com-
prising mixing together finely divided cay-
bon about 64%, tar about 33%, and formal-
dehyde derivative about 3%, heating the
mixture to a temperature not exceeding 450°

T, to drive off the volatile matter, grinding *

the resulting mass to a powder, pressing the
powder into blocks, and calcining the blocks
at a temperature above the decomposition
point of 'the condensation products present.
JORGEN ERNST THOMSEN.

30



H. NATHUSIUS.

ELEGTRODE FOR USE IN ELECTRIC FURNAGES AND FOR OTHER PURPOSES,
APPLICATEON FILED JULY £9, 1916,

1,268,483, Patented June 4, 1918,

Fig.2.
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UNITED STATES PATENT OFFICE.

HANS NATHUSIUS, OF FRIEDENSHYUTTE, EREIS BEUTHEN, GEERMANY.

ELECTRODE FOR USE IN ELECTRIC FURNACES AND FOR OTHER PURFPOSES,

1,268,488,

Specification of Letters Patent.

Patented June 4, 1918,

Application filed July 19, 1916, Serial No, 110,052.

To all whom it may concern:

Be it known that I, Hans NaTeosius, re-
siding at Friedenshiitte, Kreis Beuthen, Ger-
many, have invented a certain new and use-
ful Electrode for Use in Electric Furnaces
and for other Purposes, of which the fol-
lowing is a specification,

This invention relates to electrodes a;l:}ll)t--
ed for use in electric furnaces and for other
purposes and consisting of a conductor of the
second order, and to a process for manufac-
turing such electrodes. As is known, elec-
trodes are at present made of conductors of
the first order, e. g. British anthracite which
is compressed in suitable molds after a binder
such as tar, piteh, ete., has been added.

1t is dificult to obtain suitable anthracite
and it is therefore desirable to find a substi-
tute for that material, .

I have found that electrodes can be made
of conductors of the second order, ¢, g. dolo-
mite, if a material of this character is mixed
with conductors of the first order such as
metals. Any suitable binders, such as tar,
pitch or the like, and coke or other materials
containing carbon, may be added. The mixz-
ture is compressed in suitable molds, After
molding, it is baked and further treated in
the same manner as carbon electrodes or con-
verter linin,

Reference is to be had to the accompandx;in%
drawings in which Figure 1 is a jongitudina
and Fig. 2 a cross section of an electrode mold
with the electrode mass and its insertions in
position. _ _

‘The mass &, composed of dolomite and ad-
ditions, is forced into the mold by stamping,
The conductors of the first order ¢ are so
arranged as to make contact with the ter-
minals even if the conductor of the second
order is not yet heated and, consequently, has
not yet become conductive,

When current flows through the electrode,
the metallic substances will melt. They are,
s0 to say, disseminated in the dolomite and

are thereby combined with it to such an ex-
tent that the electrode remains conductive
even if cold,

Preferably, I make the metal substances
of sheet Iinetal, as illusi;rai;ertll‘,h in the form of
strips, clips, spirals, etc, eir percent
in relation to the conductor of Ele secoar%g
order is determined by the required mini-
mum conductivity of the electrode.

Any metal may be used which does not
contaminate the charge of the furnace.

It is possible, but not indispensable, that
the substances of which the electrode is com-
posed will undergo certain chemical reac-
tions with each other. This, however, has no
detrimental effect on the operation of the
electrodes.

A particular advantage of the electrodes
manufactured by my improved process apart
from their cheapness, is that they are extra-
ordinarily strong and dense and have no
tendency to break. Even if, in consequence
of careless operation, particles of the elec-
trodes should fall into the bath, they have
no detrimental influence on it, as, owing to
the small percentage of carbon contained in
the electrode, they do not increase the carbon
content of the bath to any appreciable ex-
tent, It follows that sof{' charges can be
obtained which was difficult with the carbon
electrodes heretofore in uge.

It has been proposed to provide carbon
electrodes with insertions, etc., or cores of
metal but only with the object of incréasin
the conductivity of such electrodes which
per se consist of a conductor of the first
order. The metal insertions in these oid
electrodes are however not disseminated in
the mass of the electrodes.

This has no bearing on my process in

which a conductor of the second order forms

the skeleton of the electrode. The same
process and the same composition of elec-
trode mass may be advantageously applied to
the manufacture of substitutes for arc lamp
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slectrodes, contact electrodes ete. in all
cases where a solid conductor of not too Hm-
ited conductivity should be used.

I claim:

1. A process for manufacturing electrodes
from conductors of the second order consist-

ing in inserting metal into dolomite, adding

© guitable binders and substances containing

19

carbon, stamping the mass in molds, baking
it and melting the metal insertions by means
of electric current. :

1,568,483

2. An electrode consisting of a conductor
of the second order, wmprising dolomiie
and a binder, and coutalning metal dis-
seminated within its mags,

In testimony whereof T affix my signature
in presence of two witnesses.

"HANS NATHUSIUS.

Witnesses:
Henry HASPER,
Arizy F. JENNINGS,
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UNITED STATES PATENT OFFICE.

_ JESSE C. KING; OF MONTREAL, QUEBEC, CANADA.

ELECTRODE,

1,312,260.

Specification of Letters Patezt. ©  Patented Aug. 5, 1919.

Application filed October 9,1917. Serial No. '19'?;5?3.

To all whom it may concern: :

Be it known that I, Jesse C. King, a citi-
zen of the United States, and resident of the
city of Montreal, in the Province of Quebec
and Dominion of Canada, have invented
certain new and useful Improvements in

- Electrodes, of which the following is a full,
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~ tional aren and consequently altering the re- -
.sistance and conductivity of the electrode.

25

~ provide an' electrode having on the outer -

clear, and exact description.

This invéntion relates to improvements in
electrodes for use in electric furnaces and
the like. e . o

It is well known that electrodes which
usually consist of carbon waste or burn away
quite rapidly at points remote from the ac-

tive end, thus reducing the efficiency and life .

of the electrode. The carbon body becomes

heated to very high temperatures for a con- -

siderable distanece back from the end, and
this heating renders the carbon more or less
readily combinable with oxygen of the air
or Wit{l other gases, with the result that the
electrode burns away, thus reducing the sec-

The main ébject of my invention is to

surface thereof a thin coating of non-oxidiz-

~ ing material designed to protect the body of

30

the electrode from combination with. gases

-at all parts of the surface not in actual oper-

_ation.. ‘T have found that a coating of finely

35
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ground bauxite is very suitable for this pur-
pose, and the coating may be applied in the
manner described in my copending applica-

tion, Serial No. 99,104; filed May 29nd, 1918.
"ing a carbon core having a roughened sur-

After the application of the protective coat-
ing, the electrode is preferably baked, so

that the core and the coating become for all -

practical purposes integral, .
Referring to the drawing, which repre-
sents a cross sectional view of the electrode
with the coating applied thereto, 11 desig-
nates the core or electrode proper of carbon
having the surface 12 roughened by any
suitable means. The coating of bauxite 13
is then applied to the roughened surface,

trode is then baked to drive off the moisture
ani gases, and to harden both the core and
the coating. - The bauxite which is ground
to a suitable fineness may be molded, pasted,
ressed or sprayed on to the roughened car-
on core, and when suitably hardened, this

coating forms an impenetrable coating be-
_tween the electrode and the gases of the fur-

nage. . If it is desired to mold the surface

. preferably in 2 ]](Jlastic condition, The elec-

50

&5

coating onto the carbon electrode, the latter -

may be used in a suitable mold as a core and
the surface coating may be pressed into the
mold around the core in the usual manner.
If the surface coating is to be pasted onto
the core, a_trowel or other suitable imple-
ment may be used and this surface coating
In plastic condition may be pasted onto the
roughened surface. of the core, in as even a
manner as possible. To spray the coating
onto the core, any suitable.implement such
as a cement gun may be employed;

In some cases, it may be desirable to use a

binder consisting .of a small proportion of

" pitch or other carbonaceous bonding mate- -

riasl. When a small quantity eof such a

binder is used, it holds the  coating during

the baking process where. it - becomes thor-

~oughly hardened. =

Having thus described my invention, what
I claim js -~ el .

1. A coating for electric furnace elec-
trodes, consisting of finely ground bauxite
and a carbonaceous binder for same. .

2. An electric furnace electrode compris-
face, and a coating of bauxite bonded on to
the ronghened surface. . . :

3. An electric furnace electrode compris-
ing a carbon core having a. roughened sur-
face, and a coating of bauxite mixed with a
carbonaceous binding material honded or
baked on to the roughened surface.

In witness whereof I have hereunto set my

hand. .
JESSE C. XING.
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M. SHOELD.

ELECTRIC FURNACE ELECTRODE.
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Patented Ang,. 12, 1919,
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" " INVENTOR,
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UNITED STATES PATENT OFFICE.

MARK SHOELD, OF CHICAGO, ILLINOIS, ASSIGNOR TO ARMOUR FERTILIZER WORKS, OF
CHICAGO, ILLINOIS, A CORPORATION OF NEW JERSEY.

'BLECTRIC-FURNACE ELECTRODE.

1,313,126.

Speeification of Letters Patent,

Application filed October 21,1918, Serial No. 258,942,

To all whom it may concern: :

Be it known that T, Mark SHOELD, a sub-
ject of the King of Sweden; residing at
Chicago, in the county of Cook and State of
Illinois, have invented certain new and use-
ful Improvements in Electric-Furnace Elec-
irodes, of which the following is a specifica-
tion.

Vertically-arranged electrodes for electric
furnaces, especially those supported solely
from their upper ends, are subject to break-
age and other injuries in service because of
their frailty and fragility and the prime ob-
ject of the present invention is to obviate
these various difficulties, giving the elec-
trodes longer life and permitting them to

‘perform their functions more satisfactorily,

It is practically impossible to.obtain single
graphite electrodes of the required relatively-
large sizes needed for some furnaces, possi-
bly due to size limitations in the production
of graphite members by the ordinary and
well-known processes, and the employment
of the features of this invention also over-
comes this difficulty. A further salient fea-
ture of the invention is the provision of an
electrode of this general type which is easier
to support and more readily replaced than a
single large electrode would be. Other pur-
poses of the invention are to make the elec-

-trode sectional or in parts whereby if one of

its elements breaks the electrode as a whole
is not materially or irreparably injured, to
construct the member in such a way as to
expose 3 large surface to the mass to be
treated thereby maintaining a_reduced cur-

rent-density at the surface of the electrode,

to provide an element of this character
which causes a more uniform heating of the
mass to be treated, to produce an electrode
which because of its sectional character can
adapt itself to reasonable warping and

- twisting, and to accomplish other desirable

objects,

To the accomplishment, of these and other
ends, in the preferred embodiment of the in-
vention, the electrode comprises a central,
cylindrical element, surrotinded by a plural-
ity or set of like elements contacting there.
with and with one another for mutual sup-
port and reinforcement, all of these mem-
bers being individually supported at their
top ends only and unitedly forming a sec-
tional depending electrode.

In the accompanying drawing, illustrat-

ing such a desirable embodiment of the in-
vention and throughout the various views of
which like reference characters refer to the
same parts, Figure 1 is a central, vertical
séction through an electric - furnace illus-
trating one of the improved electrodes;

~ Tig. 2 is a horizontal section through the
electrode; and

Fig. 8 is a plan view of the central por-
tion of the furnace showing the manner of
supporting the parts of the electrode.

As is clearly illustrated in this drawing
the electrode or electric terminal is com-
posed of a central or inner cylindrical ele-
ment or rod 10 of graphite or other suitable
electrically - conductive material, which is
usually more or less fragile and subject to
breakage, supported from above only by
means of a single screw 11, fastening its
top end to the hottom wall of a properly-
supported pan 12 adapted to contain cool-
ing water. Grouped or arranged around
this main electrode element is a plurality of
like members 13, 13, six in number in the
present instance, each in longitudinal line
contact with the element 10 throughout their
length and in a similar bearing relation with
the two companion elements on opposite
sides of it, whereby all of these members
mutually and collectively reinforce one an-
other and unitedly strengthen the electrode
as a whele, rendering the same less subject
to breakage if accidentally knocked or
struck a blow. As is the case with the in-
closed or central member, these outer ele-
ments are individually or separately sup-
ported at their top ends only by means of
screws 14, 14 securing them to the bottom
wall of the pan, each of these screws fitting
in a threaded hole in thie upper end of the
corresponding graphite rod which it sup-
ports. _

The inner, central, electrode member, ex-
cept possibly at its lower face, does not
necessarily come into contact with the ma-
terial being treated, which, usually in the
form of briquets, passes downwardly around
all sides thereof as will be readily under-

stood and as is shown in the drawings. Tis

principal function is to act as a common or
inner support or strengthening member for
the surrounding outer eloments and, if de-
sired, to transmit a part of the electric cur-
rent. The corrugated, grooved, fluted or
furrowed surface presented to the briquets

Patented Aug. 12, 1919, |
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by the united, outer, graphite rods not only
inereases the surface exposed ag compared
with a single, large, cylindrical electrode,
but a more efficient contact is had with the
briquets, the current-density at the surface
of the electrode is reduced, and a more ef-
fective cooling of the electrode is possible,

By separately or individually supporting
the various component parts of the electrode
ag a whole, it is rendered more flexible, thug
permitting it to more or less readily accom-
modate itself to warping and twisting
strains and if any element accidentally be-
comes broken it can be comparatively easily
replaced, and in many instances successful
operation can be continued until it becomes
convenient to effect such repair,

Having presented in detail one desirable
embodiment of the invention it is not to be
understood that this is the only way.in
which the invention can be put into prae-
tical commereial form, but rather it should
be appreciated that the invention is sus-
ceptible of a variety of satisfactory embodi-
ments all incorporating the main general
features and principles on which the inven-
tion rests, For example, the rods of which
the electrode is composed need not neces-
sarily be cylindrical in cross-section, the
inner one may in some cases be entirely omit-
ted, and in other instances may be made of
relatively non-conducting material.

1,313,126

T claim:

1. An externally longitudinally fluted or
furrowed electrode for an electric furnace
or the like, comprising in combination a cen-
tral, vertically-disposed, cylindrical, elec-
trically-conductive element, a plurality of
vertically - disposed, parallel, cylindrical,
electrically-conductive elements surround-
ing said central element and each in longi-
tudinal contact with said central element
and with the two outer elements on the oppo-
site sides of itself, and means supporting
said electrodes individually from their up-
per ends only, substantially as described,

2. An externally longitudinally fluted or
furrowed electrode for an electric furnace
or the like, comprising a central, cylindrical,
electrically-conductive element and a plural-
ity of parallel, cylindrical, electrically-con-
ductive elements surrounciing and in con-
tact with said central element and each in
contact with the two outer elements on the
opposite sides thereof, substantially as de-
scribed,

3. A longitudinally fluted or furrowed
electrode for an electric furnace or the like,
comprising in combination, a plurality of
parallel electrically-conductive rods, and
means to support said rods from their upper
ends only and in longitudinal contact with
one another, substantially as described.

MARK SHOELD.,
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To all whom it may concern.: :

Be it known that I, Jesse C, Kive, a citi-
zen of the United S)tates, and resident of
the city of Montreal, in the Province of
Quebec and Dominion of Canada, have in-
vented certain new and useful Improve-
ments in Electrodes, of which the following
is a full, clear, and exact description.

This invention relates to improvements
in electrodes for use in electric furnaces and
the like, and the object of the invention is

to provide an electrode having on the outer -

sdurfaoe thereof a thin coating of material
esi
at all parts of the surface inot in actual
operation. _

Carbon electrodes, when used in electric
furnaces or the like, become heated to high
temperatures for a considerable distance
from the active end, and this high tempera-
ture renders the carbon more or less com-
binable with oxygen or other gases, with
the result that the electrode burns away
very rapidly, thus reducing the sectional
area and consequently altering the resistance
and conductivity ‘of the electrode,

My invention is designed to cover the sur-

- face of the electrode with a thin coating

30

35

40

of incombustible material, so that wasting
away will be limited to the normal waste
caused by the passage of the arc. I have
found that a mixture of silica and graphite
is suitable for this purpose, and this mix-
ture may be applied in the manner de-
scribed in mg(}co ending application, Serial
Number 99,104, filed May 22nd, 1916." A fter
the application of the protective coating,
the electrode is preferably baked, so that
the electrode and coating become for all
practical purposes integral.

Referring to the drawing, which repre-
sents a cross sectional view of the electrode

- with the coating applied thereto, 11 desig-

48

50

nates the core or electrode proper of carbon .

having the surface 12 roughened by any
suitable means and applied thereto a coat-
ing 13, comprising a mixture of silica and
grs;ghite. his coatinge mixture is applied
to the carbon core, preferably while the laj-
ter is in a plastic condition, and the elec-

‘trode is then baked to drive off the moisture’

and gases from the electrode and harden
same. The proportions of silica and
graphite may vary largely, but for ordi-

ed to protect the body of the electrode

nary purposes, I prefer to use a mixture
of approximately equal parts of the two in-
gredients. Pure silica and carbon may be
used if the former ingredient can be ob-
tained, but usvally commercial silica con-
taing a percentage of alumina or iron, or
both, and it is to be understood that my in-
vention covers the use of either pure silica
or silica in its ordinary commercial state.

When an electrode thus coated is used
in_a furnace or other apparatus wherein
a large portion of the electrode is subject
to high heat and the action of s, the
coating remains substantially .inert, as
neither the silica nor the graphite will be
attacked by oxygen or other gases present.
Graphite at high temperatures does not
readily combine with oxygen or other gases,
but neither graphite nor silica alone would
form a perfect coating. A mixture of the
two ingredients, however, produces a coat-
ing which has approximately the same ex-
pansion and contraction as the carbon of
the electrode, and the coating is therefore
not liable to split or crack and expose por-
tions of the core to the action of gases, -

The silica is ground to suitable fineness
and is mixed with finely ground graphite
in proportions which may range from 25%
of silica and 75% of imphite, to 90% of
silica and 10% of graphite, but I prefer to
use approximately equal proportions by
weight of each of the ingredients. This
mixture may be molded, pasted, sprayed or
pressed on to the roughened carbon core,
and when suitably hardened forms an im-
penetrable coating ‘between’ the electrode
and the gases of the furnace,

Havin
what I claim is:— .

1. A coating for electrodes comprising a
mixture-of silica and graphite.

2. A coating for electrodes conmsisting of
a mixture of finely divided silica and finely
divided graphite in approximately equal
parts by weight. .

3. An electrode having a surface coatin,
of from 25 to 90 per cenmt. silica mixed wit
from 75 to 10 per ceént.
tively substantially as set
- In witness whereof, I have hereunto set

-my hand.

JESSE C. KING,
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This invention relates to means for re-
moving oxygen from atmospheres contain-
ing the same, more particularly to the re-

. moval of oxygen from the spaces above the
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oil in electrical apparatus siach as trams-
formers, circuit breakers, oil switches and
the like. . _ ' -

In such electrical a
above the oil is generally filled with air and
upon an arm forming in the oil, accidentally
or during the normal operation of the de-
vice, combustible gases which mix with the
air are produced, forming an explosive mix-
ture. This mizture has, on diig
sions, been ignited by arcs within the appa-
ratus, cansing explosions which damaged
the apparatus and endangered the lives of
the workmen. . '

To overcome this difficulty it has been pro-
posed to provide s material, either in the
space .above the o¢il or in communication
therewith, which is capable of removing the
oxygen from said space, and thus prevent
the formation of explosive mixtures.

Our invention relates to materials of this-

character, it being among the objects thereof
to provide a maferial capable of removing
oxygen from atmospheres which shall be
highly éfficient in operation and-which may,
be produced at a low cost.

Tn practising our invention, we provide s
mixture of finely, divided copper and carbon
intimately mixed and in an extremely active
state. This mixture may be prepared in a
varietg of ways, but we prefer to make the
same by subjecting a hydro-carbon eil con-
taining = copper soap, to a hi%h potential
arc. This breaks down the oil to provide
finely divided carbon which is in a highly
reducing condition and; therefore, is ve
active. Together with the carbon, there 1s
precipitated very finely divided copper
which is obtained by the decomposition of
the copper soap. The mixture js filtered
washed with ether to remove all traces of
oil, and is then dried. '

The mixture has been found to
reactive with the oxygen of the air. The

rate of reaction may be so rapid that in the -

open air spontaneous combustion may occur
and the earbon be burned to carbon dioxid
and the copper to cuprous and cupric oxides.
Ap‘farently, the carbon is in activated, form
AN

paratus, . the space' :
-suitable for carrying out our

erent occa-

be very.

d it catalyzes the oxidation of the copper,

at the same time reacting with oxygen to
form carbon dioxide.

If it is desired to accelerate the reaction
in a closed container, we may add to the
mixture of copper and carbon & small quan-
tity of a salt such as cupric nitrate, ammo-
nium chloride or the like. =~ . - .
In the accompanying drawing, consti-
tuting a part hereof, the single figure is a
vertical eross-sectional view of an apparatus
TOCeSS,

The tank or contaziner 1 is filled to a suit-
able point with a mixture 2 of a hydro-
carbon oil and copper oleate or other fatt

80

acid soap of the metal to be precipitated.

Electrodes 3 and 4 of carbon or other suit-

able material are connected to leads 5 and 6,

respectively, which are connected to a suit-
able source of high voltage. '

Current is passed between electrodes 3.
and 4 forming a high-ension arc 7, which;
acting upon the mixture 2, causes decompo-
sition thereof, forming finely divided cop-
per and carbon together with a certain
amount of gas, which is given off. The cop-
per and carbon material 8 settles to the bot-
tom of the container 1 and is removed there-
from in 2ny suitable manner. The material
is centrifuged, washed with ether or other
suitable solvent for the mixture 2, and dried
ready for use.

Although we have described our invention

10

75

&0
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setting forth a specific embodiment thereof,

it is obvious that various changes miay be
made therein within the scope of our inven-
tion. For instance, instead of carbon elec-

" trodes, we may utilize electrodes 6f chromi-

um or platinum, which have high-resistance
to corrosion. We may omit the copper soap
and utilize instead thereof, eleéctrodes.of cop-
per or brass which, under the influénce of
the arc produce copper in finely- divided
form, which provides a mixtuare with the
carbon liberated ffom the oil. Amny type of
hydro-carbon oil which has been refined to
remove sulphur, acid and asphaltie products
may be used. éeneral]y, an oil heavier than
kerosene is preferred. '

our process may: be varied in size by varying
the "I;Iectrical ?'gharacteﬁsﬁcs of the source
of energy. (enerally, we prefer to use a
high-frequency - ki h-volta%e source with a
low current in order tg o

tain very finely

100

The particles of the materia] produced by - .
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divided particles. Using a low voltage and
a high current gives larger particles.
"We claim as our invention:

1. A material for deoxidizing atmos-
pheres comprising a mixture of a plurality
of oxidizable constituents, one of which 1s
finely divided carbon and another is copper,
gaid material being so finely divided as to
be capable of spontaneous combustion.

2. A material for deoxidizing atmos-
pheres comprising a mixture of finely di-
vided copper and finely divided carbon, said
material being capable of spontaneous oxi-
dation.

3. A method of making deoxidizing mate-
rial which comprises immersing metal con-
taining electrodes in oil and then subjecting
said oil to the action of an arec.

4. A method of making deoxidizing mate-
rial which comprises providing an oil con-
taining cuprous material and then subject-
ing said oil to the action of an arc between
electrodes immersed in said oil.

5. A method of making deoxidizing mate-
rial which comprisés mixing an organic com-
pound of copper with an oil, immersing
electrodes in sajd mixture and then subject-
ing said mixzture to the action of an arc be-
tween said electrodes.

6. A method of making deoxidizing mate-

1,610,502

rial which comprises subjecting a solution
of a hydro-carbon oil and a copper fatty acid
compound soluble in the said oil, to the ac-
tion of an arc.

7. A method of making a deoxidizing ma-
terial which comprises immersing terminal
electrodes in a bath of oil associated with a
cuprous metal and then subjecting the bath
to the action of an arc.

8. A method of making a deoxidizing ma-
terial which comprises immersing terminal
electrodes in 2 bath of oil associated with
copper and then subjecting the bath to the
action of an are.

9. A method of making a deoxidizing ma-
terial which comprises immersing terminal
electrodes in a bath of oil asscciated with
copper oleate and then subjecting the bath
to the action of an arec. o
. 10. A method of making a deoxidizing
material which comprises immersing termi-
nal electrodes in a bath of oil associated with
a fatty acid salt of copper and then sub.

Jecting the bath to the action of an arc.

In testimony whereof, we have herennto
subseribed our names this 17th day of De-
cember, 1928, -

CLARENCE .J. RODMAN.
«+ JAMES G. FORD.
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. This invention relates to channeled contin-
uous electrodes for electric furnaces and the
object of the invention js a process for mak-
ing such electrodes whereby. first class me-

* & chanieal and electric qualities are obtained.
Tn my V1. S. Patent No. 1442031 1 have
deseribed n method of producing channeled

- continnong electrodes. My present process
is an improvement of the process described

.10 in that patent and is preferable in snch eases
‘when very hot gases or charges pass throngh

.. the electrode.

My present process may bhe used in connec-
. tion with any tvpe of electric furnace and

18 the suspension of my electrode may be cax-
ried out as desired in each specinl case. Tt
will especially be ndvantageons in connection
with closed furnaces and mnkes it possible
to carry out therein a number of processes

20 ywhich have hitherto only been carried out in
open furnaces. as for instance the produe-
tion of carbide. and many products which
get lost in open furnaces may now be recov-
ered. As an example T may state that a car-

28 hide furnace per ton carbide gives about
372 kg. of earbon monoxide which carry
along about 204 ke of dust. Instead of
being disagreeable to the neighbourhood of
the furnace these products may be recovered

30 hy employing my channeled electrode.

In order to carry out my invention I pro-
vide s usnal continvous selfbaking elec-

trode with one or more longitudinal chan-

‘nels. Such electrodes consist of a lower
8% haked part and an npper unbaked part. I
have found that it is essential to the produe-
tion of a first class electrode to always main-
tain a part of the electrode in unbaked con-
dition in order to give a homogeneons con-
40 nection with the new electrode mass to be
tamped therenpon. If now in the case of
a channeled electrode very hot furnace gases
are drawn out through the electrode the up-
per Eart of the electrode may hecome baked
4 by the heat given off from the gases. The
same may of course take place if very hot
gases are introduced through a channeled
electrode. I have now found that this difii-
culty may be avoided by placing a cooled
% tybe in the channel or channels at the npper
end of the electrode. The cooled tube will
then protect the surrounding raw electrode
mass from being baked. The tube may
either be in solid connection with the col-

lecting arrangements for the furnace gas or
in solid connection with the electrode and in
flexible connection with said collecting ar-
rangement. - Ag the electrode is lowered the
mnbaked electrode mass ontside the tube will
follow downwards. Consequently the tube

mnst from time to time be raised if it is in-

solid connection with the electrode. T may

of conrse also heat insnlate such a tube in- -

stead of cooling it so as not to bake the sur-
ronnding electrode mass. °

In the drawing forming part of the ap-
plication a vertieal seetional view of an eleo-
trode and furnace nsed in carrying ount my
invention is shown: -

Referring more particularly to the draw-
ing. 1 is a continmons selfbaking electrode
suspended by means of an external holder 2.
3 is wn electric fmrnace, 4 is a longitndinal
channel inside the electrode. 5 is a water
cooled tnbe in the vnbaked nart of the elec-
trode. 6 is the ontlet for the furmace gms,
7 and 8 are openings for cleaning the tubes.

When the furnace is in operation a strong
dratft will on aceount of the great heat form
in the channe! 4 actine as a flue and T may
now reculate the draft in snch manner that
the gases formed in the furnace escape with-
ont air being drawn in through the fur-
nace. I may if desired regnlate the condi-
tions so that part of the gas escapes each
weyv. The regulation may easily be carried
ont for instance hy means of a door or a fan.

Tt is easily wnderstond which improve-
ments in the operation of the furnace are ob-
tained by the removal of the furnace gus.
The great amounts of hot and intensely il-
Inminating gases which #re developed in the
nsnal earbide and ferroalloy furnaces form
the principal diffienlty in the handling of
the furnace. By having the gases removed
from the Intnace through a hollow electrode
all drawbacks are eliminated and the fur-
nace is easily and comfortably handled.

The method deseribed is of special im-
portance when smelting materials in powder
or with little porosity. Such material is for
instance a mixture of powdered iron ore
(purple ore or the like) with powdered coke
or similar powdered reduction material.
Such powdered materials are generally much
cheaper than other raw materials. They
have, however, the drawback that the charge

T0
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‘charges which may partly

Consequently the furnsce “blows”, that is,
the gas will force its way through the charge
¢ laces, forming open channels
through which it eacapes, Little or no con-
tact between gas and material is therefore

‘obtained and neither the heat content nor the

reduction value of the gas is utilized. By
drawing gas out through the electrode the

- blowing is avoided and at the same time the

is collected and may subsequently be uti-
d for preheating, roasting or reduction of
be charged
through the electrode channel in counter
current with the gases.
A furnace such as that herein described is
especially noteworthy on eccount of the fact
that it tpossesses in combination the advan-
ta%es of both an open and a closed furnace.
f the furnace gases contain volatile ele-
ments as for instance zine, &Jhosphorus or the
like, these may be recovered as usual by lead-
ing the gas through a condensing system con-
nected with the furnace, .
As previously stated the process herein de-
scribed may also be employed for blowing
gas into the furnace, If desired I may of
course also draw gas through the furnace
and the electrode. Such procedures may for
instance be employed for effecting reaction

~of a gas with earbon, for instance in the pro-

duction of hydrocyanic acid.
What I claim as new and desire to secure

- by Letters Patent of the United States is: -

1. The process of making continuons self-
baking channeled electrodes for electric fur-
naces comErising_the introduction of a body
in the unbaked part of the electrode pro-
tecting the surrounding raw eleetrode mass
against the heat from the channel and thus
preventing the baking of said raw electrode
mass. -

2. The process of making continuong self-
baking channeled electrodes for electric fur-
naces comprising the introduction of a tube
in the unbaked part of the electrode protect-
ing the surrounding raw electrode mass

1,040,785

against the heat from the channel and thus
preventing the baking of said raw electrode
mum. .

3. The process of making continuous self-
baking channeled electrodes for electric fur-
naces comprising the introduction of a cooled
tube in the unbaked part of the electrode
protecting the surrounding raw electrode
mass against the heat from the channel and

thus preventing the baking of said raw elec-

trode mass,

4. The process of making continuous s»lf- -

baking channeled electrodes for electrie fur-
naces comprising the introduction of a water
cooled tube in the unbaked part of the elec-
trode protecting the surrounding raw elec-
trode mass against the heat from the channel
and thus preventing the baking of said raw
electrode mass. -

5. A channeled electrode baked in the fur-
nace in which it is nsed and adupted for the
introduction into the furnace or removal
therefrom of gas, said electrode comprising
when in use a baked portion an unbaked por-
tion and within a part of the unbaked por-
tion means for protecting the raw electrode
mass ngainst heat from the channel,

10

6. A channeled electrode baked in the fur- .

nace in which it is used and adapted for the
introduction into the furnace or removal
therefrom of gas, said electrode comnprising
when in use a baked portion, an unbake
portion and within said unbaked' portion a
tube protecting the raw electrode mass
against heat from the channel.

7. A channeled electrode baked in the fur-
nace in which it is used and adapted for the
introduction into the furnace or removal
therefrom of gas, said electrode comprising
when in use a boked gortion an urbaked
portion and within sai unbaked portion a
water cooled tube protecting the surround-
ing raw electrode mass against the heat from
the channel and thus preventing the baking
of said raw electrode mass.

CARL WILHELM SODERBERG.
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ELECTRODE

No Drawihg‘.

The present invention relates to electrodes

“and more especially to electrodes containing

natural graphite, and to a process of forming
such electrodes. '

- Natural graphite is a material having pe-
culiar characteristics which well adapt 1t gor

- use in electrodes, but which have heretofore

grevented such use. Nagural graphite is a
aky material, being made up of flakes or
laminze. The surfaces of the flakes are
smooth as compared with artificial graphite

?

- and therefore present surfaces resistant to

.\l‘"
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oxidation in use: The smooth surfaces of
the flakes, however, have rendered the nat-
ural graphite unsuitable in manufacture of
electrodes by the usual processes, and at-
temptis to make electrodes containing a ma-
terial proportion of natural graphite have
not met with success.

In addition to the desirable smooth and
oxidation resisting surfaces of the natural
graphite, natural graphite is relatively cheap
and is available in large quantities.

The particles of natural graphite when
subjected to shearing strains tend to rupture
along cleavage planes between the flakes or
laminz. In making the mixes for electrodes,
a sticky, viscous bituminous binder, such as
tar or pitch, is usually employed, the mixture
being heated to render the binder semi-fluid.
In forming the mix the binder wets the sur-
faces of the solid particles of the mix and
cements them togeg'ner in the finished elec-
trode, o

It has been found, however, that where the
binder is used in"a mix containing a consid-
erable proportion of natural graphite, and
an attempt is made to form an electrode in
the usual way, that certain weaknesses are
developed. This' weakness is apparently
caured by the rupture and splitting of the
graphite flakes or laming along their cleav-
age planes, exposing dry surfaces, that is,

surfaces which have not been wet with the

binder and which, therefore, do not have a
good bond with the remainder of the ma-

-terial.

Tt has been found, for example, that if it
is attempted to make an electrode from g
mixture containing a considerable proportion

Application filed January 4, 1930. Serial No, 418,649,

of natural graphite by the customary extru-
sion process, the electrode thus formed is
badly cored. This coring has been variable
in degree, in many cases resulting in the for-
mation of concentric conical sections which
could actually be displaced one inside the
other. 'When the graphite-containing mix is
extruded through the extrusion die, the mix
being extruded is subjected to severe mechan-
ical strains, cansing shearing siresses to be
applied to the graphite particles, These
shearing strains tend to turn the graphite
flakes in the direction of the shearing motion
and to rupture the flakes, causing the lam-
in® to slide over each other along their nat-
urai cleavage planes, tending to form slip
planes in the electrode.

The surfaces of these cleavage or slip
planes formed by the rupture of :ﬁe graphite
particles during the extrusion are, or tend
to be, dry surfaces, that is, not wet by the
binder, and therefore cause -planes of weak-
ness in the electrode. Such electrodes there-
fore wounld have a short life due to spalling
along the slip planes between the lamin or
flakes. The same difficulty has been encoun-
tered in attempts to manufacture electrodes
containing natural %aphite by the other
processes 1n vogue. For example, attempts
to make such electrodes by the usual tamping
processes have proved unsuccessful. In the
tamping process the electrode is formed in a
mold and a tamping tool having a numbper
of projections or fingers is used to tamp the
mix in the mold. The tamping fingers rup-
ture the particles of the natural graphite and
cause the cleavage or slippage planes between
the laminz or flakes as above described. The
mix tends to adhere to the tamping tool and
pack irregularly, so that irregular lamina-
tions rouEhly perpendicular to the direction
of tamping are formed. The resultant eleec-
trode has structural weaknesses due to the
dry cleavage planes and is also packed irree-
ularly, so that the electrodes tend to not onfy
spall, but also to overheat locally.

Attempts to form electrodes containing
natural graphite by a simple pressing opera-

tion have also been unsuccessful, since the -

heavy pressures employed rupture the par-
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ticles of natural graphite, forming the weak-
ening cleavage or slippage planes between
as characterized by

logieal slickensides.

Attempts; therefore, to manufacture elec-
trodes containing a material or considerable
proportion of natural graphite have met with
failure and have not been commereial despite
the advantages which might be attained of
using natur:ﬁegm hite in the electrodes, such
as its Iow cost and smooth, relatively unpit-
ted, oxidation resisting surfaces.. So far as
We are aware, no commercially successful
electrodes have-been made from g mix con-
taining any material proportion, as, for ex-
ample, 20% or over, of natural graphite. We
have, however, succeeded in making elec-
trodes mainly composed of or containing a
considerable
thus rendering available natural raphite
for electrode use. These electrodes have not
only the advantages incident to natural
graphite, such, for example, as its smooth,

npitted oxidation resisting surfaces and its
low cost, but also have certain novel and ad-
vantageous characteristics, ,

We will now describe more specifically the
process of making our improved electrodes
and their characteristics, We form a mix
containing a suitable binder and a granular
dry material containing a considera le pro-
portion of natural graphite with or without
other electrode materials, such as electrode
scrap, carbon, and so forth. As. a specific
example, we make electrodes from a mix con-
taining about 50% of crushed natural graph-
ite having flakes about 14" in diameter on
the average and about 509 of graphite flour
or ground electrode scrap. The fineness of
the material and the proportion of natural
graphite to the dry portion of the mix may

varied to suit conditions. The mix may
contain the natural graphite mixed with oth-
er materials, such as electrode scrap or graph-
or the mix may consist entirely

~of natural graphite as the dry portion of the

50
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mix. The dry materials are mixed with g
suitable binder, for example, about 10% to
20% of a mixture of tar and pitch. - The mix-
ture is heated and thoroughly mixed to dis-
tribute the binder and wet the surfaces of
the particles of the mix, :

The electrode is formed from the mix by
a jolting operation. The mix is placed in
an electrode mold, which is raised and
dropped against a stop or anvil 5o as to sub-
Ject the mix to repeated Jjolting or jarring
which consolidates it but without material
rupture of the graphite particles, as would
be the case in the usnal extrusion, tamping
or pressing operations, The mold is graduoal-
ly filled while it is being jolted, and after the
mold is filled a presseﬁead is applied to the

* top of the mold to assist in the consolidation

to the familiar geo- -

proportion of natural graphite,
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of the mix and the jolting of the mold is con-
tinued until the mix is consolidated to form
the completed electrode. '

A jolting mold which can be utilized for
this purpose is described in the Doerschuk
Patent No. 1,683,587 of September 4, 1928,
Instead of the cam-held weight of the Doer-
schuk patent, we prefer to use a follower
which positively and instantaneously follows
up the momentary consolidation or settling
of the mix at the moment of impact. Such a
follower or presser head may be formed of a
plunger fitting into the upper end of the jolt-
Ing electrode mold and having above it a hy-
draulic chamber supplied with water under
pressure through a small and mstantaneously.
operating check valve which permits water
under pressure to follow up the descent of the
plunger at the moment of rmpact of the mold
against the anvil, but which prevents the

escape of the water and the tendency of the

plunger to rebound. A hydraunlic follower
of this type is described in the pending ap-
plication of Semmeon M. McAnulty, Serial
#390,049, filed September 7, 1929.

The electrode mold is preferably heated

- to maintain the mixture in a plastic condition

during the jolting and consolidating opera-

tlon, which is continued until the desired

density and orientation of particle is im-
parted to the electrode. The electrode is then
preferably maintained under the pressure in
the mold while it is 'chilled in order to pre-
vent expansion of the mix during the chill-
ingo, .
The forming of small carbon articles by
stmultaneous Eeating and pressing of cold
mix containing the binder uniformly dissemi-
nated through the mass either in the form
of finely comminuted particles or in the form
of films upon the carbon particles is well
known. This procedure fails to produce uni-
forn density of the formed article when one
dimension of the article is materially greater
than the other two as in the case of a eylinder
or parallellopiped whose length is several
times its diameter, width or thickness. By
forming such an article from such cold mix
with simultaneous jolting and heating how-
ever, the desired density and desired orienta-
tion of particles iz secured uniformly
throughout the formed article together with
uniform distribution of binder without the
necessity of hot mixing prior to the placing
of the mix in the mold, and this modification
of the use of jolting in forming electrodes is
also within the scope of our invention.

The electrode is then removed from the
mold and baked at a temperature of approxi-
mately 800° to 1100° centigrade in the man-
ner well-known in the art of maliing carbon
electrodes. The baking transforms the
viscous bituminous binder into a carbonized
binder in the completed electrode in the usual
way. The formeg
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ly be heated high enough to graphitize the
binder if so desired. :

We have found it possible to produce an
electrode containing natural graphite having
a strength and density in excess of that ob-
tainable by forming an electrode in the usnal
way, suich as by the extrusion or tamping
processes. It is possible to secure a graphite
electrode having a density of up to 1.98 be-
fore baking and 1.83 after baking, although
the densities of 1.6 or over after baking are

_ satisfactory for general use. These densities
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may be compared with the usual densities of
1.56 for carbon electrodes after baking or
1.54 for graphitized electrodes formed in the
usual way. The high density of the electrode,
combined with the natural resistance to
oxidation of the natural graphite, produces

an electrode having an exceptionally long life

in operation. This is of obvious advantage
in giving o greater furnace yield per elec-
trode and reducing the labor. of changing
electrodes. The life of our electrodes is
greater than that of the wsuval graphitized

. electrodes of the same size and nearly double

that of the usnal carbon electrodes.

In addition to the high density, resistance
to oxidation and long life, our electrodes
have other valuable and characteristic
properties. The natural graphite flakes are
relatively thin compared with their width.
During the jolting operation the flaky par-
ticles tend to so orient themselves that the
flat faces lie in a plane normal to the direc-
tion of jolting, or at right angles to the axis
of the electrode when the jolfing is in a di-
rection axially of the electrode. An elee-
trode is therefore produced having a striated
or laminated structure, which is, however,
mechanically sound, uniform and substan-
tially free from dry slip or cleavage planes.
While it is preferred to jolt the electrode
endwise so that the lamin® are normal to
the axis of the electrode, it is. possible by
jolting the electrode sidewise to canse the
laming to lie axially of the electrode. This
arrangement of the thin flat natural graphite
flakes, which constitute a considerable pro-
portion of the electrode, results in certain
destrable characteristics, such asthat of selec-
tive thermal and electrical conductivity. The
thermal conductivity is greater in the direc-
tion of the planes of the graphite flakes than
it ts normal to such planes, or in an electrode

5 formed by endwise jolting the thermal con-

ductivity axially of the electrode is reduced,
While the thermal conductivity axially of

“the electrode may be reduced somewhat ir

an clectrode formed of irregular particles
stich as crushed coke or graphitized electrod.
scrap, ag described in the Doerschuk Patent
1,683,587, the selective thermal conductivity
is mich more pronounced when the flaky
natural graphite is employed.

The following table shows numericaily ob-

3

servations of thermal conductivities. The
first example is that of an electrode formed
of carbon by the extrusion process and
graphitized in the usnal way. The second
example is that of an electrode made from
the normal mix containing natural graphite,
such for example, as that of the specific ex-
ample given above of an electrode contain-
ing about 50% of crushed natural graphite
and about 50% of graphite flour or ground
electrede scrap as the dry constituents of the
mix, and jolted as herein described. The
third example is of a mix consisting prin-
cipally of a very flaky natural graphite and
jolted as herein deseribed:

Diroe-
tional
thermal
conilue-
livity
ratig
(axialf
lateral)

Axial Lateral.

(1) Graphitized. . ... ocoememee
(2; Jolted normal mix...._..........
(3) Flaky graphite jolted._._....._.

178
0381
0233

.137
L0450
1314

oEm
S8

The values for the thermal conductivity
in the above table are given in calories per
cubic centimeter, per degree centigrade, per
second; mean values being between ahout
150° C. and 300° C.

As above shown, the ratic of axial to
lateral conductivity of the graphitized elec-
trode was greater than 1, whereas the jolted
electrodes containing mnatural graphite had
a ratio of axial to lateral conductivity of
less than 1, the second example being about
5 to 6, and the third example being less than
1to5. The ratio of axial to lateral thermal
conductivity in our electrodes will vary some-
what depending upon conditions, such as the
proportion of natural graphite used in the
mix, etc., but is in general lower than that
of the usual graphttized electrodes or that
obtainable by the use of irregularly shaped
electrode-making materials even when sul-
jected to jolting., The ratio of axial to
lateral thermal cond netivity in our electrodes
1s In general less than 1 and usually less
than 74. . . :

The low ratio of axial to‘lateral thermal
conductivity secured by the orientation of
natural graphite flakes is of consideralle ad-
vantage in 1mpeding the flow of heat axially
of the electrode to the outside of the furnace.
Less heat is lost by conduction from the in-
terior of the furpace, and the rate of oxida-
tion and the “spindling” of the electrode is
materially rednced. Because of the higher
lateral thermal conductivity the internally

nerated heat can readily escape laterally of
the electrode, thus preventing overheating.

Our electrodes when j oltedg with axis verti-
cal also have a greater electrical conductivity
laterally than axially, because of the orienta-
tion of the graphite particles transversely of
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the electrode axis. This tends to cause the
current to distribute itself more uniformly
over the cross-section of the electrode and
probably assists in preventing spindling or
the tendency of the electrode to eat back along
the periphery faster than at the axis, which
is encountered in the ordinary graphitized
electrode or other electrode. _

A further advantage of our electrodes in
comparison with the extruded, molded or
tamped types resides in a greater resistance
to thermal shock. In the processes of ex-
trusion, molding and tamping, the particles
of the mix are subjected to mechanieal shear.
ing and other stresses which tend to break
down the particle size and yield s fine grained
body. In our electrodes the particles are not
their original size,
and consequently our electrodes may be given
a coarser texture, which better resists thermal
shock, like a coarse textured firebrick in com-
parison with a fine textured firebrick.,

Tests have indicated that there is less
tendency to pitting or to spindling than in
the usual graphitized electrodes as heretofore
made. For example, with an electrode origi-
nally 8" in diameter we have found that to-
ward the end of the life of the electrode the
lower end of the electrode had a diameter of
approximately 714”’, whereas an electrode
of the ordinary graphitized type at a similar
stage had a diameter at the lower end of 6
to 615" and tapered back for a considerably

greater distance from the end than was the

case with our electrode.

In our electrodes we have entirely overcome
the difficulties encountered in previous and
unsuccessful attempts to utilize natural
graphite in electrodes, and we have produced
electrodes having the requisite structural
strength, homogeneity and freedom from
spalling due to cleavage planes. The great-
er homogeneity of our electrodes results in a
steadier arc as compared with ordinary elec-
trodes in which internal variations in’struc-
ture and resistance cause frequent variations
in the position of the arc at the end of the
electrode, - , Lo

Our electrodes are to be distinguished from
the so-called graphitized electrodes which are
of ungraphitized carben and are
subjected to heat treatment to graphitize the
carbon in the electrode. Such graphitized
electrodes are more expensive to make, they

" do not have the advantageons selective direc-

P

tiondl thermal and
and do not have the
the smooth and unpitted oxidation resisting
flakes of the natural graphite. Qur elec-
trodes are also to be distinguished from elec-

electrical conductivity,

- trodes containing artificia) graphite, such as
electrode scrap.  Artificial graphite does not

have the sméoth-surfaced flaky formation or

the density of the natural graphite, but exists

_ dating the electrode

graphite in the form of .

-ite and having

1,881,119

in irregular particles having pitted surfaces
and therefore does not 1mpart to the electrode
the resistance to oxidation or the desirable se.
lective thermal and electrical conductivities
imparted by the natural graphite,

In addition to the desirable physical char-
acteristics imparted to our electrode by the
natural graphite, the electrodes are cheaper to
make due to the relatively low cost of natural
graphite. | '

While we have
preferred embodiment of our invention and
the preferred process of making our elec-
trodes, it is to be understood that the inven-

_tion is not so limited but may be otherwise

embodied and practiced within the scope of
the following claims. :

We claim: ' :

- L. An electrode containing
portion of natural graphite. _

2. An electrode containing natural graph-
ite to an amount over 20% of the dry con-
stituents of the mix. . '

8. An electrode containing
ite to an amount at least 30%
stituents of the mix. :

4. An electrode containing natural graph-
ite to an amount at least 50% of the dry con-
stituents of the mix, : .

5. An electrode containing natural graph-
ite as its major constituent. . '

6. An electrode containing natural graph-
ite having its flakes oriénte%l generally nor-
mal to the axis of the electrode. -

7. An electrode containing natural graph-
ite and a binder and substantially free from
dry cleavage planes between thé lamins of
the graphite, ~ '

‘8. An electrode containing natural graph-
ite having its particles in the substantially -
unruptured condition obtained by consoli-
mix in a plastic state by

a ma@erial pro-

natural graph-
of the dry con-

a jolting operation.

9. An electrode containing natural graph-
ite and characterized by the physical condi-
tion and orientation of the fl y graphite
particles obtained by consolidating the elec-
trode mix by 2 jolting operation. -

10. An electrode containin natural graph-
ite and having greater lateral than axial heat -
conductivity. ' _ o : .

11, Anelectrode containing natural graph-
ite and having a ratio of axial to latera] heat
conductivity of less than seven-eighths,

12, Anelectrode containing natural graph--
ite and having 2 ratio of axial.to lateral heat
conductivity of not over about 5 to 6.

13. An electrode containing natural graph.
ite and having the greater laferal than axial
heat conductivity obtained by consolidating
the electrode mix by a jolting operation. .

14, Anelectrods containing natural graph-
8 greater lateral than axial
elec5trical conduetivit; o

15.

specifically described the:

70

K

25

100

106

110

118

120

125

An electrode containing natural graph- 130



1,881,119

_ ite and having the selective heat and electri-
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cal conductivities and the density, mechani-
cal strength and resistance to thermal shock
obtained by the consolidation of the electrode

Inix in a plastic state by a jolting operation.

16. An electrode containing natural graph-
tte and having a density of not less than 1.6.
17. Anelectrode containing natural graph-
ite in an amount over 20% of the dry con-
stituents of the mix and having the flaky
graphite particles in a substantially unrup-
tured condition and oriented in a direction
generally normal to the axis of the electrode.
18. An electrode containing natural graph-
ite in an amount over 20% of the dry constitu-
ents of the mix and a heat hardened bitumi-
nous binder and having a density of not less -
than L.6. :
In testimony whereof we have hereunto set
our hands. : ' .
BARTLEY E. BROADWELL.
ARTHUR T. HINCELEY.
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This invention relates to electrodes, and
more particularly to hollow electrodes hav-
in% refractory linings.

n the preparation of certain metals or
metalliferous products, a method of reduction
of the ore and extraction of the metallic prod-
ucts therefrom depending upon the propaga-
tion of the chemical reducing action during
the passage of a mixture of ore and reducing
agent through horizontally disposed carbon
electrodes, and the passage of the finished
product through an electric arc formed at the
end of these electrodes, was disclosed in a co-
pending application, Serial No. 374,251, filed
June 27, 1929, .

In the working of this process, a cold mix-
ound and intimately
admixed charge is fed into one end of the
hollow electrode, is passed therethrough,
being heated by radiation and convection
from the electrode and by electrical resist-
ance during this passage, whereby chemical
reactions are initiated and endothermic re-
ductions oceur with production of metallic
products which fall from the end of the elec-
trode through the arc and into the molten
bath in the hearth beneath,

In the production of certain metalliferous
products, motably ferro-manganese, ferro-
chromium, premium grades of pig iron, ete,,
the ¢arbon content of which should be held
within certain definite and specified limits,

-and in most cases, is desirably the least possi-
ble amount’ attendant upon the process of

manufacture, undue contact with carbon is
undesirable. _ ‘

In the process mentioned ahove, metallifer-
ous reduction products are formed in hollow
electrodes in contact with the graphite of the
electrodes and may absorb car%gn therefrom,
thus producing a product with a higher car-
bon content than would normally be pro-

- duced from the composition of the mixed

45

50

charge. It is, therefore, desirable to mini-

mize, insofar as possible, any contact between

the carbon electrodes and the reduced metallic
product. :

During the production of certain metallic
products, these products, in contact with the

‘carbon of the electrodes, act upon the carbon

and leave the interior surface of the electrodes
in a pitted and corroded condition. This
condition prevents free and unimpeded mo-
tion of the charge through the electrode, and

ermits of the formation and collection of -

ree - metallic materials in the electrodes,

‘whereby excessive contamination with carbon

OCCUrs.

The present invention has as an object the

provision of an electrically conducting tube

or electrode suitable for use as a feeding as
well as heating device in connection with cer-

tain types of electric furnage operation. It

further provides an electrode through which
mixtures of ore and reducing agents may be
assed without contact of the finished metal-
ic product with carbon other than that cal-
culated and used as a reducing agent in the
charge, or with carbon adventitiously placed
in the lining of the electrode, and therefore
with a consequent control of the carbon con-
tent in the final metallic product. There is
also provided a hollow electrode having in-
terior and exterior coatings of refractory
material, thus decreasing the wear and at-
trition upon the interior core of the electrode
and preserving the life thereof, and reduci
the amount of heat lost by conduction an
radiation from the exterior of the electrode.

The drawing appended hereto shows: in :

Fig. 1 a perspective view of an interiorly
coated electrode with certain parts cut away;

Fig. 2 shows another type of electrode in
perspective with parts broken away to indi-
cate more clearly the exterior and imterior

Fig. 3 is a sectional view of a connectin
electrode

10

[ ]

W

%;:ttion- : -
Fig. 1 shows a detailed delineation of an

electrode 10 which is, for the most part, of
an ﬁlectrically c};onducig?% material, su‘i:h ag
carbon or ite, which portion is desig-
nated ag llgra‘Phe g;nera.l size and dimension
of the electrode being dependent wholly upon

the service which it is to render, suffice it to
say that in general, the length of the electrode
is materially greater than the diameter there-

of. In the manufacture of the finished elec-
trode, the shape, size and hardness are deter-
mined by its subsequent use. - It is, however,

100
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provided with attaching means 12 whereby
edditional lengths of electrodes may be
added in electrically conducting relation as
the electrode material is worn away and
shortened, consequent to its use. The at-
tachment may be of the tyfe indicated, al-
though other well known forms have been
used, that is the provision of a threaded male
portion 12 at one end of the electrode and &
fernale threaded portion 13 at the other end
for reception of the first mentioned portion.
Another form of attachment by which addi-
tional length of electrode may be connected
is shown 1n the threaded connecting portion
17 which is screwed into interiorly threaded
portions 13 at either end of the electrode.
An electrode portion of aversge type will be
approximately five feet in length and have a
diameter of from twelve to elghteen inches
with an aperture 14 axially longitudinally
of the electrode of three to four inches; the
diameter of this axial passage dependin
upon the quantity of current passing throug
the electrode, upon its diameter therefore,
and upon the bulk of the material to be passed
therethrough,

To prevent undue contact of charged ma-

terial and end products of the reaction, which
in most cases consist of molten or spongy
metal, the interior portion of the hollow
electrode is provided with a refractory lin-
ing 15 which is substantially nonreactive
with respect to the constituents of the charge
and with respect to the products of the
chemical reaction occurring as the charge
progresses from the cold end of the elec-
trode to the heated end. The chemical na-
ture of this refractory material is adapted
to the particular type of chemical reaction
occurring within the electrode, the tempera-
ture attained, and the corrosive action of the
slag or metal produced therein.

he various types of linings for the car-
bon electrode are those which have been ad-
ventageously used heretofore in metallurgi-
cal operations; they the the “acid”, “neutral”,
and “basic”. That is to say, with certain
types of reactive mixtures, burned magnesite,

-or calcined dolomite, possess very desirable

properties as basic linings where such are
found necessary, and function as chemical re-
agents whereby certain injurious and dele-
terious products, otherwise tending to remain
in the metallic end products, are removed.
Among the neutral lining materisls may be
mentioned chromite which has been found
to be a desirable lining due to its resistance,
both to heat and chemical reactions, Refrac-
tory fire clays have also been advantageously
used, as have silicious linings where condi-
tions require an acid lining.

The method by which these lininﬁ's are
placed within the interior wall of the hollow
electrode consists essentially of three steps;
in the first place, the groung lining is mixed

1,912,560

with a binder, such as tar, or silicate of soda;
secondly, this pasty mass is tamped upon the
walls of the electrode to the desired thick-
ness; and thirdly, the plastic lining hard-
ened by a process depending upon the type
of lining used, which process is in general 2
heating and conditioning process.

The hollow electrode is mounted axially
upon a core member of sufficient diameter
that the outside surface of the core is spaced
from the inner wall of the hollow electrode
for the reception of the mixture of the re-
fractory substance and binder. The extent
of this spacing is variable and entirely de-
pendent upon the thickness and physical
properties gesired in the lining. It is, how-
ever, usually from a quarter of an inch to one
inch in thickness. When the fluent mixture
of refractory and binder has been tamped
between the core member and the inner walls
of the electrode, the refractory material is
subjected to a heating process, which process
may be performed after the removal of the
core, or, where the core is metallic, by heat-
ing the core while still in the electrode.

ere a moderately good conductor is de-
sirable as a lining, the refractory material is
mixed with tar or molasses, or similar viscous
and carbonaceous material, which upon py-
rolysis decompose with the liberation of gas-
eous materials and deposition of a hard con-
ducting carbon as a binder forming a co-
herent%inin . Where a non-conducting lin-
ing is found desirable, an inorganic binder,
such as sodium silicate may be used effica-
ciously, as it will flux and cement the con-
stitnents normally found in either acid, basic,
or nentral refractories. :

Under certain operating conditions, an ex-
terior lining or facing 16 of refractory has
been found to be desirable as the heat con-
ductivity of this facing is considerably less
than that of the graphite electrode 1tself,
and where such electrode has been coated,
heat losses from the furnace by way of the
electrode are materially decreased.

The exterior facing or coating of refrac-
tory upon the electrode is formed by placing
the electrode in a cylindrical mold spaced
from the electrode at a distance equal to the
desired thickness of the refractory coating,
packing and tamping the fluent refractory
between the mold member and the electrode,
and thereafter subjecting the coating to a
heating or baking process, thus producing a
refractory facing completely surrounding
the electrode.

The casing or mold member may be re-
moved prior to the heating or may be made
a portion of an electrical circuit and heat
added to the coating material by heating the
metallic mold mem%er, thereby fluzing and
hardening the refractory facing.

The finished electrode as illustrated in
Fig. 2 conteins therefore inner and outer
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concentric tubes of refractory material, 15
and 16 respectively, with an intermediate
conducting electrode portion 11 therebe-
tween. e outer casing serves essentially
6 as a heat economizer as it prevents exces-
sive radiation of heat from the graphite por-

tion of the electrode. The inner tube, on

the other hand contains a carbonaceous
binder and permits the flow of heat from
10 the electrode portion to the charge, preserves
the electrode portion from excessive wear
from attrition of the moving charge, and
prevents contact of the metallic end produects

of the reduction with undue amounts of car- -

15 bon, and thereby tends to reduce the final
carbon content of the metallic product.

What I claim is:—

1. An oblong electrode having a charge
receiving opening extending axially therein

20 for reduction of the charge as it moves
through the electrode, and an electrically
conducting coating of refractory material on
the inner surface of the electrode to provide
a smooth guideway for the moving charge

28 and to prevent wear on the electrode by the
charge as it passes through the latter.

2. An oblong electrode having a char,
receiving openmg extending axially therein
for reduction of a reactive charge ag it moves

30 through the electrode, an electrically con-

ducting coating of refractory material hav-

ing a carbonaceous binder therein and bonded
to the inner surface of the electrode, said
coating being substantially non-reactive with
35 respect to the constituents of the charge to
minimize carbon pick-up by the moving
charge and to minimize wear by atirition.
3. An oblong electrode having a charge
receiving opening extending axially there-
40 through for the reduction of the charge of
reactive material when the electrode is
-heated and as such charge moves through
the electrode, an electrically conducting
lining of refractory material bonded to the
45 inner surface of the electrode to minimize
carbon pick-up by the moving charge and
to minimize wear by attrition in the elec-
trode as the charge moves therein, and a
coating of refractory material bonded to
80 the outer surface of the electrode and com-
posed of material different from the ma-
terial of the inner lining whereby the outer
coating minimizes the loss of heat from
-the electrode., .
55 SYDNEY T. WILES.
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2 Claims.

My invention relates to a carbon holder for
arc light carbons and more particularly of the type
as used in projecting apparatus for motion pic-
tures.

5  As is well understood, the commercial carbon

10
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is furnished in pieces of two to three feet in
length and such a piece is mounted in the feeding
device of the projector and is automatically fed
at the rate required by the combustion at the
arc. To prevent overheating, the feeding device
is placed at an appreciable distance from the
peint of combustion and when the carbon has
been consumed to an extent, that only the piece
extending from the feeding device to the are, re-
mains, a new carbon must be inserted and the
aforesaid piece is discarded.

It is the okject of this invention to provide
means for salvaging the greater part of the short
pieces of carbon that now can not be used, by
providing a carbon holder on which these pieces
can be mounted and which can be inserted in the
feeding device of the projector and fed, the same
as a piece of carbon. By these means, all, but a
very short piece of carbon, can be used, thereby
appreciably reducing waste and cost of opera-
tion.

Fig. 1 is a view of the device as assembled for
use.

Fig. 2 is a longitudinal section through the

' center.

Fig. 3 is an end view.

The cylindrical body 1 is of the same diameter
as the carbon for which it is intended, so that it
will fit into the feeding mechanism of the pro-
jector and it is hollow and internally threaded
at both ends. A gripping member 2 is threaded
up to the shoulder 3 to fit into one end of the body
member and in order to facilitate the detaching
or unscrewing of the gripping member, when it
has become worn from the heat, the body member
is slotted, so that it is slightly yielding. The grip-
ping member is made of heat resisting material
and the extension 4 thereof is grooved or thread-
ed as shown, to provide teeth 5 and it furthermore
is slotted, so that it can be expanded to force the

(CL 176—119)

teeth outward into the carbon. The pieces of
carbon can be drilled out to fit over the extension
4, in any suitable manner, or the carbon can he
moulded with the hole in it. To expand the grip-
ping member, an expanding needle 6 is provided
and extends through the body member, into the
gripping member. The end of the gripping mem-
ber has a small hole and a larger hole extends
through the main body thereof and a taper shoul-
der 7 connects the two holes. The expanding
needle has a tapered point 8 and a threaded por-
tion 9, which screws into the rear end of the body
member and to expand the gripping member, the
needle is screwed into the body member, so that
the point 8 presses against the shoulder 7 of the
gripping member, thereby expanding the exten-
sion 4 and forcing the teeth into the carbon. To
prevent too much expansion of the gripping
member and thereby cracking of the carbon,
the threaded portion of the needle terminates
against a shoulder or enlarged portion 10, so that
when the needle is screwed in against the shoul-
der, the gripping extension is properly expanded.

What I claim is:

1. A carbon holder having an extension adapt-
ed to be inserfed into the carbon; slots in the ex-
tension, to adapt it for expansion to grip the
carbon; an expanding member, to expand the
extension and a stop on the expanding member,
to limit the expansion, to prevent breakage of
the carbon.

2. A carbon holder, comprising a tubular body
member; a gripping member detachably mount-
ed on one end of the body member; slots in the
gripping member, to adapt it to be expanded for
gripping; teeth in the gripping member to grip
the carbon; slots in the body member, to permit
a slight expansion thereof, to ease the detaching
of the gripping member; an expanding member
mounted in the tubular body member and adapt-
ed to be manually operated to expand the grip-
ping member and a stop to limit the movement
of the expanding member, substantially as shown
and described.

FRANK SPALOSS.
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4 Claims, (CL 204—31)

The present invention relates to an. electrode gether and perpendicular to the axis of the elec-
used in furhaces, in which a fluid having a great trodes. The arc jumps therefore in a uniform
dielectric strength, such as lquid hydrocarbon, manner between the two electrodes and these
is submitted to a fixed or rotary are, or to dis- are equally worn away. Consequently, in spite

6 ruptive discharges. This electrode 1s opposite to, of the wear of the electrodes, thelr active surfaces &0
and at a little distance from, a hollow electrode, remain substantially parallel and the steadiness
having substantially the same axis and through of the arc is obtained. This parallelism of the
the interior of which the fiuid to be treated is active surfaces of the electrodes afiords a par-

" supplied to the arc. In proportion of their wear, ticularly important advantage in the case where

10 the electrodes are fed one to the other in order liguid hydrocarbons are treated by the are, for €3
to maintain the small suitable length of the are, the length of the are is only a few millimetres.

. bound to the dielectric strength of the fluid to An embodiment of the invention is diagram--
be treated. matically illustrated, by way of an example, in

‘When the electrode, of which the present in-: the accompanying drawing.

15 yention is an improvement, is solid, it is wornin  In this drawing A denotes a cylindrical tubular ‘72
such a manner that a larger and larger projec~ rod through the interior of which the Hquid to
tion is progressively formed in its central part, be treated is supplied to the ar¢ which jumps
owing to the more rapid wear of the adjacent hetween this electrode A and an opposite elec-
peripheral parts, which are opposite to the solid trode B. This electrode B is a cylindrical rod,

20 gotive part of the hollow electrode. Therefore, coaxial with the electrode A and having the same *5
when the two electrodes are fed together to main- diameter; it is provided with a oylindrical eavity
tain the arc at the small desired length, this €, which extends only for a part of its length

~  projecting part, even if small, engages in the fluid from its active end and the diameter of this cav-
supply conduit of the hollow electrode and may ity is equal to the inner diameter of the tubular

.25 provoke short-circuits, if it comes into contact electrode A. The electrodes A and B.terminate 87
with thig hollow electrode, the wear of which is in a Aat annular face, which is perpendicular to
therefore made irregular. _ S their common axis, and constitutes the active

The present invention has particularly for its part of these electrodes. - :
object to remedy these drawbacks; it consists in Instead of using the counter-electrode in its

. 80 yusing, as an elecirode situated substantially op~ hollow form, its cavity may be filled, before the £5.
posite to the hollow electrode, an electrode (that electrode being used, by a suitable substance, able
will be also thereafter called counter-clectrode) to be progressively brought away under the in-
that is provided with a central cavity extending fluence of the heat of the arc (or of the current

~ from its active end for a part of its length to- of fluid supplied through the hollow opposite

"33 wards its closed end and in which the sections electrode) simultaneously with the wear of. the - 00
perpendicular to its axis, along its hollow part, active part of this counter-electrode: for example,
made af-different distances from its active end use may be made of pitch for this purpose.
are identical fo the sections of the opposite €lec- When liquid ‘hydrocarbons are to be treated
trode, perpendicular to its axis, made atb the same by the are, it is not necessary to previously fill

.~ 40 distances from the active end of said electrode. the cavity of the counter-electrode: this cavity. 06

' This counter-electrode is constituted, for ex- becomes antomatically filled, after the arc is
ample, by 2 cylindrical rod of carbon bored for a struck, with a pasty mass constituted by a mix-
certain part of its length or even by a eylindrical - ture-of the liquid hydrocarbon submitted to the
tube one of the extremities of which is provided treatmentby the arc and of the carbon formed by

... 45 with a cap, s0 a3 to close the interior cavity of the decomposition of this hydrocarbon; this 100

* this tube. : pasty mass is also worn away progressively at the

Preferably the counter-electrode terminates in same time as the active part of the counter-

a flat face perpendicular to its axis and the hol- electrode is worn. - .
 low electrode terminates also in a flat face per- Although the wear of the:elecirodes generally '
-: 50 pendicular to its axis, takes place regularly over their whole active face 105
o The counter-electrode and the hollow electrode itis possible, with a view to make such wear more
constitute a set of electrodes in which the active uniform, to impait to one of the electrodes (or
surfaces from which the arc jumps at the extrem- to both electrodes) an axial rotary movement,
ity of. each electrode are, at each moment of the the current supply being effected by suttable con-
;-85 working of the furnace, equal and parallel to- tact brushes and rings: Further the electrodes 110
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may be fixed and the arc could be submitted to
the action of a magnetic fleld such as would im-
part to the arc a rotary movement around the
axis of the electrodes.

‘What I claim is—

1. In a set of electrodes for furnaces in which
a fluid having a great dielectric strength is sub-
mitted to an electric treatment, a hollow electrode
through the interior of which the said fluid is
supplied to the arec, a counter-electrode situated
substantially opposite to the first electrode and
at a small distance from said electrode, a central
cavity in said counter-electrode extending .from
its active end along a substantially long part of
said counter-electrode, a solid part at the rear
end of said electrode closing the said cavity, the
sections of the said counter-electrode, perpen-
dicular to its axis, made at different distances
from its active end along its hollow part being
identical to the sections of the opposite electrode,
perpendicular to its axis, made at the same- dis-
tances from the active end of said electrode,

2. In a set of electrodes for furnaces in which a
fluid having a great dielectric strength is sub-
mitted to an electric treatment, a cylindrical elec-
trode, a central cylindrical channel extending
along the entire length of said electrode and
through which the said fluid is supplied to the
are, a cyli\ndrical counter-electrode situated at a
small distance from the first electrode and with
its axis in alignment’ with the axis of said elec-
trode, said counter-electrode having the same
transversal shape as the opposite electrode, a
central cylindrical cavity in said counter-elec-
trode extending from its active end along a
substantially long part of said counter-electrode,
said cavity having the same transversal shape as
the channel in the first electrode, and a solid part
at the rear end of said counter-electrode closing
said cavity.

3. In a set of electrodes for furnaces in which

1,964,832

a fluid having a great dielectric strength is sub-
mitted to an electric treatment, a cylindrical
electrode, a central cylindrical channel extending
along the entire length of said electrode and
through which the said fluid is supplied to the
arc, said cylindrical electrode terminating in a
flat face perpendicular to its axis, a cylindrical
counter-electrode situated at a small distance
from the first electrode and with its axis in align-
ment with the axis of said electrode, said counter-
electrode having the same transversal shape as
the opposite electrode, and terminating in a flat
face parallel to the end face of the first electrode,
a central cylindrical cavity in said counter-
electrode extending from its active end along a
substantially long part of said counter-electrode,
said cavity having the same transversal shape as
the channel in the first electrode, and a.solid part

at the rear end of said counter-electrode closing -

said cavity. ,

4. In a set of electrodes for furnaces in which
a fluid having a great dielectric strength is sub-
mitted to an electric treatment, a hollow electrode
through the interior of which the said fluid is sup-
blied to the arc, a counter-electrode situated sub-
stantially opposite to the first electrode and at a
small distance from said electrode, a central cavity
in said -counter-electrode extending from its
active end along a substantially long part of said
counter-electrode, a substance capable of being
worn away in proportion to the wear of said
counter-electrode filling the said central cavity, a
solid part at the rear end of said electrode closing
the said cavity, the sections of the said counter-
electrode, perpendicular to its axis, made at dif-
ferent distances from its active end along its
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hollow part being identical to the sections of the |

opposite electrode, perpendicular to its axis, made
at the same distances from the active end of said
electrode. . i
PIERRE SOULARY.
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Serial No. 735,492, In France April 30, 1932

1 Claim,

This application 13 a continuation of our ap-
plication Serial No. 665,787, filed April 12, 1933.
This invention relates to an jmproved form
of electrode for electric furnaces, and particu-
5 larly to a compound electrode especially adapted
for use in connection with the method of operat-
- ing electric furnaces described in our pricr Pat-

ent No. 1,944,521, issued Jan. 23, 1934,
In the prior patent is described a method of
10 -operating electric furnaces characterized by the
charging of the materials in alternate vertical
gones comprising inalternation a zone of a conduc-
tive mixture of all of the reducing material and
only & partotthemat.erialt.obereduced,anda
15 zone comprising the remainder of the material to
be reduced in the form of lenticular masses regu-
larly spaced through the mass of the charge.
This method of charging has the advantages of
providing a discontinuous lateral spreading of the
‘20 current without endangering the refractory lining
’ of the furnace, without excessive radiation from
the surface, without premature fusion of the ma-
terial to be reduced, and without being jnfluenced
by the depth of molten product on the hearth
28 of the furnace. o
However, the operation of this process has
shown that the perimeter of the electrode hang-
ing in contact with the reacting mass is subjected
to uneven wearing or consumption which is
20 greater when the whole electrode mass is baked
{n place than when the perimeter is entirely com-
posed of pre-baked elements, This unevenness
- consists of furrows excavated in the electrodes
opposlte the lenticular masses by the oxidizing
action of the reducible materiais of which they
are composed. :
This unevenness, more or leas accentuated ac-
cording as the periphery of the electrode is pre-
: baked or not, resulis in jnsufficient support oppo-
™ aitethaemrrowstorthemterialbeinsmted,
causing falling-in of the charge, emulsification
by the excessive production ot carbon monoxide,
chilling, and even reversion of the production al-

- ready obtained. :

& The invention will be particularly described
with reference to the accompanying drawing in

which:

m.lisaverﬂcalmum,mdnsa.ﬂmds

: mhormtﬂmum.otmelmudeembody-
50 mtheprmdpleofthepmtmvenum. Fg.
thummmumthrmhafmmm
ehsmcmbod.ﬂﬂthﬁprmcipleoﬂhemmm

It has now beens found that the disadvantages
describad above may be o

(0L 13—34)

electrode of which the periphery is alternately
composed of baked and unbaked segments 88
shown in the figures; the unbaked segments 11,

of greater chemical activity, being disposed ob-.
posite the portions 3 of the charge free from the &
lenticular masses, and the pre-baked segments

{2 being disposed opposite the lenticular masses
8 as shown more particularly in Fig. 4.

In Figs. 1, 2 and 3, the dotted lines indicate.
the original contour of the electrodes before use. 10

The new electrode undergoes a uniform lat-
eral consumption and maintains a perfectly reg-
ulat contour when used in the presence of len-
ticular masses as shown in Fig. 3, and also main--
talns a slope much closer to the vertical than to 15
the natural angle of repose of the material.

The unbaked portion of the new electrode may
be made of a rammed mMass having metallurgical
cokeasa.base,andforthisreasonithasthe
additional advantage of 2 much lower cost than 20
the prior electrodes. Even when used with
charges free from lenticular masses, as shown in
Pig. 2, the wearing of the electrodes is sufficient~
1y regular that they may be advantageously used
with such charges, in view of their low cost of 25
manufacture. .

The use of s metallic jacket 10 1s very desir-
able, in order to provide a supporting meld for -
the ramming of segments of unbaked material 11
between the segments of pre-baked material 12; 30
the central filling 3 is preferably rammed 10 at
the same time, Any of the known means for join-
ing ahd suspending the pre-baked elements mMay
be utilized. .

We claim:

The improvement in the operation of electric
furnaces wherein the materials are charged in
alternate vertical zones comprising in alternation
a zone of a conductive mixture of all of the re-.
ducing material and only & parto!thematerinl 40

35

of the charge which comprises
charge through elec- 4%

through the mass
current to the

supplying
_trodes of which the periphery is alternately com-

posedotprebakodandunbaked segments, the un-
oppoaite the por-
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3 Claims.
'This invention is directed to an advantageous

type of carbon electrode, and more particularly .

. to an electrode having characteristics which make
it advantageous for use in certain electrothermal
reaction processes such as in the electrothermal
dissociation of organlc liquids to form carbon-
black.

In the production of -carbon-black by electro-
thermal dissociation of organic liquids after the

o manner set forth in United States Patents-to
Jakosky No. 1,597,277, Jakosky No. 1,673,245 and
.No. 1,872,297 and Jakosky et al. No. 1,912,373 and
No. 1,931,800, difficulties have been experienced

in the production of carbon-black which is free

15 of carbon particles of macroscopic proportions.
~ As is well known, carbon-black finds its principal
use as a filler in rubber compounding, and the
particular advantage of carbon-black for this pur-
pose appears to lie in its exiremely fine sub-
90 division. Itisapparent, therefore, that the pres-
ence in a carbon-black of any appreciable quan-
tity of material which fails to be properly dis-

persed to microscopic or sub-miscropic propor-

tions by the ordinary milling procedure in rubber

25 manufacture, is of serious disadvantage.
It has been noted that carbon electrodes used
in such electrothermal dissociation processes are
.- subject to uneven arc “erosion”, that is, subject
to pronounced pitting over the arcing surface.
30 The degree of pitting varies with different com-
‘positions of electrodes but all available electrode
materials show such pitting to some degree. It
has been found that such pitting causes portions
of the electrode material to be broken-away from
35 the electrode body and disseminated into the sur-

rounding organic liquid, and due to the fact that

- such broken away portions are fragments of mac-
roscbpic proportions, their presence is detrimen-
.. tal unless they are of such character as to be
40 readily milled into a rubber mix. The convention-
al carbon electrode, being designed for & ma-
terially different use, is very hard and dense, and
‘therefore is not at all susceptible to subsequent

- (dispersion by such milling procedure.

The presence of the macroscopic particles in a
carbon-black produced by methods involving elec-
trothermal dissociation of organic liquids as de-
scribed in the above-mentioned patents, appears

5o to also be due in large part to the formation of
so~called carbon “trees” which build up on the
surface of the electrode.
parently formed of microscopic or sub-micro-
scopic carbon particles which have been cemented

. 55 or otherwise bonded together_to form aggrega-

These: “trees” are ap-

(CL. 204—31)

tions which are not to any appreciable extent dis-
persible in rubber milling.

The carbon “trees” thus formed are actually
aggregates of carbon particles having microscopic
or sub-microscopic dimensions bonded together g
so intimately as to substantially resist the dis-
persing action of a rubber mill. Experimental
investigation of the problem indicates that these -
particles start as very minute deposits on the
electrode surface, being possibly cemented to the ;5
electrode surface by the action of the electric
arc in the formation of a “coke-like” material
from a particular constituent of the organic liquid
undergoing dissociation. The minute coked
particles which adhere to the electrode surfaces 15
provide starting points for further agglomeration
and cementing of additional carbon particles and
thus facilitate the formation of rather large-size
ageregate or “trees”, some of which may reach
one-half inch or more in length. These carbon 2¢
“trees” apparently grow until they are knocked
off of the electrode surface and are picked up by
the liquid surrounding such electrodes. Further-
more, when these “trees” are dislodged they may
also carry with them, mechanically, adhering 25
fragments of the electrode material itself

"The presence of such maeroscopic ‘carbon par-
ticles has long been recognized in the art, but
heretofore the energies of investigators have been
directed toward minimizing and eliminating the 30
formation of such particles by using constantly
changing arcing surfaces. Careful control of the
operation of carbon-black treaters has resulted
in a material reduction in the quantity of such
macroscopic particles, but it is now found that 35
the character of the electrode materlal and the

electrode surface plays an important part in the

formation of these macroscopic particles.
In view of the above, therefore, one of the prin-

‘cipal objects of the present invention is to pro- 40

vide an electrode useful as an arcing element in’
the electrothermal production of carbon-black by
dissociation - of carbon-bearing liquids, of such
character as to minimize the production of mac-
roscopic carbon particles in such a carbon- 45
black.

A further object of the invention is to pro-
vide an electrode for the above-specified purpose
which is formed of a material which is in itself
susceptible to dispersion in rubber milling. 50

A further object of the invention is to provide
an electrode surface for the purpose above seb
forth which will prevent the formation of diffi-
cultly milled aggregates of carbon-black.

According to the present invention, the elec- 55



~

2.

trode material Is preterably of such nature as to
be of itself easlly dispersible under the action of
2 rubber mill, so that any particles which are
broken away from the electrode body either co-

g incidentally with the washing away of & deposited

carbon particle or at other times due to other
causes, such as a result of pitting, will be of such
nature as to freely mill inte a rubber mix ac-
cording to the customary milling procedure,

10 As a further feature of the present invention,

. an electrode material is provided which'is of such
a8 nature that there is litfle tendency for any
adhering carbon particles to build up to any ap-

preciable size, the electrode material being of

15 such nafure:that the deposited carbon particles
do not strongly adhere to the electrode and are
consequently washed from the surface thereof by
the action of the arc and/or the circulating sub-
merging liquid before they have had an oppor-
tunity to grow to any .appreciable dimensional
proportions.

I haye found that a highly advantageons elec-
trode for the present use may be made prinei-
pally or substantially wholly of carbon-black
itzelf, suitably bonded through the agency of a
bonding or cementing material such as tar, pitch
or mixtures thereof and properly dried and baked
to give a modicum of physical strength to the
electrode which will enable it to be handled and
used without excessive breakage, but which will
at the same time he of a nature such that par-
ticles thereof may, if brokén-away from the elec~-
trode surface snd distributed with the carbon-
black produced in the electrothermal resction,
35 "be easily milled into a rubber mix along with
such produced carbon-black in the compounding
of rubber. Other bonding agents are also useful
in forming the carbon-black electrode of the
present invention, such as sugar solutions or
other syrups, water soluble gums.such as gum
arabie,. agar-agar or the iike, or resins, gum
resins or the like.

Previous to the vpresent dlsclosure, ziectrodes

. “for electric arcs have been made of one or an-
45 other form of carbon thoroughly bonded so that
a hard electrode mzierial is realized and while
the prior art shows that lampblack has been em-
ployed in the production of arc earbons the only
suecessiul electrodes containing Iampblack were
those which salso contsined a reiatively large
proportion of a suitable coke or other form of hard
carbon, the mixture being {horoughly baked to
obtain the desired fliint-like electrode material.
‘To the best of applicant’s knowledge no electrode
65 has hetn hitherto proposed which Is in itself

_sufficiently soft and friable to fulfil the objects

of the present invention, this type of electrode

25

20

50

being entirely contrary to the established prac-

tice of electrode manufacture,

80  As aspecific example of preparation of an elec-
trode according to the present inveniion, I may
mix carbon-black with a suitable proportion of

binding material such as coal tar residue, pitch-~

or other comparable material in solution In =
86 suitable solvent medium such as bengzene, thor-
oughly intermixing the sbove ingredients to ob-
tain a homogeneous semi-plastic mass. This
mass may then be formed into the desired elec-
trode shape under pressure or by exfrusion as

8,097,782

desired, the electrode suitably dried at a rela-
tively low temperature fo remove the principal
broportion of the solvent material and subse-

-quently baked fo .a sufficient temperature to

cause the binding material to cement the par- g
ticles of carbon-black together. The relative pro-
portion of carbon-black and binding material, as
well as the drying and baking temperatures and
time, are subject to variation, depending upon
the type and characteristies of the binding ma- g
terial employed, and it will be appreciated that
in any event the proportions and baking condi-
tions are so selected as to provide a bonding of
the carbon-black partieles into an integral elec-
trode body of such character as to provide the 15
above-described dispersibility in a rubber mix,
during a milling operation, of any fragments
thereof which may have been loosened from the
electrode body during the use thereof in the pro-
duction of the carbon-black used In said rubber g
mix, While the above type of electrode is not
as resisistant to arc wear as are the customary
coke or graphite eleetrodes hitherto employed
for the purpose, they are greatly to be preferred
in view of their physical characteristics. 25

It will be appreciated that the electrode of the
present invention may be made of any desired
shape, according to the teaching of any of the
above-mentioned patents. They may be made of
ring-shape, disc-shape, rod-shape, or of any other 30
useful shape. In the teaching of the above
patents, the electrodes are mounted in & closed
repction chamber provided with means for
maintalning a body of dissociable carbon-bear-
ing lquid in said chamber, and the electrothermal 35
reaction is realized by maintaining one or more
arcs between said electrodes beneath the surface
of said Jiquid body, that 1s, with the eleetrodes
subinerged in the liquid at the vicinity of the
arc, The are zone is thus continually supplied 40
with digsociable lignid, and the desired carbon-
black: is immediately disseminated into the sur-
roundjng hqu.id medium,

I cisim!

L. An ¢lectrode, for use in the electrothermal 43
dissociation of organic lquids to form carbon-
black, coniaining carbon-black as its principal
constituent and characterized by being easily dis- -
persed in a rubber mix by the ordmary rubber
milling procedure. B0

2, An electrode, for use In the electrothermal
dissociation of organic liquids to form carbon-
black, consisting principally of carbon-black and
a binding agent and formed Into an integral
structure of a soft and friable nature, character- g¢
ized by belng easily dispersed in a rubber mix bsr
the ordinary rubber milling procedure,

3. An electrode, for use in the electrothermal
dissoclation of organiec lquids to form carbon-
black, in which eléctrodes are employed in sub- 4§
merged relation to such liquids, characterized
by belng soft and friable in neture whereby dis-
integration of such electrode In the dissociation
operafion will resuit in the dissemination of elec-
trode particles within such liquid which are eastly &
dispersed in a rubber mix by the ordinary rub-
ber milling procedure, and eontaining earbon-
black as its major constituent.

. JOHN J. JAKOSKY.
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. 1 .

This application relates to methods for han-
dling continuous electrodes of the so-called S&-
derberg type and particularly to electrodes used
for low voltage electrolytic work as in the case
of aluminium furnaces.

Electrodes of this type are made by putting
so-called “paste” into a casing having an inter-
nal shape corresponding to the shape of the de-
sired electrode. The paste is a mixture of car-
bonaceous material such as coke, and a binder,
Ordinarily the binder has a melting point some-
what above normal atmospheric temperature so
that the paste is solid at room temperature. The
upper part of the electrode (either at the tep or
a short distance down in the electrode mass) is
hot enough so that the binder of the paste inelts
and ordinarily the paste flows without the neces-
sity of tamping to take the shape of the eles-

trode. The nature of a type of paste commonly
employed is described in U. 5. Patent No. 2
1,670,052,

As the electrode is consumed at the bottom it
is very slowly lowered in the casing through
zones of gradually increasing temperature until
it finally becomes incandescént considerably above
the point of consumption. As the pasie mass

becomes hotter, the more volatile ingredients in”

the binder are first distilled off so that the mass
which was originally solld and then liguefied,
agaln solidifies. Bubstantial solidity is reached
some time before the binder is fully carbonized
and in this stage the particles of carbonacecous
matter are held hound together in solid form by
substantially non-liquid tars. While in this state
the electrode mass will hold its shape but it still
has sufficient flexibility so that an iron bar can
be driven into its side. At this stage the tem-
perature of the mass will be below 425° C, and
ordinarily will be somewhat lower, say between
300° C., and 350" C.

As the temperature still further rises, the tars
undergo cracking and chemical decomposition
untif finally a mass is obtained which is sub-
stantially fully ecarbonized. This filnal baking
begins to take place at about 425° C. and there-
fore is substantially complete when the mass be-
comes incandescent.

In past years it was customary to form the
casing for the electrode from separate bars which
moved down with the electrode mass and which
could be removed from around the electrode when
it has finally become carbonized and was ap-
proaching the hath of metal subjected to the ac-
tion of the electrode., Such a construction is
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illustrated, for example, in Torchet Patent No.
2,073,356 and Legeron Patent No. 2,169,563

In more recent years it has been proposed that
the casing be made fixed and that the electrode
slide through the casing and be supported by
studs or contact members passing vertically down
from the top into the electrode mass (see, for
example, Manfredin{ Patent No. 2,224,739). One
difficulty with this system has been that the elec-
trode which is only moved intermittently tends
to stick to the casing. At first this sticking may
not be serious but gradually the amount of ad-
hering baked paste increases until a point is
reached where the sliding of the electrode mass
through the permanent casing ls substantially
hindered. This, of course, causes difficulties in
the operation of the furnace, for the only way
of removing the adhered raste is to remove a por-
tion of the permanent casing and clean it. Such
an interference with production is extremely ex-
pensive.

The present invention is dependent upon my
discovery that the tendency of the electrode mass
to bake onfo the metal of the casing occurs after
the mass has solidified and during the stage when
the tars are finally carbonized. Taking advan-
tage of this discovery, I have developed a meth-
od of handling continuous electrodes in a fur-
nace for producing aluminium or the like which
comprises putting a paste mass into a casing hav-
ing an internal section of the shape desired for
the electrode. Such mass is then brought into
a zone where it will melt to assume the shape
of the electrode and is gradually moved down-
ward into a zone hot enough to ecause the mass,
or at least its outer portion, to solidify but not
to be fully carbonized. The temperature at this
stage is between 300° C. and abeut 400° C. When
the mass is in this condition and before the tem-
perature of its outer shell adjacent the casing
exceeds 425° C. it is moved downwardly out of
the casing, the bottom edge of which is held ghove
the bath a sufficient distance so that the heat
of the furnace does not cause the outer portion
of the electrode mass to reach the carbonizing
temperature while within the casing. Ordinarily
the temperature of the mass toward the center
is hotter than around the outside so that the
carbonizing zone will be higher in the middle
than toward the outer edges. Howsever, the phe-
nomens which we are here discussing take place
at the outer part of the electrode mass and there-
fore it s the outer temperature of the mass
which is critical. Ordinarily the bottom of the
casing should be gt least 15-20 centimeters ahove
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the bath or somewhat higher, depending on de-
tails of design.

After emerging from this casing the electrode
is lowered further into g hotter zone where it s
progressively heated until 1t becomes Incandes-
cent and carbonized fully. In this latter part
of the operation, the sides of the electrode gre
not supported and this permits the decomposi-
tion products and vapors resulting from the
cracking of the tars to escape outwardly through
the sides of the electrode mass, and entirely pre-
vents the mass from baking onto the casing.
The electrode finally enters the furnace bath in
which it functions, which has a temperature of
shout 950° C. i

I the mass a2t the temperature of incandes-
cence were left exposed to the air, it would tend
w0 burn and corrode, causing very substantial
joss. I find, however, that by supplying a mem-
ter forming = confined space surrounding the
bottom part of the electrode (but out of contact
with its surface) and by malntaining a non-oxi-
dizing atmosphere 1n such space, combustion and
corrosion of the sides of the electrode are pre-
vented. In this connectlon I have found that
combustion of the tar vapors or their cracking
products and gases that evolve from the exposed
faces of the electrode will ordinarily be sufficient
to consume oxidizing gases such as COz as may
be present and thus maintain a sufficiently non-
oxidlzing atmosphere in the enclosed space.
Provision should be made so that the products
of combustion can be withdrawn as desired.

When the casing is so constructed that it is
held about 15 to 30 centimeters above the level of
the bath in the furnace, the temperature at the
vottom of the casing will be above about 300° C., 5
temperature necessary for solidifying but below
the critical temperature of 425° C. which should
not be exceeded. Ordinarily when an electrode
is lowered within the casing to compensate for
the norma) consumption which takes place with-
in the bath, the amount of lowering which is done
at one time is only from 2 to 5 millimebers. In
an aluminiurn furnace it is customary periodi-
cally for the aluminium to be tapped off and at
this time a larger movement of the electrode is
necessary. The depth of aluminiurn tapped off is
from 3 to 5 centimeters and would ordinarily not
exceed 7 centimeters so that it 1s safe to assume
ihat there iIs no necessity of lowering the elec-
swrode more than about 7.5 centimeters. Within
this amount of movement there is virtually no
danger of a non-solidified portion of the elec-
trode mass coming down below the bottomn of the
glectrode casing into an area where it will be
unsupported on s sides.

This system contemplates the use of vertical
studs. One of the difficulties found with the use
of vertical studs has been the tendency of the
elecirodes to crack. The cracks ordinarily pass
through the spaces in which the vertical studs
are located. If such cracks run longitudinally
of the electrode (which ordinarily is made with a
length much greater than its width) there Is a
tendency for the gases generated at the bottom
surface of the electrode {0 be caught by such
cracks. These gases consist largely of COs, and
there is & tendency for the CO;z to react with the
carbon of the electrode to form CO, thus tending
to increase the size of the cracks. Such cracks
also mean a higher voltage drop in the electrode
and should therefore be avoided.

It has been found that if the cracks run trahs-
versely from the outer ring of the electrodes
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these take care of the shrinkage of the electrode
mass and there is relatively little tendency for
the longitudinal eracks to form., The transverse
cracks running out longitudinally from the outer
line of contact studs do relatively little harm as
the gas escapes rapidly from them into the near-
by gas-collecting ducts so that there is relatively
little consumption of the electrode mass. In or-
der to direct the crack formation in this trans-
verse direction it is desirable to space the elec-
trode supports or studs further apart from each
other longitudinally than the distance between
these studs and the outer wall of the electrode,
Heretofore this placing of the studs near the
outer electrode wall tended to emphasize the
danger of having the electrode mass stick to the
casing (since it caused localized heating). How-
ever, by the use of my present invention where
the electrode mass emerges from the casing be-
fore the final carbonization, this tendency to
stick 1s done away with and this permits the
vertical studs to be located quite close to the
outer margin of the electrode mass. For exam-
ple 1t is quite feasible to locate the studs so that
the distance in the horizontal plane between the
center points of the studs longitudinally is at
least 33% greater than the distance from the
center line of the outer row of studs to the outer
margin of the electrode mass. This spacing has
previously been indicated as for example in Pat-
ent No, 2,224,739, but heretofore no particular
reason for this spacing had been stated nor was
any construction known in which it could be em-
ployed to the best advantage.

Further details of mmy invention can readily be
understood from the example illustrated in the
accompanying drawings in which Fig, 1 shows a
transverse section of an electric aluminium fur-
nace embodying my invention; Fig. 2 shows a
transverse section of one-half of a similar fur-
nace illustrating a modified form of construction
and Fig. 3 is a plan view of the electrode showing
the location of the electrode studs.

In PFig. 1 the numeral | designates an electric
aluminium furnace; 2 js the molten bath and 3
is the electrode provided with internal vertical
contact studs 4 which extend down into the low-
er part of the electrode 3 where they are an-
chored in the c¢arbonized mass. The numeral §
indicates that portion of the electrode 3 which
is unbaked and pasty, and § is the portion of the
electrode where a sufficlent amount of volatile
mmatter has been driven out of the paste so that
the mass in this zone will be solid but not fully
baked. The approximate line of demarcation be-
tween portion 5 and portion 6 of the electrode
mass is indicated by a <ot and dash line. T is the
lower part of the electrode which is fully coked
or ¢carbonized and the approximate line of sepa-
ration between the zone 71 and zone 6 is indi-
cated by a dotted line. It is undersiood that
these zones are not sharp and definite but are
only approximated by the lines indicated.

The numeral 1§ indicates the casing for the
electrode which is suspended from the usual
superstructure (not shown) in any conventional
manner. The interior of this casing will or-
dinarily be rectangular with its length substan-
tially greater than its width as indicated in Fig.
3. Since the electrode mass will slide smoothly
within the casing I% without any danger of
sticking, it has been found that the height ot
this casing need not be as great as tn previous
constructions of this type.

The numeral 9 Indicates a member which



2,626,876

5

serves to form a gas-collecting duct or space
around the lower portion of the electrode mass.
This is preferably connected to the casing by a
gas-tight sand lock 10 and at its lower end it is
imbedded as at 11 in alumina which acts as a
gas lock. Gases which occur within the space
defined by member 9 may be led away through
pipe 2.

In Fig. 2 the space around the lower part of
the electrode is formed by a member 16 con-
nected to the casing (5 by the sand lock (0 and
to the furnace pot by the sand lock 3. Open-
ings are formed in the top of member 16 and
these are provided with removable covers 14
which connect with the member 16 by appropri-
ate sand locks. These covers can readily be re-
moved when additional alumina must be added
to the furnace or when the crust has to be
broken down, or other work done.

While I have indicated the temperatures of
the various zones which are critical to the op-
eration of this invention, these zones may also
be checked by mechanical means. Specifically
it will be found that the mass in zone 71 is baked
so hard that one cannot drive a metal bar into
it without cracking it. On the other hand,
zone 6, while sufficiently solid so that it does not
flow, is soft enough so that a metal bar can be
driven into it.

In PFig. 3 I indicate the spacing of the elec-
trode studs 4 relative to the casing 5. It will
be noted as stated above, that the distance be-
tween the center point of the studs longitu-
dinally and taken in a horizontal plane is at
least 33% greater than the distance from the
center line of the outer row of studs to the
outer margin of the electrode mass. By this ar-
rangement if any shrinkage cracks occur, they
will tend to run transversely out to the sides of
the casing father than longitudinally.

It is understood that the examples given are
intended only as illustrations and that my in-
vention may be modified in many particulars.

What I claim is:

1. The method of handling a continuous elec-

trode in an aluminium furnace which comprises
putting a usual paste mass into a fixed casing
having an internal section of the shape desired
for the electrode, bringing such mass into a zone

where the mass melts to assume such shape, 5

moving the mass downwardly within and in con-
tact with such casing into a zone hot enough
to cause the outer portion of the mass tc solidify
but not to be fully carbonized, moving the mass
downwardly out of the casing while in such
partly baked condition and into a hotter zone
where the mass will no longer be in contact
with the casing and will become incandescent
and can carbonize before entering the bath
where it functions, maintaining a substantially
gas-tight seal between the fixed casing and the
surface of the bath surrounding the lower part
of the electrode whereby admission of air into
the area surrounding the exposed portion of
the electrode is substantially prevented and gen-
erated gases enter such area, and withdrawing
por.ions of such gases from such area through
an escape pipe while a substantially non-oxidiz-
ing atmosphere is maintained around that por-
tion of the electrode which extends from the
bottom of the casing to the surface o such bath
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to prevent combustion of the exposed face of
the electrode.

2. A method as specified in claim 1 in which
the temperature of the outer portion of the elec-
trode mass as it emerges from the casing is be-
tween 300° C. and 425° C.

3. A method as specified in claim 1 in which
the electrode mass as it emerges from the casing
is soft enough so that an iron bar can be driven
into it without causing it to crack.

4. A method of handling a continuous elec-
trode in an aluminium furnace which comprises
shaping the electrode and baking it at a tem-
perature of between 300° C. and 400° C. in a
fixed casing whereby the outer portion of the
electrode is solidified but not fully carbonized,
withdrawing it downwardly from the casing at
a temperature not in excess of 425° C., passing
the electrode with its sides substantially unsup-
ported downwardly towards and into the fur-
nace bath while raising the temperature pro-
gressively to incandescent temperature whereby
the electrode is fully carbonized, and maintain-
ing a substantially gas-tight seal between the
fixed casing and the lower surface of the bath
surrounding the lower part of the electrode
whereby admission of air into the area sur-
rounding the exposed portion of the electrode
is substantially prevented and generated gases
enter such area, and withdrawing portions of
such gas from such area through an escape pipe
so that a substantially non-oxidizing atmosphere
around the electrode while passing it down from
the fixed casing to the furnace bath.

5. A method as specified in claim 1 in which
the electrode mass is supported by vertical studs
anchored in the carbonized portion of the elec-
trode which studs are positioned so that the
distance in g horizontal plane between the center
point of the studs longitudinally is greater than
the distance from the center line of the outer
row of studs to the outer margin of the electrode
mass whereby shrinkage cracks will tend to run
out from the studs to the sides of the electrode
rather than longitudinally.

JOHANNES SEJERSTED.
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The proble"m of thermal stress in furnace elec-

trodes has been recognized for over 35 years and
has become more troublesome as electrodes with
inereased diameters have been produced. These

stresses are due to non-uniformity in tempera-

ture- throughout the electrode and are greatest
oh its immersion In a hot furnace and upon its
withdrawal. Contraction of the outer surface
especially. of -an extruded electrode on cooling
imposes. tensional stresses which . cause spalling
and longitudinal eracks. A longitudinal crack
may change direction to a fatal transverse crack.

One early suggestion for reducing thermal
stresses is found .in theé patent. to Hinckley
1,058,057, April 8, 1813, in which a longitudinal
slot extended all :the way through a radial wall
of an electrode provided with. a central bore,
One objection to this proposal is the danger of
a longltudinal crack opposite the slot developing
from. the clamping stress to which the clectrode
is subjected from its holder. Another objection
to. that proposal is the danger of rupture from
the nipple pressing against the socket when elec-
trodes are connected end to end by the usual
threaded carbon or graphite nipple. Since that
time. electrodes have increased in size and the
time of maximum internal stress is believed to
be no longer on starting but in stopping the
operation of the electrode and on its withdrawal
into the air. At that time the inside of the elec-
trode has been heated to a high temperature
and after the outer portion has been cooled for
a minute or two, a steep thermal gradient is pro-
duced - adjacent the outer surface imposing a
tensional stress around the circumferenece of an
electrode transverse cross section tending to
form a longitudinal erack. - .

A large majority of the large size furnace elec-
trodes.are of the extruded type in which cracks
are practically never. noted to start in a trans-
verse direction -but begin in a longitudinal di-
rection and then may change into a transverse
direction to be more serious and objectionable
in nature. Molded electrodes fend to have a
smaller transverse coefficient of expansion and
therefore lower fransverse. stresses, the longi-
tudinal direction containing the larger coeffleient
of expansion, wherefore the danger of longitu-
dinal cracks developing in molded electrodes is
usually less than In extruded electrodes. By
carbon is means either carbon or graphite.

This invention relates to large carbon elec-
trodes, especially those of the extruded type,
for electric fuwrnaces and has for an object to
reduce the danger - of longitudinal = eracks.
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Another object is to reduce the thermal stress
developed within the electrode, particularly on
cooling. L
According to this invention, one or more nar-
row slots extend lohgitudinally and deep enough
to lessen the degree of such thermal stress but
shallow enough to leave a substantial part of
the radial depth of the electrode wall, thereby
providing a firm foundation to resist the tendency
to fracture possessed by an electrode having a
slot radially all the way through its wall. These
narrow slots are preferably filled with a yleld-
able conductive carbon to lessen the likelihood of
rapid oxidation of the carbon side walls. Pref-
erably, both inside and outside radial slois are
provided, symmetrically arranged with the in-
side slots angularly displaced from the outside
slots. The outside slots have been found to be
the more important slots. However, the inside
slots reduce the formation of high compressive
stress on the inside and are thus useful in
alleviating the danger of excessive tehsional
stress on the outer portion of an electrode.
Referring to the drawings: s
Fig. 1 iz a perspective partly in section of a
preferred embodiment of an electrode under the
pregent invention; L
. Fig. 2 is an end view of a cylindrical electrode
having only outside slots; o
Pig. 3 is an end view of a ¢ylindrical €lectrode
having only inside slots; _ :
Fig. 4 shows the caleulated temperature grad-
lent in an electrode of 9 inch radius.
_ Referring to the drawing, a large cylindrical
carbon electrode (0 for use in an electric furnace
is provided with three or meore symmetrically
arranged and substantially equally. angularly
spaced, generally radial outside slots I for the
purpose of reducing tensional stress in the outer
portions of an electrode cross sectlon. These
slots 14 have a depth of from .1 to .5 or more of
the radial depth of the electrode and a width of
14 to perhaps an inch the bases of the slot be-
ing rounded as illustrated to minimize stress
concentration. The maximum figure named is
arbitrary since the slots should not be so wide as
to substantially reduce the transverse cross sec-
tional area of the .electrode thereby impairing
ity conduetivity. The minimum width suggested
for the slots 1 is determined by the manner
jh which the same may be formed in manufac-
ture. It is understood that the width of these
slots should ke large enough to prevent the. side
walls from touching when the electrode is placed
inh a hot furnace. Symmetrically spaced angu-
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larly from the external slots I are an equal
number of internal slots 12 radiating from a
central bore 3. In cooling it has been found
that these inside slots tend to reduce the com-
bressive stress In the heated central portion of
the electrode and therefore also tend to reduce
the formation of dangerous tensional stress in
the outer portions of the electrode. An axial
hore 13 is usually provided when internal slots

12 are provided. The diameter of this hore I3

may vary from .1 to .6 or more of the electrode
diameter though the small size hore is preferable
in order not to reduce the conductivity of the
electrode excessively, :

The slots 12 may be from 005” to 1" in width.
Their minimum width should be such that, on
cooling, the slde walls of the slot 12 are not
closed. The upper limit for the slot width: is
such that the conductivity of the electrode is
not unduly reduced,  Here again, the base of
each slot 12 is rounded for strength. It will be
seen from the drawing that each internal slot
12 is spaced 45° from an external slot (4,

The transverse cross-sectional area of the
electrode has been reduced by both slots 11 and
12 less than 109% and preferably between 2%
and 7%. The inner slots 12 should reduce the
cross-sectional area of the electrede hy less
that 4%, exclusive of axial bore, and the outer
stots by less than 44% in order that the con-
ductivity of the electrode may not be impajred.
These values represent what has been found to
be good practice. ‘The problem solved by this
invention does not exist in small electrodes of
less than two inches diameter. As shown in
the drawing the depth of the inner slots is pref-
erably slightly shorter than the depth of the
outer slots.

The embodiment 111ustrated in F1g. 2 s g
large cylindrical electrode having only the ex-
ternal slots (la of the size and extent indicated
for the slots {1 in Fig, 1.

The eclectrode of Fig, 3 contams only the in-
ternal slots 12¢ radiatihg from the axial bore
13z and of the size mentioned for those slots
{2 in Fig. 1.

The slots of each embodiment and the axial
bore of Figs. 1 and 3 preferably are each filled
with an inert conductive materia) of a soft and
pliable nature to prevent the access of air or oxi-
dizing gases to the slot walls vet to permit
movement of the side walls of each slot toward
and from one another., Materials suitable for
such fllling Include - graphite, bituminous coal,
foundry coke, petroleum coke, sawdust or other
carbonaceous- material, decomposed carborun-
dum, or mlxtures of these materials, each
crushed and mixed with any suttable binder.
A suitable filler composition is a mixture of 23
parts tar with 77 parts graphitized lump foun-
dry coke crushed to 14* size and smaller,

The tangential stress on. the surface of an
electrode 18 inches in. diameter has bheen ecal-
culated to be 163 pounds per square inch when
the surface temperature is 1600° C., when the
electrode is carrying 30,000 amperes and is at
equilibrium thermally. Under these eonditions
the thermal stradlent is only 117° C. and such is
shown by the curve 14 in Fig. 4. It has also
been caleu]ated that if the same electrode is
uniform in temperature and. carries no current
but is exposed fo room temperature, the stress
in the outer fibers will reach 735 pounds per
square inch after one minute exposure and 805
pounds per square inch after two mimites ex-
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posure. The radial temperature gradient under
these conditions was caleulated to be 330° C.
and 373° C. respectively. The curve 15 in Fig.
4 indieates what is believed to be a temperature
gradient for the electrode one minute after it
has begun cooling in the air if the conditions of
curve 14 had not existed. It will be noted that
the steepest portion 16 of this sradient is in the
outer two inches of the electrode radial depth.
Curve IT is a composite of curves 14 and (5.
Curve. I7 is believed to give an idea of the total

- temperature gradient in an electrode.

“ 'Where. external slots are used to reduce the
stress in the outer portion of the electrode it
will be apparent that such slots should be at
least twe or three inches in depth in order that
they- may- extend through the portion of the
electrode where the steepest temperature srad-
ient oceurs. The maximum estimated stress is
about 800 pounds per square inch in tenslon,
which is 50% greater than the normal trans-
verse strength usually reported-for this type -of
graphite at' room temperature. The neutral
stress zome.is believed to he 575 of the radius
from the center in a solid cylindrical electrode.
Although the coefficient of expansion, modulus
of elasticity, elastic limit, ete. of electrode ma-
terials are known at room temperature, these
values are not as. well known at the high tem-
peratures to which an electrode is subjected and
their accurate- measurement at these tempera-
tures is difficult. .

What s claimed is: -

1. In a cylindrical carbonaceous electric fur-
nace electrode having a diameter of at least
several inches, the combination therewith of
means for reducing the tendency for a longitudi-
nal crack to form due to a substantial tempera-
ture gradient hetween the inner and outer por-
tions of the electrode, said means including the
provision. in the electrode of at least one gen-
erally radial slot extending longitudinally there-
of but of less depth than the radial thickness
of the electrode, said slot being adjacent at least
one of an inner and an outer portion of the ra-
dius .and of a width to prevent the side walls
of .the slot closing umder substantial pressure
due to extremes in temperature encountered
within the electrode, the total reduction in cross
sectional area. of the electrode due to sald slot
being not more than 7 percent, sald slot being
free of any material which would appreciably
impede movement, of its side walls toward each
other due to temperature changes and free of
any material contaminating a bath in which the
electrode 1z adapted te be placed, the unslotted
portion of the electrode radially beyond said
slot having a substantial depth and providing
a foundation against which any clamping stress
of an electrode holder may be exerted.

2. An electrode according to claim 1 in which
said at.least one longitudinal slot is in a radial
inner portion of the electrode but outside of an
axlal bore.

- 3. An electrode aecm ding to clalm 2 in which
the radial Inner slotted portion contains at least
three substantially equally spaced slots of a
size reducing the transverse cross sectional area
of the electrode by no more than ahout 4%,
exclusive of sald axial bore.

4. An electrode according to claim 1 in which
said at least one longitudinal slot is in an outer
portion of the electrode and opens onto an outer
cireumnference and an unslotted portion of the
electrede is radially inside of sald slot.
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5. An electrode according to claim 4 in which
the externally slotted portion contains at least
three substantially equally spaced longitudinal
slots of a size reducing the transverse cross see-
tional area of the electrode by no more than
4.4% and the bases of said slots are rounded to
better withstand thermal stress tending to move
the side walls of the slot toward and from one
ahother. ' ' B .

6, An' electrode according to claim 1 in ‘which
an axial bore is provided with said at least cne
radial slot extending outward from said bore
and at least another generally radial slot of less
depth than the electrode radial wall extends in-
wardly from the periphery, said slots being an-
gularly displaced from one another, not sub-
stantially overlapping radially, and a substan-
tial portion of the electrode wall between said
slots being unslotted both radially and angularly.

1. An elecirode according to claim 1 in which
there are at least three but not more than elght
generally radial slots substantially equally
spaced angularly. ' : o

8. In a generally cylindrical, uniform and
homogeneous electric furnace electrode having &
diameter in excess of three Inches, the combi-
nation therewith of the improvement for Te-
ducing the tendency of a longltudinal crack to
form due to a substantial temperature gradient
between the inner and outer portions, said im-
provement including the provision of at least one
generally radial slot extending longitudinally of
the electrode of less depth than the radial thick-
ness of the electrode, having a width to prevent
the side walls of the slot closing under substan-
tial pressure due to temperature differences in
the electrode; of a width effecting a total redue-
tion in transverse cross sectional area of the
electrode due to the slotted portion of not more
than 7 percent and the slotted portion is free
of any material which would significantly. im-
pede movement of its side walls toward each
other due to temperature differences within the
electrode and free of any material contaminat-
ing a bath in which the electrode is adapted to
be placed, the unslotted wall of said electrode
ragially beyond said slot being of a radial depth
providing a foundation against which a clamp-
ing stress may be exerted, the slotted portion
being filled with a yieldable carbonaceous con-
ductive material whereby thé electrode is inte-
gral structurally -except for the material filling
said slot.

9. An electrode according to claim 8 in which
the slotted portion reduces the cross sectional
area of the electrode between 2% and T%." .

10, A cylindrical electric furnace electrode
having an outside diameter in excess of 8 inches
provided. with at least three ‘angularly spaced
slots extending inwardly from the periphery, a

distance of .1 to .5 of the radial thickness of

the electrode, extending longitudinally through-
out at least a major portion of the length of the
dlectrode from one end thereof, each slot heing
of a width to prevent the- side walls touching
under pressure on immersion of a cold electrode
in a hot furnace, the slotted portion effecting a
reduction in {ransverse cross sectional area of
the electrode due to the slots which does not
exceed 109, said slots being free of any stiff
material appreciably impeding movement of
the side walls toward each other and free of any
material contaminating a bath in which the elec-
trode is adapted to be placed, the unslotted por-~
tions of the electrode providing a foundation
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6
against which a clamping stress of an-eléctrode
holder may be exerted, o o

11, In a cylindrieal electrode for an electric

furnace and having an outside diameter greater
than eight inches, the combinaticn therewith of
the improvement for reducing the danger of a
longitudinal erack being formed due to a tem-
perature gradient between the inner and outer
portions of the electrode, said improvement
comprising a longitudindl non-axial recess €X-
tending throughout at least the major portion
of the electrode length from one end thereof,
of ‘& width and depth capable of allowing slight
relative movement between opposite sides of
said recess toward and from one another under
stress due to a temperature difference hetween
the inside and outside of sald electrode, the
transverse cross sectional area of said electrode
being reduced less than 10% by said recess, &
substantial portion of the electrode radial depth
one side of said recess constituting an imper-
forate foundation against which a clamping
stress of an electrode holder may be exerted.
. 12, A cylindrical carbonaceous electric furnace
electrode having a diameter in excess of eight
inches and having the improvement for reduc-
ing a tendency for a longitudinal crack to form
due to a substantial temperature difference he-
tween inner and outer portions of the electrode,
gald improvement Inciluding at least one gen-
erally radial slot extending longltudinally and
of less depth than the radial thickness of the
électrode, the total cross sectlonal area of any
and -al] of said generally radial slots of the elec-
trode being no more than 7% of the cross sec-
tional area of the electrode, said slot being free
of rigid material which would Impede move-
ment of its side walls toward each other due to
temperature changes and free of any salts con-
taminating a bath in which gaid electrode is
adapted to be placed. :

13 A cylindrical ecarbonaceous electric fur-
nace electrode having a diameter in excess of
eight inches and having the improvement for
reducing a tendency for a ‘substantial crack to
form due to a substantial temperature difference
petween inner and outer portions of the elec-
trode, sald improvement including at least one
generally radial slot extending longitudinally
and of less depth than the radial thickness of
the electrode, the total cross sectional area of
any and all of said generally radial slots of the
electrode being hetween 2% and 7% of the cross
sectional area of the electrode, said slot being
free of rigid material. which would impede
Tnovemeit of its side walls toward each other
dué to temperature changes and free of any
salts contaminating a bath in which said elec~

‘trodeis adapted to be placed.

“"14. A cylindrical carbonaceous eleciric furnace
electrode having a’ diameter in excess of three
inches and having the improvement for reducing
2 tenidency for a longitudinal crack to form due
to a substantial temperature difference hetween

inher and outer portions of the electrode, said im-

provement including outer slots having a Cross
sectional area of riot over 44% of the cross sec-
tional area of the earbonaceous electrode and ex-
tending less than the radial depth of the elec~
trode.

15, A eylindrical carbonaceous electrie furnace
electrode having a diameter in excess of three
inches and having the improvement for reduc-
ing a tendency for a longitudinal crack to form
due to a substantial temperature difference be-
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tween inner and outer portions of the electrode;
sald improvement including inner slots having
a cross sectional area of not over 4% of the cross
sectional area of. the carbonaceous electrode
around a central bore and less depth than the
radial depth of the electrode.

16. A cylindrical carbonaceous electric furnace
electrode having a diameter in excess of three
inches and having the improvement for reducing
a tendency for a longitudinal erack to form due
to a substantial temperature difference between
inner and outer portions of the electrode, said im-
provement including radially inner and outer
slots of substantially the same width and having
a cross sectional area of not over 10% of the cross
sectional] area of the electrode around a central
bore. - )

17. A cylindrical carbonaceous electric furnace
electrode having a diameter in excess of three
inches and having the improvement for reducing
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a tendency for a longitudinal crack to form due .

to a substantial temperature difference between
inner and outer portions of the electrode, said
improvement including radially inner and outer
slots having a cross sectional area of not over
10% of the cross sectional area of the electrode.

18. A cylindrical carbonaceous electric furnace
electrode having a diameter in excess of three
inches and having the improvement for reducing
a tendency for a longitudinal crack to form due
. to a substantial temperature difference between
inner and outer portions of the electrode, said
improvement including outer slots having a
cross sectional area of not over 4.4% of the cross
sectional area of the carbonaceous electrode and
a depth of .1 to .5 of the radial depth of the car-
bonaceous electrode. Co

19. A cylindrical carbonaceous electric furnace
electrode having a diameter in excess of eight
inches provided with means to reduce a tendency
for a longitudinal crack to form due to a substan-
tial temperature difference between inner and
outer portions of the electrode during or after
use, said means including at least one generally
radial slot extending longitudinally, said slot be-
ing deep enough for its side walls to be free to
move toward and from each other due to tem-
perature differences within the electrode, the
depth of said slot being substantially less than
the radial depth of the electrode exclusive of any
core or bore. )

20. A cylindrical carbonaceous electric furnace
electrode having a diameter in excess of eight
inches provided with means to reduce a tendency
for a longitudinal crack to form due to a sub-
stantial temperature difference between inner
and outer portions of the electrode during or
after use, said means including at least one gen-
erally radial slot extending longitudinally, said
slot being deep enough for its side walls to be
free to move toward and from each other due
to temperature differences within the electrode,
the depth of said slot being substantially less
than the radial depth of the electrode exclusive of
any core or bore, but the slot depth not extend-
ing beyond a neutral stress zone due to said tem-
perature difference within the electrode.
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21, A eylindrical carbonaceous electric furnace
electrode having a diameter in excess of eight
inches provided with means to reduce a tendency
for a longitudinal crack to form due to a sub-
stantial temperature difference between inner
and outer portions of the electrode during or
after use, said means including at least one gen-
erally radial slot extending longitudinally, said
slot being deep enough for its side walls to be
free to move toward and from each other due to
temperature differences within the electrode, the
depth of said slot being substantially less than
the radial depth of the electrode exclusive of any
core or bore, said slot being open radially out-
wardly. . .

22. A cylindrical carbonaceous electric furnace
electrode having a diameter in excess. of eight
inches provided with means to reduce g tendency
for.a longitudinal crack to form due to a sub-
stantial  temperature difference between inner
and outer portions of the electrode during or
after use, said means including at least one gen-
erally radial slot extending longitudinally, said
slot being deep enough for its side walls to be free
to move toward and from each other due to tem-
perature differences within the electrode, the
depth of said slot being substantially less than
the radial depth of the electrode exclusive of
any core or bore, said slot extending for the full
length of the electrode.

23. A cylindrical carbonaceous electric furnace
electrode having a diameter in excess of eight
inches provided: with means to reduce g tendency
for a longitudinal crack to form due to a substan-
tial temperature difference between inner and
outer portions of the electrode during or after
use, said means including at least one generally
radial slot extending longitudinally, said slot be-
ing deep enough for its side walls to be free to
move toward and from each other due to tem-
perature differences within the electrode, the
depth of said slot being substantially less than
the radial depth of the electrode exclusive of
any core or bore, said electrode being provided
with an axial bore and the slot opening radially
inwardly into said bore.

CHARLES H. CHAPPELL.
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This inventjon relates to an improvement in the joine
ing of graphite products to one another to provide a joint
which retains its stremgth at temperatures up to as high
as 3000° C.

Many methods have been proposed in the past for join-
ing carbon to other materials, including metals, ceramics,
and other carbon members, Such proposals have, gen-
erally, envisioned the use of tar, pitch, resins, and other
adhesives as illustrated in United States Patents 473,841;
974,008; 1,158,171; 2,412,081; 2,670,311; and 2,512,230,
Such adhesives function satisfactorily at relatively low
temperatures, e.g, up to about 400° F., but lose their
strength at higher temperatures and hence have only a
limited applicability. Others have suggested the use of
inorganic bonding materials such as sodium silicate, as in
United States Patent 1,709,892, or elemental bonding
agents such as selenium or tellerium, as in British Patent
604,293, A more recent proposal involves the use of a
solder based on a meial such as copper and a refractory
bonding material such as titanivm hydride or zirconium
hydride, as described in United States Patent 2,570,248,
One common difficulty with each of the foregoing has
been the imability of the joint to perform at elevated
temperatures.

I have now discovered a process in which graphite
members may be beonded to other graphite members or to
other materials by materials which function in an entire-
ly different manner from the simpler adhesives of the
prior art and which produce structures which remain
bonded at elevated temperatures.

Briefly, instead of an adhesive type bonding material, I
have found that a material which is capable of entering
into chemical combination with the graphite should be
used to effect the bonding. Thus, elemental titanium,
zircopium, hafnium, vanadium, niobium, tantalum,
chromium, molybdenum, tungsten, or some of the rare
earths or indeed any elements which form carbides, may
be used to accomplish the desired bond. The carbide-
forming element must be one whose carbide may contain
a variable amount of carbon, This carbon must be able
to precipitate as graphite as the carbide is heated above
the carbide-forming temperature and c¢ooled, and to
nucleate and grow into large graphite plates,

In accordance with my invention I provide a joint-
forming or bonding material, such as elemental zirco-
nivm metal, either (1) in finely divided form, e.z. as a
free flowing dry powder, or as a slurry or paste com-
position comtaining the bond-forming material as a. pow-
der, or (2} in the form of a thin layer or wafer-shaped to
any desired configuration, The bond-forming material is
applied to the surfaces to be joined and then heat, or a
combination of heat and pressure are applied to raise the
temperature of the joint region to an extent necessary to
form a carbide zone.

The joining material may, as previously indicated, con-
sist of any of the elements which form carbides, or of
mixtures of two or more of such elements or their alloys.
When used in finely divided form, the bonding material
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should be of a reasonably fine particle size. Dry pow-
ders of between 100 mesk (Tyler Standard) and 325
mesh (Tyler Standard) have been successfully used, and
the particle size does not appear to be critical. Finer
particle sizes permit the application of elevated tempera-
tures for shortéer intervals than coarser particles,

The temperature at the interface should be between
1750° C. and 2500° C., or even higher, depending on
the specific joining material used. Such temperatures are
conveniently obtained electrically, ¢.g. by resistance heat-
ing or induction heating or even by an arc, Whatever
the means employed, it is mecessary that the temperature
developed at the interface be sufficient for a carbide to
form at the interface, so that the bond ultimately com-
prises the carbide so formed, together with any carbon
rejected by the carbide as graphite at temperatures ex-
ceeding about 2000° C, Thus the joint material may
comprise either a carbide or a carbide-graphite combina-
tion produced by the rejection of some carbon from the
carbide, .

Many carbides have a tendency to fracture under ten-
sion. Hence, when a combination of heat and pressure is
used to form the joint, it is preferable to use moderate
pressures, for example pressures up to 1500 pounds per
square inch, to avoid destruction of the joint or rupture

-of the graphite.

The following exami:u]es will serve to further illustrate

. the practice of my invention and are to be taken as
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illustrative and not limitative thereof,
Example 1

Two graphite rods, one-half inch in diameter, were
clamped in a resistance welder so that they were butted
together with a layer of —200 mesh (Tyler Standard)
zircomium metal powder between their ends. A pressure
of 200 pounds was used to urge them together. The
assembly was mounted in a furnace provided with means
to maintain an argon atmesphere thereunder. The rods
were heated by resistance heating by passing a direct
current through the rods sufficient to produce a tempera-
ture of about 2150° C. at the joint. The pressure in-
creased to 350 pounds as the temperature was raised,
The interface region remained at about 2150° C. for 10
seconds, and then the heating was discontinued, When
the rods had cooled, it was found that the two rods were
firmly bonded tegether. Photomicrographs taken of the
joint region showed that considerable graphitization had
occurred.  While I do not wish to be bound by any
specific theory, I believe that at the elevated temperature
to which the zirconium-graphite assembly was heated,
some zirconium carbide formed and that as the carbide
cooled, some carbon precipitated from the carbide and
that this carbon, under the prevailing conditions, had
become converted to graphite. The resultant joint, then,
is characterized as a graphite to graphite joint bonded by

.graphite, Because of the appearance and strength of this

joint, 1 believe that the decomposition of the banding
materjal produced graphite flakes which grew perpen-
dicular to the joint with the result that a partially
graphitized joint was produced, and at the same time at
elevated temperatures some of the zirconiom may have
been volatilized. It will be seen, therefore, that by main-
taining the materials at a sufficiently elevated tempera-
ture below the temperature =t which the graphite
volatilizes that most of the carbide-forming metal ijtself
may be eliminated from the joint region and that ulti-
mately an all graphite bond is formed in which the
graphite flakes formed by the decomposition of the car-
bide have grown into each of the members being united.

Example II
The procedure employed in Example I was repeated at
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a temperature of about 2325° C. for 10 seconds and at
at slightly higher initia] pressure of 250 pounds. When
tested in tensile the joined rods broke in the graphite
-and niot in the joint, showing that the. joint was at least
fisstrong as the graphite. )

‘One further matter should be noted in connection with
‘my invention, Because of ils properiies, graphiie is an

-excellent ‘material for the construction of reactors and -

of other apparatus for processing fissionable materials.
Because many of the carbide-forming elements have suit-
able neutron absorption coefficients, my invention may
‘be peculiarly adapted to the fabrication of apparatus to
be used in processing such material. By selecting the
proper carbide-forming bonding materials, joints may be
formed wherein the bond zone has substantially the same
-peutron capturs as the graphite portions of the apparatus.

Having now described my invention in accordance with
the patent statutes, T claim:

1. A method of forming a graphite. bond between
-graphite members which comprises: assembling at least
two graphite members having a common surface about a
‘carbide-forming metal selected from the group consisting
of titanium, zirconjum, halfnium, vanadium, nichium,
-tantalum, chromium, -molybdenum, and tungsten; sub-
jecting the region adjacent said carbide-forming material
to a temperature between 1750° C. and 2500° C., and
-sufficient to form a carbide of said metal; meintaining
said region at said temperature for a time sufficient to
permit the volatilization of a portion of said carbide-
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forming metal, and-cooling said region, whereby graphite

precipitates perpendicular to said common surface and
forms a substantial portion of the resulting material join-
ing said members,

2, The method of claim 1 in which said carbide-form-
ing metal is in the form .of a powder having a particle
size between 1{{} mesh and 325 mesh.

3. The method of .claim 1 in which moderate pressure
s applied to the members of the assembly in order to
maintain them in -abutting reiation -during said heating
step.

4, The process of claim 1 wherein said carbide-form-
ing metal consists of finely divided zirconium -particles.

5. The product of the process of ¢laim 1.

References Cited in the file of this patent
UNITED STATES PATENTS

227,370  Man May 11, 1880

968,949 Jaburg ol Aug, 30, 1916
2,093,390 Wyckoff oo Sept, .14, 1937
2,195,314 Lincoln weweemmmeae e _ Mar, 26, 1940
2,431,975  Yockey et al. cucmmmnacnnn Dec. 2, 1947
2,570,248 Kelley wewammmome—e—— Oct, 2, 1951
2,650,943 - Leuchset al, maeeee-, ‘Sept. 1, 1953
2,686,958 Eber et al. oo -Aug, 24, 1954
2,739,375 Coxe Mar, 27, 1956
2,776,472 Mesick Jan, 8, 1957
2,313,921 Vordahl et al. o Nov. 19, 1957



4/8=408,

OR 299796814 SR

United States Patent Of

s
[ i

2,979,814
Patented Apr. 18, 1961

1CC

2,979,814
JOINING OF GRAPHITE MEMEBERS

Morris A. Steinberg, University Heigh
to Horizons Incorporated, Cleveland,
tion of New Jersey

No Drawing. Filed Dec. 4, 1957, Ser. No. 700,557
6 Claims. (CL 29—470)

Ohio, assignor
hio, a corpora-

This invention relates to an improvement in the joining
of pieces of graphite to one another. More particularly
one object of this invention is to provide a joint between
two or more graphite members which retains its strength
at temperatures up to as high as 3000° K.

Many methods have been proposed in the past for
joining carbon to other members of carbon, metals,
ceramics, and other materials. Such proposals have,
generally, envisioned the use of tar, pitch, resins, and other
adnesives as illustrated in United States Patents 473,341;
947,008; 1,158,171; 2,412,081; 2,670,311; and 2,513,230,
Such adhesives function satisfactorily at relatively low
temperatures, €.g. up to about 400° E., but lose their
strength at higher temperatures and hence have only a
limited applicability., Others have suggested the use of
inorganic bonding materials such as sodium silicate, as in
United States Patent 1,709,892, or elemental bonding
agents such as selenium, or tellurium, as in British Patent
604,293, A more recent proposal involves the use of a
solder based or a metal such as copper and a refractory
bonding material such as titanium hydride or zirconjum
hydride, as described in United States Patent 2,570,248,
One common difficulty with each of the foregoing has
been inability of the joint to perform at elevated tempera-
tures, Another disadvantage inherent in many such joints
arises from the presence of a foreign material other than
carbon, at the joint,

In an earlier application filed by me, Serial No. 612,599
filed September 28, 1956, there was disclosed a process in
which graphite members could be bonded to other
graphite members or to other carboraceous materials by
materials which functioned in an entirely different manner
from the simpler adhesives of the prior art and which
produced structures which remained bonded at elevated
temperatures.

Briefly, instead of an adhesive-type bondimg material,
it was proposed that a material which is capable of enter-
ing into chemical combination with the graphite should
be used to effect the bonding, Thus, ¢lemental titanium,
zirconium, hafpium, vanadium, niobium, tantalum,
chromium, molybdenum, tungsten, or some of the rare
earths or indeed any elements which form carbides, were
envisioned as useful for the accomplishment of the
desired bond. In the resulting article, the bond between
two graphite bodies would then consist of metal carbide.

The present application constitutes a continuation-in-
part of application Serial No. 612,599,

I have now discovered that a joint in which carbon is -
joined directly to carbon is to be preferred, for many
purposes, over prior art joints in which one or more metals
or metal compounds served as the “cement” between the
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carbon bodies being joined. In order to achieve a carbon
to carbon joint free of any foreign material or adhesive,
only certain of the carbide-forming elements disclosed in
my earlier application may be used. As taught therein,
the carbide-forming clements employed, either singly or
in combination, tnust be those whose carbides may con-
tain a variable amount of carbon and this carbon must
be capable of precipitating as graphite under the proc-
essing conditions, ‘The temperature and pressure at which
this wilt occur is detertnined by the carbide formed and
decomposed.

It has been further found that omly those elements
which form meta-stable carbides and which can thereafter

be eliminated from the joint will yield a metal-free carbon -~

to carbon joint having the properties desired, [ have
found two methods applicable to the removal of the metal
of the meta-stable carbide from the region of the joint.
In the first, the joined members are subjected to heating
gither in am inert gas atmosphere, such as ome of the
noble gases, or preferably in a vacuum for a time suffi-
cient, at the temperature selected, to accomplish decom-
position of the meta-stable carbide and the escape of the
metal into the atmosphere. In the secomd, meta-stable
carbides which decompose on cooling, e.g. magnesium car-
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bide, are chosen for the imitial bond and, after the bond *-*-

has formed, the carbide is permitted to decompose, by
cooling, to produce a volatile metal and graphite as the
end producis,

Below there are tabulated many of the elements which
form carbides, together with certain of their properties.

ELEMENT CARBIDE
Melting | Boiling Meltine Point and Sta-
Element Poolé:t. Poaglt, Carbide billty of Carbide
Nfcoee-... 1.7 202 | Napls _ | unstable.
Ko (3 770 | EaCs.__.| unstable.
Be ... 1280 2770 | BesC___. u.nrstable Be and graphite
M eccane i1} 1202 | MgCy.. .| unstable above 500° C. de-
oamposes to Meieas) and
Canmnnne. B50 1440 | CoGCe... dacom oses on heating,
Al 660 2060 | AlCa.. | 2200° 8 Forms at 1000°
C. Unstable above 1800°

C. Bublitees decomposes.

unstable on heatlog,

.| unstzble.

3280° C. stable.

3175° . meta-stable.

3890° C, stable.

uistable above 2100° C.
C rejected.

--..| decomposes,
.| stahble,

| siable.

meta-stﬂhle 1805° C,
| 26957 C. stable.

_| 2680° Q. stable.

2830 . stable,

2700° C, stable.

unstable.,

. mmelts o take in C rejects
on eoolin

1519
?

It will be seen that many of the carbide-forming ele-
ments are disqualified for the bonding of carbon directly
to carbon either because they form extremely stable
carbides which are mot decomposed by heating, or, in
instances where the carbide is decomposed, the metal
cannot be volatilized to effect its removal from the region
of the joint. Thus molybdenum which has been used
before, to join graphite to metal or to graphite, as de-
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scribed in United States Patent 2,431,975, cannot be used
to produce a metal-free joint because the metal does not
exhibit a sufficient vapor pressure at elevated temperatures
to permit its removal after the carbide has been decom-
posed, for instance, by heating to 3000° C.

Of the carbide-forming clements listed above, I have
found the following to be useful in my process; alu-
minum, zirconium, magnesivm and beryllium,

In accordance with my invention [ provide a joint-
forming or bonding material, such as elemental alumi-
num metal, ¢ither in finely divided form, or in the form
of a thin sheet or wafer, When the finely divided metal
is used it may be as a free flowing dry powder. or as a
slurry or paste composition containing the bond-forming
material as a powder. When 2 solid piece of bonding
material is used it may be in the form of a thin layer
or wafer-shaped to any desired configuration. ‘The bond-
forming material is applied to the surfaces to be joined
and then heat, or a combination of heat and pressure are
applied to raise the temperature of the joint region to an
exXtent necessary to form carbide zone.

The joining material may, as previously indicated, con-
sist either of any of the elements designated as suitable,
or of mixtures of two or more of such clements or their
alloys. When used in finely divided form, the bonding
material should be of a reasonably fine particle size.
Dry powders of between 100 mesh (Tyler Standard) and
325 mesh (Tyler Standard) have been successfully used,
and the particle size does not appear to be critical. Finer
particle sizes permit the application of elevated tem-
peratures for shorter intervals tham coarser particles,
The choice of a particle size will also in some instances
be conditioned to some extent by the area of the bond.

The temperature at the interface should initially ap-
proach 1800° C. to 2500° C., and may be even higher,
depending on the specific joining material used. Such
temperatures are conveniently obtained electrically, for
instance, by resistance heating or induction- heating or
even by an arc. Whatever the means emploved, it is
necessary that the temperature developed at the inter-
face be sufficient for a carbide to form at the interface,
so that the bond initially comprises the carbide so formed,
together with any carbon rejected by the carbide. There-
after, as the heating is continued, at temperatures suffi-
cient to decompose the carbide and then to vaperize the
element resulting from the decomposition of the carbide.
At the same time, the carbon formed by the decomposi-
tion of the carbide precipitates under the existing con-
ditions, into flakes perpendicular to the joint surface.

Many carbides have 2 tendency to fracture uader ten-
sion, Hence, when a combination of heat and pressure
is used to form the joimt, it is preferable to use moderate
pressures, for example pressures up to 1500 pounds per
square inch, to avoid destmction of the joint or rupture
of the graphite.

The following examples will serve to further illustrate
the practice of my invention and are to be taken as illus-
trative and not limitative thereof.

Example I

Two graphite rods, one-half inch in diameter, were
clamped in a resistance welder so that they were butted
together with a layer of —200 mesh (Tyler Standard)
zirconium metal powder between their ends, A pressure
of 200 pounds was used to urge them together. The
assembly was mounted in a furnace provided with means
to maintain an argon atmosphere surrounding the assem-
bly. The rods were heated by resistance heating by
passing a direct current through the rods sufficient to
produce a temperature of about 2000° C. at the joint.
The pressure increased to 350 pounds as the tempera-
ture was raised. The interface region remained at about
2150° C. for 10 seconds, and then the heating was dis-
continued. When the rods had cooled, it was found that
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micrographs taken of the joint region showed that con-
siderable graphitization had occurred. While I do not
wish to be bound by any specific theory, I believe that
at the elevated temperature to which the zirconium-
graphite assembly was heated, some zirconium carbide
formed and that as the carbide cooled, some carbon pre-
cipitated from the carbide and that this carbon, under
the prevailing conditions, had become converted te graph-
ite. The resultant joint, then, is characterized as a
graphite to graphite joint bonded by graphite. Because
of the appearance and strength of this joint, I believe
that the decomposition of the bonding material produced
graphite flakes which grew perpendicular to the joint with
the result that a partially graphitized joint was produced,
and at the same time at elevated temperatures some of
the zirconium may have been volatilized. It will be seen,
therefore, that by maintaining the materials at a suffi-
ciently elevated temperature below the temperature at
which the graphite volatilizes that substantially all of
the carbide-forming metal itself may be elimipated from
the joint region and that ultimately an all-graphite bond
is formed in which the graphite flakes formed by the de-
composition of the carbide have grown into each of the
members being united. Also, the zirconfum carbide
which melts at 3250° C. will dissofve exira carben
above stoichiometry and give an eutectic of zirconinem
carbide saturated with carbon at about 2550° C. On
cooling this extra carbon is rejected as graphite,

Example II

The procedure employed in Example 1 was repeated
at a temperature of about 2325° C. for 10 seconds and
at a slightly higher initial pressure of 250 pounds. When
tested in tensile the joined rods broke in the graphite and
not in the joint, showing that the joint was at least as
strong as the graphite,

Example HI

Two pieces of ATT graphite were butted together using
minus 325 mesh (Tyler Standard) aluminem powder at
the joint. Over a period of four minutes the assembly
was heated to 1800° C. to form a joint bonded by
aluminum carbide, The argon atmosphere was pumped
from the furnace and the body was held for less than one
minute at 2100° C. in a vacuum. The aluminum carbide
decomposed and the aluminem volatilized away leaving
a substantially metal-free bond,

One further matier should be noted in connection with
my invention. Because of its properties, graphite is an
excellent material for the comstruction of reactors and of
other apparatus for processing fissionable materials. My
invention is peculiarly adapted to the fabrication of ap-
paratus to be used in processing such materfal. By select-
ing the proper carbide-forming bonding materials, joints
may be formed wherein the resulting metal-free zone
has substantially the same neutron capture as the other
graphite portions of the apparatus,

I claim:

1. A method of bonding wp_@_by_gwm

60 Of_a-metalfree-hond consisting essentially of carbon™

70

which comprises: bringing at least two pieces of graphite
to be joined into abutting relationship with a finely di-
vided bonding material selected from the group consist-
ing of aluminum, beryllium, magnesium, and zirconium
disposed at the interface constituting the joint, heating
the region adjacent the joint to a temperature sufficient

to form a carbide by reaction between said finely divided

solid and the graphite pieces being joined, further heat-
ing the region adjacel?t thebjgint to a tbemperaturehsuﬁ‘i-
cient to decompose the carbide and tg boil away the re- .
sulting elemental metal released by d%%om
carbide, thereby producing a joint formed entirely of
carbonaceous material,

2. The method of claim 1 in which the heating is

_ the two rods were firmly bonded together. Photo- 7 accomplished in an inert atmosphere.
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3. The method of claim 1 in which the bonding mate- References Cited in the file of this patent

tal is aluminum, . . UNITED STATES PATENTS
. 4. The method of claim I in which the bonding mate- 968.949 Yaburg Aug. 30, 1910
rial is zirconium, ¢ Y ’

5. The method of claim 1 wherein the furhe beating 8 5155314 Fincaln -~~~ Mar. 26, 1o40
is performed while the region adjacent the joint is 2,431,975 Yockey et al. couoaao—oo Dec. 2, 1947
evacuated. 2,491,284  Sears Dec. 13, 1949

. An article of manufacture having a carbon to car- 2,686,958 Eber et al. e Aug, 24, 1954
bon joint produced by the method of claim 1. 2,739,375 Coxe Mar. 27, 1956
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The present invention relates generally to high energy
arc electrodes and more particularly to an electrode of
large heat transfer capability.

With the advent of hypersonic flight, it has become very
desirable to provide test facilities for missile study and
the like. An arc chamber capable of increasing the en-
thalpy of a gas and supplying a stream at high tempera-
ture and pressure for a wind tunnel test section has been
claimed and disclosed in a copending application by
Werner S. Emmerick, Serial No, 19,528, filed April 4,
1960, and assigned ¢o the same assignee as the present
invention, It is desirable to provide such an arc chamber
with electrodes capable of sustaining a high energy elec-
tric arc for extended periods of time. However, an arc
column terminating on an elecirode will develop a hot spot
thereor which may destroy the electrode, The electrode
may erode thereby contaminating the gas flow o the test
section,

An electrode in accordance with the present invention
sustains a high energy arc for prolonged periods and at
an extremely low level of contamination by means of the
highly efficient heat transfer path provided from the arc
terminating area to the cooling medium,

An object of the present invention is 1o provide a new
and improved electrode capable of sustaining an electric
arc of extremely high energy.

Another object of the present invention is to provide an
electrade capable of sustaining a high emergy ar¢ at an
extremely low level of contamination.

Another object of the present invention is to provide
an e¢lectrode capable of sustaining a high energy arc
while greatly reducing ablation and erosion of the elec-
frode.

Another object of the present invention is to provide
an electrode having a new and improved heat transfer
configuration,

Another object of the present invention is to provide
an electrode having a very efiicient heat transfer path from
the terminal point of the arc to the cooling medirm.

Further objects and advantages of the present invention
will be readily apparent from the following detailed de-
scription taken in conjunction wtih the drawing in which:

FIGURE 1 is a schematic diagram of an illustrative
-embodiment of the present invention in an arc chamber
for increasing tke enthalpy of a gas;

FIG. 2 is a plan view, partly in cross-section and partly
in further cross-section, of the illustrative embodiment
shown in FIG. 1;

FIG. 3 is a sectional view taken along the line IIJ-—IIT
in FIG. 2 showing its interconnection with another por-
tion, in section, of the present invention; and

FIGS. 4 and 4A are elevational side and end views

. respectively of still another portion of the present in-
- vention,

To more clearly understand the present invention, ref-
erence is made to FIG. 1 wherein an arc chamber 2 with
‘a nozzle 4 extending therethrough is illustrated. As
claimed and more fully described in the aforementioned
copending application, an upper electrode 6 and lower
electrode 8 are disposed from each other within the cham-
ber 2 and connected with an iomizing potential there-
across provided by a power transformer 10, reactor con-
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troller 12 and circuit interrupting means 14. A heat
shield 16 forms an envelope 1§ around the electrodes. A
magnetic field provided by the coils 20 drives the electric
arc column around the ring electrodes. The heated gases
escape via the nozzle block 4 which may lead to a test
chamber for a hypersonic wind funnel, or the like. As
claimed and more fully described in a copending applica-
tion by Harry J. Lingal, Serial No. 25,762, filed April 29,
1960, and assigned to the same assignee, an arc starfing
mechanism 22 initiates the arc between the elecirodes by
advancing a starting electrode 24 to close proximity with
the upper electrode 6 and drawing an arc which js trans-
ferred to the lower electrode 8 as the starting electrode 24
retracts from the enevelope 18. A manifold 26 provides
for the distribntion of a cooling fluid within the arc elec-
trodes 6 and 8.

A plan view of the upper electrode with some sections
removed and others in cross seciion is illustrated in FIG., 2.
The electrode is shown with a suitable metal jacket 32,
substantially toroidal or ring shaped in form and having an
faner circumference 34 and an outer circumference 36.
Within the jackei 32 is a plurality of filler rods 38, con-
neoted in end to end relationship, a total of five being
illustrated. A plurality of tubular coils 40 are helically
wound upon the filler rods within the jacket 32. ‘While
five tubular coils have been illustrated it is to¢ be under-
siood that any suitable number of such coils may be used
as well as any suitable number of filler rods 38. Each
helical coil 4§ comprises in turn a plorality of turns 42
with an entrance lead 44 and an exit lead 46 for the
passage of a fluid in heat transfer relationship within the
fubular coils €6, Since each tubular coil 46 has an en-
trance lead and exit lead 44 and 46 respectively, a mani-
fold is provided for the simultaneous feeding of fluid
through each tubular coil 46, The manifold will be dis-

- cussed more fully hereinafter.

40

46

&0

65

60

Lii]

70

It can be seen that when the tubular coils 4¢ are wound
upon the filler rods 38 that space remains between each
turn 42, which space is greater between the portion of
the turns 42 located adjacent the outer circumference 36
in comparison to that portion of the turns 42 located
adjacent the inner circumference 34, To fill this accessi-
ble space between adjacent turns 42, a plurality of spacers
50 is provided as shown in FIGS. 4 and 4A.

Each spacer 56 is of split ring form and has & linearly
increasing thickness along a diameter lying in the plane
of the portion removed or split from the spacer S0
The thickuess increases from the end of the diameter
locaied at the removed portion of the spacer 50 to the
opposite end of the diameter. It can be seen from FIG.
4 that the free ends of the spacer 5& may be displaced
axially from each other and thereby positioned to fill
the accessible space between turns 42 within the jacket
32. Thus, all accessible space is filled with solid rods

'38 and spacers 5¢ within and around each turn 42 of

each tubular coil 40,

FIG. 3 illusirates a section view taken along the line
HI—II wherein an entrance lead 44 and exit lead 46
are shown leading into the jacket 32 and to a particular
turn respectively of an associated tubular coil 49. FIG.
3 affords an understanding of the fluid flow within the
ring electrodes. A manifold 58 having means leading
to and from an external heat exchanger and to each
tubular coil 49 is illustrated with arrows indicating the
direction of fluid fiow through the system. Within the
manifold 5¢ the cooling fluid is dispersed for eniry into
the helically wound cooling coils 40 and hence returned
to the manifold 50 by the exit leads 46 for return to
the external heat exchanger,

Referring to FIG. 3 it can be seer that an arc sus-
tained between the upper electrode & illvstrated and a
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lower electrode will terminate on each electrode on an
arc terminating area 52. Since the arc column termi-
nates on the area 52 it is readily apparent that this area
of the electrode is most susceptible to the development
of a hot spot offering potential destruction of the elec-
trode unless the heat is efficiently and swiftly removed
from the arc terminating area 52, Should & hot spot
impinge upon the electrode the heat generated at the
spot where the arc impinges can establish steam forma-
tion within the helical cooling coils 48. The resultant
air pocket formed by steam formation has a relatively
‘poor heat conductivity and further increases the diffi-
culty of maintaining the arc terminating area 52 at as
low a lemperature as possible. Therefore the tubular
coils 40 are disposed. to provide a tangential flow of
fluid across the inside of the jacket 32, obtaining a greater
scrubbing action in the inner recesses of the electrode.
Since the motion of the arc column and the direction
of flow of the cooling fluid are perpendicular to each
other, mazimum heat exchange is obtained. As the ter-
minal of the arc column #s driven around ihe ar¢ ter-
minating area 52 by the magnetic field applied trans-
versely thereto, the cooling fluid maintains a direction
of flow perpendicular to the arc column and its track.

In constructing an electrode in accordance with the
present invention the electrode is machined from a rolled
copper plate with a channel formed therein for the re-
ceipt of the tubular coils 40. The coils 49 are mounted
as shown and all accessible space filled with solid copper
reds 38 and spacers 56. The purpose of this filling
is of course to obtain the best possible consiruction to
facilitate beat transfer. A mandrel presses the inner cir-
cumference of the electrode block around the tubular
coils 40 without ¢rushing them, Any remaining space
within the jacketi 36 is then filled by a phosphorus copper
braze which is heated ic a temperature just below the
melting temperature of the elements within the elec-
trode, wsually constructed of copper. As the phosphorus
boils out it is scraped from the surface until a substan-
tially pure deposit of copper braze reaches the inner re-
cesses of the electrode jacket 32 and fills all voids there-
in. Of course, the copper braze is an excellent heat
transfer solder so that every element is intimately con-
nected with the inner side of the arc terminating area
.52, Thus, an ideal heat transfer path is provided from
the arc terminating area 52 to the cooling fluid passing
within the tubular coils 40. The braze 54 is then capped
by a pure silver metal 56, or other suitable metal pre-
venting oxidation of the copper braze 54, Of course,
any non-oxidizing surface metal may be used for the
capping purposes. To facilitate the mounting of the ring
electrodes and allow the spark gap between the upper
electrode 6 and lower electrode 8 to be varied, an out-
side edge of the electrode is threaded for mounting and
positioning within the arc chamber 2,

In operation, the cooling fiuid is delivered to the tubu-
lar coils 40 at a pressure which may be 400 pounds per
square inch. Since the cooling fluid passes through the
coils at a high speed and with a scrubbing action which
prevents gas layers or bubbles from developing and inter-
fering with the cooling of the electrode, a highly effi-
cient heat transfer system is provided, allowing the de-
velopment of a higher energy electric arc between the
electrodes. From the tubular coils 40 the outgoing fluid
is returned to the manifold 5¢ and hence to an external
heat exchanger means after which the fluid may be again
returned for reuse within the heat transfer system,

While the present invention has been described with
& particular degree, for the purposes of illustration, it is
to be understood that all equivalents, alterations and
embodiments within the spirit and scope of the inven-
tion are herein meant to be included. For instance, it
_is to be understood that while only two electrodes have
been illustrated as in a single phase power supply system,
that additional electrodes may be used for a multi-phase
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power system. The present imvention is also applicable
for D.C. power supply systems. While the present in-
veniion has been described in relaiion to an arc cham-
ber for use with a bypersonic wind tunnel, it is to be
understood that its use is universal to all apparatus re-
quiring elecirodes with a bigh energy arc thereacross.

We claim as our invention:

1. An electrode comprising, in combination; a sub-
stantially ring shaped member having an electrical arc
terminating area; a pluralily of tubular coils each helical-
ly wound on an annular axis disposed between the inner
and outer circumference of said ring shaped member;
said tubular coils adapted 1o allow fluid flow therethrough
in a direction perpendicular to the arc column of said
electric arc.

2. An electrode comprising, in combination; a sub-
stantially ring shaped member having an arc terminating
arca of annular configuration; a plurality of rods periph-
erally spaced within said ring shaped member in an end
to end relationship and disposed on a circumference be-
tween the inner and outer circumference of said ring
shaped member; a plurality of tubular coils helically
wound upon said plurality of rods and peripherally
spaced in an end to end relationship within said ring
shapzd member; each coil having an entrance means and
exit means for cooling fluid; said tubular coils providing
a path for said cooling fluid perpendicular to the track
of the arc terminal on said arc terminating area.

3. An electrode comprising, in combination; a sub-
stan{ially- ring shaped member having an arc terminating
area; a plurality of rods peripherally spaced within said
ring shaped member in an end to end relationship and
disposed on a circumference between the inner and outer
circomference of said ring shaped member; a plurality
of tubular coils helically wound upon said plurality of
rods and peripherally spaced in an end to end relation-
ship within said ring shaped member; a plurality of
spacers each disposed between adjacent turns of each
said coil; each said spacer being of split ring configura-
tion baving a linearly increasing thickness along a di-
ameter located in the plane of the split and having the
free ends of the spacer displaced axially from each other
to straddle one turn of one said coil and to fill the void
between adjacent turns of said one coil; each coil having
an entrance means and exit means for a cooling fluid;
said tubular coils providing a path for said cooling fluid
substantially perpendicular to an arc ¢olumn and its
frack on said arc ferminating ares.

4, An electrode comprising, in combination; a sub-
stantially ring shaped member having an arc terminating
surface area; a plurality of rods peripherally spaced with-
in said ring shaped member in ar end to end relationship
and disposed on a circumference between the inner and
outer circumference of said ring shaped member; a plu-
rality of tubular coils helically wound upon said plurality
of rods and peripherally spaced ir an end {0 end rela-
tionship within said ring shaped member; each coil hav-
ing an entrance means and exit means for a cooling
luid; said tubular coils providing a path for said cooling
fluid perpendicular to the track of an arc column on
said arc terminating area; a plurality of spacers each dis-
pased between adjacent turns respectively of a coil; said
member, rods, coils and spacers having substantially
similar thermal expansion characteristics; of similar
thermal and a metal braze expansion characteristics dis-
posed within the voids and crevices of said member
whereby every part of the surface of each said tubular
coil is intimately connected to the arc terminating sur-
face of said electrode in heat transfer relationship there-
with.

5. An electrode comprising, in combination; a sub-

“stantially ring shaped member havirg an are terminating

area; a plurality of rods peripherally spaced within said
ring shaped member in an end to end relationship and
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disposed on a circumference between the inner and outer
circumference of said ring shaped member; a plurality of
tubular ¢oils helically wound upon said plurality of rods
and peripherally spaced in an end to end relationship
within said ring shaped member; each coil having an en-
trance mezns and exit means for a cooling fluid; said
tubular coils providing a path for said cooling fluid per-
pendicular to the track of an arc ¢olumn on said arc ter-
minating area; a plurality of spacers each disposed be-
tween adjacent turns respectively of a cail; said member,
rods, coils and spacers baving substantially similar
thermal expansion cheracteristics; and a heat transfer
metal of similar thermal expansion characteristics dis-
posed within the voids and crevices of said member
whereby every pant of the surface of each said tubular
coil is intimately connected to the arc terminating surface
of said electrode in heat transfer relationship therewith;
and a non-cxidizing surface metal capping the exposed
surface of said heat transfer metal.

6, In combination, a first electrode and a second elec-
trode, each electrode being substantially ring shaped in
form, means for sustaining an electric arc therebetween,
means for driving said electric arc around said electrodes,
and coil means within said electrodes between the ianer
apd outer circumference of said electrodes adapted to
allow fluid flow perpendicularly to said electric arc and
its track across the ¢lectrodes.

7. Apparatus for increasing the enthalpy of a gas by
electrical energy comprising, in combination; a chamber;
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and spaced apart to form a spark gap; means for connect-
ing an ionizing potential across said elecirodes to sustain
in arc thereacross; magnetic means for subjecting said
arc to g magnetic field transverse to said ar¢; and heat
transfer means for cooling said electrodes including coil
means within szid electrodes adapted to allow fluid flow
perpendicularly to the track of said arc as it rotates around
said ring electrodes,

8. Apparatus for increasing the enthalpy of a gas by
electrical energy comprising, in combination; a chamber;
at least two ring electrodes disposed within said chamber
and spaced apart to form a spatk gap; means for connect-
ing an ionizing potential across said electrodes to sustain
an arc thereacross; magnetic means for subjecting said
arc to a magnetic field transverse to said arc; and heat
transfer means for cooling said electrodes including coil
means within said electrodes adapted to allow fluid flow
perpendicularly to the track of said arc as it rotates around
said ring electrodes; said coil means comprising a plurality
of geometrical arc sections peripherally spaced within said
ring electrodes and fluid manifold means for dividing fluid
flow to all sections within a given ring electrode from an
external heat exchamger.
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Our invention relates to shaped bodies of pourous car-
bonaceous materialy, such as graphite, coke, silicon
carbide and other carbons by example for use as arc elec-
trodes, as structural components in nuclear power reac-
tors or for similar purposes requiring a thermally or elec-
trically conducting and refractory carbonaceous body,
though generally porous, to possess a gas and liquid-tight
surface,

Tt is an object of our invention to improve such bodies
by providing them with a surface coating that not only
secures maximum protection of the porous carbonaceous
material from oxidation, burn-off or other attack at high
temperatures, but also maintains or improves the good
thermal or electrical conductivity desired for the above-
mentioned uses.

The surface of carbon electrodes for furnaces must be
protected from oxidation by presenting oxygen from bav-
ing access to the carbon substance proper. Structural
components for nuclear reactors, preferably consisting of
graphite, must also possess a sealed surface so that gase-
ous or liguid ¢oolants or moderators cannot penetrate
into the pores of the component but are stricily confined
to the prescribed flow path.

It is known to provide steel-furnace electrodes with a
protective coating o reduce consumption of the carbon
by combustion which, in comventional bare electrodes, ac-
counts for about 60% of the carbon losses. If such burn-
off can be reduced, an outstanding economical advantage
is obtained., The great percentage of carbon burn-off is
primarily due to the fact that, in the vicinity of the arc,
the electrode burns down to a steeply coitical taper. The
resulting reduction in conducting cross-section and the
corresponding increase in electric resistance cause the
pointed taper to be additfonally heated by Joules heat,
The increase in resistance also causes voltage losses, and
the current in the arc declines accordingly. Hence, for
making such an electrode suitable for sustaining high
electric loads, the supply of current to the arc must be
secured by reducing the electric resistance in the electrode
or along its surface. However, the above-mentioned elec-
trode coatings for protection from combustion consist of
high-melting constituents which comprise highly refrac-
tory oxides. Such coatings are insulators or very poor
electrical conductors and hence must be disposed beneath
the comiact cheeks of the electrodes, Ever so, the oxida-
tion-preventing coatings do not contribute to the desired
g00d conductance of the electrode and impair the main-
tentance of an optimum current supply up to the immedi-
ate vicinity of the arc,

It is also known to provide carbon electrodes with a
protective coating of metal consisting of a galvanically
deposited copper layer and a surface layer of chromium,
Such a metallic coating tends to melt away near the arc
so that the desired burn-off protection is prematurely lost.
Protective coatings containing essentially metallic oxides,
while resistant to oxidation, are poor eleciric conductors
and tend to scale off since they are not chemically bonded
to the carbon and in some cases are chemically reduced
by the carbon,
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Better results are obtained if the protective coatings
consists of metal carbides that are electrically conducting.
For example, it is known to coat carbon electrodes with
silicon carbide or zirconium carbide. However, the burn-
off protection is slight because such carbide coatings are
not free of pores or fissures, so that the electrode carbon
will oxidize and burn out at fault locations,

It is, therefore, one of the more specific objects of our
invention to obviate the detrimental effects of faulty spots
in a protective carbide coating on a body of carbon and
to increase the electric conductance of the protective coat-
ing.

To this end, and in accordance with a feature of our in-
vention, the coating is formed of a refractory metal
carbide layer anchored in the carbon body, and a covering
layer consisting of high-melting metals, or alloys of
metals, from the 4 portion of each of the fourth to sixth
groups of the periodic system of elements, the shaped
main body of porous carbon or the like carbonaceous
substance, the intermediate refractory carbide layer and
the metallic cover layer being intimately bomnded and
merged together to form a single, integral structure.

We have found that the saturated carbides of titanium,
zirconinm, siicon, chromium and molybdenum, or mix-
tures thereof are particularly well snitable for the inter-
mediate carbide layer, Titanium carbide, zirconiom car-
bide and silicon carbide are preferentially applicable in
many cases.

The metal, or main metal component of the electrically
conductive cover layer may consist of one or more of
titanium, zirconivm, silicon, chromium and molybdenum,
either in form of the metal itself or in form of an alloy or
electrically conducting compound. The metal or main
metal component of the cover layer may differ from the
carbide-forming metal of the intermediate Iayer, but it
may also be identical with the carbide-forming metal as
will more fully appear hereinafier.

According to another feature of the invention, the
metallic cover laver as well as the underlying carbide
layer may aditionally contain other metallically conduci-
ing compounds of the metals of the @ groups from IVa
to Via of the periodic system with nitrogen, beryllium,
boron, alumirum, silicon or phosphorus, Examples of
such additional compounds are TiSi,, TiN, Crs5i.

The cover layer, instead of comsisting of the high-melt-
ing metals or alloys above specified, may also be formed
of metallically conducting compounds of such metals,
Suitable compounds are those formed by the particular
metals with the elements of the last-mentioned group,
namely N, Be, B, Al, Si or P. Preferably used are silicides
of the particular metal, such as TiSi,,

- Generally, the metallic elements throughout the strati-
fied coating, namely the metals to be used in form of a
carbide in the intermediate layer and in form of the metal,
alloy or the above-mentioned compounds in the outer
layer, are those that form stable and metallically con-
ducting carbides in order to secure a fast-adhering bond
between these carbides with the main substance of the
electrode even mnder maximum changes in temperature
occurring during the intended high-iemperatore use,

It has been found particularly favorable to embed and
distribute in the metallic cover layer such hard and highly
refractory materials as carbides, nitrides, silicides or bo-
rides in order to prevent grain coarsening of the metal
layer when being deposited, wihch coarsening would fend
to make the cover layer scale off.

The carbides of the intermediate layer adhere particu=
larly well to the surface of the carbon body because they
form with the carbon substance the carbide of the par-
ticular metal that can be deposited upon the carbon body.
For this reason it is essential that the intermediate layer
consist of a carbide which is well anchored in the porous
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carbon structure of the body. The outer metal layer ad-
heres to such an intermediate carbide layer more readily
and more firmly than to the carbon body itself because
a metal carbide is wetted by liquefied metal to a greater
extent than the carbon substance. This explains why a
stratified coating according to the invention exhibits a par-
ticularly firm and reliable connection with the main body
of the electrode and is not affected by high temperatures
nearly up to the melting point of the metal carbide and
metal being used. The stratified coating is further dis-
tinguished by high electric conductivity and is particularly
dense so that no oxidizing atmosphere can reach the
carbon at temperatures up to near the melting point of the
protective coating.

Various methods of forming the carbide intermediate
layer and the metallically conducting cover layer on a
molded or extruded carbon body will be described below
with reference to specific examples. In principle, two
different ways are available. One way is to produce the
carbide layer directly upon the porous carbon body by
first depositing a metal on the carbon and then subjecting
the carbon to incandescent reaction temperature, thus
producing the carbide directly in contact with the carbon
body. The other way is to start from a metal carbide
and to deposit it on the shaped carbon body, for example
in form of a paste, and to subsequently bond the carbide
to the carbon body by processing at incandescent tem-
perature.

The electrically good conducting cover layer of high-
melting metal can be deposited upon the carbide layer by
immersing the carbide-covered carbon body in a melt of
the metal, by spraying the metal upon the carbide layer,
by depositing the metal from the vaporous phase, or gal-
vanically. For forming the required good bond of the
cover layer with the carbide layer, the cover layer de-
posited upon the carbon body must be burned-in, pref-
erably by applying a temperature of about 1000° C. or
more in an inert atmosphere. For this purpose, the cover
layer of metal, or metal silicide to be formed upon the
carbide layer can be heated to melting temperature either
before using the carbon body as an electrode or during
such use.

In most cases, the stratified coating is preferably
formed by a two-step method. At first the carbide inter-
mediate layer is formed on the carbon body, and sub-
sequently the cover layer of high-melting metal, alloy or
conducting compound is deposited. However, it is also
possible to employ a single-step method by forming the
carbide layer and simultaneously covering it with a metal-
lically conducting cover layer.

FIG. 1 is a fragmentary cross section on an enlarged
scale of a body according to the invention; and

FIG. 2 is a diagrammatic illustration of an electrode
body according to the invention and electrical circuit as
it may be used in an electric arc furnace.

For further explanation, there is shown in FIG. 1 of
the drawing a cross-sectional view on enlarged scale of a
coated carbonaceous body according to the invention. It
comprises a porous body ¢ of graphite intimately bonded
with a cover layer a of high melting metal. The mate-
rial of the cover layer penetrates into the rather irregular
and fissured carbide layer b and the carbide layer pene-
trates into the marginal pores of the carbon body, so that
all layers merge and form a single refractory and elec-
trically conductive body, such as the body of a furnace
electrode, or a carbon block for use in the core structure,
reflector or other structural portion of a nuclear reactor.

Stratified coaitngs according to the invention are ap-
plicable to various types of molded or extruded industrial
carbons of natural and synthetic origin as well as to
silicon carbide. When using the invention with bodies
of natural graphite, it affords the additional advantage of
mechanically strengthening such bodies by the formation
of the double-layer coating.

As shown in FIG. 2, the electrode body e, with its
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stratified coating as above described, is connected at only
one end thereof by a terminal or other connecting means
d to a grounded generator or source of electric current g.
The other end of electrode e is free. The metal to be
melted is placed in a furnace F which is also grounded.
An arc is thus produced between the electrode ¢ and the
metal in furnace f.

The invention will be further described with reference
to the following examples:

Example 1

Graphite electrodes for electric - steel furnaces were
coated with a mixture of about 90% VSiy and about
10% TiC in a 5% alcoholic solution of polyvinyl alcohol.
The coated electrodes were passed through a channel fur-
nace heated to 200° C. Thereafter the dried graphite
electrodes were rapidly heated to 1600° C. in an inert at-
mosphere by direct resistance heating, that is by passing
electric current through the electrodes. The electrodes
were then permitted to cool slowly to room temperature.
A mitxure of titanium hydride and silicon was deposited
upon the carbide-coated electrodes. The titanium and sili-
con in the mixture was in the stoichiometric atomic ratio
of 1:2. The body thus coated was heated to the reaction
temperature of 1350° C. which resulted in the formation
of a TiSi, layer. This layer was melted by the heat of
reaction and penetrated into the surface of the under-
lying carbide layer. A continuous TiC intermediate layer
(b on the drawing) intimately bonded with the graphite
body (¢) was formed and was merged with, and densely
covered by, a continuous titanium disilicide surface zone
(a). Similar results were obtained by the same method
when using for the first coating somewhat differently
composed polyvinyl alcohol solutions TiSi; and TiC with-
in the range of 85% to 97.5% TiSi; and 2.5% to 15%
TiC, all percentages being by weight.

Example 2

Graphite electrodes for electric steel furnaces were
coated with titanium metal by means of an acetylene
blower, using a titanium wire. The coated electrodes
were passed through a channel furnace at 800° to 1000°
C. within a period of about 15 minutes. The furnace
contained a reactive atmosphere of nitrogen. As a re-
sult, a bonded TiC layer was formed in the junction zone
between graphite and titanium, whereas the surface of
the coated electrode was covered with oxidation resist-
ant TiN.

Example 3

High-intensity arc electrodes were coated with Cr
powder in a binding agent consisting of a 10% dextrin
solution, and then dried in a drying cabinet at 110° C.
for 30 minutes, Then the electrodes were shoved into a
carbon-tube furnace preheated to about 1900° C. and
were thus rapidly heated in an argon atmosphere up to
the melting point of the chromium. After a few seconds,
the temperature was reduced to about 1200° C. and this
temperature was maintained about 3 to 10 minutes for
tempering the carbon bodies.

The melting operation resulted in the formation of a
uniform chromium coating firmly adhering to the carbon
surface. The tempering process produced in the C—Cr
fusion zone an intermediate layer of CryC, a few microns
thick. A chromium layer of about the same thickness
remained at the surface due to the fact that the surface
zone of the chromium layer was not reacted with C.
The intermediate layer of Cr3C, and the covering layer
of Cr showed excellent adherence even under extreme
alternating thermal stresses. The electrodes permitted
an increased current loading with reduced burning of the
electrode material.

Example 4

Welding carbons were coated by spraying with a mix-
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ture of about 80% by weight of CrsSi and about 20%
of Ti to which were added 15 pads by weight of ethyl
silicate per 100 parts solids, in & soluiion of alcohol of
75% concentraiton, Jhe carbon electrodes thus coated
were dried at 110° C, for two hours. 'The dried elec-
trodes were individually packed in a-Al,O; powder and
were heated to the melting point of the coating metal
and silicide in en dnduction furnace umder protective
gas atmosphere, The electrodes then removed from the
furnace exhibited 4 fusion of the carbon surface with the
metal silicide mixture under partial formation of carbide.
Thereafter another coating of titanivm was sprayed onto
the electrodes. The electrodes thus coated exhibited, in
comparison with the original bare electrodes, @ much more
quiet operation and slower burn-off similar to jacketed
electrodes. Similar results were obtained by ¢he same
method when using for the first coatimg somewhat differ-
ently composed CrySi—Ti mixtures within the range of
70% to 95% CrySi and 30 to 5 Ti by weight.

Before describing examples relating to carbonaceous
bodies for use as structural components in muclear reac-
tors, the following explanations will be of interest,

Graphite is one of the most important structural mate-
rials for nuclear reactors, because its small absorption
cross-section for thermal neutron affords a good neutron
economy and because this material is resistant to highest
temperatures. Silicon carbide, in principle, is also ap-
plicable as structural material in nuclear reactors be-
canse of ifs slight neutron absorption. Particwlarly sig-
nificant is the good electrical and thermal conductlivity
of these two materials, greatly exceeding in dhis respect
such other refractory materials as ceramics. Further-
more, the moderating effect of the carbon structures can
be wtilized in thermal reactors.

However, an essential disadvantage of these carbon-
aceous materials is their porosity. As a resulf, any cool-
ants such as gases 'or liguids are not strictly confined to
the prescribed path bui may penefrate into the porous
maferial: With sodium-graphite reactors, such penetra-
tion increases the absorption cross section due to the
sodivm coolant remaining in the pores. In water-cooled
reactors any steam formation in the pores is detrimental
and may damage or destroy the material, In gas-cooled
reactors, the gaseous coolants, under the effect of radi-
ation, may cause combustion in the pores already below
the otherwise critical temperature, This causes loosening
of the fexiure within the carbomaceous material, Further-
more, graphite and silicon carbide are not suitable as
vanning materials because their porosity permits radio-
active fission producis to penstrate and $0 contaminate
the coolant.

By virtue of the present invention such porous car-
bonaceous substances are made impermeable to liquid
wnd gas thus greatly improving the utility of these mate-
rials for use in nuclear reactors and in some cases afford-
ing for the first time the possibility of using these mate-
rials for nuclear-reactor purposes to which they were not
previously amenable,

It is known as such to make graphite and silicon car-
bide gas- and liquid-tight. In sodium-graphite reactors,
for example, the graphite components have been jacketed
in a sheet metal sleeve or zirconium, This is expensive
and requires large guantities of metal which, besides, im-
pairs the neutron economy, It is also known #o make
graphite gas- and leqwid-tight by means of synthetic resins.
Such sealing is limited to temperatures below 200° C.
and hence is of limited applicability for nuclear reactors.

It is further known to provide graphite with oxide
coatings. Such coatings, however, are not in direct ther-
mal equilibrium with the carbon, so that the application
of high temperatures causes reactions to occur in the
protective coating with the effect of causing it to scale off.

Another known method of sealing graphite is to pro-
vide it with filler matertals of the samwe type as the
graphite, namely pyrolytically segregated carbon or re-

10

15

20

25

30

35

40

45

iy

60

65

70

5

6
duced wgraphitic acid. These methods have not resulted
in a really impervious graphite,

All these difficulties are eliminated by the present in-
vention, namely by providing the shaped carbonaceous
body with a metallically conducting coating comprising
a high meliing or virtually non-meltable intermediate
layer of carbide, and an owter dayer of metal or metal
silicide formed of one ior more metals of the a groups
from TVa to VIa of the periodic system.

It is known to use silicon carbide coatings on graphite
as protection from oxidation. Although such protective
carbide layers satisfactorily delay consumption by burn-
ing, they are not completely fight to liguid and gas.
Silicon carbide is not meltable and therefore forms only
a crystalline fayer whose texture is similar to that of a
sintered ceramic body. Consequently, some porosity
will always remain. If such a silicon carbide coating is
used only for protection from oxidation, the pores may
be temporarily clogged by the evolving silicic acid. This,
however, does not take place when using the material in
nuclear reactors operating with ron-oxidizing coolants,
Furthermore, such coatings are not resistant to alkali
metals,

It is also known to use silicide coatings, for example
MoSi; or TiSi; on graphite for protection from burn-off.
The effect of such silicide layers is predicated upon par-
tial conversion of these layers into vitreous SiOy— skin
layers which are very dense and which temporarily cover
fissures in the coating. 'These coatings, however, are not
readily applicable in the construction of nuclear reactors
because the latter purpose does not as much call for
oxidation resistance as for gas tightness which is to be
effective also with respect to inert substances. Further-
more, the protective effect must oceur already at rela-
tively low temperatures, for example somewhat above
100° C. Such absolute sealing, not obtainable with the
known silicon carbide and silicide coatings, is achieved
by virtue of the invention, namely by applying an inter-
mediate carbide dayer and a cover layer of metal or
metal-silicide,

As with furnace electrodes, the intermediate layer of
carbide is indispensable because when melting a metal or
metal silicide cover layer upon the carbonaceous body
without previously providing the body with the carbide
layer, the substance of the cover layer will react with the
carbon or silicon carbide of the body. This may result
in comverting the cover layer into a porous compound,
namely a carbide or silicide, with the effect of causing the
cover layer to scale off when solidifying from the fused
state. Besides, it is also essential for the invention to
obtain the desired sealed surface zone on the shaped
carbonaceous body not only by virtue of the cover layer
but also by filling the pores in the fusion zone with layer-
forming elements, thus obtaining a double-acting seal.

It is further essential to select as carbide forming sub-
stances for the purposes of the invention, such metals
that possess a high affinity to carbon and thus form very
rapidly a stable and high-melting or non-meltable carbide
capable of acting as an effective barrier to the penetration
of solid carbon by diffusion, As in the case of the furnace
electrodes dealt with above, we found that titanium is
well suvitable for nuclear-reactor purposes, Particularly
favorable, however, is zirconium. ‘The tendency of zir-
conium to form a carbide is somewhat inferior to that
of titanium. Hence, when deposiling the zirconium upon
the carbonaceous body, the formation of a carbide bar-
rier layer does not take place as spontanecusly as with
titanium. This results in a better filling of the marginal
pores and thus secures a better anchoring of the carbide
layer upon the carbonaceous body, and the desired seal-
ing of the surface zone penetrates to a greater depth,  Sili-
con is even more tardy in forming carbides. When using
silicon for forming the carbide intermediate layer, it pene-
trates very deeply into the carbonaceous material of the
shaped body, this phenomenon being known as such from
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methods for manufacturing shaped bodies of silicon car-
bide.

In comparison with the known method of depositing
silicides or metals upon graphite without an intermediate
carbide layer, the invention provides a greatly superior
adherence of the cover layer due to better wetting and due
to the exclusion of carbide-forming reactions in the sealed
skin layer.

All following examples relate to shaped carbonaceous
bodies for use as structural components of nuclear re-
actors,

Example 5

Shaped graphite bodies were given a sealed surface
coating as follows, The shaped body was first coated
with a layer of zirconium of 0.05 to 0.1 mm. This was
done by spraying zirconium wire onto the surface with an
oxyhydrogen or acetylene blow pipe. The coated graph-
ite bodies were heated in a graphite tube furnace with a
carbon monoxide (CO) atmosphere for one hour at a
temperature of 1800° C, Thereafter the temperature was
increased to 2500° C. After maintaining the increased
temperature for onehalf hour, all metal was found con-
verted into carbide. The bodies, removed from the fur-
nace and now coated with a layer (b on the drawing) of
zirconium carbide (ZrC), were again coated with zir-
conium in the above-described manner and were then sub-
jected at 1100° C. in a tubular furnace to the flow of a
gas mixture composed of SiCly and Hy. After a reaction
period of approximately one-half hour, a good adhering
surface coating {a) of pure zirconium disilicide on top
of the carbide was obtained.

Example 6

Graphite sleeves for use as cannings were coated with
TiSi; as follows. The graphite tubes were immersed in a
TiSi; melt heated to 1560° C, under a protective atmos-
phere of argon. The immersion was maintained only for
a short period of approximately 30 seconds. It caused
the silicide to penetrate into the pores of the graphite
body (¢). The work piece, still warm, was subsequently
tempered in a furnace at 1400° C. for two hours in
vacuum, As a result, the silicide was completely con-
verted into carbide (b on the drawing). The carbide-
coated body was again immersed in titanium disilicide
to obtain complete sealing of its surface, The carbide
layer (b) and the disilicide layer (@) had a total thick-
ness of approximately 80 to 120x.

Example 7

Graphite bodies in ball shape and ¢tubular shape, were
painted with a suspension consisting of 80% by weight
of Ci8ip and 20% SICin a 10% solution of dextrin. The
coated bodies were dried in a dryer cabinet at 110° C,
and then heated under helium in some cases, and under
argon in other cases, by direct resistance heating with the
aid of high-frequency current at a4 temperature of approx-
imately 1600° C. The bodies were kept at this tempera-
ture for 20 seconds, Thereafter the temperature was re-
duced to 1250° C. and maintained for 10 minutes in
order to temper the body. After such processing the
cooled work pieces comprised an intermediate carbide
layer (&) of chromium carbide and silicon carbide, The
coated graphite body thus obtained was given another
coating formed of 90% by weight of TiSi; and 10% of
MoSi, in @ dextrin solution. After drying the coating,
the body was heated for 30 seconds by high frequency in
inert gas at 1550° C. A fused cover layer (q) was
formed, cousisting of an alloy of TiSi; and MoSi,. The
coatings were found to form a gas-tight seal as required
for nuclear-reactor purposes.

' Example 8

A tube of silicon carbide with a pore volume of 15%
and a wall thickness of 2 mm, was sealed as follows, A
coating of titanium was spread onto the work piece up
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to athickness of 20u. The coated silicon carbide tube was
heated in argon at 1600° C, for 15 minutes. This caused
a reaction of the free carbon of the silicon carbide with
the fitanium to form additional SiC. Subsequently, the
fubular work piece was immersed in a melt of zirconium
silicide for 30 seconds at 1600° C. and was permitted to
cool in a flow of argon. This resulted in the formation
of a dense zirconium silicide cover layer.

We claim:

1. A shaped silicon carbide electrode body adaptable
for use as an arc electrode, comprising a main structure
of porous silicon carbide and an electrically conducting
surface zone sealing said structure, said electrode bedy
having at only one end thereof means for connection to
a source of electricity, the other end thereof being free,
said zone comprising an intermediate layer of refractory
carbide bonded with said porous material and a cover
layer bonded with said carbide layer and formed essen-
tially of substance selected from the group consisting of
alloys of and electrically conducting compounds with
each other of metals in the g groups from IVe to Vg of
the periodic system and of silicides and nitrides of said
metals.

2. In a shaped electrode body according to claim 1,
said intermediate layer being formed essentially of sub-
stance selected from the group comsisting of zirconium
carbide, silicon carbide, titanium carbide and chromium
carbide.

3. In a shaped electrode body according to claim 2,
said cover layer being formed essentially of substance
selected from the group consisting of the elements zir-
conium, silicon, titanium and alloys of said elements.

4. In a shaped electrode body according to claim 1,
said surface zone comprising additional substance selected
from the group consisting of compounds of said carbide-
forming metals with nitrogen, berylliwm, boron, alumi-
num, silicon and phosphorus,

5. In a shaped e¢lectrode body according to claim 1,
said intermediate layer consisting essentially of titanium
carbide, and said cover layer consisting of titanium.

6. In a shaped electrode body according to claim 1,
seid intermediate layer consisting essentially of titanfum
carbide, and said cover layer consisting of chromium.

7. In a shaped electrode body according to claim 1,
said intermediate layer consisting essentially of titanium
carbide, a third layer of titanium nitride being disposed
between, and fusion-bonded with, said carbide layer and
said cover layer.

8. A shaped electrode body, comprising a main struc-
ture of porous material selected from the group carbon,
graphite and silicon carbide, said electrode bedy having at
only one end thereof means for connection to a source of
electricity, the other end thereof being free, a refractory
intermediate layer essentially of vanadium carbide bonded
to and enclosing said structure, and a second cover layer
of chromium fusion-joined with said vanadiom carbide
layer and forming togethey therewith an electrically con-
ducting and finid-tight seal.

9, A shaped body having a porous main structure com-
prising a substance selected from the group consisting of
carbon and silicon carbide and having a metallically con-
ducting surface zone thereon resistant to oxidation and to
penetration by coolants and moderators of nuclear reac-
tors, said zone comprising an indermediate layer of re-
fractory carbide bonded with said porous material and a
cover layer of a substance selected from the group of
tetals consisting of titanjum, zirconium, chromiam,
molybdenum and vanadiom and their silicides and ni-
trides, said surface zonie comprising also additional sub-
stance selected from the group consisting of compounds
of said metals with nitcogen, beryllium, boron, alominum,
silicon and phosphorus.

10. A shaped electrode body of electrically conducting
carbon-containing substance adaptable for use as electrode
in an arc furnace, comprising a porous main structure
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of relatively high electrically conductive material selected
from the group consisting of carbon and silicon carbide,
said electrode body having at only one end thereof means
for connection 40 a source of electricity, the other end
thereof being free, and a metallic electrically conducting
surface zone sealing said structure, said zone comprising
an intermediate layer of refractory carbide bonded with
said porous material and a cover layer bonded to said
carbide layer and formed essentially of at least one sub-
stance selected from the group cousisting of alloys of and
electrically conducting compounds with each ather of high-
melting metals in the @ groups from IVa to Vla of the
periedic system and silicon, and of silicides and nitrides
of said metals, said refractory carbide being a carbide of
one of said metals.

11. A shaped electrode body of electrically conducting
carbon-conifaining substance adaptable for use as an arc
elecirode, comprising & porous main structure of relatively
high electrically conductive material selected from the
group consisting of carbon and silicon carbide, said elec-
trode body having at only one end thereof means for
connection {o a source of electricity, the other end thereof
being free, and a metallic electrically conducting sur-
face zone sealing said structure and filling the adjacent
pores of said material, said zome comprising an inter-
mediate layer of refractory carbide bonded with said
porous material and a cover layer bonded to said carbide
layer and formed essentially of substance selected from
the group consisting of alloys of and compounds with
each other of metals in the a groups from I'Va to Via of
the periodic system and silicides and nitrides of said metals,
said refractory carbide being a carbide of one of said
metals.

12. A shaped body of electrically conducting carbon-
conlaining substance adaptable for use as a structural
component of nuclear reactor cores, comprising a porous
main structure of electrically conductive material selected
from the group consisting of carbon and silicon carbide
and having a metallic electrically conducting surface zone
thereon sealing said body and in direct thermal equilibrium
therewith, said zone comprising a dense intermediate layer
impervious to liquid and gas and bonded with said POLoUS
material and a cover layer bonded with said intermediate
layer, said intermediate layer consisting essentially of
refractory substance selected from the group consisting of
the carbon-saturated carbides of zirconium, silicon, titani-
um and chromivm, and said cover layer consisting es-
sentially of af least one substance selected from the group
of metals consisting of titanjum, zirconium, chromivm,
molybdenum and vanadivm and of silicides and nitrides
of said metals, said surface zone comprising also additional
substance selected from the group consisting of compounds
of said metals with nitrogen, beryllium, boron, aluminum,
silicon and phosphorus,

13. A shaped electrode body comprising a porons main
structure of relatively high electrically conductive carbon-
containing material and having at only one end thereof
mesns for connection to a source of electricity, the other
end being free, said main structure being provided with
a first layer intimately bonded thereto and consisting es-
sentially of at least one carbide selected from the group
consisting of titanium carbide, chromium carbide, molyb-
denum carbide, silicon carbide, zirconium carbide; a sec-
ond layer over and bonded to said first layer and consist-
ing essentially of a highly electrically conductive layer of
a substance selected from the group consisting of the
elements molybdenum, chromium, titanium, zirconium,
silicon and metallically conducting compounds of said ele-
ments with one of the further elements: nitrogen, beryl-
lium, boron, eluminem, silicon and phosphorus.

14. A body as set forth in claim 13, said first layer
additionally containing at least one metallically conducting
combination selected from the group consisting of com-
pounds of the elements molybdenum, chromium, titanium,

o

10

15

30

40

45

60

65

70

5

10
zirconium, silicon with an element of the grouwp: nitrogen,
beryllium, boron, aluminum, silicon and phosphorus.

15. A body as set forih in claim 13, the bond between
said second layer and said first layer being a fusion joint
forming together with said two layers an electrically con-
ducting and fluid-tight seal.

16. A body as set forth in claim 13, said first laver
consisting essentially of titanium. carbide and the second
layer consisting essentially of titanium metal.

17. A body as set forth in ¢laim 13, said first layer con-
sisting essentially of titanium carbide and the second layer
<onsisting essentially of chromivm metad,

18. The body as set forth in claim 13, said first layer
consisting essentially of titanium carbide, said structure
being provided with a third layer consisting essentially of
titaninm mnitride disposed between, and fusion-bonded
with said first layer and said second layer.

19. A shaped electrode body, comprising a main strac-
ture of porous material selected from the group consisting
of carbon, graphite and silicon carbide, said electrode
body kaving at only one end thereof means for connection
to a source of electricity, the other end thereof being free,
a refractory intermediate layer of titanium carbide bonded
to and enclosing said structure, and a dense cover layer of
substance selected from the group consisting of titanjum,
titaninm  disilicide and titanjum nitride, said two layers
forming together an electrically conducting and fluid-
tight seal.

20. A shaped electrode body, comprising a main struc-
ture of porous material selected from the group consisting
of carbon, graphite and silicon carbide, said elecirode body
having at only one end thereof means for connection to a
source of electricity, the other end thereof being free, a
refractory intermediate Jayer essentially of chromium car-
bide bonded to and enclosing said structure, and a dense
cover layer of chromium fusion-joined with said carbide
layer and forming together therewith an electrically con-
ducting and fluid-tight seal. '

21. A shaped electrode body, comprising a main strug-
ture of porous material selected from the group consisting
of carbon, graphite and silicon carbide, said electrode body
having at only one end thereof means for connection to
a source of electricity, the other end thereof being free, a
refractory intermediate layer bonded to and enclosing
said structure and consisting essentially of carbide and
silicide of chrosium and silicon, and a dense cover layer of
titanium, said two layers forming together an electricatly
conducting and fluid-tight seal.

22, A shaped body, comprising a main struotere of
porous material selected from the group consisting of
carbon, graphite and silicon carbide, a refractory inter-
mediate layer of zirconimn cartide bonded fo and en-
closing said structure, and a dense cover layer of zirconinm
disilicide fusion-joined with said carbide layer and form-
ing together therewith an electrically conducting and
fluid-tight seal.

23. A shaped body, comprising a main structure of
porous material selected from the group consisting of
carbon, graphite and silicon carbide, a refractory inter-
mediate layer of chromium carbide and silicon carbon
bonded to and enclosing said structure, and a dense cover
layer of an alloy of titanium disilicide and molybdenum
disilicide fusion-joined with said carbide layer and form-
ing together therewith an electrically conducting and fluid-
tight seal. :
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10 Claims, (€L 314..25)

The present invention relates to a process for subsian-
tially reducing the consumption of arc electrodes.

It is a characteristic feature of high power-loaded posi-
tive arc elecirodes that the frontal area facing the electric
arc is strongly heated due to the striking of elecirons
mainly originating from the arc plasma and additionally
accelerated in the anode fall, Thus, above a definite cur-
rent strength the elecirode is notably evaporated so that
the electrode js consnmed in a relatively short period. In
order to reduce this undesired consumption of metal elec-
trodes at least to a large degree it is known to cool the
electrodes with liquid or gaseous media, Mowever, in
spite of the cooling, the consumption of metal electrodes
camnot be aveided completely owing to the thermal sur-
face evaporation and partially also for chemical reascns.

With specifically the same load the consvmption of
carbon electrodes is considerably greater than that of
coeled metal electrodes. This results from the impossi-
bility to cool the carbon effectively and from the fact
that carbon electrodes evaporate especially strongly on
the fromtal area under atmospheric conditions and ap-
proximately under a current load from 40 ampere/cm.?
onward.

The aforesaid current density is, however, often much
too small for the indusirial application of the carbon-
electric arc process, especially in chemical processes. In
principle, it is possible further to increase the current
density, but in this case the consumption of the carbon
electrodes increases linearly to a greater extent than the
current strength. This fact and the impossibility to use
cooled metal electrodes for chemical reasons in a great
number of chemical processes, for example, owing to the
detrimental action of the metal electrode vapor, represent
economic and technical disadvantages.

The great consumption of carbon elecirodes is not only
uneconomical in view of the high price of the carbon but
also in view of the required labor for exchanging in rela-
tively short periods of time the consumed electrodes for
fresh ones so as to obtain a continuously burning electric
are.

Farthermore, in the known electric arc installations
with carbon electrodes considerable operative disturbances
accur when the electredes which, in the interest of a con-
tinuous burning, are connected preferably by screwing
and/or bonding, are mechanically blocked or break on be-
ing forwarded due to uneven joinis. During the con-
tinuous operation uneven joints of carbon electrodes can
only be worked with great technical expenditure, and in
spite of this, absolute safety for the operators cannot be
guaranteed since the electrodes are always under voltage,
which may amount in installations of this kind to several
thousand volts. It is quite obvions that already the fixing
of electrodes under such high voltages by means of nipples
is very dangerous.

The present invention provides a process for at least
substantially reducing the aforesaid disadvantages of
either metal or carbon electrodes in electric are processes
by introducing in the direct neighbourhood of the elec-
trodes and/or in the space between several electrodes a
definite amount of an organic compound, preferably a
hydrocarbon compound and/or elementary carbon, de-
composing the organic compound in the arc space and
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depositing the formed and/or the introduced elementary
carbon in controllable manner on the electrodes as the

-carbon contacts the electrodes and adheres thereto.

By this process the electrode material which evaporates
and/or is chemically decomposed during the burning of
the arc is complemented in controllable manner by the car-
bon introduced into the arc space, which carbon deposits
by way of chemical transformation and/or physical dep-
osition on ths electrodes.

The introduction of carbon into the electric arc is
already known. But hitherto efforts were made not to
allow the carbon to deposit on the electrodes. Tt has now
besn found that by a controllable deposition of carbon on
the electrodes the consumption thereof can be reduced to
at least a substantial degree.

For obtaining a rotation-symmetrical form of the depo-
sition on the electrodes the latter are rotated. The depo-
sition bas preferably a cylindrical form but other rotation-
For ¢ompen-
sating uneven or too small carbon deposits, the electrodes
can additionally be moved in longitudinal direction.

Suitable electrodes on which carbon is deposited by the
process of the invention are carbon electrodes or cooled
metal electrodes.

The organic compound and/or the elementary carbon is
introduced through the electrodes which are provided with
a concentrical and/or an eccentrical canal in the interior
or with a groove which preferably runs in the direction
of the longitudinal axis of the electrode in the surface of
the electrode. The organic compound and/or the ele-
mentary carbon can likewise be supplied through an an-
nular space concentrically or eccentrically surrounding
the electrode,

When the organic compound and/or the elementary
carbon is supplied eccentrically, the cabon deposits in the
form of a shoe on the frontal area of the electrode.
Thus the frontal area is enlarged whereby the current load
per sq. cm. of electrode surface is considerably reduced,
while the distance to the neighbouring electrode parts re-
mains practically unchanged.

Alternatively, it is svitable to supply the organic com-
pound and/or the elementary carbon in the form of at
least one jet directed on the electrodes in a manner such
that the dischargs zone is compietely enveloped spatjally,

The deposition of the carbon is controlled by known
arrangements and manual means, in automatic dependency
on the electric arc voltage or power, or by electro-optical
scanning devices. The latter conirolling means permit,
when arranged in suitable manner, a control of the elec.
trode diameter and of the electrode position. Further-
more, the current of the electric arc can be regulated in
a manner such that the average electrode consumption
remains nnchanged. Moreover, the amount and/or the
spatial distribution of the organic compound and/or the
elementary carbon striking on the electrode and serving
for building up the electrode is regulated so that the me.
dium electrode distance remains unchanged.

The accompanying drawing diagrammatically ilustrates
by way of example a mode of execution of the invention.

FIGURE 1 represents an arc furniace for three phase
current, in which the amount of organic compound sup-
plied, in the present case hydrocarbon, is antomatically
regulated in dependency on the electrode consuption via
the arc voliage.

FIGURE 2 is a view from below of a shoe-like deposi-
tion of carbon on the electrodes of a three phase current
furnace,

Since, on the one hand, the arc voltage increases with
the growing arc length ard, on the other hand, the amount
of carbon depositing on the electrodes becomes greater
with the increasing amount of hydrocarbon supplied, a
regulation ¢can be readily carried ont by known means.
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FIGURE 1 shows that the voltage between the elecirode
1 and the artificially formed star point 2, which voltage
is proportional to the arc voltage, is coiducted via a voli-
age dependent switch 3 to the coil 4 of a magnet valve
5 which opens when the coil 4 is excited and thus allows
hydrocarbon above a limit voltage to flow through con-
duit 6 in the direction of the arrow and through annular
space 7 along the clectrode 1 on which carbon shall de-
posit into the arc zone 8. The numeral § designates a
packing ring which prevents the gas from escaping from
the current supply sleeve I8, By adjusting the striking
voliage of the switch 3 and by the gas streaming from
the annular space 7 in definite direction the loss of ma-
terial oceurring on the elecirode 1 is compensated by the
newly depositing carbon. FIGURE 2 shows that the
shoe-like deposition 11, that is to say a one-side deposi-
tion, takes place in a manner such that ihe original elec-
trode distance @ remains practically wnchanged. The or-
ganic compound and/or the elementary carbon is supplied
through borings 12, 13 which ave arranged ceatrically or
eccentrically in electrodes 14. 1In the present case the
electrodes 14 are stationary. For controlling the distance
a optic devices are installed in the furpace, preferably
#n the center above electrodes 14 which are connected with
regulating means for the amount and direction of the ar-
riving organic compound.

Tt is likewise possible to supply hydrocarbon continuous-
1y and only to regulate quantitatively a part of it.

The process of the invention can be carried out in most
different ways and it is not limited to the example ilus-
trated disgrammatically in the accompanying drawings.
The individual parts can be constructed and arranged in
any desired manner depending on the requirements in
each case.

We claim:

1. In the process for substantially reducing the com-
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somption of are clectrodes by introducing in the irame-
diate vicinity of the electrodes a substance selected from
the group consisting of an organic compound and ele-
mentary carbon, the substance decomposing in the arc
space, and building up a deposit of carbon on the elec-
trodes as said substance comes into contact with said elec-
trodes and adheres thereto, the improvement consisting
of introducing said substance in excess of that which wilt
produce a reducing atmosphere and in sufficient quantity
to produce a material electrode coating.

9, The method of claim ? wherein the introduction of
said subsiance is initiated when the arc voltage reaches
a predetermined limit.

3. The process of claim 1 wherein said substance is sup-
plied through an anaular space coneentrically surrounding
the electrode.

" 4, The process of ¢laim 1 wherein said substance is
supplied through an annular space eceentrically surround-
ing the electrode.

5, The process of claim 1 wherein said substance is
directed in the form of several jets on the electrodes.

6. The process of claim 1 wherein the organic com-
pound is a2 hydrocarbon compound.

7. The process of claim 1 wherein for producing = ro-
tation-symmetrical deposition on the electrode the latter is
rotated during the daposition of carbon.

8. The process of ¢laim 7 wherein the carben is de-
posited in cylindrical form.

9. The process of claim 1 wherein the electrode is 2
carbon electrode,

19. The process of claim 1 wherein the electrode is a
cooled metal electrode.
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This invention relates in general to arc-spark electrodes
and ‘more particularly to anisotropic arc-spark emission
speciroscopy electrodes and anisotropic illumination elec-

- trodes.

Qualitative and quantitative analysis by spectroscopic
or spectrochemical techniques has become an extremely
important analytical tool in practically speaking all of the
scientific disciplines dealing with matter and its proper-
ties. Regardless of which analytical method is employed,
qualitative or quantitative, and regardless which of the
various specific techniques such as visnal photographic,
with or without internal standards, etc., is used by the ana-
Iyst, the characteristics of the electrodes employed to
generate the arc are of paramount importance in achiev-
ing meaningful and accurate results.

The physical characteristics of the electrodes, both
sample and counter are important contribuwtors in de-
termining the properties of the arc produced. Naturally,
mmaterials having extremely high melting points and a high
degree of purity are used in emission spectoscopy. One
of the most widely used materials possessing the above
characteristics is graphite. Ordinary or commercial
graphite is isotropic that is, it has a random orientation
of its crystals, Thus the electrical and thermal proper-
ties of graphite are uniform in all dimensions. Therefore,

ordinary graphite electrodes employed in emission spece

troscopy work will conduct heat as easily along the surface
from which an arc is being drawn as well as perpendicular
thereto. This results in inefficiency due to uneven burn-
ing of the electrodes. Furthermore, arcs produced from
ordinary isotropic graphite have a tendency to wander or
drift about the electrode surface and this is highly un-
desirablé since it resulis in nonuniform volatilization
and/or excitation of the specimen wunder analysis.
Furthermore, hot spots develop on the electrodes due to
uneven burning and cause either eleciron or ion bom-
bardment of the electrode which will burn off electrodes
unevenly and result in uneven-rates of volatilization of
different areas of the sample or specimen which results in
questionable validity of multiple studies of a given speci-
men.

Arc-spark electrodes for illumination applications such
as for search lights, motion-picture projectors, etc., are
enhanced by utilization of stable sources and such sources
have heretofore not been as stable as desired.

The present invention through the utilization of aniso-
tropic electrodes enhances the stability of the source for
such illumination applications.

The present invention obviates the above deficiencies
in prior art emission spectroscopic electrodes through the
utilization of novel electrodes comprising anisotropic
physical parameters so oriented with respect to the arc,
of the specimen under consideration such that increased
spectral sensitivity, more nniform burning of the arc and
electrodes, and enhanced arc stability are achieved there-
by individually or collectively, depending on the particu-
lar electrode from and orientation chosen. The present
invention, through the use of anisotropic pyrolytic graph-
ite emission spectroscopic electrodes having the C-axis
and A-B planes thereof oriented in a predetermined
manner with respect to the central axis of the arc drawn
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between the electrodes, results in heretefore urattainable
arc characteristics ‘with resnltant enhanced emission
spectroscopic properties. The present invention further
provides a variety of electrode configurations having novel
characteristics by virtne of the anisotropic characteristics
and preselected orientation of the C-axis and A-B planes
of the electrode material. Pyrolytic graphite is herein
defined as that form of vapor depostied carbon which is
frequently referred to as anisotropic pyrolytic graphite.
The A-B planes of pyrolytic graphite are characterized
by having properties similar to a conductor whereas the C-
axis is characterized by having properties similar to an
insulator, ‘Therefore, as will be explained in more detail
hereinafter, the electrical and thermal conductivity in -
the A-B planes is much greater than along the C-axis.
Hereinafter, A-B plane signifies the plane of high thermal
and electrical comnductivity of an anjsotropic material
such as pyrolytic graphite while C-axis signifies the axis
of an anisotropic material such as pyrolytiz graphite which
has low electrical and thermal conductivity in relation to
the A-B plane. '

A principal object of the present invention is the pro-
vision of improved emission spectroscopic electrodes,

A feature of the present invention is the provision of
emission spectroscopic electrodes having anisotropic
physical parameters.

Another feature of the present invention is the pro-
vision of emission spectroscopic elecirodes formed from
pyrolytic graphite,

Still another feature of the present invention is the pro-
vision of variows electrode configurations formed from
ar anisotropic material wherein the C-axis and A-B plane
of the material are selectively preoriented in order to ob-
tain desired characteristics for an arc drawn from or
drawn to said electrode or between electrode pairs.

These and other features and advantages of the present
invention will be more apparent upon a perusual of the
following specification taken in conjunction with the ac-
companym-’r drawings whereln,

FIG. 1 is a sectional view of a pair of electrodes having
anisotropic arcing surfaces wherein the A--B planes of
the materials forming the arcing surfaces are disposed
normal to the central axis of the are te be drawn between
said electrodes.

FIG. 2 is a sectional view of a pair of electrodes havmg
anisotropic arcing surfaces, wherein the A-B planes of
the material forming the arcing surfaces are disposed
parallel 1o the central axis of the arc to be drawn between
said electrodes.

FIG. 3 is a sectional view of typical prior art electrodes

‘formed from isotropic graphite,

FIG, 4 is a sectional view of a pair of electrodes having
a typical prior art configuration as shown in FIG. 3 and
having a base or substrate of conventional isotropic mate-
rial, wherein an anisotropic material is deposited thereon
to form the arging surface such that the A-B planes of the
deposited material paralle] the particular surface con-
figuration of the base or substrate.

FIG, 3 is a section view of a pyroformed amnisotropic
cup shaped electrode supported by a base of conventional
material.

FIG. 6 is a sectional view of a boiler fype pair of elec-
trodes, wherein the boiler cap is formed from a pyro-
formed amsotroplc material.

FIG. 7 is a sectional view of another boiler type pair
of electrodes, wherein the boiler cap is formed from an
anisotropic material,

- FIG. 8 is a sectional view of a pair of conventional
isotropic electrodes, wherein the electrode has a central
arcing post and wherein the opposing surfaces of both of
said electrodes are formed from an anisotropic material.
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FIG. 9 depicts a chart comparing the relative spectral
sensitivities for dimensionally equivalent electrodes con-
forming to FIGS. 1-3 for a few specimen elements using
11,C0O; as a matrix. '

FIG. 10 depicts a chart comparing the percent trans-
mission at different wavelengths of ordinary or non-co-
herent light through film previously exposed to arcs using
electrodes conforming to FIGS. 1-3. i

Directing our attention now to FIG. 1, there is depicted
a pair 11 of electrodes wherein the sample electrode 12
has a base or substrate 13 material which is preferably
of isotropic graphite. Isotropic is used to define a ma-
terial having for all practical purposes, uniform physical
characteristics in every direction. Mounted on base 13
is a cup shaped tip of an anisotrapic material, preferably
pyrolytic graphite, wherein the A-B planes of the poly-
crystalline material are disposed parallel to the ¢ounter
electrode 14, or expressed another way, normal to the
central axis of an arc drawn between electrodes 12 and
15. The C-axis of the tip material is aligned with the
ceniral axis of an arc drawn between the electrodss, The
counter electrode 15 has a conventional base 15 of graph-
ite or any other suitable material and a cone shaped
tip portion 17 of an anisotropic material preferably iden-
tical to the cup shaped tip 14, The A-B planes of the
polycrystalline tip of counter electrode 15 are oriented
in the same manner as the cup shaped tip electrode 14,

The properties of anisotropic pyrolytic graphite are
such that the individual crystals are highly oriented as
opposed to the random orientation between individual
crystals of ordinary or commercial graphite, Pyrolytic
graphite is at present manufactured by vapor deposition
of carbon from an organic vapor state onto a substrate
which is maintained at elevated temperatures such as for

“example, 2100° C. under pressures of around 10 cm. Hg.
Methane is a suitable gas for producing pyrolytic graph-
ite. The orientation of the individual erystals deposited
on the swbstrate is such that the planes of deposition
{parallel to the deposition substrate) hereinafter and
previously referred to as A-B planes, have different
physical and electrical properties than the axis normal to
these planes, hereinafter and previously referred to as the
C-axis. For example, it has been determined that thermal
conductivity in the A-B plane is around 200 times great-
er than along the C-axis. The elecirical characteristics of
pyrolytic graphite exhibit similar directionality. For ex-
ample, very low elecirical resistivity, such as 4 10—
ohm-cm. at To00m ftemperature occurs along the A-B
planes. Thus it might be said that pyrolytic graphite
behaves like an insulator along the C-axis and like a2 con-
ductor in the A-B plane, Therefore, pyrolytic graphite
is said to be anisotropic. .

The above mentioned characteristics are advantageous-
1y utilized in the electrode configuration depicted in FIG.
1 as follows:

Since the A-B plane exhibits high wniform thermal
conductivity, it will conduct heat rapidly and uniformly
across the entire arcing surface to produce an extremely
stable arc. Furthermore, since thermal conductivity along
the C-axis is negligible in comparison to thermal con-
ductivity in the A-B planes, heat will iend to concentrate
at the arcing surface rather than diffusing down or up, as
the case may be, into the region of and into the base or
substrate. Therefore, the present invention depicted in
FIG. 1 achieves higher electrode temperatures for a given
voltage and current in comparison to ordinary isotropic
graphite electrodes 18 and 19 having equivalent physical
parameters as depicted in prior art FIG. 3. This is par-
ticularly useful if fast volatilization and/or excitation of
the specimen is desired.

FIG. 2 depicts a similar electrode configuration as
shown in FIGS. 1 and 3 with the exception that in this
case, the tip portion 20, 21 of electrodes 22 and 23 have
the C-axis disposed parallel to and forms the arcing sur-
face while the A-B planes are paralleled with the central
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ar¢ axis. The benefits to be derived from this orienta-
tion are a lower average surface temperature for a given
energy input which provides reduced background or white
radiation and thus enhances spectral sensitivity. -

FIG. 4 depicts a pair of isotropic electrodes 24, 25
with base .or substate portions 2§, 27 having an isotropic
coatings 28, 29 deposited thereon. Pyrolytic graphite is
formed by vapor deposition of an arganic vapor on a sub-
strate and the A-B planes will be paralleled with the
substrate surface upon which the pyrolytic graphite is de-
posited while the C-axis will accordingly be normal there-
to. This technique is advantageously employed to form
the coatings depicted in FIG. 4. All the advantages de-
rived from having the A-B planes form the arcing surface
as described in connection with FIG. 1 are present in the

-embodiment of FIG. 4. Furthermore, even more rapid

heat up times to peak arc operating temperature are
achieved with the coated version since heat can flow uni-

formly along the internal portions of the cup without

encountering any C-axis thermal resistance.

FIG. 5 depicts a pyroformed anisotropic cup electrode
30 mounted on a base 31. Pyroformed is defined as any
vapor deposited anisotropic pyrolytic graphite preformed
shape which has been removed from the substrate upon
which it was deposited. Pyrolytic graphite deposited on
a base 26 such as coating 29 as shown in FIG. 4, can
easily be removed from the base as for example by posi-
tioning a collar arovnd the substrate and pulling the
substrate or base through the collar thus forcibly remov-
ing the deposition from the base. The electrode cup of
FIG. 5 provides a high degree of uniformity over the
entire surface and again short warm up times to peak
arcing temperatures and vniform surface temperatures are
achieved becanse of the circular nature of A-B plane
orientation.

FIGS. 6 and 7 depict boiler type electrode configura-
tions with representative samples 32, 33 deposited on base
members 34, 35 with isotropic counter electrodes 36, 37.
In FIG. 6 a tip portion is formed from a cup similar to
cup 30 depicted in FIG. 5. A central aperture 39 is
hored in the tip thereof as shown. Any suitable cement
may be used to bond the boiler tip 38 to the base 34,
The advantages to be derived from this configuration wti-
lizing pyroformed anisotropic pyrolytic graphite orieated
as shown are as follows:

As in all boiler or furnace electrodes the sample vola-
tilized in the furnace evolves through hole into arc for
excitation. This separates the area of evolution and exci-
tation and favors the more volatile elements such as mer-
cury, cadmium, zinc, arsenic, etc., since the pyroformed
furnace heats rapidly and uniformly to a relatively high
temperature for furnace electrodes. Furthermore, an
anisotropic substrate or base may advaatageously be em-

ployed for the boiler electrodes of FIG. 6 to further coa-

centrate the heat while still achieving uniformity of heat
distribution.

In FIG. 7, the boiler tip 4¢ is machined from a block
of pyrolytic graphite such that the A-DB planes are dis-
posed normal to the central ar¢ axis and the C-axis is
disposed parallel to the central arc axis. The advantages
to be derived from this orientation are as follows. As
in FIG. 6, the boiler electrode in this ¢ase has the com-
bination of the hot and stable ar¢ with a furnace that is
thermally insulated by the C-axis of the pyrolytic graph-
ite. Such electrodes favor the most volatile elements
particularly mercury since the sample temperature is kept
low and vniform volatilization results.

In FIG. 8, a pair of electrodes 41 having conventional
base portions 42, 43 of graphite or the like are shown.
Center post 44, specifically the A-B edges surrounding
the post on base 43 draws the arc. Stability and uni-
formity as well as rapid warm up time to peak operating
arc temperature are enhanced by anisotropic coatings
45, 46. As shown, the coating on the lop surface 47 of
the post 44 is removed. This provides a A-B edge or
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C-axis facing border 48 around the tip, Due to the ¢ir-
colar orientation of the A-B planes surrounding the tip,
the resulting wniform temperature distribution will aid in
maintenance of a stable ar¢. Furthermore, the arc will
strike the A-B edge and thus concentrate in the center
post and be precluded from wandering to the sides of the
cup because of the low thermal and electrical conductivity
of the C-axis. The remaining surfaces of the cup being
formed from A-B planes have all of the advantages dis-
cussed previously in connection with FIG. 4. The chart on
FIG. 9 shows a comparison of spectral sensitivities using
dimensionally equivalent electrodes conforming to FIGS.
1-3 and having the dimensional parameters indicated in
FIG. 1 for a few specimen elernents using LizCoz as a
matrix and .015% by weight sample specimens of Co, Y
and Pb.. Examination of the line background readings
(dimensionless ratio of intensities) for the three samples
vs. wavelength (angstroms) using a D.C, are rupning at
6 amp. for 30 sec. shows the order of improvement
achieved with pyrolytic graphite having the A-B plane
parallel to the arc axis.

FIG. 10 depicts a comparison of the electrodes depicted
in FIGS, 1-3 with respect to the arcing characteristics of
the individual electrodes as evidenced by the background
radiation produced by each type. Percent {ransmission
is a measure of the percent transmission of a white or
non-coherent light source through film previously ex-
posed to arcs produced by the electrodes depicted in FIGS.
1-3 for ceriain representative wavelengths, The higher
the value of percent transmission the less background in-
tensity emanating from the arc at the particular wave-
length under consideration. It is to be noted from FIG.
10 that background intensity is considerably reduced for
A-B plane orientations thus providing excellent spectral
sensitivities. .

In any event the A-B plane or C-axis orientations will
resnlt in enhanced consistency of the background radia-
tion emanating from the ar¢ and thus considerably en-
hance the validity of plural analysis of a given sample to
provide a high degree of accuracy heretofore unattainable
in emission spectroscopic analysis, It is to be understood
that the counter electrode shapes depicted in FIGS. 1-8
are merely illustrative and are not to be taken as being
the only shape utilized for the particular sample elec-
trode involved.

Other applications wherein a stable illumination source
is required are search lights, motion picture projectors, il-
luminators for metallagraphs and arc image furnaces.
Anisotropic pyrolytic graphite electrodes such as shown
and described herein are advantageously utilized in such
applications. In particular, where the C-axis or low
thermal and electrical conductivity axis is disposed paral-
lel (aligned with) the axis of the arc, increased source
stability is achieved.

Since many changes could be made in the above con-
struction and many apparently widely different embodi-
ments of this invention could be made without departing
from the scope thereof, it is iritended that all matter con-
tained in the above description or shown in the accom-
panying drawings shall be interpreted as illustrative and
not in a limiting sénse.

What is claimed is:

1. For use in an apparatus for the production of an
intense arc between a pair of electrodes disposed in spaced
relation with respect to each other such that an arc is
drawn between mutually opposed tip portions of said pair
of electrodes for the spectroscopic analysis of a sample of
material, an emission spectroscopic electrode having a tip
portion which has a substantial portion thereof composed
of anisotropic pyrolytic graphite, said anistropic pyrolytic
graphite being characterized by having A-B planes and a
C-axis wherein said A-B planes exhibit high thermal and
electrical conductivity relative to the thermal and elec-
trical conductivity of said C-axis, said A-B planes of the
pyrolytic graphile tip portion of said électrode being dis-
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posed normal to the central axis of said emission spectro-
scopic electrode.

2. For use i an apparatus for the production of an
intense arc between a pair of electrodes disposed in spaced
relation” with respect to each other such that an are is
drawn between mutvally opposed tip portions of said pair
of electrodes for the spectroscopic analysis of a sample
of material, an emission spectroscopic electrode having a
tip portion which has a substantial portion thereof com-
posed of anisotropic pyrolytic graphite, said anisotropic
pyrolytic graphite being characterized by having A-B
plangs and a C-axis wherein said A-B planes exhibit high
thermal and electrical conductivity relative to the thermal
and electrical conductivity of said C-axis, said A-B planes
of the pyrolytic graphite tip portion of said electrode being
disposed parallel to the central axis of sald emission
spectroscopic electrode. :

3. For use in an apparatus for the production of an
intense arc between a pair of elecirodes disposed in spaced
relation with respect to each other such that an arc is
drawn between mutually opposed tip portions of said pair
of electrodes for the spectroscopic analysis of a sample
of material, an emission spectroscopic elecirode having a
tip portion which has a substantial portion thersof com-
posed of anisotropic pyrolytic graphite, said anisotropic
pyrolytic graphite being characterized by having A-B
planes and a C-axis wherein said A-B planes exhibit high
thermal and electrical conductivity relative to the thermal
and electrical conductivity of said C-axis, said A-B planes
of the pyrolytic graphite tip portion of said electrode being
disposed normal to the central axis of said emission spec-
troscopic electrode, said emission spectroscopic electrode
having a base portion made of isotropic materials and
said tip portion being an anisotropic pyrolytic graphite
coating deposited on said base portion.

4. For use in an apparatus for the production of an
intense arc between a pair of electrodes disposed in spaced
relation with respect to each other such that an arc is
drawn between mutually opposed tip portions of said pair
of electrodes for the spectroscopic analysis of a sample of
material, a first emission speciroscopic electrode having a
tip portion which has a substantial porfion thereof com-
posed on anisotropic pyrolytic graphite, said anisotropic
pyrolytic graphite being characterized by having A-B
planes and a C-axis wherein said A-B planes exhibit high
thermal and elecirical conductivity relative to the thermal
and electrical conductivity of said C-axis, said A-B planes
of the pyrolytic graphite tip portion of said electrode
being disposed parallel to the central axis of said emission
spectroscopic electrode, said emission spectroscopic elec-
trode having a base portion made of isotropic material,
said tip portion being an anisotropic pyrolytic graphite
coating deposited on said base portion, the other electrode
of said pair of electrodes being disposed along a common
axis and having a tip portion made of anisotropic pyrolytic
graphite,

5. For use in an apparatus for the production of an
intense arc between a pair of electrodes disposed in
spaced relation with respect to each other such that
an arc is drawn between mutually opposed tip portions
of said pair of electrodes for the spectroscopic analysis
of a sample of material, an emission spectroscopic elec-
trode having a tip portion which has a substantial por-
tion thereof composed of anisotropic pyrolytic graphite,
said anisotropic pyrolytic graphite being characierized
by having A~B planes and a C-axis wherein said A-B
planes exhibit high thermal and electrical conductivity
telative to the thermal and electrical conductivity of
said C-axis, said electrode being disposed in combina-
tion with a mutunally opposed counter electrode, each
of said pair of electrodes including a base portion made
of isotropic carbon and each of said tip portions being
coatings of pyrolytic graphite deposited on said base por-
tions, the A-~B planes of the pyrolytic graphite tip por-
tion of said one electrode being disposed parallel to the
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central axis of said one emission spectroscopic electrode
and the A-B plane of the pyrolytic graphite tip portion
of the other elecirode of said pair of electrodes being
dJsposed perpendicular to the central axis of said other
emission Spectl'DScOplc electrode,

6. For use in an apparatus for the -pI‘DleCthD of an
intense arc between a pair of elecirodes disposed in
spaced relation with respect to each other such that an
ar¢ is drawn between rmutvally opposed tip portions of
said pair of electrodes for the speciroscopic anaiysis of
a sample of material, an emission spectroscopic electrode
having a tip portion which has a substantial portion there-
of composed of anisotropic pyrolytic graphite, said aniso-
tropic pyrolytic graphite being characterized by having
A-B planes and a C-axis wherein said A-P planes exhibit
high thermal and electrical conductiviiy relative to the
thermal and electrical conductivity of said C-axis, said
tip portion defining an open cup of pyroformed pyrolytic
graphite.

7. For use in ah apparatus for the production of an
intense ar¢ between a pair of electrodes disposed in spaced
relation with respect to e¢ach other such that an arc is
drawn between mutually opposed tip portions of said
pair of electrodes for the spectroscopic analysis of a
sample of material, an emission speciroscopic electrode
having a tip portion which has a substanrtial portion there-
of composed of anisotropic pyrolytic graphite, said aniso-
tropic pyrolytic graphite being characterized by having
A-B planes and a C-axis wherein said A-B planes exhibit
high thermal and electrical conductivity relative to the
thermal and electrical conductivity of said C-axis, said
tip portion of said emission spectroscopic ¢lectrode de-
fining at least a portion of an enclosed cavity having

its cover portion formed from pyrolytic graphite, said

cavity forming a boiler for volatization of a sample of
material said boiler having an aperture in the cover por-
tion thereof at the central axis of the electrode.

8. For use in am apparaus for the production of an
intense arc between a pair of electrodes disposed in spaced
relation with respect to each other such than an arc
is drawn between mutually opposed tip portions of said
pair of electrodes for the spectroscopic analysis of a
sample of material, an emission spectroscopic electrode
having & tip portion which has a substantial portion
thereof composed of anisotropic pyrolytic graphite, said
anisotropic pyrolytic graphite being characterized by hav-
ing A-B planes and a C-axis wherein said A-B planes ex-
hibit high thermal and electrical conductivity relative to
the thermal and electrical conductivity of said C-axis, said
tip portion of said emission spectroscopic electrode de-
fining at least a portion of an enclosed cavity having
its cover portion formed from pyrolytic graphite, said
cavity forming a boiler for volatization of a sample of
material, said boiler having an aperture in the cover por-
tion thereof at the ceniral axis of the electrode, said
boiler cover portion having the A-B planes of said pyro-
lytic graphite dlsposed normal to the central axis of said
electrode,

9. For use in an apparatus for the production of an
intense arm between a pair of electrodes disposed in
spaced relation with respect to each other such that an
arc is drawn between mutually opposed tip portions of
said pair of electrodes for the spectroscopic analysis of
a sample of material, an emission spectroscopic electrode
having a tip portion which has a substantial portion there-
of composed of anisotropic pyrolytic graphite, said zniso-
tropic pyrolytic graphite being characterized by having

- A-B planes and a C-axis wherein said A-B planes ex-
hibit high thermal and e¢lectrical conductivity relative to
the thermal and electrical conductivity of said C-axis, said
tip portion of said emission speciroscopic electrode de-
fining at least a portion of an enclosed cavity having its
cover portion formed from pyrolytic graphite, said cavity
forming a boiler for volatization of a sample of mate-
rial, said boiler having an aperture in the cover portion
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thereof at the central axis of the electrode, said boiler
cover portion having the A-B planes of said pyrolytic
graphite disposed parallel to the external defining surface
thereof.

18. For use in an apparatus for the production of an
inmiense ar¢ between a pair of electrodes disposed in
spaced Telation with respect to each other such thai
an ar¢ is drawn between mutually opposed tip portions of
said pair of electrodes for the spectroscopic analysis of
a sample material, an emission spectroscopic electrode
having a tip portion which has a substantial portion there-
of composed of anisotropic pyrolytic graphite, said aniso-
tropic pyrolytic graphite being characterized by having
A-B planes and a C-axis wherein said A~B planes exhibit
high thermal and electrical conductivity relative to the
thermal and electrical conductivity of said C-axis, said

tip portion of said emission spectroscopic electrode form-

ing a cop having a central post therein, said tip portion
and the sides of said central post having a coating of
pyrolytic graphite deposited thereon.

11. For use in an apparatus for the production of an
intense arc between a pair of electrodes disposed in spaced
relation with respect to each other such that an arc is
drawn between mutually opposed tip portions of said
pair of electrodes for the spectroscopic analysis of a
sample of material, an emission spectroscopic electrode
having a tip portion which has a substantial portion thersof
composed of anisotropic pyrolytic graphite, said aniso-
tropic pyrolytic graphite being characterized by having
A-B planes and a C-axis wherein said A-B planes exhibit
high thermal and elecirical conductivity relative to the
thermal and electrical conductivity of said C-axis, said
tip portion of said emission spectroscopic electrode form-
ing a cup having an open cavity for receiving a sample
of material for volatization, the surfaces of said cup
being characterized by having the A-B planes of said
pyrolytic graphite disposed parallel thereto.

12, In an apparatus for the spectroscopic analysis of
a sample of material, a lower electrode having a cavity
in its top portion for containing said sample of mate-
rial, and an vpper electrode spaced from the lower elec-
trode, said upper electrode having a cylindrical body with
a tapered lower end portion, said lower electrode having
its cavity surface composed of amisoiropic pyrolytic graph-
ite, said anisotropic pyrolytic graphite being characterized
by having A-B planes and a C-axis wherein said A-B
rlanes exhibit high thermal and electrical conductivity
relative 1o the thermal and electrical conductivity of
said C-axis.

13. In an apparatus for the spectroscopic analysis of
a sample of material, a lower electrode having a cavity
in its top portion for containing said sample of material,
and an upper electrode spaced from the lower electrode,
said upper electrode having 2 cylindrical body with 2
tapered lower end portion, said lower electrode having
its cavity surface composed of anisotropic pyrolytic
graphite, said anisotropic pyrolytic graphite being char-
acterized by having A-B planes and a C-axis wherein
said A-B planes exhibit high thermal and electrical con-
ductivity relative to the thermal amd electrical conduc-
tivity of said C-axis, said upper electrode having its
tapered lower end portion composed of anisotropic pyro-
Iytic graphite.

‘14. An electrode for producing an intense light by an
arc discharge between at least a pair of electrodes, said
electrode being characterized by having its tip portion
formed from a hollow generally cone shaped deposit of
anisotropic pyrolytic graphite, said anisotropic pyrolytic
graphlte being charaeterized by having A-B plapes and
a C-axis wherein said A~B planes exhibit high thermal
and electrical conductivity relative to the thermal and
electrical conductivity of said C-axis, said hollow gen-
erally cone shaped deposit of anisotropic pyrolytic
graphite being deposited on the tip portion of an elongated
rod of isotropic graphite.
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15. A generally elongated rod shaped electrode for
producing an intense light by an arc discharge befween
at least a pair of electrodes, said electrode being charac-
terized by having its tip portion forming a cavity for
receiving a sample of material, said cavity having its
internal surface composed of anistropic pyrolytic graphite,
said anisotropic pyrolytic graphite being characterized
by having A-B planes and a C-axis wherein said A-B
planes exhibit high thermal and electrical conductivity
relative to the thermal and electrical conductivity of said
C-axis, the A-B planes of said anisotropic pyrolytic
graphite being disposed parallel to the intérnal surface
of said cavity.

16. A generally elongated rod shaped electrode for
producing an intense light by an arc discharge between
at least a pair of elecirodes, said electrode being char-
acterized by having its tip portion forming a cavity for
receiving a sample of material; said cavity having its
internal surface composed of anisotropic pyrolytic graph-
ite, said anisotropic pyrolytic graphite being character-
ized by having A-B planes and a C-axis wherein said
A-B planes exhibit high thermal and electrical con-
ductivity relative to the thermal and electrical conduc-
tivity of said Craxis, the A-B planes of said anisotropic
pyrolytic graphite being disposed normal te the central
axis of said rod shaped electrode,

17. A generally elongated rod shaped electrode for
producing an intense light by an arc discharge between
at least a pair of electrodes, said electrode being char-
acterized by having its tip portion forming a cavity for
receiving a sample of material, said cavity having its in-
ternal surface composed of anisotropic pyrolytic graphite,
said anisotropic pyrolytic graphite being characterized by
having A-B planes and a C-axis wherein said A-B planes
exhibit hish thermal and electrical conductivity relative
{o the thermal and electrical conductivity of said C-axis,
said A-B planes of said anisotropic pyrolytic graphite
being disposed parallel to the central axis of said rod
shaped electrode.

20

30"

18. A penerally elongated rod shaped electrode for 4

producing an intense light by ap ar¢ discharge between
at least a pair of electrodes, said electrode having its tip

10

portion composed of anisofropic pyrolytic graphite de-
pasited on the end portion of a rod of isotropic graphite,
said anistropic pyrlytic praphite being characterized by
having A-B planes and a C-axis wherein said A-B planes
exhibit high thermal and electrical conductivity relative
to the thermal and electrical conductivity of said C-axis,
said anisotropic pyrolytic graphite forming said tip por-
tion having its C-axis disposed parallel with respect to
the central axis of said rod.

19. A generally elongated rod shaped electrode for
producing an infense light by an arc discharge between
at least a pair of electrodes, said electrode having its tip
portion composed of anisotropic pyrolytic graphite de-
posited on the end portion of a rod of isotropic graphite,
said anisotropic pyrolytic graphite being characterized by
having A-B planes and a C-axis wherein said A-B planes
exhibit high thermal and electrical conductivity relative
1o the thermal and electrical conductivity of said C-axis,
said anisotropic pyrolytic graphite forming said tip por-
tion being a coating of anisotropic pyrolytic graphite
having its A-B planes disposed parallel to the tip sur-
faces.
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The invention relates to.a high intensity arc carbon
electrode for use in arc lighting, motion picture projectors,
solar simulation, and the like, and to means by which
the power rating of such an electrode can be improved.

High intensity arcs are usually developed between a
negative carbon electrode and a positive carbon elecirode
which comprises a shell and a core therein comtaining
a substantial amount of flame material which becomes
highly Tuminescent under the action of electrons in the
arc. The current density in the high intensity positive
carbon. is frequently as high as 1500 amperes per square
inch and above, and at such a high current density the
core material is vaporized more rapidly than that of the
shell until a deep cup-like crater is formed in the work-
ing face, The. electrode vapors of carben and flame ma-
terials in the crater are heated to a very high tempera-
ture and radiating efficiency, and produce a brightness
several times that possible with a solid carbon elecirode
or an electrode without flame material, such as that used
for the negative.

Although high intensity arc carbons are operated
at high current densities, there is a maximum current
density beyond which the arc becomes unsteady, For
example, a standard 11 millimeter high intensity posi-
tive arc electrode begins to squeal and pop at about 200
to 210 amperes. This effect is undesirable since opera-
tion at higher currents provides a greater total light out-
put from the arc, The maximwm power at which the
arc carbon can operate at a reasonably steady condition
is referred to as its power rating.

The main object of the invention is to provide a means
by which the power rating of a high intensity arc carbon
electrode can be improved, Another object is to provide
an arc carbon electrode having improved power charac-
teristics.

The invention by means of which this and other re-
lated objects are achieved will be described with refer-
ence to the accompanying drawing wherein the sole figure
is an illustration of an electrode typical of the electrode
of the invention,

Broadly, the objects are achieved by the incorpora-
tion of at least one oxide of the metals zirconium and
titanium in the shell of a high intensity arc carbon elec-
trode in an amount sufficient to improve the power rating
of the electrede. Ordinarily, between about 0.1% and
about 6% oxide incorporated in the shell is preferred.
If titanium oxide is employed, however, between about
0.1% and 3% oxide provides the most satisfactory re-
sults in electrodes for peneral use. The percentages are
computed as metal dioxide based on the weight of the
shell before incorporation of the oxide.

The oxide may be a simple oxide of zirconium or
titanium, or it may be in the form of an alkaline earth
metal salt, such as the barium, calcium, and magnesium
titanates, ¥f such salts are used to incorporate the oxide
in the shell, the percentage by weight must be calculated
as if the simple oxide were incorporated. Alkali metal
salts could also be employed except that alkali metals
cause shell flashing, and their presence is therefore in
general undesirable.

Referring to the drawing, a high intensity arc carbon
electrode 10 comprises an outer shell 12 and an inner
core 14. The shell 12 has incorporated therein at least
one oxide of the metals zirconivm and titanjum in an
amount between 0.1% and 6% oxide. The core 14 may
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typically be composed of a predominant amount of car-
bonaceous material and flame material as will herein-
after be further described.

The arc carbon electrode may be made in accordance
with the invention by first mixing the oxide with the mix
composition of the shell, extruding the mix into the form
of a shell, and then bakmg the shell in accordance with
convennonal procedures. Standard procedures may also
be used to make the core for the shell. Such cores usual-
ly contain a predominani amount of carbonacecus ma-
terial and flame materiall The flame material is pref-
erably oxides or fluorides of the rare earth metals, but
may also be materials such as thorium, iron, nickel, cobalt,
manganese, and vanadium, Compounds other than oxides -
and fluorides of the rare earth metals may also be em-
ployed, and such techniques are known in the art. The
cores aré easily made by extruding the core mix, bak-
‘ing the mix, and then inserting the baked core with a
suitable binder therearound into the baked shell to form
the final high intensity arc carbon anode. _

. Ar¢ carbons made in accordance with the invention
have as much as twice the power rating of an electrode
consnstmg of the same ingredients but without the oxide
of zirconfum or titanium. For example, a standard 11
millimeter high intensity arc carbon was made according
to conventional practice and them tested to determine its
power rating. The standard electrode had a maximum
operating current of 200 amperes at from about 70 to 80
volts. 1If the electrode is operated above 200 amperes,
it will begin to overload and exhibit an unsteady arc.
Several other carbon electrodes of the same type and size
but with varying percentages of titanium dioxide in the
shell were compared with the standard electrode. The
results are shown in Table I below:

TABLEIL—ELECTR ODES OF INVENTION COMPARED WETH
PRIOR ART ELECTRODES

Maximam Crater Are
Carbon Current, Depth, Voltoge
amperes Inches
Standard 11 mm. High Intensity
Arc Carhon .o 200-210 0. 308 74-76
11 mm, High Intensity Are Car-
Lon—14% Ti0;g in shell ... oooee 2480 0. 1490 T3-75
11 1. High Intensity Are Car- :
bon—1% Ti0; in shell ... ______. 400 0,177 7274
11 mm. nglﬁ Intensity Arc Cor-
bon-—2% TiOy o shell. ........_ (] 0,100 T1-74

1 Mot ovorloaded at 500 amperes.

The results in Table I show that a 2% addition of '
titanium dioxide in the shell of an 11 millimeter high in-
tensity arc carbon increases the power rating of the elec-
trode more than 250 percent. A further advantage ob-
tained by the incorporation of the oxide in the shell is
that the depth of the crater formed in the work face

of the electrode during operation is decteased, This is--. .

advantageous since the shallower crater penmts the li-- .0 -

minescent gas ball, the area of highest light intensity, to
increase in size and illuminate a much larger area. Thus,
the total light output is increased by the larger exposed
area of the gas ball. The above effects, however, can-
not be obtained by incorporating the oxide in the core of
the arc carbon.

The addition of titanium dioxide to the shell of the .
arc carbon also permits the reduction in the size of the
core for an electrode of a given power rating, A reduc-
tion in core size is advantageons since the thickness of
the shell wall can then be increased without increasing
the overall diameter of the arc carbon, The thicker shell
wall permits threaded joints to be made in the shell for
joining electrodes end-to-end for the purpose of continuous
operation, For example, 2 16 millimeter standard high
intensity positive elecirode has a shell too thin to permit
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threaded joints. The inclusion of ¥5% titanium dioxide
in the shell, however, permits a reduction of the core
size from 0.475 inch to 0.445 inch while maintaining a
given power rating. This reduction in core size and
subsequent increase in shell wall thickness from 0.077
inch to 0.093 inch permits threaded joints to be machined
in the shell wall, and also makes extrusion of the shells
appreciably easier while maintaining standard amperage
for a 16 millimeter arc carbon of 400 amperes.

What is claimed is:

" 1. A high intensity arc carbon positive electrode com-
prising a core and a shell, said shell containing between
0.1 and & percent by weight of at least one oxide of the
metals zirconium and titanium, said percent by weight
being computed as metal dioxide based on the weight of
said shell without said oxide.

2. A high intensity arc carbon positive electrode com-
prising a core consisting predominantly of a carbonaceous
material and flame material, and a shell consisting pre-
dominantly of carbonacecus material and containing be-
tween 0.1 and 6% by weight of at least one oxide of
the metals zirconium and titanium, said percent by weight
being computed as metal dioxide based om the weight of
said shell without said oxide.

3. The electrode defined in claim 2 wherein said oxide
of a transition metal is titanium dioxide.

4. The electrode defined in claim 2 wherein said oxide
of a transition metal is zirconium dioxide.
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5. A high intensity arc carbon positive electrode com-
prising a core predominantly consisting of carbonaceous
materjal and rare earth oxides and finorides, and a shell
predominantly consisting of carbonaceous material and
containing between 0.1 and 6 percent by weight of at.
least one oxide of the metals zirconium amd titanium,
said percent by weight being computed as metal dioxide
based on the weight of said shell without said oxide,

6. The electrode defined in claim 5 wherein said oxide
of a transition metal is titanium dioxide.

7. The ¢lectrode defined m claim 5 wherein said oxide
of a transition metal is zirconium dioxide,
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This invention generally relates to carbonaceous mate-
rial such as carbon proper and graphite (hereinafter re-
ferred to as “carbon material”), and is particulaly di-
rected to a procedure for imparting carbon material with
protective oxidation-preventing coatings.

Considered from another aspect, the invention is con-
cerned with the production of electrodes of carbon mate-
rial which are highly resistant to oxidation,

As is generally known, carbon material is particularly
suitable for various kinds of uses under high temperature
conditions as carbon material displays exceptional prop-
erties at elevated temperatures. Thus, for example, the
evaporation temperature of carbon material is extremely
high and evaporation takes place without intermediate
melting, Further, the coefficient of linear expansion is
very low, even at relatively high temperatures. Another
beneficial property of carbon material is its high degree
of heat conductivity. Further, the strength and stability
of carbon material, in fact, increases with the tempera-
ture, a feature which, of course, is most beneficial for
many purposes, It should also be mentioned that the elec-
tric conductivity of carbon material remains almost con-
stant under varying femperature conditions, which
again is a very advantageous characteristic. Generally
speaking, there is no other imaterial available for high
temperature operations which possesses the combination
of favorable characteristics of carbon material. However,
as is alse well known, carbon material has a very im-
portant shortcoming, that is, it is easily oxidized at rela-
tively low temperatures. For this reason, the use of car-
bon material under high temperature conditions has, in
practice, been severely restricted, and in many cases an
otherwise desired employment of carbon material for
high temperature operations could not be effected due to
the tendency of the carbon material to oxidize. General-
ly, if carbon is used under high temperature conditions
in an oxidizing atmosphere, this entails great expense on
its part.

A major use of carbon material under high tempera-
ture conditions is, of course, as carbon electrodes used
in electrothermal processes employing electric arcs. Ac-
cording to statistics published in the pertinent literature,
the consumption of carbon electrodes is chiefly dependent
on the degree of oxidation of the surface of the heated
electrodes. Evaporization and pulverization of the elec-
trodes caused by the electric arc is only a minor cause for
electrode consumption and, in fact, only § to 30% of the
consumption is due to such pulverization, The oxidation
of carbon electrodes usually takes place at temperatures
ranging between 400 and 1600° C, As, of course, a great
aumber of substances are available which resist such tem-
peratures, various proposals have been advanced in the
literature to protect carbon material with such substances
in order ot minimize, if not prevent, the oxidation of the
carbon, Thus, for example, carbon electrodes have been
coated with ceramic and metallic constituents or the
carbon surface has been impregnated with various chem-
icals. All these prior art attempts, however, have not been
entirely successful,

A considerable difficulty in protecting carbon from
oxidation is caused by its low coefficient of linear expan-
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sion A=1.5 to 5,5x10-%, Most fireproof materials have
a linear coefficient of expansion of over 7 10-6 As a
result of this, the coatings crack and fall off upon re-
peated heating and cooling.

There do existy high-grade coatings of silicon com-
pounds such as silicon carbide, molybdenum disilicide
and titanium disilicide. These coatings show a much bet-
ter link with carbon and they do not crack and peel off
as a result pf_éf_témperature changes on account of their
suitable coefiicient of expamsion. The process of their
application t3. the surface, however, is very expensive,

The coatings. of silicon carbide are usually obtained
by means of gas silication. This process demands pro-
longed heating of the entire carbon article at tempera-
tures above 1500° C. and in a special atmosphers.

The coatings of molybdenum disilicide and titaninm di-
silicide are usually effected by applying a smear of these
substances and by heating the entire article to tempera-
tures ranging between 1500° and 2000° C.,, in a protective
atmosphere such as argon. There exist also methods ac-
cording to which the carbon article is immersed in the
molten silicide, this being done at very high temperatures
and in a protective atmosphere.

Their high cost is not the only shoricoming of these
coatings. There is a sharp increase in the chemical activity
of the substances under conditions of high temperature,
As a result of this, the coatings are destroyed at consider-
ably lower temperatures than could be expected. For
instance, the highest temperature for a durable utilization
of coatings of silicon carbide and molybdenum disilicide
is not more than 1500° C.

The thin layer of silicon dioxide which is formed over
the silicon carbide and protects it from oxidation begins
to act as an oxidizer at temperatures of over 1500° C.
The destruction of the silicon carbide under these condi-
tions follows the reactions:

28iC-8i0,=138i4-2C0
8i40,=5i0,

The protective coating of molybdenum disilicide on
carbon is destroyed on account of the accelerated diffusion
of the carbon in the coating under conditions of high tem-
perature. The binary system “molybdenum-silicon™ is
transformed into a temary system of “molybdenum-
silicon-carbon.” Molybdenum carbide which possesses no
protective properties is easily oxidized at the surface of
the coating according to the folowing reaction:

MoC+20,=Mo0;+CO

At high temperatures, both products of the above re-
action are gases, .

In view of its low melting point (1540° C.), titanic
disilicide cannot be used as higher temperatures.

Generally speaking, the high-grade protective coatings
for carbon known so far are very expensive and can be
utilized for a Iong period of time only at temperatures
under 1500° C,

Graphite articles which are most widely produced and
used at the present moment are the graphite electrodes
used in the steel furnaces of the electric-arc type. Protec-
tive coafings for graphite electrodes can find industrial
application only if they can withstand temperatures of at
least 1650° C. and are sufficiently low-priced, The coatings
known at present do not conform to these two require-
ments and hence they have not been applied on an in-
dustrial scale. :

Accordingly, it is a primary object of this invention to
provide carbon material with a heat resistant coating which
is firmly united with and bonded to the carbon material
proper and which is not affected by temperature fluctna- .
tions, This coating is to be impervious to gases and chemi-



3,348,929

3

cally resistant under the respective conditions of opera-
tion.

Still another object of this invention is to provide a car-
bon electrode, e.g. for use in arc furnaces, which electrode
has an oxidation-preventing coating which is electrocon-
ductive and which is firmly united with the carbon ma-
terial proper.

Generally speaking, it is an object of this invention to
improve on the art of coating carbon material including
carbon electrodes.

The words “coating” and “layer” are used to denote
different things. The finished coating of the: carbon ar-
ticle generally consists of several successivé“Goatings each
one of which has a different chemical composition and is
_ applied or treated in a different manner.

Very often, on account of a number, of considerations
of a different character, the application and treatment of
a particular coating cannot be done in a single operation.
In such cases, the particular coating consists of several
layers which possess principally a related chemical com-
position and are applied and treated in almost the same
manner.

In some cases, a particular coating must- contain small
quantities of certain substances which cannot be applied
in the manner in which the coating itself has been applied.
These substances, applied between two layers of identical
successive coatings, are called “layers” as well.

Generally, the term “coating” is applied to the separate
types of coating which have a related chemical composi-
sition and are applied and treated in the same manner,
as well as to the finished coating of the carbon article,
regardless of how many coatings it may consist. The term
“layer” is used to denote one of the various layers of a
one-type coating as well as thin films which are applied
between the layers of the one-type coatings.

Briefly, and in accordance with this invention, we have
found that aluminum alloys and carbide (or nitride) ma-
terials could be welded onto the carbon surface by means
of electric arc. The term “welding-on” as used herein al-
ways refers to electric arc treatment. The process of weld-
ing-on is cheap and highly productive. As explained in
greater detail further on, the protective coating obtained
during this process is consecutively subjected to treatment
at temperatures of over 2200° C. The treatment proper,
i.e. the process of heating in the arc, lasts from 0.1 to 0.3
sec. Due to the brief treatment period there is no need of
protective atmosphere, this in itself being a great advan-
tage. On the other hand, irrespective of the high tempera-
ture of processing, the article on which the coating is ap-
plied, such as an electrode, is heated to a much lower tem-
perature—about 200° C.~—which makes the entire process
a very cheap one.

Welding-on by means of electric arc can successfully
be applied within broad limits—from 100 percent carbides
and 0 percent aluminum to O percent carbides and 100
percent aluminum alloy. In the first instance, 100 percent
carbides, it is silicon carbide which is mainly used. When
the content of aluminum increases, the silicon carbide can
be entirely substituted by other carbides such as boric car-
bide, titanium carbide, zirconium carbide, chromium and
molybdenum carbides, as well as by titanium nitride and
zirconium nitride. However, increasing the aluminum con-
tent of the coating must be accompanied by adding car-
bide-forming elements such as boron, silicon, titanium,
zirconium, chromium and molybdenum. This must be done
independently from the carbides used because when the
aluminum is increased the carbides cease being the basic
skeleton of the coating and become a filling. Besides that,
the separate grains of the carbides, or of the nitrides, re-
spectively, are included in the aluminum alloy.

By its essence, the welding-on of an aluminum alloy by
means of electric arc is a pyrometallurgical process per-
formed in the presence of a great surplus of aluminum.
It is obvious that all elements and compounds,  with the
exception of those which show great stability at high tem-
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peratures such as most of the carbides, will form alloys
with the aluminum. When titanium disilicide is used, for
instance, it can no longer be found as a particular chemi-
cal compound in the coating after the process of welding-
on. The result is rather a ternary “aluminum-titanium-sili-
con” alloy.

Besides that it is quite natural that substances like
molybdenum and chromium carbides which, comparative-
ly speaking, oxidize more readily, can stand this brief high-
temperature treatment without undergoing any changes
since the great surplus of aluminum protects them from
oxidation.

On the other hand, the desired carbide-forming elements
can be introduced as oxide compounds such as diboric
trioxide, titanic dioxide, dichromic trioxide, etc. With the
utilization of an outer source of heat such as electric arc
the oxides react with the aluminum and are reduced to
the respective metals

B203+ 2A1=2B +A1203
3TiOy4-4A1=3Ti-}+2Al,0;

It follows from the above that it is possible to use both
separate oxides and oxide systems such as titanium sili-
cate, titanium silicoborate, etc.

In its most general aspect the coating is of the following
type: a homogeneous aluminum alloy with inclusions
of grains of carbides (nitrides respectively) and of bi-
aluminum trioxide. The latter can be introduced as an
initial substance or can be obtained as a result of the
reactions described.

The aluminum alloy can be absent in the final instances,
as is the case with weldings-on of carbide where the
coating represents carbide grains welded to one another,
or it may contain no visible carbide inclusions, as is the
case with aluminum weldings-on where carbides are not
used as inijtial substances. The presence of aluminum tri-
oxide is chiefly determined by the extent to which the
desired elements have been introduced as oxides.

It follows from all that has been said above that there
exists great freedom in the utilization of initial substances
and that great number of compounds and alloys can be
used. The following example will serve to make this
clearer: Three different recipes can be used to obtain a
coating composed of 65 percent aluminum, 20 percent
silicon, 10 percent zirconium and 5 percent boron,
namely:

(1) 65 parts of aluminum, 20 parts of silicon, 10 parts
of zirconium, and 5 parts of boron;

(2) 71.2 parts of aluminum, 20 parts of silicon, 12.5
parts of zirconium-boron alloy (20 percent boron), and
12.2 parts of boric acid.

(3) 72.9 parts of aluminum, 16.9 parts of silicon,
20.0 parts of zirconium silicate, and 5 parts of boron.

A calculation made indicates that the alloy obtained
from the three recipes has the same composition. The dif-
ference lies only in the different content of bialuminum
trioxide in the coatings. It is 0 percent upon applying
recipe (1), 11.7 percent with recipe (2), and 14.9 percent
with recipe (3).

In view of its chemical stability and high degree of
refractoriness, the content of bialuminum trioxide does
not affect the quality of the coating within certain limits.

In practice, the substances used in making the coatings
are in the form of powder and are applied as suspensions.
One exception to this rule is aluminum which can be ap-
plied both as aluminum powder and by means of metal-
lization.

It is a common practice to apply the greater part of
the aluminum by metallization, the remaining part being
applied as a suspension in mixture with silicon carbide
and other substances.

Coatings of this kind which are welded on the carbon
surface adhere reliably to the carbon material so that, in
fact, an integral structure of carbon and coating is ob-
tained from which the ccating does not flake, chip or
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otherwise is removed, even under conditions of great
stress. Further, the coating is not affected by rapid and
significant temperature changes, is capable of wetting by
certain oxide fusions and does not react with them even
at extremely high temperatures.

When part of the aluminum is applied by means of
metallization, the protective coating obtained is sufficient-
ly impervious to gases. A porous coating is obtained in
the process of welding-on, if the aluminum is applied in
the form of aluminum powder mixed with silicon carbide
and other substances. With a view to rendering this coat-
ing impervious to gases, the welded-on coating may be
subjected to an additional electric arc treatment. As the
result of this operation, the layer partially fuses or melts
so as to form a compact and dense coating, impervious
to gas.

The method of welding-on by means of electric arc
can be successfully applied up to a certain layer thickness.
The maximum thickness is different for the different
initial substances used and varies from 0.5 to 1.0 mm.

There are many purposes to which one layer welded
onto the carbon is not sufficient to ensure the desired
duration of protection, as under certain conditions of
operation the coating must often be in contact with harm-
ful substances which gradually destroy it. Such objec-
tionable substances are alkali oxides, alkali-earth oxides,
and the oxides of certain heavy metals such as zinc,
lead, etc.

As a rule, the protective coatings of the graphite elec-
trodes used in electric furnaces for steel consist of two,
three or four layers welded one on top the other. The
number of layers depends on the capacity of the furnace,
on the diameter of the electrodes, and on the nature of
the process involved. The protective coatings of electric-
resistance elements made of graphite have from two to
six layers welded one on top the other.

Carbon articles are used under a great variety of con-
ditions. In some instances they are subjected to the high-
est possible temperature below the decomposition point.
Great endurance of the coating and the absence of all
defects therein are necessary in other instances. The
coating must usually be electroconductive though in some
instances it must not conduct electric current.

A particular composition of the layers welded on is
necessary in each single instance in order to obtain the
desired properties. For instance, increasing the content
of boron in the aluminum alloy improves the cohesion
with the carbon but at the same time it lowers the ten-
perature of decomposition. A great increase of the con-
tent of chromium in the aluminum alloy results in greater
resistance to oxidation but the coating becomes sensitive
to frequent changes of temperature. Increasing the quan-
tity of the carbides, such as silicon carbide, titanium
carbide and others, renders the coating resistance to fre-
quent changes of temperature though it reduces its degree
of impermeability to gases.

The above specific properties of separate elements and
of compounds of theirs constitute only a small part of the
regular trends which have been established in this field.
Their purpose is simply to show that the essence of this
invention is not to create a coating with a strictly deter-
mined composition for one particular purpose. Using
the method of welding on by means of electric arc and
the subsequent additional treatments of the coatings which
will be described further on, it is possible to obtain a
wide range of coatings of various properties and with
maximum endurance to heat between 1550° C. and
1820° C.

In practice, the coating of the heat resistant material
on the carbon material is effected as follows: When the
aluminum is applied as aluminum powder, the desired
blend is mixed with a liquid binder or adhesive so as to
form a paste or slurry. The paste is then evenly smeared
over the surface of the carbon article to be coated. The
application of the paste to the carbon article may, of
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course, be effected in any manner known per se as, for
example, by a brush, by pulverization, immersion or the
like. Once the carbon article has been coated with the
smear, the coated article is heated to a suitable tempera-
ture ranging from 50 to 500° C. Arc welding is then
effected in the following manner: A direct current arc is
employed, the anode () being connected to the carbon
article, while the cathode (—) is connected to a small,
preferably tapered, graphite electrode. Current is then
applied and the arc thus formed between the graphite
cathode and the carbon article constituting the anode
causes the welding of the heat resistant coating material
on the carbon surface, while the binder material and any
solvent which may be still present burns off (see also
FIG. 2). .

When the aluminum or a part thereof is applied by
means of metallization, the carbon article is first metallized
in a familiar manner, e.g. by electric arc metallization;
metallization by gas flame, high frequency metallization,
etc. The smear of the desired composition is then applied
on the metallized layer. The further treatment is then
effected as described above.

As has already been indicated, it is possible to weld
only one layer, though for a great number of purposes
it is necessary to weld several layers one on top the other.

In many instances, carbon articles provided with pro-
tective coatings formed by arc welding may be used di-
rectly without any further treatment.

In other instances, the welded-on coating may subse-
quently be metallized by means of aluminum in any man-
ner known per se.

When aluminum is metallized in quantities exceeding
1 kg./m.2, it is almost always necessary to carry out the
metalljzation in two layers. Between the layers are ap-
plied substances to correct the chemical composition.
Under conditions of higher temperatures, these substances
reduce the point of softening of the coating. Further, they
reduce the coefficient of linear expansion of the coating
and bring it closer to that of the carbon.

In actual practice, it is possible to add a great number
of substances here, as is the case with weldings-on by
means of electric arc. Upon electric arc treatment, the
aluminum alloy is obtained immediately as a result of
briefly heating to a temperature of over 2000° C. In this
particular instance, there is no heating involved in the
process of making the coating. However, the same reac-
tions take place upon using the protected carbon article at
temperatures over 1500° C., though over a longer period
of time.

As, in view of practical considerations, the require-
ments towards a metallized coating are lower, compared
with a welded-on coating, the substances used here are less.
They are usually the elements boron, silicon, titanium
and zirconium, their carbides (boric carbide, silicon car-
bide, titanium carbide and zirconium carbide), their
oxides (diboric trioxide, silicon dioxide, titanium dioxide
and zirconium dioxide), as well as the silicates of titanium
and zirconium. In addition to that, sodium compounds
such as sodium tetraborate, sodium carbonate, sodium
silicate, and sodium chloride are specially used to bring
down the point of softening and to make the metallized
coating impervious to gases.

It is also possible to apply other chemicals to the
welded-on coating, simply by preparing a smear or solu-
tion of the respective chemicals which thereafter is ap-
plied to the previously welded-on coating. Thus, for ex-
ample, boric acid and, if desired, additional agents, may
be smeared on the welded-on coating.

Diboric trioxide may be melted by heating it to a
temperature of about 620° C. and the molten mass may
then be applied to the original coating, or the beric acid
may be first applied in the form of a suspension or paste,
whereafter heating to the indicated temperature is effected.
The surface coating obtained in this manner is extremely
sensitive to even small amounts of certain metal oxides
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such as ZnO, PbO and others, The durability of such a
diboric trioxide coating is increased manifold if aluminum
is then metallized over it.

In the event that a diboric trioxide coating is employed,
it is advantageous to apply parafiin to this coating in order
to prevent the absorption of moisture, as diboric trioxide
is bygroscopic.

From the forepoing, it will have been realized that
protective coatings of varying kinds may be readily applied
to the carbon material in accordance with this invention.
Carbon ¢lectrodes which have been coated in the manner
described may successfully be used in the production of
electric steel. Our experiments have shown that the con-
sumption of graphite electrodes in electric furnaces of a
three-ton capacity which produce ordinary carbon stezl
in a basic process drops from 9.90 kg. of uncoated
graphite electrodes per ton of steel to 5.50 keg. in the event
that graphite electrodes ¢oated in accordance with this
invention are used,

Further, the use of coated graphite electrodes in arc
furnaces for steel manufacture makes it easier to obtain
compact packing in the furnace,

In the event that carbon or graphite electrodes coated
in accordance with this invention are used, the contact
sockets should advantageously be made of copper if no
cooling for the electrodes is provided,

We have ascertained that electrical resistance rods of
graphite coated in accordance with this invention may be
used under high temperature conditions reaching 1650° C.
withcut that any destruction or decomposition in the
protective coating leading to oxidation of the graphite
could be observed.

The invention will now be described by several exam-
ples, it being understood, however, that these examples
are given by way of illustration and net by way of limita-
tion, and that many change and alterations may be made
in choice of raw material, quantities and process condi-
tions in general without affecting in any way the scope
and spirit of this invention as recited in the appended
claims,

In the following examples, all guantities mentioned
refer to one square meter of carbon surface. In all in-
stances, the protective coating is applied to carbon articles
of cylindrical shape. For this reason, the term “periph-
eral speed” as used in the examples denotes the speed
of movement of the small graphite cathode electrode
relative to the surface on which the coat is to be welded.

Example 1

Composition of coating to be welded on carbon article:
silicon carbide (Carborundum No, 200) SiC: 250 -
aluminum pewder Al: 150 g., titanium oxide (TiOy): 50
g., titanium carbide (TiC): 50 g., titanium (Ti): 50 £,
boric carbide (B,C): 30 g., ferrochromium {chromium
Cr 70%}: 50 g, alloy of molybdenum Mo and boron
B (boron 10%): 30 g. The components were thorough-
ly mixed with a 15% aqueous bone glue solution. The
amount of the glue solution was chosen so as to obiain
a paste which thereafter was evenly smeared over the
surface of the carbon article. This coatings was then
welded by twice applying a direct current arc in the
manner previously explained. Both welding procedures
were effected with a peripheral speed of 6.0 em. per
second, a pitch of 5.3 mm. and current conditions of 160
amperes and a voltage of 30 volts,

A second coating was applied to the first coating after
the latter had been welded on. The composition of the
second coating was as follows: silicon carbide (Car-
borundum No. 200) SiC: 200 g., powdered aluminum
Al: 200 g, bichromium trioxide CryQg: 40 g., bialumi-
num trioxide (white corundum No, 200} Al,Oy: 50 g.,
alloy of titanium Ti and boron B (boron 30%): 30 g,
silicon (Si): 40 g., boric acid (HzBO3): 30 g., chrominm
(Cr): 50 g. Apain, a paste was prepared from the
powderous mixture of the components by admixing the
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components with a bone glue solution and the arc
welding was effected as in the case of the first coating.

Exampie 11

The carbon surface is metallized with aluminum ac-
cerding to the known methods of applying metal by
spraying in & molten state such as electric-arc metalliza-
tion, gas metallization, high-frequency metallization or
the like.

Metallizing continues until 1 kg, of alumirum is applied
on 1 square meter of carbon article. Thereafier, a mix-
ture of the following composition is prepared: silicon
carbide (Carborumdum No. 200) SiC: 300 g, powdered
aluminum Al: 60 g., titaninm dioxide TiQ,: 100 g silicon
Si: 50 g., boric acid H;BOy: 80 g., chrominm carbide
CrC;: 80 g. and bichromium trioxide CrzCy: 100 g.
The powderous materials are mixed with a 15% solution
of bone glue and are applied on the metallized surface.
The welding-on by electric arc is carried out under the
following conditions: peripheral speed 7.2 cm./sec., pitch
4.3 mm,, eurrent of 240 ampere, and voltage 30 to 35 v.

Example 111

750 g. of aluminum are metallized on the carbon sur-
face under the conditions of Example II. Thereafter,
a mixtore of the following composition is prepared:
powdered aluminum Al: 100 g., silicon Siz 200 g., alloy
of zirconium Zr and boron B (boron 20%): 100 g.,
titanium dioxide TiOg: 50 g., bichromic trioxide Cr,0,:
120 g. and silicon dioxide $iQy: 50 g. The powderous
materials are mixed with a 15% solution of bone glue
and are applied on the metallizer surface. The welding-
on by electric arc is carried out under the conditions of
Example II,

This is followed by the metallization of additional 750
g. of aluminum. A mixture of the following composi-
tion is prepared: silicon Si: 150 g, zircenium carbide
ZrC: 100 g, chromjum Cr: 300 g and boric acid
H;BOs: 150 g. Application and welding-on is carried
out under the conditions of Example II.

This is followed by applying and welding-on of a
third layer, for which all manipulations for the second
layer (metallization, application, welding-on by the arc
method) are repeated.

Example IV

A first coat was applied to a carbon article, This first
coat had the following composition: silicon carbide
(Carborundum No. 200) $iC: 200 g, powdered alemi-
num Al: 120 g, fitanium nitride TiN: 40 g., boron B:
30 g., alloy of aluminum Al and silicon Si (silicon 30%):
30 g., titanium aluminate TiO,ALO,: 50 g, silicon di-
oxide SiOy: 40 g., zirconium silicate Zr0,,5i0,: 50 g, and
alloy of chromium Cr and silicon Si (50% silicon): 30
g. The powderous components were mixed in a 15%
aqueouns solution of bone glue acting as a binder. The
paste thus formed was again applied in an even manner
to the carbon surface. An electric arc was then generated
and the welding performed under the following condi-
tions: peripheral speed 6.0 cm./sec., pitch 10.6 mm.,
current: 180 amperes, 30 volts, This resulted in a rel-
atively porous layer. In order to render the layer gas
impervious, a second electric arc was applied to the
porous coat. The conditions of the second arc treatment
were as follows: peripheral speed 6.0 cm. per second,
pitck 5.3 mmn., current: 200 amperes, 30 volis. The
coat melted partially during the arc treatment and formed
a gas imperviows surface,

A second coat was thereafter applied to the first coat.
The composition of the second coat was as follows:
silicon carbide (Carborundum No. 200) SiC: 100 g,
silicon carbide {Carborundum Mo, 70) SiC: 70 £.
powdered alumimum Al: 150 g, bialuminum trioxide
(white corundum No. 200} Al,Oq: 80 g, titanium di-
silicide TiSig: 50 g., molybdenum carbide MoC: 60 g.,
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molybdenum disiticide MoSiz: 30 g. and titanivm silicate
TiOg8i0s: 80 g. A paste was prepared from the men-
tioned components and the paste was applied to the first
coat. An electric arc was then generated under the follow-
ing conditions: peripheral speed 7.2 ¢m. per second,
pitch 8.5 mm,, cucrent: 160 amperes, 30 volts. This
layer is then metallized with 500 g of aluminum. The
laiter is carried out under the same cenditions as in
Example II.

Example V

A first coat had the following composition: silicon
carbide (Carborundum Ne. 200) SiC: 100 g. silicon car-
bide (Carborundum No. 70) SiC: 100 g., powdered alumi-
num Al: 190 g, zirconium Zr: 80 g, alloy of zirconium
Zr and beron B {boron 20% ) 30 g., alloy of zirconium Z¢
and silicon Si (siticon 20% }: 20 g., bialuminum trioxide
(white corundum No. 200} AlOy: 40 g, and titanium
dioxide TiOy: 50 g, These powderous constituents were
thoroughly mixed with a 15% aqueous solution of bone
glue $0 as to obtain a paste. The paste was evenly smeared
over the carbon article and an electric arc was then pro-
duced. The welding conditions were as follows: peripheral
speed 6.0 cm, per second, pitch 8.5 mm., current strength
200 amperes, voltage 30 volts.

The coat thus obtained was then metallized with 1000
grams of aluminum. The procedure for metallizing the
coat was the same as in the preceding examples. After
the first 500 grams of aluminum had been applied to the
coat, a paste of the following composition was applied:
silicon carbide (Carborundum No. 200} SiC: 50 g, sili-
con 8i: 30 g., zirconium silicate ZrQ4-Si0,: 50 g., titanfum
carbide TiC: 50 g. and sodium carbonate NasCQy: 50 g.,
admixed with a 2% aqueous solution of bone glue, The
sodium carbonate can be substituted by an equivalent
quantity of sodium silicate (water glass) or sodium
tetraborate (borax) and up to 20% by sodium chloeride.

Thereafter, the remaining 500 grams of alsminum were
metallized in the same manner as previously explained,

Example VI

A carbon article .was coated with a first coat of the
following composition: silicon carbide (Carborundum No.
200) SiC: 750 g., titanium dioxide TiQy: 70 g., titanium
carbide TiC: 50 g., and silicon dioxide $i0Os: 50 g. The
components were mixed with a 15% aqgueous solution of
bone glue in order to form a paste. The pasie was spread
in a thin layer over the carbon surface, whereafter an
electric arc was pgenerated, and welding was effected
under the following conditions: peripheral speed 7.2 cm.
per second, pitch 8.5 mm., current strength 200 amperes,
voltage 30 volts,

A mixture of boric acid (H;BO4): 550 g., silicon car-
bide (Carborundum No. 200) SiC: 40 g., silicon 8i: 40
g., silicon dioxide 5i0p: 30 g., powdered aluminum Al:
30 g. and bialumiomm trioxide (white corundum No. 200)
AlOq: 30 g, with a 5% aqueous solution of bone glue
was prepared and spread over the welded-on coat. The
entire carbon article was then heated to about 620° C.
to smelt the boric acid.

Example VII

The layer of smelted diboric trioxide metallizing there-
over 500 grams of alominum in the manner described
in Example IV, The aluminum layer was then coated
with 500 grams of paraffin,

Example VIIT

FIGS. 1g and 15 illustrate two carbon articles with
plural layers, FIG. la corresponding to the composition
of Example IIl and FIG. 15 corresponding to the com-
position of Example V.

FIGURE 2 is a diagrammatical showing of the welding
procedure pursuant to which the coating is welded onto
the carbon article by means of an electric ar¢. In this fig-
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ure reference numeral 1 denotes the article processed and
2 denotes the lateral electrode fixed in holder 3 which in
turn moves along the guide 4 by means of the guiding
screw 5. The article 1 is held in position by the two end-
pieces (holders) 6 in the centers 7 and revolves around
its axis, The article 1 is continuously attached to the
source of electric current throngh the brush 8 of the
contact ring 9. The lateral electrode 2 is connected to
the same source of current by a flexible connection. The
electric arc burns between the article 1 and the lateral
electrode 2 and it gradually treats the entire suiface upen
the revolving of the article 1 and upon the longitudinal
travel of the lateral electrode 2.

The function of the lateral electrode is to maintain the
eleciric arc. Its composition does not take part in making
the coating and it is nsvally made of graphite. The eleciric
arc affects the article on an area of 8 to 12 mm. in diam-
eter and it heats to a high temperature of a stripe of the
same width in the course of its relative movement over
the treated surface.

By selecting the electrical pattern and the speed of the
relative movement it is possible to obtain a surface heat-
ing of about 2,000° C, for 0.1 to 0.3 second, this period
of time being sufficient for the course of the desired
pyrometallurgical process, namely, the alumino-thermal
reactions and the alloying of the desired elements with
aluminum, The rapid heating and cooling of the coating in
the presence of a large surplus of aluminum makes it
possible to carry out the treaiment with electric arc in
opeq installations and in ordinary atmosphere without any
noticeable oxidation of the components of the coating,

While specific embodiments of the invention have been
shown and described in detail to illustrate the application
of the inventive principles, it will be understood that the
invention may be embodied otherwise without departing
from such principles.

What is claimed is:

1. An article of carbon, such as a graphite electrode,
having an oxidation preventing coating of a material se-
lected from the group consisting of

(a) alaminum alloys, wherein the alloying compo-
nent is selecied from the group consisting of boron,
silicon, titanium, zirconium, chromium and molyb-
denum;

(b} high-melting carbides and nitrides selected from
the group consisting of boric carbide, silicon carbide,
titanium carbide, zirconium carbide, chromintm car-
bide, molybdenum carbide, tiitanium nitride and
zirconium nitride; and

(¢} bialuminum trioxide,
said coating consisting of at least one layer formed on
the carbon article by first applying the coating forming
material to the carbon article and thereafter electric arc
treating the material to a temperature above 2,000° C.
for less than half a second without substantially heating
the carbon article proper.

2. An article as claimed in claim I, wherein said coat-
ing comprises a plurality of superimposed layers each of
which is separately applied.

3. An article as claimed in claim I, wherein said coat-
ing of smelted diboric trioxide ¢ontains a substance se-
lected from the group consisting of aluminum, silicon,
bialuminum trioxide, silicon dioxide and silicon carbide,

4, An article as claimed in ¢laim 1, wherein an outer
coating of aluminum, applied by means of metallization,
covers said coating of smelted diboric trioxide.

5. An article as claimed in claim 1, wherein said coat-
ing contains a layer of smelted diboric trioxide.

6. An article as claimed in claim 1, wherein said coat-
ing in turn is coated with a second coating of aluminum
applied by means of metallization. _

7. An article as claimed in claim 6, wherein said
aluminum coating consists of two layers between which
there is interposed an intermediate layer consisting of
material selected from the group consisting of beren, sili-
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-con, titaniem and zirconivm, their carbides and oxides,
titanium silicate and zirconium silicate,

8. A method of forming protective oxidation prevent-
ing coatings of

(a) aluminum salloys, wherein the alloying compo-
nent is selected from the group consisting of boron,
silicon, titanjum, zirconium, chromium ard molyb-
denum;

(b) high-melting carbides and nitrides selected from
the group consisting of boric carbide, silicon carbide,
titanium carbide, zirconium carbide, chromium car-
bide, molybdenum carbide, titanium nitride and zir-
conium nitride; and

(c) bialuminum trioxide
on carbon articles, such as graphite electrodes, which
comprises:

(1) applying the coating forming material to the sur-

face of the carbon article;

(2) electric arc treating said coating forming material
by generating an electric arc between the carbon
article with the coating forming material applied
thereonto and an electrode laterally spaced from
said carbon article; .

(3) moving the electrode and thus the arc at substan-
tially constant speed relative to said carbon article
so that the coating forming material is heated to
above 2,000° C, for less than half a second while
the carbom article proper is not substantially heated,
whereby a coating layer is formed on the carbon
article which cools substantially instantaneously and
has a distinct boundary zone adjacent said carbon
article without intermeshing or intertwining with the
adjacent carbon surface.

9. A method as claimed in claim 8, wherein <aid elec-
tric arc treatment is carried ont in air atmosphere, said
lateral electrode being of graphite,

18. A method as claimed in claim 8, wherein the sur-
face of the carbon ariicle is first metallized with a layer
of aluminum metal, whereafter a liquid suspension of
coaling forming material in powder form is applied onto
said aluminum layer, said electric arc treatment being
carried out apon drying of said suspension, whereby oxi-
dation-reduction alumino-thernal reactions take place at
the time of heating.

11. A method as claimed in claim 8, wherein said
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coating forming material is applied to the surface of said
carbon article in form of powder suspended in a liquid,
said electric arc treatment being carried out upon drying
of the suspersion.,

12, A method as claimed in claim 8§, wherein the elec-
tric arc treatment is carried out twice on the same layer,

13. A method as claimed in claim 8, wherein at least
a second coating layer is superimposed on the first Iayer
formed on the carbon article by applying coating form-
ing material on the electric arc treated first layer and
thereafter eleciric arc treating said last mentioned coat-
ing forming material in substantially the same manner
as the coating forming material of the first layer has
‘been treated.

14. A metbod as claimed in claim 13, whercin metal-
lic aluminum is applied to the second layer,

15. A method as claimed in claim 13, wherein a first
metallic aluminum layer is applied to the second layer
whereafter a layer of coating forming material is applied
to the metallic aluminum layer, said coating forming ma-
terial Jayer being subsequently covered with an additional
layer of metallic aluminum,

16. A method as claimed in claim 13, wherein the sec-
oid layer is covered with boric acid, whereupon the en-
tire carbon article is heated at least to the melting point
of diboric trioxide.

17. A method as claimed in claim 16, wherein a layer
of metallic aluminum is applied onto the layer of diboric
trioxide.
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ABSTRACT OF THE DISCLOSURE

The invention covers a process and means for rapidly
decomposing carbonaceous material, coal in particular,
into lower molecular weight hydrocarbons. The decom-
position is accomplished by causing the carbonaceous
material to absorb heat at a rate in the order of several
hundred B.t.u.’s/Ib.-sec. While the heat could be supplied
from any convenient source, an embodiment vsing an
electric are furnace is preferred and described.

This invention relates generally to processes for con-
verting coal into its lower molecular weight components,
and in partieular to an electric arc process and apparatus
for accomplishing the aforementioned conversion. The
meaning of coal as used herein has been broadened to
include similar materials such as tar, oil, lignite, charcoal,
and coke, for example, all of which could be converted
to other fuels and chemical eompositions in the manner
indicated below,

The structure of a typical bituminous coal has been
portrayed graphically in a recent issue of “Industrial
Engineering Chemistry,” vol. 54, Issue 6 (1962}, pp.
36-39%, by Hill and Lvon. The structure is exceedingly
complex and contains a large propertion of aliphatic
chains in which the H/C ratio is 2;1 and a relatively small
fraction of polynuclear aromatics (in which the H/C
ratio is less than 1). In contrast, anthracite coals also
comprise a complex structure but have a small fraction
of aliphatic groups and a large fraclion of polynuclear
aromalics.

In general, the pyrolysis of coal is uccomplished through
two basic competing reactions, decomposition and polym-
erization. However, it is recognized that many complex
chemical reactions take place during coal pyrolysis.

Of the methods used to convert coal, coking is perhaps
the most widely known and used process. During the
course of a coking operation, the temperature of coal is
raised to a temperalure of 7¢0° F. to 2000° F. over an
extremely long time, The weakest bonds rupture fivst.
With increasing temperature, successively stronger bonds
begin to rupture, but resonance-stabilized carbon-carbon
bonds in aromatic rings are appavently preserved. In other
words, the basic carbon structure is preserved, and only
the groups attached to the carbon structure are driven
off. These groups, for example, usually comprise oxygen,
hydrogen, and some sulfur and nitrogen. The rate at
which heat energy is absorbed in a typical coking opera-
tion is in the order of 2.0 B.t.u./1b.-sec.

Coal has also been converted by injecting extremely
fine particles of coal, powders, into a plasma generating
device. In this process, the coal is heated by the ex-
tremely high temperature plasma generated in the plasma
generating device. The residence time of the coal powders
within the plasma stréam is extremely short, in the order
of a millisecond or less, and therefore the heat energy
entcring the particles is also relatively small, and the
extent of conversion is small. The reaction rate is of the
order of one million B.tu./lb.-sec. In spite of the high
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rate, the thermal efficiency of the process is only of the
order of a few percent.

Attempts have also been made to convert coal by other
arc ftechniques. In general, these processes have not
produced satisfactory yields of low molecular weight
fuels and chemicals. :

It is an object of the invention to provide means for
and method of converting ¢oal which avoids the limita-
tions and disadvantages of the prior are processes.

It is another object of the invention to provide a coal
conversion process wherzin the coal is converled to low
molecular weight hydrocarbon gases such as methane
and typically unsaturated products such as ethylene and
acetylene.

It is yet another object of the invention to provide a
process for converting coal wherein heat energy is
supplied to the coal at an extremely high rate and with
high electrical efficiency.

It is still another object of the invention to provide a
coal conversion process wherein the high energy bonds
are ruptured.

It is still another object of the invention to provide an
efficient electric arc apparatus for converting coal.

It is vet another object of the invention to provide an
electric arc apparatus for converting coal wherein the
coal becomes an active apparatus structure,

It is yet another object of the invention to provide an
electric arc apparatus for converling coal wherein the
rate at which heat energy is absorbed in the coal is
high, efficient and controllable in a simple and facile
manner,

In accordance with the invention, 2 method of con-
verting coal comprises absorption of heat energy in the
coal at a rate greatly exceeding the heat transfer rate
typically used in coking. The heat transfer rate en-
countered in performing this process is typically 600 to
1,000 B.t.u./1b.-sec. or greater.

Another aspect of the invenlion is an electric arc furnace
for converting coal which comprises at least two spaced
clecirodes. Cne of the electrodes is a sleeve having a
central passage. The end of the sleeve to which an arc is
struck (the arc end) is terminated with an electrical in-
sulator. The are furnace also includes means for supplying
coal to said central passage and for comveying the coal
to the arc end of the sleeve,

The novel features that are considered characteristic of
the invention are set forth in the appended claims; the
invention ilself, however, both as to its organization and
method of operation, together with additional objects
and advantages thereof, will best be understood from
the following descripiion of a specific embodiment when
read in conjunction with the accompanying drawings, in
which:

FIGURE 1 is a schematic representation of an electric
arc apparatus useful for converting coal and which
embodizs the principles of the present invention;

FIGURE 2 includes a schematic representation of the
anode ¢lectrode of the FIGURE 1 apparatus and a curve
useful in explaining the operation of the invention;

FIGURE 3 shows a heat energy utilization diagram.

In FIGURE 1 there is shown a schematic representa-
tion of an electric arc coal converting anparatus gen-
erally designated 10, It includes a pair of spaced electrodes
11 and 12 connected to means for supplying elecirical
power 15 and 26, respectively, and a reaction chamber 13,

The reaction chamber 13 is a sealed container which
includas a sight glass 14 and exit port 16 for gas prod-
uets produced therein and a withdrawal pipe 17 for
removing solid residue, resulting from the .coal conver-
sion process, from the reaction chamber.

The electrode 11 is a graphite rod which is held in a
water-cooled holder 11a and containing a central passage
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18. Electrode 11 acts as a cathode electrode. Electrode
12, the anode electrode, comprises a sleeve 39 including
a water-cooled jacket 21 at its upper end and a central
passage 22. The passage 22 is preferably completely filled
with coal particles supplied thereto through an entrance
port 23 in one side of the sleeve 19 and propelled upward
through the passage 22 by a continuously rotating screw
feed mechanism 24. A cap 26 formed from any suitable
refractory electrical insulating matecial such as alvmina
covers the arc end of the sleeve 19 opposite the cathode
11. The number 27 denotes a reaction zone in which
substantially all of the coal conversion takes place. The
clectric arc is identified by the numeral 29,

As is well known, coal, whether it is bituminous or
anthracite ceal, is at best an extremely poor conductor of
electricity at ambient room temperatures, about 72° F.
It is also well known that when coal is charred or heated
to a temperature at which incipient fusion is noticed, it
becomes a gzood conductor of electricity. There is a direct
relatiorship between temperature and conduction above
the fusion point.

Pulverized coal is fed through the entrance port 23 to
the passage 22 where it is advanced by the screw feed
24 to the reaction zone 27. When the passage 22 is filled
with coal, electrical power is supplied to strike and main-
tain an arc between the cathode 11 and the anode 12.

Since electrical current cannot flow from cathode 11 to
the sleeve 19 because of the insulating cap 24, the coal
within the reaction zone 27 must be heated to improve
its conductiviiy to a point where it is capable of carrving
the arc current. The reaction zone 27 may be heated ini-
tially by coating its surface with a char and striking an
arc to the char in a conventional fashion. Thereafter, the
arc is sustained by the electrical current and the con-
tinuous reaction of the coal in the reaction zone 27.

Referring tc FIGURE 2 of the drawings, there is an
enlarged, partly schematic representation of the arc end
of the anode 12. It is seen that the reaction zone 27 is
limited to a small volume at the extremity of the anode
12, The curve 32 porirays the temperature distribution
within the anode 12 as a function of the distance from the
exposed surface of the reaction zonre 27, for the case of
rapid feeding of the coal. The slape of the curve 32 is
a function of the coal feed rate velocity. It will be seen
that the temperature drops off extremely rapidly imme-
diately behind the reaction zone 27. There is a slight ten-
perature gradient within the reaction zone 27 probably
due to the heat energy being absorbed in the chemical
reactions taking place therein.

FIGURE 3 is an energy utilization chart. The heat
energy applied to the reaction zone 27 is derived prin-
cipally from the arc and particularly by the striking by
high energy electrons at the surface, with a small con-
tribution from the IR losses generated by the currert
passing through the reaction zonme 27. The heat Iosses
occur from conduction through the anode which is sub-
stantially zero for even modest coal feed velocities, from
radiation which amounts to about 4 percent. The heat of
reaction accouats for about 96 percent,

The parameters effect a conversion of the coal and,
manifestly, the power supplied to the reaction zone 27
by the arc and the rate at which coal is supplied to the
reaction zone 27. Since the temperature of the reaction
zone 27 ranges from 700° F. to about 2000* F., the heat
energy loss through heat radiation remains substantially
small, even as the power and the coal supply rate are
varied. The latter is varied by controlling the rotational
speed of the screw feed 24,

Important considerations, therefore, are the heat ab-
sorption rate, which for the purposes of this discussion is
defined as the B.tu’s per pound of coal per second
(B.t.u/[b.sec.) and the efficiency with which the energy
is used for coal conversion.

Whereas essentially all of the heat supplied to a coking
bin is utilized, the heat absorption rate is very low. In
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plasma devices the heat absorption rate is very high, but
the efficiency with which the energy in plasma is used to
convert coal is very low.

In contrast to both coking and plasma generator con-
version, the heat absorbed by the reaction zone 27 is
efficiently utilized, at teast 50 percent for high loss ap-
paratus and at least 85 percent for an average electric arc
furrace. Additionally, the heat absorption rate exceeds
that of coking by al least two orders of magnitude.

Whereas the substantially slow pyrolysis process of cok-
ing results predominantly in polymerization of the coal
and the retention of a solid carbonized substance, higher
heat absorption rates such as are experienced through the
practice of the above-described process shock the coal
into decomposing, with a substantial severance of the high
energy basic bond structure, and particularly the carbon
bonds and the consequential production of low molecular
weight products. Heat energy absorption rates as low as
200 B.t.u./lb.-sec. would result in substantial decompasi-
tion products and a lesser proportion of polymerization
products. The preferential heat energy absorption rates
for low and high volatile coals lie in the range of 600 to
1,600 B.tu./lb.-sec. Heat ufilization efficiencies ranse
from 50 to 96 percent.

Interpreted in another way, conversion of coal by de-
composition results when ceal is brought to a terapera-
ture of at least 700° F. and vaporized within several sec-
onds; the time element is commeonty referred to as the
residence time and these are typically 18 seconds for 200
B.tn./lb.-sec. and 3 and 6 seconds for 600 to 1,000
B.tu./Ib.-sec. respectively. Data relating to a typical con-
version process is provided in Table I below:

Table T

Coal analysis (wt. percent):
L 82.5
H oo 5.71
L 6.27
1 0
S e 1.0
Ash e 4.48

Product gas (mole percent):
B e e e e e et _ 72.34
CO e 8.37
L 9.42
CoHg e 0.95
COy e 2,40
CoHy oo e 1.46
Coly e 5.06
Absorption rate __.__.____________ B.tu./lb.sec._ . 600
Heat utilization efficiency . ___________ percenit__ 96
Anode diameter __ .. . _______ inches__ 2
Reactior zone depth - _______ inch Ya
Residence time . o .. __ seconds__. 3

In the foregoing, the gas products were estimated to
be 15 percent (by weight of the initial coal). Theoreti-
cally, with this composition a 30 percent conversion
should be possible, assuming all of the original hydrogen
appears in the gas phase,

Experience has shown that the proportions of low
molecular weight products produced will vary if the coal
feed rate and the energy supply per unit of coal fed is
vatied. Additionally, the structure of the reaction cham-
ber 13 also affects these proportions. For example, unless
the gas products are removed immediately after they are
produced, there is a tendency for a poriion of these prod-
ucts to come in contact again with the arc and undergo
furtber conversion, Generally, this second conversion re-
sults in produets which are thermodynamically more
stable at high temperatures since additional heat energy
is supplied to the initial reaction products by the arc
during the second or subsequent passage of Lhese initial
products through the arc.
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Additionally, it is possible to recirculate reaction prod-
ucts through the arc or introduce additional reactive
agenis to mix with and react with the reaction products
through passage 18 in cathade 11.

Given a specific arc furnace, the coal feed rate and
electric arc power may be adjusted to optimize the pro-
duction of a particular reaction product. By performing
an instantaneous analysis of the reaction -products and
utilizing automatic processing equipment to adjust the
electric power and coal feed rate, it is possible to adjust
the production of a particular reaction product.

The various features and advantages of the invention
are thought to be clear from the foregoing description.
Various other features and advantages not specifically
enumerated will undoubtedly occur to those versed in
the art, as likewise will many variations and modifications
of the preferred embodiment illustrated—particularly in
relation to the broad definition of coal used herein—all
of which may be achieved without departing from the
spirit and scope of the invention as defined by the follow-
ing claims.

We claim:

1. A method of converting coal to lower molecnlar
weight hydrocarbons in an electric arc furnace having at
least two spaced electrodes, one of said electrodes having
electrically insulated surfaces facing said other electrode,
comprising:

(a) utilizing coal to form at least a portion of said
one electrode wherein said coal forms an exposed sur-
face opposing said other electrode;

(b) heating said exposed snrface of said coal electrode
opposing said other electrode and a reaction zone
immediately behind said serface to substantially in-
crease the electrical conductivity of said surface and
reaction zone;

(c) striking and maintaining an arc and terminating
said arc on said exposed swrface for supplying heat
energy 1o said coal for gasifying substantially all of
said surface and reaction zone; and

(d) replenishing coal gasified from said surface and re-
action zone at a rate commensurate with the gasifi-
cation rate.

2. An electric arc furnace for converting coal 1o lower

molecular weight hydrocarbons comprising:

(a) at least two spaced electrodes, one of said elec-
trodes being a sleeve having a central passage, the
arc end of said sleeve being terminated with an elec-
trical insulator;

(b) means for feeding coal to said central passage for
supplying said arc end with coal;

(c) means coupled to said electrodes for supplying
electrical current to an arc struck between said elec-
trodes; and

(d} means for removing conversion product from the
furnace.

3. An apparatus as described in claim 2 in which said

electrical insulator is a refractory ceramic material.

4, A process for converting coal to lower molecular

e

weight hydrocarbons in an électric arc furnace compris-
ing:
(a) utilizing coal to form at least a portion of one elec-
trode wherein said coal forms an exposed surface
5 opposing said other electrode;
(b) heating a reaction zone of coal behind said ex-
posed surface to at least 700° F.;
(¢) striking a high intensity arc and terminating one
end of said arc on said reaction zone for maintain-
ing said reaction zone at at least 700° F. for ther-

10 mally converting said coal into lower molecular
weight components; and

(d) feeding coal to said reaction zone to replenish

converted coal, said arc intensity and coal feed rate

15 being adjusted such that the coal in the reaction

zone absorbs heat at the rate of 200 to 1000
B.tu’s/1b.-sec.
5. A method of converting coal to lower molecular
weight hydrocarbons comprising supplying heat to said
og coal under conditions whereby the coal absorbs heat at
the rate of in the order of 200 to 1000 B.t.w’s/1b.-sec.
t¢ decompose said coal.
6. A method of converting coal to lower molecular
weight hydrocarbons as described in claim 5 wherein the
o5 coal absorbs heat at the raie of 600 to 1000 B.t.u.’s/lb.-
sec.

7. A method of converting coal to lower molecular
weight hydrocarbons in an electric arc furnace having at
least two spaced electrodes comprising:

(a) utilizing coal to form at least 2 portion of one
electrode wherein said coal forms an exposed surface
opposing said other electrade;

(b) heating said exposed surface of said coal elec-
trode opposing said other electrode and a reaction
zone immediately behind said surface to substan-
tially increase the electrical conductivity of said sur-
face and reaction zone;

(c) striking and maintaining an arc to said surface
for supplying heat energy to said coal so that said
coal absorbs the heat energy at a rate in the order
of magnitude of 200 B.tu’s/lb.-sec. to 1000
B.t.u.’s/1b.-sec.; and .

(d) replenishing coal gasified from said surface and
reaction zone at a rate commensurate with the gasifi-
cation rate,

8. A method as described in claim 7 in which said

heat energy absorption is in the range of 600 to 1000
B.tu./lb.-sec.
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ABSTRACT OF THE DISCLOSURE

A process for arc-mmelting, and a consumable electrode
for use in electric arc-melting prepared by compacting
particles of a refractory metal within a foil container of
the said metal, wherein the electrode has at least one
metallic strip of lower electrical resistamce than that
of the electrode welded along substantially the entire
length of the periphery of the electrode to provide sta-
bility against warpage of the electrode during nse.

This invention pertains to an improvement in the elec-
tric arc-melting of compacted electrodes. More particular-
ly the invention is directed to the improvement, in a
process for arc-melting a vertically-mounted consumable
electrode prepared by compacting particles of a refrac-
tory metal and having the characteristic of warping when
an electric arc melting current is passed through it, which
comprises providing at least one metallic path of lower
electrical resistance than that of the compacted, con-
sumable electrode, substantially thronghout the length of
said electrode and in electrical contact with its top.

In the drawing there is shown, in cross section, an
embodiment of the invention wherein the path of low
electrical resistance is provided by a pair of weld-beads
1 longitudinally disposed along the periphery of the
consumable electrode 2, 90° apart, from the top to the
bottom. At the bottom of the electrode is the melting arc
3, which forms a pool of melted metal 4, on top of
the solidified imgot 5. The solidified ingot is formed by
cooling the molten metal in water-cooled crucible or
mold, 6. The consumable electrode is made up of a plu-
rality of compacts butted end-to-end and welded together
with girth beads 7. The ratio of the diameter of the con-
sumable electrode B to the interior diameter of the
cooled crucible A can vary considerably, as from 0.4 to
0.7, the advantages of the invention becoming more ap-
parent as this ratio approaches unity. At the top, the
consumable electrode is mounted in an adapter and c¢on-
nected to a source of electrical current, not shown,

Refractory metals to which this invention pertains are
high melting, strong metallic elements such as columbium,
chromium, molybdenum, tantalum, tungsten and vanadi-
um and alloys of at least two of these with each other.
These metals are often peprared or recovered in particulate
form such as sponge, granules, powder, chips or turnings
which require consolidation te form solid sound ingots
from which useful forms of the metal can be made. This
consolidation is usually effected by arc-melting a compact-
ed, consumable electrode of the metal in a cold crucible.
The crucible is uswally made of copper and is externally
water-cooled to prevent it from melting. Vacuum and/or
inert gas atmoshpere is maintained in the crucible to
avoid reaction of these metals with, for example, air.
vsually the crucible bottom is protected against the dele-
terious action of the initial arc by providing a bed of
metal particles of the same composition as intended for
the ingot. When the arc is struck between the vertically-
mounted, compacted electrode and this bed of particles,
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the particles and the tip of the electrode melt, but quickly
solidify in the crueible, The arc is then maintained be-
tween the melting electrode and the pool of molten metal
at the top of the growing ingot.

For practical reasons, inasmuch as these metfals are
almost always double arc melted, the ingot diameter is
not much greater than that of the electrode. It is there-
fore necessary to position the electrode in the center
of the crucible so that no part of it comes within arcing
distance of the side wall. This is possible to accomplish
within quite good tolerance if the electrode is straight.
However, compacted electrodes of the high melting metals
frequently bend or warp when the heavy arc current is
applied. This often leads to wall arcing and even to con-
tact between crucible wall and electrode. In either case,
it is necessary to shut down the operation, remove,
straighten and reposition the electrode. Not only is this
time-conseming and expensive, but the side-wall arcing
or contact is very likely to cause a “burn through” and
this may lead to an explosion if the cooling water con-
tacts the molten metal.

It is, therefore, an object of this invention to prevent
warping and lateral displacement of tefractory metal
compacted electrodes during arc-melting, A further object
is to prevent such warping without contaminating or
changing the desired chemical composition of the ingot
being produced. Other objects will appear hereinafter.

Now according to the present invention it has been
found that an electrode which presents the aforemen-
tioned difficnlties can be improved by providing an elec-
trical conductor having relatively Iow electrical resistance,
said conductor being positioned along the periphery of
the vertically-mounted electrode and in electrical con-
tact therewith from its upper electrical contact to its
lower, melting end during the arc-melting operation.
This conductor provides a path of low resistance, and
hence improved conductivity, along the electrode. The
conductor can consist of a strip, or strips, of sound
metal extending from the upper electrical contact down
the side of the compacted electrode substantially to the
point of ar¢-melting at the lower end. The strip or strips
are of such a size that they provide sufficient cross-sec-
tion to conduct the necessary current without excessive
resistance-heating of the electrode. The strips are prefer-
ably of the same chemical compositions as the ingot,
or nearly so.

While the strips can be attached to the electrode by
welding, it is preferred that they be formed from the
compact itself by running a weld bead of sufficient depth
and width to provide the desired path of low electrical
resistance down the side of the electrode. At least one
such strip or bead is used, but it is preferred to vse two
or more. When several are employed it is preferable to
space them equidistant around hte electrode. The re-
quired total cross section of the strips can be determined
experimentally for each type of metal compact and each
electrode size. Experience is usually available which will
enable one to estimate quite closely the amount of cur-
rent required in the melting operation. Thus, knowing
the electrical conductivity of the metal, the cross section
required can be calculated and the sirips or beads prepared
accordingly. No ill effect of additional bead cross section
has been noted other than the expenditure of effort in
making it. Two to four longitudinal beads are usually
adequate. For example on a 2 inch diameter columbiom
compact two welds 180° apart, 34 to 1 inch wide and 14
to V2 inch deep, were found satisfactory when the com-
pact was arc-melted in a four inch crucible allowing only
a one inch circumferential ¢learance.

It is usually expedient and safest to contiue the beads
or other strips all the way of the lower tip of the initial
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electrode, However, for the prevention of harmful warp-
ing only, the strips can be terminated as much as one
diameter of the compact from bottom end. Such treat-
ment affords a path of good conductivity from the point
of electrical contact at the top substantially to the lower
tip. Shortly after melting begins the path is complete as
to the unmelted portion. To obtain the full benefit of this
invention, including easier striking of the are, a full length
path is justified.

As a further assurance of adequate electrical conductiv-
ity, the longitudinal beads, or strips, ¢can be inter-connecied
by transverse peripheral sirips or beads. This is con-
venicntly done, because in actual practice several rela-
tively short compacts are butt-welded to form the con-
sumable electrode. It is a simple matter to interconnect
this butt weld with the longitudinal weld beads,

It is also desirable to establish good electrical contact
between the upper end of the strips or beads and the elec-
trode holder or clamp to which the main electrical con-
nection is made. While various clamps can be used, it is
preferable, especially in view of the close crucible clear-
ances made possible by this invention, to use an adapter
made of a metal compatible with the electrode. This
adapter is mounted, e.g., by a threaded connection, on
the electrode holder, which is usumally a water-cooled
copper pipe mounted in a raising and lowering mech-
anism for positioning and feeding the electrode. The com-
pacted electrode is buti-welded to this adapter. By being
compatible it is meant that the adapter metal can be
welded to the compact and will not contaminate it un-
duly. An adapter of the same compaosition, of course, is
usually jdeal. When the compact is welded to the adapter
as described the desired electrical path is easily completed
by welding the side strips or beads into the adapter itself.

The exact function of the weld beads or strips used
in this invention has been open to some speculation. It
was thought that they might serve as a sirengthening
framework and thereby keep the electrode from warping.
On the other hand, it was observed that compacted elec-
trodes became very hot, bright red or hotter, when melted
without the strips. When strips were used the electrode
remained much cooler. It was therefore theorized that
warping was due fo the uneven resistance heating of the
electrode as the heavy current passed through it. Heating
resulted because, in the compact, there was insufficient
sound metal to conduct such a current without heating.
Furthermore, since such compacts were not physically uni-
form throughout, an uneven resistance hsating could
cause uneven expansion and sintering to cause warping.
This phenomenon is most frequently noticed in compacts
of tantalum and tungsten which have such high melting
points that it is very difficult to establish the necessary
electrical conductivity by normal sintering procedures,
The foregoing explanations appear to fit the facts, but
the invention is not limited thereto, except as is inherent
in the appended claims.

This method of stabilizing electrodes is well adapted
to instances where a plurality compacted consumable
electrodes are mounted side by side in spaced relation-
ship for melting.

EXAMPLE 1

Columbium granules, produced by hydrogen reduction
of NbCl; and having an average diameter of about two
millimeters, were hydrostatically compacted to form con-
sumable electrode units 2 inches in diameter and 15 inches
long, in the following manner: The granules were enclosed
in 20 mil columbium foil, and a tough polyester film. This
package was placed in a heavy rubber, cylindrical com-
paction container and the whole assembly hydrostati-
cally compacted at 60,000 p.s.i. This procedure is more
fully described in copending application, Ser. No. 314,610,
filed Oct, 8, 1963, The rubber and organic flms were re-
moved from the foil-covered, cylindrical compact so pro-
duced.
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Three of these compacts were butt-welded end-to-end,
under argon, to form an electrode about 45 inches long,
Using an inert-gas shielded electric arc, two 'weld beads
180° apart were run longitudinally from end-to-end along
the sides of the electrode. In this instance careful, slow
welding was required in order to avoid burning away the
foil, which was needed to prevent the granuies from run-
ning out. The beads were approximatley 34" wide and 15"
deep. The elecirode was then butt-welded to the adapter
member of the arc-melting apparatus with good electrical
contact to the weld beads, and subjected to the usuwal
vacuum arc-meliing operation.

The melting was smooth and the arc maiatniced excel-
lent characteristics, because the lower end of the electrode
remained well centered in the cold crucible. In other trials,
without the weld beads, these slender electrodes warped
under the uneven heating effected by poor conductivity,
and arced against the crucible side wall, Immediate shut-
down was required to prevent disastrous crucible bum
through,

EXAMPLE 2

A blend of metal granules proportioned to yield a tan-
talum base alloy containing 30% Cb and 8% V was pre-
pared. The batch consisted of 89.5% of Ta-Cb master
alloy granules (30.6% Cb), 2.5% pure Cb granules, and
8% vanadinm chips. The thoroughly mixed granules were
packaged and compacted as in Example 1, except that the
compacts were about 4.5 inches in diameter.

These compacts were butt-welded to form an electrode.
Four weld beads, 90° apart, were run longitudinally along
the electrode from end to end. The beads were approxi-
mately 1" wide and ¥2"" deep. They appeared continttous
and sound. The butt welds in this case were made circum-
ferentizlly continuous; thus each interlinked the longitu-
dinal welds in four places and thereby assured a low-re-
sistance electrical path to the melting tip.

This electrode was then welded to a columbinm adapter
member and mounted in the arc-melting furnace. The
electrode was arc melted in an 8" 1.D, cold copper cru-
cible, thus allowing a maximum of 2°° clearance there-
between. A current ranging from 6700 to 7000 amperes
at from 28-31 volts was used to melt the electrode. The
melting was satisfactory, with substantially no warping
occnrring. A further advantage of ease in starting the arc
was noted and attributed to the increased conductivity
along the weld bead network.

1 claim:

1. In a process for arc-melting a vertically mounted,
consumable electrode prepared by compacing particles
of a refractory metal packaged within a foil container of
the said metal, which electrode has the characteristic of
warping when an electric arc-melting current is passed
through it, the improvement which comprises welding at
least one metallic strip of lower electrical resistance than
that of the compacied consumable electrode, substantially
throughout the length of said electrode and in electrical
contact with its top.

2. In a process for arc-melting a vertically mounted,
consumable electrode prepared by compacting particles
of a refractory metal selected from the group consisting
of columbivm, chromiuvm, molybdenum, tantalum, tung-
sten, and vanadium, and alloys of at least two of these
metals with each other, which electrode has the charac-
teristic of warping when an electric arc melting current is
passed through it, the improvement which comprises pro-
viding at least one weld bead of lower electrical resistance
than that of the compacted, consumable electrode, along
its periphery substantially throughout its length and in
electrical contact with its top.

3, The process of ¢laim 1 wherein the said metallic
strip is a weld bead.

4. The process of ¢laim 3 wherein the said weld bead
is formed from the same material as the said compactod
refractory metal,

5. The process of claim 2 wherein the said weld bead
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is formed from the same material as the said compacted
refractory metal,

6. A warpage stabilized, consumable electrode for use
in electric arc-melting, comprising a consumable glectrode
of compacted particles of a refractory metal packaged
within a foil container of the said metal, the said electrode
having welded substantially along the entire length of its
periphery at least one metallic sirip of lower electrical re-
sistanice than that of the said electrode.

7. The electrode of claim 6 wherein the said refraciory
metal is selected from the group consisting of columbium,
chromium, molybdenum, tantalum, fungsten, and vanadi-
um, and alloys of at least two of these metals with each
other.

8. The electrode of claim 7 wherein the said metallic
strip is a weld bead.

15

6
9. The electrode of ¢laim 8 wherein the said weld bead
is formed from the same metal as the said compacted re-
fractory metal,
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ABSTRACT OF THE DISCLOSURE

A consumable electrode melting process in which the
consumable electrode is melted by a diffuse electric
space discharge between the consumable electrode and
a counter electrode which can be the wall of the melting
chamber with little, preferably none, of the discharge
going to the molten metal poof.

This invention relates to a process for refining metals
and more particularly to such a process in which the metal
in the form of a consumable electrode is melted under
vacuum pressure conditions by means of an electric space
discharge.

Consumable electrode melting techniques have long
been used in the production of refined ingots of both
pure metals and metal alloys. Usually in carrying out
the process, a cylindrical electrode is formed having an
analysis similar to that wanted in the final product. The
electrode is used as an electrical conductor from which
an arc is initiated to the bottom of the crucible or to
additional metal placed there for that purpose. The elec-
trode, the ingot being formed, and the electric arc between
them are all contained in a water-cooled crucible or melt-
ing chamber from which the air has been removed. The
heat of the electric arc melts the end of the electrode pre-
sented toward the bottom of the crucible, and eventually
it is completely consumed. Drops of molten metal fail
from the electrode tip, through the arc zone to replenish
a pool of molten metal floating on top of the ingot being
formed by the solidification of metal from the pool.

Normally, the diameter of the crucible in which the
ingot is solidifying is greater than that of the electrode
which is being melted by the arc to form the ingot. Con-
sequently, as melting progresses, the height of the ingot
increases and the molten pool supported onm it rises at a
slower rate than that at which the melting end of the
electrode recedes from the surface of the molten metal
pool. Hitherto, for the electrode tip to recede from the
pool had been considered to be highly objectionable not
only because in the case of many alloys it resulted in a
poor, if not useless, product as a result of variations in
the melting rate and concomitant variations in the thermal
conditions of the melting process, but also because it was
likely to result in destruction of the crucible with risk of
injury to personnel.

Various equipments have been developed and are now
in use for the purpose of maintaining within close limits
a short arc gap between the end face of the electrode
and the surface of the molten pool to prevent the arc
from jumping from the molten pool to the wall of the
crucible. Most of such equipment control the arc gap
length, that is the distance from the end of the electrode
to the molten metal pool, by sensing and responding to
variations in arc voltage or arc current or both that ac-
company changes in the arc gap so as to maintain the
arc gap substantially constant thereby minimizing thermal
fluctuations during the melting process. Some equipment
monitor the very large and rapid fluctuations that occur
when molten metal bridges the gap to cause partial short
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circuits called drip shorts, although some partial short
circuits of the arc may also be the result of waves or
splashes of molten metal in the pool which bridge the gap.

Though the vacuum arc consumable electrode process
as hitherto practiced is highly successful commercially, it
nevertheless has a number of serious drawbacks. Ex-
pensive and relatively complex electrode feed and con-
trol means are required to maintain the desired short arc
gap between the bottom end of the electrode and the sur-
face of the molten metal pool. The close juxtaposition
of the electrode to the surface of the pool resulted in the
formation of a relatively high pressure region between
them as compared to the pressure measured at the outlet
to the furnace, the difference in pressure being as great as
10 to 100 times or more. The agitation of the molten
metal pool by the electric arc tends to interfere
with the manner in which the metal solidifies. The
molten metal falling as drops from the consumable
electrode through the arc, though only for a short distance,
is further heated as is also the surface of the molten
pool, and such superheating results in the need to trans-
fer more heat across the liquid-solid metal interface.

We have now discovered that, contrary to previous
experience, ingots metallurgically sound in structure can
be melted from consumable electrodes by means of an
electric space discharge extending between the consumable
electrode and a counter electrode, which can be the wall
of the melting chamber, with little, preferably none, of
the discharge going to the molten metal pool, so long as
the distance between the surface of the molten metal
pool and the portion of the electrode exposed to the dis-
charge is at least substantially equal to the diameter of
the counter electrode, and there is no magnetic field in
the zone of the discharge strong enough to result in dis-
ruption of the diffuse discharge characteristic of the pres-
ent process so that it becomes a concentrated, visible arc
discharge.

Advantages of our process include significantly faster
production rates of a given product as compared to the
time required to produce it by conventional consumable
electrode vacuum arc melting, for a given crucible outlet
pressure a much lower pressure than hitherto is main-
tained directly over the molten metal pool, a consider-
ably simplified electrode feed control system and electrode
to pool distance control can be used because in this process
the electric space discharge gap is primarily, preferably
entirely, between the electrode and the counter electrode
which can be the crucible, the molten metal pool is not
subjected to the turbulence or the heat of the arc charac-
teristic of the conventional process, and metal drops from
the electrode are no longer heated by the arc as they fall
into the pool.

Further objects and advantages of the present inven-
tion will be apparent from the following detailed descrip-
tion thereof and the accompanying drawings in which

FIG. 1 is a diagrammatic view illustrating the
process of the present invention with the diffuse electric
space discharge extending between the consumable elec-
trode and the wall of the melting chamber formed by a
water-cooled crucible;

FIG. 2 is a similar view of modified apparatus for
carrying out the present process; and

FIG. 3 is a similar view illustrating the use of a
flux on the surface of the molten metal pool.

In carrying out the process of the present invention,
the consumable electrodes to be used are produced in
the same manner as hitherto. The process can be carried
out using conventional consumable electrode vacuum
electric arc melting equipment as is diagrammatically
shown in FIG. 1, but it is to be understood, as will
be more fully pointed out hereinafter, various modifica-
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tions can be made to conventional equipment to simplify
it and/or adapt it for carrying out the present process
more effectively.

The starting procedure of the present process can be
the same as in conventional melting. An electrode 10
is mounted in the feed mechanism (not shown), the cru-
cible 11 is sealed, pumped down, and the current is turned
on with the bottom end of the electrode against the bot-
tom of the crucible or some starting metal placed in the
bottom of the crucible for that purpose. At this time,
coolant is circulating through the walls of the crucible.
Initially, an arc is struck on the opening of a gap between
the bottom end of the electrode 10 and the metal immedi-
ately below it; and up to this point, the starting procedure
of conventional consumable electrode vacuum arc melt-
ing has not been departed from. In the prior practice, the
electrode-to-molten metal pool distance (the arc gap of
the conventional practice) is controlled to prevent the
discharge and the discharge current from leaving the
molten pool and going to the crucible to any appreciable
extent, In carrying out our process, at least a substan-
tial part of the discharge is shifted from the molten metal
that is formed on start-up and is prevented from return-
ing to it during the remainder of the process. When the
process is being carried out in a conventional crucible
with conventional control equipment, this can be accom-
plished by raising the electrode to increase the electrode-
pool gap distance or the electrode can be held stationary
so that the discharge melts the tip of the electrode back
away from the pool. If desired, raising the electrode and
melting the tip away with the discharge can be combined
to establish the desired electrode-pool gap.

As the electrode-pool distance increases, the operating
voltage is seen to rise and initially the voltage increases
at about 1 volt per inch of increase in the arc gap. As
the distance is increased from that conventionally used
of about one inch, the number of short duration short
circuits resulting from molten metal bridging the electrode-
pool gap is reduced to zero, and this seems to occur when
the gap is equal to about two to three inches, It also can
be observed that as the arc gap increases, the voltage
ibecomes less and less affected by changes in the electrode-
to-pool distance and becomes more and more dependent
upon the electrode and crucible geometry and upon the
amount of current in the discharge. More specifically, as
the distance between the electrode and the molten pool
is increased and other things including the current remain
constant, the discharge voltage becomes more and more
a function of the ratio of the interior diameter of the
crucible to the diameter of the electrode. The voltage is
believed to asymptotically approach a value determined
by that ratio, and further increases in the electrode-to-
pool distance do not affect the discharge voltage.

The increasing discharge voltage in response to in-
creasing electrode-to-pool distance reflects more and more
of the discharge current passing between the electrode
and crucible and not the molten pool. When the voltage
becomes independent of further increases in the electrode-
to-pool distance, it is evident that essentially all the cur-
rent of the discharge as indicated at 12 passes directly
between the electrode and the crucible and virtually none
passes through the molten pool. As a practical matter,
that condition will usually be present when the electrode-
to-pool distance is at least equal to the diameter of the
crucible but it can be present at somewhat closer spacings
as can be readily determined by measuring the electrode-
to-pool distance that is present when the discharge voltage
is no longer affected by increases in that distance. Such
a measurement can be carried out by noting the distance
through which the electrode must be fed downward to
contact the molten pool and short circuit or extinguish
the discharge.

The increase in voltage that is experienced as the re-
sult only of increasing the electrode-to-pool distance to
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the point where further increase has no effect on the volt-
age is dependent upon the crucible and electrode geom-
etry. In the case of a crucible having an interior diameter
of 8 inches and a consumable electrode of 4 inches, con-
ventional vacuum arc melting was carried out at a volt-
age of about 24.5 to 25.5 volts with a current of 2,500
amperes. The same current was passed at about 28.5 volts
with the electrode-to-pool distance increased to where
further increases did not affect the discharge voltage. At
relatively light current loads, the rise is no more than a
few volts. When the current was increased to 5,000 am-
peres, the voltage rose from 28.5 volts to 37.5 volts.

With a crucible having an interior diameter of 14 inches
and a consumable electrode 9 inches in diameter, con-
ventional vacuum arc melting was carried out at about
24 volts with a current of about 5,000 amperes. When
the distance between the electrode and pool was increased
until further changes did not affect the voltage, and with
the current at about 9,000 amperes, the voltage was equal
to about 40 volts.

The aforementioned values of current and voltage were
obtained at pressures, measured near the crucible outlet,
of about 1-10 microns of mercury. However, it is to be
noted that the pressure and composition of the atmosphere
are not believed to be critical. The process can be carried
out at a pressure of 1-500 microns of mercury and at
lower and higher pressure if that should be desirable. At

- the higher pressures, a more suitable atmosphere than air,
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such as argon or other gases and mixtures thereof which
are not undesirably reactive with the metal, is provided.
Increasing the pressure above about 1 mm. of mercury
to about 10 mm. of mercury, thereby causing an increase
in the discharge voltage of about 10 to 20 volts, can
provide a hotter discharge in the zone where metallic
vapors can otherwise condense on the surface of the
counter electrode, and can be used to prevent such con-
densation or to remelt it if that should be desired. For
this purpose, a pressure no more than about 5 mm. of
mercury is preferred, although a pressure of up to about
8 to 10 mm. of mercury can be used. However, above
about 10 mm. of mercury, it becomes difficult to main-
tain the stable diffuse discharge of the present process.
When carrying out the present process in conventional
upright equipment with the consumable electrode posi-
tioned vertically, a net vertical magnetic field in the dis-
charge space tends to disrupt-the quiet, substantially in-
visible discharge characteristic of this process and causes
the formation of what appear to be concentrated arcs
emanating from a number of discrete spots distributed
circumferentially around the tapered tip of the electrode.
Such arcs obscure the view of the molten pool and are
accompanied by a haze in the discharge zone. They are
usually accompanied by a voltage drop. Because of the
large currents used in consumable electrode melting, care
should be exercised in locating the current conductors to
avoid inducing disturbing magnetic fields in the dis-
charge space. However, when such a field is present, its
effect can be eliminated by inducing an equal and op-
posite field to cancel it out as for example by means of
an external electromagnetic coil as is well known in this
art. While the reasons why such a magnetic field tends to
disturb the discharge characteristic of the present inven-
tion are not fully understood, its presence can be readily
detected by its effect on the discharge as was noted above.
With the short arc gap characteristic of a conventional
vacuum arc melting process, the presence of a stray mag-
netic field can be demonstrated by rotation of the molten
pool resulting from interaction of the field and the elec-
tric discharge current in the molten pool. And with the
pool rotating solely as a result of the interaction of the
current and the field, raising the electrode until substan-
tially none of the electric current passes through the pool
will cause the pool to'stop rotating. Thus, substantial
elimination of the current, which in the conventional
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process flows in the molten pool, renders the latter in-
sensitive to such magnetic fields.

Because the discharge of the present process extends
entirely or at least primarily between the side of the con-
sumable electrode and the counter electrode, which can
be the crucible, and not, as hitherto, substantially entirely
between the end face of the consumable electrode and the
close-by surface of the molten metal pool, the discharge
is free to and does spread over a much larger surface area
of the consumable electrode. When the process stabilizes
after start-up, the tip of the electrode is seen to be tapered,
and this results in an even greater portion of its surface
being involved in the discharge which extends to a corre-
sponding area of the counter electrode. Thus, the dis-
charge of the present process is not a concentrated arc
discharge, but is a highly diffuse electric space discharge.

From a consideration of the fiow of energy in the con-
ventional vacuum arc process, it can be shown that with
an electrode-to-pool discharge gap of about 0.75 to 1
inch, close to 100% of the electric arc energy in the form
of heat enters the molten pool. Although precise measure-
ment of the portion of that heat entering the molten pool
as latent heat in the droplets of metal has not been car-
ried out, calculations based on the measurements that
have been made indicate that only about 40% of the arc
energy does enter the pool as latent heat in the droplets of
metal. In other words, the molten metal pool in such a
process receives about 150% more heat energy beyond
the amount required only to melt the electrode at the
rate being used. In the present process, with substantially
all of the discharge current going not to the molten pool
13 but to a counter electrode such as the wall of the
crucible 11, substantially the only electric discharge en-
ergy that enters the molten pool 13 is that in the form
of latent heat in the metal droplets, and the remaining
discharge energy goes to the crucible wall where it does
no harm because of the large area over which it is dis-
tributed. Using as a guide the aforementioned discharge
energy distribution of about 40% to the molten pool as
latent heat and about 60% to the crucible wall, then
in the present process to provide a heat input to the molten
pool 13 equal to that of the prior process operating at a
given melting rate, the melting rate must be increased
to about 2.5 times that of the prior process.

The metallurgical structure of the ingot that is cast
from the consumable electrode is determined by such
solidification parameters as the molten pool depth and
shape, the thermal gradient across the molten pool-solid
metal interface, the solidification rate as well as other fac-
tors. For example, in the case of the pool depth, if it
becomes too deep, the metallurgical structure of the ingot
is adversely affected in the case of certain compositions
as is well known to those skilled in this art. As a conse-
quence, the need not to exceed a prescribed pool depth
then effectively determines the maximum melting rate
that can be used and, other things being equal, the per-
missible rate for the present process is at least about twice
that of the prior practice. On the other hand, a too-shallow
pool can also adversely affect the metallurgical structure
of the ingot as could occur when the present process is
operated at the same melting rate as the prior process was
required to be operated to provide and maintain ‘a mini-
mum pool depth. Under those conditions, the present
process would result in the formation of a relatively
shallow pool which in turn would result in an inadequate
time for diffusion and other transport processes to be ef-
fective in properly refining the metal before solidification.
In that event, the economically desirable faster melting
capability of the present process would be required to
provide a good quality product,

Thus, in accordance with one embodiment of the pres-
ent invention, not only is the discharge carried out with
the end of the consumable electrode spaced from the sur-
face of the molten metal pool by a distance which is at
least substantially equal to the diameter of the counter
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electrode, but also the current in the discharge is in-
creased to provide a melting rate fast enough to main-
tain the molten metal pool as the distance between the
tip of the electrode and the surface of the pool is in-
creased, And the rate at which the current is increased
is controlled to avoid thermal shock to the metal as well
as adverse effects on the surface properties and segrega-
tion in the metallurgical structure.

When the present process is carried out under a pres-
sure of less than about 1 mm. of mercury in conventional
apparatus so that the discharge zone traverses portions of
the crucible ahead of the rising metal which solidifies to
form the ingot, and the distance between the rising sur-
face of the metal pool and the bottom of the electrode tip
is such that substantially all of the discharge current flows
between the electrode 10 and the crucible 11, then, as
shown in FIG. 1, the metallic vapors which condense on
the wall of the crucible 11 along the discharge zone form
a relatively long shell 14. Under the conditions stated,
the length of the shell 14 will be approximately equal to
the distance between the surface of the molten pool 13
and the bottom of the electrode tip plus the distance the
discharge extends up along the tapered side of the elec-
trode tip. On solidification, the metal of the shell 14,
which has an irregular surface, contracts and pulls a small
distance away from the cooled crucible wall 11, leaving
a space which acts as a thermal barrier. For best results,
the shell 14 should be remelted as the molten pool 13
rises within it to minimize surface porosity and other con-
ditions that may otherwise occur.

When necessary, in some instances this can be accom-
plished by increasing the melting rate and thereby the
depth and temperature of the molten pool 13. On the
other hand, if the melting rate cannot be increased to
the extent that may be required with a specific composi-
tion because, for example, the metallurgical structure de-
sired in the ingot cannot then be attained, the electric
discharge and melting of the consumable electrode can
be confined to one portion or chamber of the crucible,
and casting of the ingot can take place in another as
will be more fully described in connection with FIG. 2. In
this way, the shell formed along the discharge zone can-
not affect the metallurgical structure of the ingot.

Consumable electrode melting both by the process of
vacuum electric arc melting as hitherto practiced and by
the present diffuse electric discharge process is useful in
connection with a very large variety of compositions
such as pure elements and also alloys ranging from those
containing a relatively small amount to those containing
a large amount of alloying elements. Such alloys include
the tool steels, the high-strength aging and maraging
steels, and the high-temperature steels and nonferrous base
alloys. Thus, without intending thereby to limit the pres-
ent process, it will now be described in connection with
the melting of a consumable electrode of A.LS.I. type No.
685 usually sold under the designation Waspaloy. An elec-
trode of that composition, weighing about 1,820 pounds,
having the shape of a sixteen-sided polygon with a diam-
eter of 9 inches measured between opposed flats, and
about 91 inches long, was mounted in the usual way in a
conventional water-cooled crucible 14 inches in diameter
and having a 15,000 ampere power supply regulated to
provide constant current.

After the crucible had been sealed and after about 15
minutes of pumping, the pressure measured mear the
outlet to the pumps was about 10 microns of mercury. A
conventional type of electric arc space discharge was
initiated by backing the electrode away about one inch
from some starting metal at the bottom of the crucible.
The arc was struck with a current of 2,000 amperes at
about 21 volts which was then immediately increased to
5,000 amperes at about 25 volts. Under those conditions,
conventional melting was carried out for about 16 min-
utes. After about 16 minutes, the consumable electrode
was backed off about 18 inches, and the current was
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increased to 9,000 amperes with an operating voltage of
37 volts. During the next 15 minutes, there was a gradual
rise in the operating voltage from 37 volts to 40 volts.
After about 30 minutes from start-up, equilibrium was
reached. As melting continued, the electrode was fed
downward at a rate of from 2 to 2.25 inches for each
10-minute interval. Completion of the melt was evident
from a sharp rise in voltage when the surface area of the
electrode available for the discharge was rapidly re-
duced. On termination of the discharge, the distance be-
tween the bottom of the electrode and the top of the
ingot was 28 inches.

Melting of an ingot weighing about 1,785 pounds was
completed in about 178 minutes giving an average over-
all melting rate of about 600 pounds per hour. However,
taking into account that the first 16 minutes were at the
lower current of 5,000 amperes, the actual melting rate
for most of the melt was at a faster rate. In fact, the last
55 inches of the electrode were found to have been melted
at the rate of about 725 pounds per hour.

Upon examination, both the surface of the ingot and
the microstructure of a disc cut from a 9-inch square
billet forged from the ingot were found to be satisfac-
tory. The carbide distribution of the billet was seen to
be similar to that of billets of the same alloy remelted
by conventional consumable electrode vacuum arc melt-
ing techniques. The significance of this will be more fully
appreciated when it is borne in mind that the melting rate
utilized for melting Waspaloy consumable electrodes by
the conventional vacuum arc process is about 325 pounds
per hour.

Turning now to FIG. 2, crucible 20 which can be
cooled in the usual way, has a fixed counter electrode
21 mounted therein. As shown, the counter electrode 21
is made of copper for good electrical conductivity and is
supported by copper conduits 22 which, in addition to
supporting the electrode, also function as bus bars for
the electric current and conduits for a suitable coolant
such as water. The remaining upper structure of the cruci-
ble can be constructed in the known manner including the
drive for the consumable electrode 10 and the power sup-
ply which is connected between the consumable electrode
10 and the counter electrode 21, the latter preferably
being connected to the positive side of the power supply.
The counter electrode 21 is preferably electrically in-
sulated from the wall of the crucible so as to minimize
the tendency for any of the current of the electric dis-
charge to flow through the molten metal pool. As in-
dicated, a shell 14 like that described in connection with
FIG. 1 is shown formed on the surface of counter elec-
trode 21 exposed to the discharge.

The surface of the molten metal pool 13 is maintained
at a substantially fixed distance from the bottom of the
counter electrode 21 by drawing the solified metal ingot
15 downward as indicated by arrow 23 at a rate substan-
tially equal to the rate at which the interface 16 between
the molten metal pool 13 and the solidified metal ingot
would otherwise rise while keeping the depth of the molten
pool substantially constant. Such arrangements are well
known in the art and need not be described here be-
cause those details form no part of the present invention.

In carrying out the present process in the apparatus of

FIG. 2, the discharge is initiated between the consumable

electrode 10 and the counter electrode 21 by first bridging
the gap with a suitable starting material such as a rela-
tively fine wire or metal wool preferably having the same
composition as that of the consumable electrode 10. When
the current is turned on, the starting material is imme-
diately vaporized and the discharge is started. It is, of
course, not necessary to back the electrode away at the
outset. As the electrode 10 is melted away, it is fed down-
ward. If the rate of feed is too slow, then the voltage
rises as less and less of the consumable electrode 10 is
juxtaposed to the counter electrode 21. That rise in volt-
age is used to control the feed of the electrode 10 by
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initiating a downward stroke of the electrode, as indi-
cated by arrow 24, for the distance required to maintain
its tip at about the center of the counter electrode. Such
apparatus is also well known to the art and need not be
described here.

Except for the manner in which the discharge is ini-
tiated and the driving of both the consumable electrode
10 and the ingot 15, the process is carried out in the same
manner as has been described. An important advantage
of the apparatus shown in FIG. 2 resides in that the molten
metal pool 13, the interface 16 and the solidified metal
15 do not rise in the crucible to traverse the electric dis-
charge zone. Consequently, the formation of a solid shell
of condensed metal on the surface of the counter electrode
21 cannot interfere with the ingot, and therefore no spe-
cial steps need be taken to remelt the shell.

The present process lends itself to the melting of con-~
sumable electrodes to form ingots or bars having a smaller
diameter than the electrode. To this end, the crucible is
divided into two chambers, an upper chamber which can
be identical to that shown in FIG. 2 down to just below
the counter electrode 21, and a lower chamber which is
of smaller diameter, but in other respects is the same as
the lower portion of the crucible 20. If desired, the con-
sumable electrode can be preformed with a taper to facili-
tate dripping of molten metal into the smaller diameter
lower chamber during the period immediately following
start-up when tapering would otherwise be effected by the
diffuse discharge.

Yet another technique which can be used in minimizing
the formation of condensed metal vapors or their effect,
resides in the use of a flux in accordance with a further
embodiment of the present invention which provides other
important advantages. As shown in FIG. 3, the apparatus
for carrying out this embodiment of the process can be
the same as was described in connection with FIG. 1.
After melting has been initiated and equilibrium reached,
flux is added slowly enough not to disrupt the discharge.
After the flux has been added, the discharge once again
becomes stabilized in about 1 to 2 minutes, The flux is
fused on being added and floats on the surface of the
molten pool as indicated at 25. While a shell 26 forms
on the crucible wall, it is now formed primarily from con~
densed flux vapor rather than metal. In addition, the flux

coates the crucible and the surface of the ingot 15 as in-
dicated at 26A. This has a beneficial effect upon the sur-
face of the ingot being cast in the crucible. By its pres-
ence on the surface of the molten pool, the flux also serves
to quiet further the molten pool as by dampening the effect
of the falling metal droplets.

While the process of the present invention has been
described in connection with crucibles which are circular
in cross section, it is to be understood that the shape of
the electrodes and the equipment used in carrying out the
present process may be varied as desired. Consumable
electrodes, crucibles and counter electrodes that are non-
circular in cross section can be used. In that event when
“diametet” is referred to herein, including the claims, the
shorter transverse dimension such as the minor axis of an
ellipse or the width of a rectangle is intended.

The terms and expressions which have been employed
are used as terms of description and not of limitation, and
there is no intention in the use of such terms and expres-
sions of excluding any equivalents of the features shown
and described or portions thereof, but it is recognized
that various modifications are possible within the scope
of the invention claimed.

What is claimed is:

1. The method of melting a consumable electrode by
means of an electric space discharge about one end por-
tion of the consumable electrode in a melting chamber so
that molten metal from said end portion of the electrode
forms a molten pool from which the metal solidifies
to form an ingot, which includes the steps of maintaining
the distance between the surface of said molten metal
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pool and said electrode larger than the maximum distance
at which molten metal can bridge the distance between
said consumable electrode and said molten metal pool and
at least substantially equal to the minimum distance at
which a diffuse electric space discharge can be main-
tained between said end portion of said consumable elec-
trode and a counter electrode spaced from said molten
metal pool with no more than a minor portion of the dis-
charge current passing through said molten metal pool,
maintaining said diffuse electric space discharge primarily
between said consumable electrode and said counter elec-
trode while at least a major portion of said electrode is
consumed, and maintaining magnetic fields in said melt-
ing chamber transverse to said electric space discharge
less than the minimum required to disrupt said diffuse elec-
tric space discharge.

2. The method of claim 1 which includes the steps of
maintaining the distance between the surface of said mol-
ten metal pool and said consumable electrode at least sub-
stantially equal to the diameter of said melting chamber
in the zone of the discharge.

3. The method of claim 1 which includes the step of
maintaining the distance between the surface of said mol-
ten metal pool and said consumable electrode at least sub-
stantially equal to a value such that increases in said dis-
tances have substantially no effect upon the voltage drop
of said electric space discharge.

4. The mehod of claim 1 in which said counter elec-
trode is a portion of the wall of said melting chamber
spaced from said molten metal pool.

S. The method of claim 1 in which the pressure in said
melting chamber is maintained less than about 10 mm.
Hg.

6. The method of claim 5 in which the pressure in said
melting chamber is maintained less than about 500 mi-
crons Hg.

7. The method of claim 5 in which an atmosphere that
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is non-reactive with the molten metal is maintained in said
melting chamber.

8. The mehod of claim 7 in which said atmosphere is
argon.

9. The method of claim 7 in which the pressure is from
about 1 mm. Hg to about 5 mm. Heg.

10. The method of claim 1 in which flux is fused on
the surface of said molten metal pool, and the consumable
electrode is spaced from the surface of said flux.

11. The method of claim 1 which includes the steps of
initiating said electric space discharge by withdrawing
said end of said consumable electrode from the bottom
of said melting chamber, and increasing the current in said
electric space discharge as the distance between said con-
sumable electrode and said molten metal pool is increased.

12. The method of claim 11 which includes the step of
holding said consumable electrode substantjally stationary
after the discharge is initiated as the distance betwesn said
consumable electrode and said molten metal pool is in-
creased by the melting away of said consumable electrode.

13. The method of claim 11 which includes the step of
continuing to withdraw said consumable electrode after
the initiation of said discharge at least until the distance
between said consumable electrode and said molten metal
pool is at least substantially equal to the diameter of said
melting chamber.
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1
HOLLOW CARBON ELECTRODE

In electrothermal processes, especially in connection with
the production of electrosteel, it is known to employ hollow or
wick electrodes because the annular design of the electrode
ends stabilizes the electric arc. .

It is also known by introducing ionizing gases, as for in-
stance argon, nitrogen, and the like, to bring about a further
increase in the stabilization of the electric arc and to con-
siderably improve the burning conditions of the electric arc in-
asmuch as the thermal degree of efficiency is increased and an
unfavorable effect upon the network is reduced while, above
all, the life of the fire resistant lining which considerably con-
tributes to the costs of the electrosteel is materially extended.

Inherent to the manufacturing process of the electrodes,
due to the disintegration of the binding agent, a certain porosi-
ty is obtained through the entire structure of the eléctrode. A
portion of the gas introduced under a certain pressure escapes
through these pores and is lost so that it will not be available at
the burning end of the electrode for the stabiltzation of the
electric arc. Therefore, numerous but vain attempts have been
made to eliminate these losses since the employed gases, as for
instance argon, are rather expensive.

It is, therefore, an object of the present invention to provide
a hollow carbon electrode (the term also inchides graphite)
which will eliminate the loss of ionizing gases.

It is also an object of the present invention to provide a hol-
low electrode as set forth in the preceding paragraph, which
will avoid gas loss and thus the pressure drop in the electrode
which pressure drop disadvantageously affects the operation
of the electrode,

These and other objects and advantages of the invention
will appear more clearly from the following specification in
connection with the accompanying drawing, in which:

FIG. 1 diagrammatically illustrates a hollow or tubular car-
bon electrode having its interior wall surface sealed in con-
formity with the present invention.

FIG. 2 is an enlargement of an interior portion of an elec-
trode according to the invention in which the inner wall of the
graphite electrode is made gas-impermeable by SiO,,

FIG. 3 shows a cutout of the interior portion of a graphite
electrode having its iriterior wali surface made gas-impermea-
ble by a metallic coating. . .

FIG. 4 is a further embodiment of the invention according
to which a tubular graphite electrode has its interior wall sur-
face sealed by a metallic tube firmly pressed thereinto.

The hollow electrode of carbon material according to the
present invention for the introduction of gases for the sta-
bilization of the electric arc is characterized primarily in that
the inner wall surface is sealed or made gas-impermeable.

More specifically, according to the present invention, the
inner surface 1 of the tubular electrode 2 is sealed with sub-
stances 3 which during a thermal treatment under the exclu-
sion of air will coke while having properties similar to those of
the clectrode material. Such substances are well known in
connection with impregnating methods for carbon or graphite
material and such substances are in particular tar and tar
products, such as pitch, and also synthetic resins, sugar solu-
tion, water glass solution, or the like. In the last mentioned in-
stance, a filling of the pores with silicic acid will increase the
desired effect. Depending on the desired degree of compact-
ing, the said substances are caused to penetrate into the elec-
trode body to a greater or lesser extent. Such sealing of the
inner wall surface of the axial bore of the electrode is shown in
FIGS. 1 and 2. Particularly effective as far as the sealing of the
inner surface 1 of the hollow electrode is concerned, is the for-
mation of pyrolytic carbon from the gaseous phase,

Extensive research in connection with the present invention
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has shown that also other suitable materials will bring about
the desired effect. Thus, for instance, it is possible, in con-
formity with the present invention, to cover the inner surface
1 of the hollow electrode by a metallic coating 4 as shown in
FIG. 3. Depending on the magnitude of the inner axial bore of

the electrode and the required sealing effect, the thickness of
the metallic skin will be selected. The metallic skin may be

deposited electrolytically or by disintegration of organic
metallic compounds.

According to a further modification of the invention as illus-
trated in FIG. 4, the inner wall surface of the alectrode 2 is
covered by a metal pipe 5 which is firmly pressed into the bore
of the electrode. If desired, the metal pipe may also be
replaced by a pipe of carbon material which has been sealed
prior to its insertion into the electrode.

In conformity with a further development of the present in-
vention, a stifl further improvement has been obtained by in-
serting oriented substances. In this connection, for instance,
KBF,, K,80,, WC, TiC have proved effective as sealing
material while additionally having a stabilizing effect on the
electric arc.

it is, of course, to be understood that the present invention
is, by no means, limited to the particular showing in the draw-
ing and the materials set forth above but also comprises any
modifications within the scope of the appended claims. Thus,
other jonizing substances with similar or better effects may be
employed. It is also to be understood that as sealing mass a fire
resistant material may be employed by means of which the
surface of the central passage is coated. In this connection
reference is made to the Torkrett method.

We claim: .

1. A hollow electrode of carbon material for the introduc-
tion of gases for stabilizing the electric arc, which has a lon-
gitudinal passage therethrough, and in which the inner walt of
the electrode body is sealed so as to make the same substan-
tially gas-impermeable, there being a means to supply gas and
direct it through the electrode rendered gas impervious.

2. An electrode according to claim 1, in which the inner sur-
face of the eiectrode is sealed by substances adapted to be
coked, said substances being selected from the group consist-
ing of tar, pitch, synthetic resin and sugar solution.

3. An electrode according to claim 1, in which the pores on
the inside of the electrode are sealed by silicic acid and the
inner surface of the electrode is covered by water glass solu-
tion.

" 4. An electrode according to claim 1, in which the inner sur-
face of the electrode is coated with a fire resistant material.

$. An electrode according to claim 1, in which the inner sur-
face of the electrode is sealed by the formation of pyrolytic
carbon from the gas phase. o

6. An electrode according to claim 5, in which as pyrolytic
carbon material is used a substance selected from the group
consisting of hard carbon and pyrographite.

7. An electrode according to claim 1, in which the inner sur-
face of the electrode is sealed by a metallic coating.

8. An electrode according to claim 1, in which the inner sur-
face of the electrode is sealed by a pipe having a gas-imperme-
able inner surface. :

9. An electrode according to claim 8, in which said pipe s a
pipe consisting of carbon material,

10. An electrode according to claim 8, in which said pipe is
a metallic pipe. ) . -

11. An electrode according to claim 1, in which the sealed
inmer surface of the electrode contains substances adapted to
stabilize the electric arc, said substances consisting of ionizing
material selected from the group consisting of KBF,, K,S0,,
WC, TiC.
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1

GIANT ELECTRODE

The present invention relates to a giant electrode of gra-
phite for electric arc furnaces.

The technical requirement to convey extremely high elec-
tric power in connection with the melting operation of electric
arc furnaces to the material to be melted and heated in the
hearth has lead to numerous improvements in graphite elec-
trodes. However, with regard to the extent to which solid gra-
phite electrodes can be subjected to current loads has prin-
cipally reached a limit. In order, in spite of this limit, still to be
able to transmit greater power, resort has been taken to in-
creasing the voltage. The increase in the voltage while retain-
ing the current, however, entails other difficulties in the elec-
tric arc furnace operation. Thus, the electric arc which, in
view of the higher voltages is longer, causes an unsteady burn-
ing behavior and, in view of this instability, brings about a con-
siderable turbulence in the surface of the melt. These turbu-
lences bring about that steel and slag particles are thrown
against the lateral hearth lining and thus result in an intolera-
ble extreme wear of the furnace lining. -

Therefore, it became imperative to stabilize the electric arc
as far as possible. To this end, hollow electrodes of graphite
have been used. In view of the tendency of the foot point of
the electric arc to burn in the interior of the central bores, a
stabilization was realized which could be improved further by
the supply of gases, such as argon, for stabilizing the electric
arc and by stabilizing additions at the walls of the electrode.

While these methods bring about considerable advantages,
very frequently the graphite consumption figures were con-
siderably higher than expected or the operating costs with gas-
stabilized hollow electrodes became too high.

It is, therefore, an object of the present invention to provide
a giant electrode which will overcome the above-mentioned
drawbacks.
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This object and other objects and advantages of the inven-
tion will appear more clearly from the following specification
in connection with the accompanying drawing, in which:

FIG. 1 is a section through an electrode according to the in-
vention, while

FIG. 2 is a top view of the electrode of FIG. 1.

The present invention, which concerns a giant electrode of
graphite for maximum output operation of electric arc fur-
naces, is characterized in that it comprises an electric arc sta-
bilizing wick.

Wick electrodes with small diameter are principally known
for use in connection with movie projection lamps and for illu-
minating purposes. In such an instance, synthetic carbon
products are involved of a diameter of up to 20 mm. and a
length of approximately 50 cm.

The present invention is concerned with the application of
this principle of increasing the power of electrodes to giant
electrodes for the electric arc furnace. The advantage of this
new electrode results from a combination of individual effects.
In this connection there are to be mentioned:

We claim:

1. A giant electrode of graphite for maximum power opera-
tion of electric light arc furnaces, which comprises a graphite
body having an axial central bore of small diameter
therethrough compared to total electrode cross section, and a
thin wick arranged centrally in said bore, said thin wick
specifically assuring stabilization of electric light arc furnace
operation and simultaneously reducing graphite consumption.

2. An electrode. of electric light arc furnaces according to
claim 1, in which the mass of the thin wick contains a com-
pound selected from the group consisting of # TiC and TiN in
which n is selected from one to four for stabilization at higher
current load demand during maximum power operation of
electric light arc furnaces.

* * * * *
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with tar and pitch prior to the graphitizing operation can Be
increased to nearly 60 kA, it is possible to subject a 20" .
wick electrode of graphite according to the invention also
without impregnation to loads of 70 kiA. The drawbacks of
impregnated electrodes, such as increased tear danger in view
of the high density and accordingly reduced thermo=-shock
resistance, are completely absent with thé wick electrode
according to the invention. Similar to the hollow electrode,
the safety of operation is even-considerﬁbly increased because
in view of the porous wick structure, as compared to the solid
electrode, the graphite electrode has also expanéion possibiliti

with regard to the wick.
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2. With the hollow electrode, the stabilizing effect is
W on the size of the bore so that a relatively high
geaphite waste results fron'produc:l.n,g a sufficiently large
bore. In contrast thereto, the wick electrode according to
the invention gets by with very small bores. Thus, with an
electrode having a diameter of 500 mm, for instance; a bore of

10 == will suffice for producing the desired stabilizing effect.

3. The wick electrode according to t.he invention generates
s completely quietly burning arc which has almost ideal sine
waltage characteristics and thus permits very long arcs of high
voltages.

4. Finally, the consumption of the solid graphite is
determined by the graphite evaporation which is necessary for
smintaiming the electric arc snd thus is proportional to the
Losd couveyed in the electric arc. Im view of the wick salts,
the electric arc stabilization can be. conveyed: myf;om the
graphite onto the wick salts and thus the graphite consumption
can be-dowered by suitable dosing. Particalarly favorable re-
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sults have bunobtd.n-d with sn electrode-in which as electric
arc support the mass of the wick contains a compound, such as
p TIC / 1 TiN, in which n equals from 1 to 4. The formation of

TIC / TiN may be obtained from titanium oxides or other titanimm

compounds as well as froam titanionm organopolymers.

As will be seen from the drawing, the electrode a of graphit

“hes a central bore in which is provided the wick b. The mass of
the wick b may consist of the compounds referred to above.

It is, of course, to be understood that the present in-
wemtion is, by no means, limited to the specific disclosure
set forth above but also comprises any modifications within

the scope of the appended clainms.

Signed and sealed this 26th day of February 1974.

(SBAL)

Attest: _

EDWARD M.FLETCHER, JR. © ¢. MARSHALL DANN
Attesting Officer Commissioner of Patents
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1
ARC FURNACE ELECTRODES

This invention relates to an arc furnace electrode and
more particularly is concerned with increasing the life
of the electrode within the harsh environment of an op-
erating furnace.

‘The present invention consists in a method of shroud-
ing an electrode in an arc furnace by forcing an inert
gas along an axial bore in the electrode which s
plugged at its tip, the gas diffusing through the elec-
trode walls so as to create a protective shroud around
its sides.and entraining along the bore a particulate ma-
terial which coagulates and fuses together with the
plug, so as to constitute a growth in this plug along the
bore and compensate for erosion of the electrode tip.

With a graphite or carbon electrode the plug and the
particulate material may be carboniferous; the gas may
conveniently be nitrogen. The electrode may or may
not have a non-porous oxidation-resistant protective
coating on its surface. If it has the gas will function to
shroud only when this coating has been eroded, i.e., it
serves as a secondary protective measure, In either
case, the lifetime of the electrode will be extended
compared with the case where this measure is not
adopted. .

In particular, it is known that oxidation of arc furnace
electrodes amounts to between 45 percent and 50 per-
cent of their overall consumption. The majority of this
oxidation occurs at the side surfaces of the electrodes
and is attributable to the free oxygen in the furance at-
mosphere. With the method according to this-invention
it is énvisaged that the side loss rates will be reduced by
up to 50 percent compared with an unprotected elec-
trode, depending on size, the tip loss remaining sub-
stantially the same. This saving in electrode consump-
tion far outweighs the increased cost in nitrogen con-
sumption which, it is estimated, will be covered by a
saving of only between 3 percent and 10 percent in side
loss.

In order that the invention may be fully understood,
one embodiment thereof will now be described, by way
of example, with reference to the accompanying draw-
ings in which:

FIG. 1 schematically illustrates a three-phase electric
arc furnace; and

FIG. 2 illustrates a hollow plugged electrode through
which nitrogen gas is forced in accordance with this in-
vention.

Referring now to FIG. 1, carbon or graphite elec-
trodes 1 extend through the roof 2 of an arc furnace
generally indicated at 3 and housing a molten scrap
charge 4. The electrodes are hollowed and are fed with
nitrogen gas through piping 5.

In FIG. 2, one of the electrodes 1 is shown in more
detail; in particular, the hollow bore 6 is terminated by
a carboniferous plug 7.

In operation, as the electrodes 1 are lowered into the
furnace nitrogen gas is forced through the piping 5. The
gas passes along the bore 6 in each electrode and it dif-
fuses through its sides, which are porous to this gas, so
as to create a protective shroud 8 around the electrode,
thus shielding it from the harsh environment in the fur-
nace. . _ :

Since during operation the tip of the electrode is
eroded as melting progresses, means must be provided
for ensuring that the plug 7 at the tip remains intact,
otherwise the density-of the shroud is reduced and the
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electrode will be more susceptible to cracking. This is
effected by entraining a particulate carboniferous ma-
terjal in the gas stream, e.g. carbon and pitch products,
which particles coagulate and fuse together at the bot-
tom of the bore adjacent thé plug (shown at 9), thus
building it up. ~

Consequently, as the electrode tip is eroded the plug
is effectively built-up, preferably at the same rate it is
eroded, thus maintaining stable conditions. In practice,
however, some fluctuation in-the gas flow rate is real-
ised during operation, the rate dropping as the temper-
ature increases due to increased gas viscosity.

Although this invention has been described with ref-
erence to the particular embodiment illustrated, it is to
be understood that the scope of this invention is not so
restricted. For example, the method according to this
invention can be used with surface coated electrodes
which normally function to extend the electrode life. In
this instance, the protective shroud would not be mani-
fested until the coating has been eroded, so that the use
of nitrogen gas in this manner would serve only as a

secondary measure of protection. Nonetheless, it is

particularly advantageous since the coated electrodes
are, in practice, subject to severe erosion not only as a
result of the harsh atmosphere but by physical abrasion
particularly by the slag on the surface of the molten
charge. '

We claim:

1. A method of shrouding an electrode in an arc fur-
nace comprising the steps of forcing an inert gas along
an axial bore in the electrode which is plugged at its tip,
and introducing a particulate material into the gas
stream, the gas diffusing through the electrode walls so
as to create a protective shroud around its sides and en-
training along the bore the particulate material which
¢oagulates and fuses together with the plug, 5o as to
constitute a growth in this plug along the bore and com-
pensate for erosion of the electrode tip.

2. A method according to claim 1, in which the gas
is nitrogen.

3. A method of shrouding a graphite or carbon elec-
trode in an arc furnace comprising the step of blowing
an inert gas along an axially extending bore in the elec-
trode which is plugged at its tip with a carboniferous
material, and introducing a carboniferous particulate
material into the gas stream, the gas diffusing through
the electrode walls so as to create a protective shroud
around its sides and entraining along the bore the par-
ticulate material which coagulates and fuses together
with the plug, so as to constitute a growth in this plug
along the bore and compensate for erosion of the elec-
trode tip.

4. A method according to claim 3, in which the elec-
trode has a protective oxidation-resistant coating on its
side walls, the gas diffusing through the electrode walls
following the erosion of this surface coating in the fur-
nace environment.

5. A method according to claim 4, in which the gas
is nitrogen. -

6. A graphite or carbon furnace electrode having an
axial bore therethrough, and a plug of carboniferous

" material within said axial bore only at the tip end of the

electrode closing said axial bore only at the electrode
tip, said axial bore providing a passage for introducing
an inert gas into the interior of the electrode, and said
plug forming a stopper at the inner end of said passage.
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4. A graphite or carbon furnace electrode according 8. A graphite or carbon furnace ele¢trode according
to claim 6 in which the side walls of the electrode are to claim 7 in which the outer side wall of the electrode
sufficiently porous to permit the passage therethrough i covered with a protective oxidation-resistant coating.
of an inert gas. S L L '
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[57] ' ABSTRACT

A carbon electrode for an arc lamp used as a light
source for apparatus for measuring fading and weath-
éring of such materials as paints and fabrics. The elec- -
trode is a carbon electrode bar coated with aluminum
or an aluminum alloy on all the peripheral surface
thereof except the discharge tip. The electrode bar
can be further coated with a film of aluminum oxide
or silicon oxide other than at the discharge tip and the
electrode holding section. '

1 Claim, 12 Drawing Figures
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1
CARBON ELECTRODE FOR AN ARC LAMP

. BACKGROUND AND BRIEF DESCRIPTION OF
THE INVENTION

This invention relates to a carbon electrode for an
arc lamp used in fading or weathering tests of materials
such as paints or fabrics.

A sunshine carbon arc lamp used for fading and
weathering meters is shown in F1G. 1, and an ultra-
violet carbon arc lamp used for such meters is shown
in FIG. 2. The ultra-violet arc lamp is intended chiefly
to produce uhira-violet light, and has an upper carbon
electrode g and a lower carbon electrode !, both of
which are uncoated. The conventional carbon elec-
trode used with such ultra-violet arc lamps consists
merely of a cored or a non-cored carbon electrode bar
as shown in FIGS. 3b and 3a. They are adapted to dis-
charge the current in a satisfactorily sealed glass globe
g. The arc lamp is kept in a state of stable luminance
over a prolonged combustion period. If the globe is not
sealed tightly, the combustion may proceed too rapidly,
and a large amount of infra-red radiation may be omit-
ted on account of high temperature of the electrode.
The sunshine carbon arc lamp is fitted with a ventilat-
ing blower for removing the cinders and exhaust gases
produced by the current discharge. The carbon elec-
trode f used with this ar¢ lamp, as shown in FIG. 3¢,
is usually coated with copper 4 on all of its peripheral
surface except the discharge tip to reduce the heating
of the electrode, but toxic copper fumes or copper
oxide may be produced and be present in the exhausted
gas. In addition the thickness of the film can not be
controlled so as to be uniform because the copper film
is usually deposited on the carbon electrode by plating
or a similar operation.

The object of this invention is to obviate the above
defects inherent in the conventional carbon electrodes
and to provide a carbon electrode for use with carbon
arc lamps and comprising a carbon electrode bar
coated with aluminum or aluminum alloy on all the pe-
ripheral surface thereof except the discharge tip, and
which can further be coated with a film of aluminum
oxide or silicon oxide on the peripheral surface thereof
other than said discharge tip and the electrode holding
porttion, whereby carbon consumption can be reduced
and the carbon electrode will produce a satisfactory
spectrum of radiations for fading or weathering tests.

BRIEF DESCRIPTION OF THE FIGURES

This invention will now be described by referring to
an embodiment thereof shown in the accompanying
drawings, in which:

FIG. 1 is a diagrammatic elevation view of the struc-
ture of a sunshine arc lamp;

FIG. 2 is a similar view of an ultra-viclet arc lamp;

FIG. 3a-3a are sectional views of conventional car-
bon electrodes;

FIG. 4a-4d are sectional views of the carbon elec-
trodes of the present invention;

FIGS. 5a and 5k are graphs showing the spectrum of
an arc lamp using the ultra-violet carbon electrade ac-
cording to the invention coated with aluminum or alu-
minum alloy film, FIG. 52 showing the ultra-violet and
visible light ranges and FIG. 5b showing the infra-red
range with the energy value magnified by 20 times to
make the energy value in said range more apparent;
and
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FIG. 6 is a graph showing the spectrum of an arc
lamp using the dual coated sunshine carbon electrode
according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

The carbon electrode of this invention for use with
carbon arc lamps consists of a carbon electrode bar 1
coated with a coating | of aluminum or an alloy pre-
dominantly of aluminum on all the peripheral surface
thereof except the discharge tip. The electrode bar can
be uncored as in FIG. 4¢ or cored as in FIG. 4b. Ac-
cording to a modification, the aluminum or aluminum
alloy coating on the electrode bar can be further coated
with a coating of aluminum oxide or silicon oxide 3 on
the surfaces other than the electrode holding portion 2.
The electrode bar can be cored as in FIG. 4c or un-
cored as in FIG. 44. The aluminum or aluminum alloy
coatings can be deposited by any convenient method,
as for instance by spray ejecting molten metal with the
aid of compressed air, or placing the aluminum or alu-
minum alloy coating around the carbon rod and bond-
ing the coating to the rod with an electrically conduc-
tive adhesive, or metallizing metal particles under a
vacuum. The aluminum oxide or silicon oxide film can
also be deposited by any convenient method, as for in-
stance by spray ejecting the aluminum or silicon with
a plasma torch or an oxyacetylene torch.

The thickness of the aluminum and aluminum alloy
coating, and the thickness of the aluminum oxide or sil-
icon coating should be 0.05 - 0.5 mm. An example of
the composition of the aluminum alloy is aluminum
99.85% - silicon 0.15%.

Turning first to the carbon electrode consisting of a
carbon bar coated with an aluminum or aluminum alloy
coating, the discharge current flows through the alumi-
num or the aluminum alloy coating which has a smaller
electrical resistance than the carbon, and the electrode
itself will thus be heated to a minimum degree. Thus,
when the lamp is kept lighted, due to the presence of
the coating, the carbon rod will be subjected to less oxi-
dation than an uncoated rod because it is protected
from the ambient air, and the carbon consumption will
be reduced accordingly.

FIGS. 54 and 3b show the spectrum of the luminous
ultra-violet carbon electrode coated with aluminum or
aluminum alloy. As seen from these FIGS., the energy
value in the ultra-violet range known to cause the dete-
rioration of the carbon electrode is about the same as
that observed for a conventional ultra-violet carbon
electrode, but the energy value in the infra-red range
is lower than that observed for the conventional elec-

. trode. The radiation responsible for the deterioration
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of the test specimen in a fading and weathering test is
the ultra-violet light, and the energy in the infra-red
range has, in general, the effect of raising the tempera-
ture of the test specimen. ’

If the energy of the radiation in the infra.red wave-
lengths is low, the radiant heat received by the test
specimen can be reduced, and the test can be con-
ducted at a lower temperature, which is desirable be-
cause a higher energy in said radiation may cause ex-
cessively high temperatures and consequent inaccurate
test results. For this reason, the carbon electrode ac-
cording to this invention is highly suited for use as a
light source in apparatus for conducting fading and
weathering tests. In the spectrum of the sunshine car-
ben electrode, not shown, the energy emitted by the
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electrode in the ultra-violet range is about the same as
that emitted by the conventional carbon electrode, but
the energy emitted by the former electrode in the infra-
red range is generally low, and hence the electrode can

- be used advantageously as light source for fading or
weathering tests. During light emission from the sun-
shine carbon arc lamp at the time of current discharge
an air stream is passed over the electrode, thus result-
ing in dispersion of cinders and exhaust gases which are
generated. With the conventional copper-coated car-
bon electrode, toxic copper fumes or copper oxide are
apt to be produced and scattered in the ambient atmo-
sphere. This situation can be avoided by the use of the
present carbon electrode.

The carbon electrode further coated with aluminum
oxide or silicon oxide has the same advantages as de-
scribed in the foregoing, and also has an additional ad-
vantage that, as the discharge tip of the electrode is
consuimed during the current discharge and the alumi-
num coating is gradually heated and starts to melt, the
melted aluminum metal will not be peeled from the car-
bon electrode immediately, but is combined with the
aluminum oxide or silicon oxide, the melting points of
which are higher than the melting point of the metaltic
aluminum, into a vitreous ceramic substance at the pre-
vailing high temperature. The vitreous ceramic sub-

stance so formed is not scattered into the ambient air,”

but descends gradually under the effect of gravity. In
addition, any abnormal discharge from the side sur-
faces of the electrode can be avoided during the cur-
rent discharge due to the elevated electrical resistance

of the aluminum oxide. It has also been discovered that -

the life of an arc lamp using the carbon electrode ac-
cording to the invention is increased by about 20 per-
cent over that of the arc lamp using a conventional
electrode. It should also be mentioned that the exhaust
gas is composed of non-toxic aluminum, aluminum
oxide and silicon oxide, which is a great advantage in
overcoming the problem of pollution,

FIG. 6 shows the spectrum of a sunshine arc lamp
having the dual coated carbon electrode according to
the invention. The spectrum of the ultra-violet part is
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about the same as that shown in FIG. 5a.

As described above, when used as light source in an
apparatus for carrying out fading and weathering tests,
the car on electrode for arc lamps according to this in-
vention has the following advantages,

1. Owing to the lower electrical resistance of alumi.
num metal, the heating of the electrode due to the dis-
charge current is reduced, while insulation against the
external heat is provided by the aluminum oxide or sili-
con oxide film, thus preventing carbon consumption
caused by oxidation with ambient air, and increasing
the time over which combustion takes place.

2. Thie reduced energy value in the infra-red range
observed in the spectrum makes it possible to conduct
fading or weathering tests at the desired lower tempera-
tures.

3. The cinders formed by combustion consist mainly
of nontoxic aluminum oxides and silicon oxides, -

4, The emitted light is stable since the aluminum
oxide and silicon oxide are nonconductive and the dis-
charge occurs solefy at the tip of the electrode.

5. The dispersion of aluminum metal and hence the
contamination of the glass filter and reduction in its
transmittance is avoided due to the dual coating on the
carbon electrode, and the volume of light is kept con-
stant during the test period.

What is claimed is:

1. A carbon electrode comprising:

a carbon electrode bar having at one end thereof a
discharge tip and having at the other end thereof an
electrode holding section;

a first coating on all the peripheral surfaces of said
bar other than said discharge tip, said coating ma-
terial being from the group consisting of aluminum
and alloy consisting predominantly of aluminum;
and

a second coating of material taken from the group
consisting of aluminum oxide and silicon oxide
coating all the peripheral surfaces of said bar other
than said discharge tip and said electrode holding

section.
¥ o K & %
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(57] ABSTRACT

Improved carbon electrodes for use in a carbon arc
lamp are disclosed. The improved electrodes, which
are utilized in pairs, have a diameter ratio of the upper
to lower electrodes within the range of 1.4 - 1.6 : L.
The electrodes consist of a core section, a carbona-
ceous portion surrounding the core section and a layer
of material covering the carbonaceous portion, The
ratio of the sectional area of the carbonaceous portion
to that of the core portion in the upper carbon elec-
trode should be within the range of 9 — 14 : 1 with the
ratio in the lower carbon electrodes being within the
range of 5 — 9 : 1. Electrodes produced according to
the subject invention provide spectroscopically stabi-
lized light at a discharge voltage and current of 50
volts and 60 amps., and have improved long life per-
formance.

1 Claim, 9 Drawing Figures
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LONG-LIFE CARBON ELECTRODES FOR
WEATHER TESTER AND THE LIKE

BACKGROUND OF THE INVENTION

l. Field of the Invention

The subject invention relates to improvement in the
carbon electrodes which are used in carbon arc lamps
for weather testers or climatic testing machines and the
like. :
2. Description of the Prior Art

Arc lamps for weather testers and the like typically
comprise four sets of vertically arranged carbon elec-
trodes which are energized by, for instance, a servo
motor at a voltage and current of 50 volts and 60 amps-
., respectively, to light the tamp. A specimen being
tested is placed around the arc lamp for testing. Each
of the carbon electrodes include a core portion made
of a luminous material such as cerium fluoride and has

a gear-shape configuration with the number of teeth:

ranging from 6 to 12. A carbonaceous portion sur-
rounds the core portion of the carbon electrode and 2
layer of copper or the like coats the carbonaceous por-
tion.

Commonly used carbon electrades have lengths of
approximately 305 mm: with upper ¢lectrode diame-
ters of 23 mm. and lower electrade diameters of 13
mm. An assembly of four sets of upper and lower car-
bon electrodes, when continuously activated, has a
functional life of approximately 20 to 22 hours.

The life of the carbon electrode can be doubled by
doubling its length. This, however, necessitates a corre-
sponding enlargement of the arc lamp control mecha-
nism, lamp housing and other elements and creates
problems of economy. Another known manner of pro-
longing the life of the carbon electrode is. to increase
the diameter thercof. However, if the carbon volume is
doubled, that is, if the diameter is increased 1.41 times
by, for instance, increasing the outer diameter of the
upper ¢arbon electrode from 23 mm. to 32.5 mm. and
the diameter of the lower carbon electrode from 13
mm. to 18 mm., the life of the electrode is only in-
creased 1.6 times. This is partially attributable to the
fact that the relation between the sectional area of the
core portion and that of the carbonaceous portion
therearound is not suited to the discharge pattern of the
electrode.

SUMMARY OF THE INVENTION

It is a primary object of the subject invention to pro-
duce improved carbon electrodes for use in a carbon
arc lamp having a longer useful life than heretofore ob-
tainable with conventional carbon electrodes.

It is a further object of the subject invention to pro-
vide improved carbon electrodes for use in a carbon
‘arc lamp having spectroscopically stabilized light at a
discharge voltage and current which is comparable to
that normally found in weather testers and the like.

The above objects are achieved in accordance with
the present invention by the provision of upper and
lower electrodes wherein the diameter ratio of the
upper and lower electrodes is within the range of 1.4 -
1.6 ¢ 1.0, Moreover. the ratio of the sectional area of
the carbonaecous portion to that of the core portion in
the upper carbon electrodes should be within the range
of @ — |4 : 1 with the rutio in the lower carbon elec-
trodes within the range of 5 - 9 1, A carbon are lamp
having efectrodes produced in accordance with the
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above noted specification is capable of continuously
producing spectroscopically stabilized light for a time
period in excess of 24 hours. In addition, upper and
lower carbon electrodes produced in accordance with
the subject invention also have stmilar ratios of com-
bustion to length.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention will be described in
more detail below with reference to the accompanying
drawings wherein:

FIG. 1 is a partial prospective view of an electrode
produced in accordance with the present invention;

FIG. 2 is a longitudinal sectional view of FIG, 1;

FIG. 3 is a cross-sectional view of an upper carbon
electrode produced in accordance with the subject in-

‘vention;

FIG. 4 is a cross-sectional view of a lower carbon
electrode produced in accordance with the subject in-
vention;

FIGS. 5, 6 and 7 are sectional views showing dis-
charge patterns between upper and lower electrodes
having various sectional configurations; _

FIG. 8 is a chart depicting the aperability of the de-
vice of FIG. 7; and

FIG. 9 is a chart depicting the operation of the elec-
trode assembly shown in FIG. 6.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, reference numeral 1
indicates the copper coating or layer which covers the
carbon electrodes. The carbonaceous portion is indi-
cated by reference numeral 2 and the core portion,
filled with a luminous material stabilizer is indicated by
reference numeral 3, This 3-layered configuration is
known in the art. However, the specific ratios of area
which will be disclosed hereinbelow have neither been
suggested nor disclosed in the prior art and produce
new, useful and unobvious results as compared with the
results obtained by conventional electrodes.

FIGS. 5, 6 and 7 disclose electrode combinations of
upper electrodes respectively, having a large core por-
tion, a medium core portion, and a small core portion
while utilizing identical lower electrodes. When arc
lamps using the respective combination of upper and
lower electrodes are lighted. the discharge pattern
shown in FIGS. 5 through 7 are produced. If a large
core is used, a large discharge are is produced, which
causes rapid wear of the electrode since the carbon
portion is thin as may be scen in FIG. 5. On the other
hand, if the core is small the discharge arc is produced
at the carbon portion, off the core, and the arc moves
unstably, as shown in FIGS. 6 and 9. When the core is
medium in size (having a matched diameter), a correct
arc is produced between the upper and lower carbon
electrodes and very stable light is produced. This is par-
ticularly shown in FIGS. 7 and 8.

In view of the above noted data, the carbon portion
must be increased to prolong the life of the electrode
and the core size must be slightly enlarped to stabilize
the emitted light. This may be accomplished by design-
ing electrodes having specific ratios of core portion
sectional areas to carbonaceous portion sectional ar-
eas.

Applicant has determined that the ratio of the carbon
portion sectional area and the core pottion sectional
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afea should preferably be within the range of 9 - 14 :

1'for the upper carbon electrode and the lower carbon
electrodes should have a corresponding ratio of 5 - 9
1, Furthermore, the ratio of the outer diameter of the
upper carbon electrode t¢ the outer diameter of the
lower carbon electrode should be within the range .4

"= 1.6 : 1 to produce optimum résults.

The following Table presents a comparison of struc-
ture and performance of typical prior art carbon elec-
trodes with carbon electrodes produced according to
the teachings of the present invention. :

Carbon clecuodes

10

Carbon electrodes

4

It will be apparent to those skilled in the art that
many modifications of the above specifically described
apparatus may be made without departing from the
spirit and scope of the present invention,

[ claim: .

1. In a carbon arc lamp for use in weather testers and
the like and including pairs of upper and lower elec-
trodes, each of said upper and lower eléctrodes com-
prised of a core portion formed of a luminous material,
a carbonaceous portion surrounding said core portion
and a layer of copper or like material positioned over

carbonfcore

Copper coating about 0.1 mm thick

of prior art of present invention
Upper Lower Upper Lower
Dizmeter {elec- 23 mm 13 mm 35 mm 23 mm
trodes) -
Ratio (upperf 1.77 . 1.52
Jowery - -
Coaw (sectional FEmmE 237 mmE 0% mm* 586 mm?
. area)
Carbonuaceous por- .
ton {sectional 344 mm* 108 mm? 89t mm* 356 mm?®
area)
Ratio of sectio-
nal area 4.85 4.59 B e O [iR4]

about 0.1 mm thick

The efficacy of the subject invention has thus been
confirmed by experimental data. In a preferred em-
bodiment, it was established that long life and most sta-
ble light can be obtained by using upper carbon elec-
trodes having a diameter of 35 mm. and in which the
sectional area ratio of the carbonaceous portion to the
core portion is approximately t2 :'1 and in which the
tower carbon electrodes have a diameter of 23 mm. and
a corresponding ratio of 6 1 1.

As noted earlier, it is quite desirable that carbon arc
lamps used for weather testers and the like have a long
continuous lighting capability. The subject invention
has succeeded in extending the functional capabilities
of carbon. electrodes from the conventional 20 to 22
hours to more than 40 hours. Not only does this result
in great economy, but it also permits operation of test-
ing devices during holiday and the like when mainte-
nance personnel are otherwise unavailable.
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said carbonaceous portion, the improvement which
comprises the diameter ratio of the upper to the lower
clectrodes being within the range of 1.4~ 1.6 : 1.0, and
the ratio of the sectional area of the carbonaceous por-
tion_to that of the core portion in the upper carbon
clectrodes being within the range of 9 — 14 1 | with the
ratio in the lower carbon electrodes being within the
range of 5 — 9 : 1, whereby an improved carbon clec-
trode combination is provided in which the upper and
lower carbon electrodes have the same rate of combus-
tion to length and can provide spectroscopically stabi-
lized light at a discharge voltage and current of 50 V
and 60A respectively, normally used in weather testers,
and which also has improved long-life performance in
excess of 24 hours of continuous lighting.

® ok ok k%
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[57] ABSTRACT

For direct current electric arc fumace melting of
metal scrap a furnace includes a vessel having a bot-
tom wail shaped so that a portion of the melt is col-
lected in the latter after initial melting or introducing
of molten metal to start the operation. This vessel has
means for feeding scrap in pieces to the peripheral
portion of the bottom wail to form at that location an
annular pile, or one or more separate piles, of un-
melted scrap contacting and electrically connecting
with the melt but extending upwardly to a level above
the melts level. An electrode is positioned vertically
with an arcing and maintained above the level of the
melt to form an arc therebetween, this electrode being
spaced from the pile or piles of scrap when the opera-
tion has started. The melt is made an anode by main-
taining a positive electrical connection from a DC
power source with the pile or piles of scrap at a posi-
tion above the level of the melt so that the current
passes through the unmelted scrap, with consequent
heating of the scrap while magnetically tending to
keep it piled, and through the melt and via an arc to
the arcing clectrode, the latter being negatively con-
nected with the power source. The arcing electrode is
made of carbon and in the described way enjoys the
advantages of operating as a cathode without requir-
ing an arcing anode electrode or an electrically con-
ductive vessel bottom. More than one negatively con-
nected arcing electrode may be used.

f" 6 Claims, 1 Drawing Figure
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1

DIRECT CURRENT ELECTRIC ARC FURNACE
AND METHOD FOR MELTING METAL SCRAP

BACKGROUND OF THE INVENTION

Today, metal scrap, particularly steel scrap, is usually
melted in a furnace powered by three-phase alternating
electric current and using three carbon electrodes, one
for each phase, the charge forming the zero point in the
three-phase system. The arcs formed between the elec-
trodes and the metal charge in the furnace, are free or
direct arcs extending between the electrodes and the
metal in the furnace.

Heretofore, the use of direct current has required at
least two carbon electrodes respectively of positive and
negative polarity, to form direct or free arcs between
the electrodes and the metal. This means that one elec-
trode operates as a cathode and the other operates as
an anode with respect to the melt. If a single electrode
is used, the hearth supporting the metal must be made
electrically conductive which has disadvantages from
the construction, installation and operating viewpoints.
In all such instances, a plurality of electrodes may be
used having the same polarity so that they function like
a single electrode.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
direct current electric arc furnace and method for
melting metal scrap using one or more carbon or graph-
ite electrodes operating as a cathode and forming di-
rect or free arcs between their ends and the charge,
without requiring an electrically conductive hearth or
the use of one or more other carbon arcing electrodes
which must operate as an anode.

Such a furnace is desirable because by using one or
more carbon electrodes powered by direct current and
operating as a cathode, as compared to their operation
as an anode, and as compared to the alternating current
type furnace, the following advantages are obtained:

1. Less electrode consumption

2. More stable arcs

3. More efficient heat transfer to the charge

4. Less wear on the furnace lining

According to the present invention, for direct current
electric arc furnace melting of metal scrap, particularly
steel scrap, for example in small pieces, a suitable ves-
sel is used, normally cylindrical, having a bottom wall
of hearth shaped so that at least a central or otherwise
chosen portion of the melt is collected in the latter
during operation of the furnace, and the vessel, nor-
mally having a closed top or cover, is provided with
means for feeding the scrap charge to the peripheral
portion of this hearth to form an annular pile, or one or
more separate piles, of unmelted scrap physically con-
tacting end electrically connecting with the melt and
extending upwardly to a level above the latter’s level.
One or more cathode carbon or graphite arcing elec-
trodes, negatively connected with a suitable DC power
source, are positioned, normally vertically, above the
level of this charge or melt in arcing relation therewith
and spaced from the unmelted scrap. The hearth is
shaped so that the scrap can be plied at a position
where it is in electrical contact with the melt by physi-
cal contact therewith, and the positive electrical con-
nection with the DC power source is made through the
scrap so that the current travels through the latter for at
least some distance before reaching the melt from
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which the arc then jumps to the cathode electrode or
electrodes. Preferably this electrical connection with
the scrap is effected by one or more vertical non-arcing
electrodes arranged adjacent to the periphery of the
vessel’s bottom wall or hearth and its side wall and
which extend vertically into the pile of scrap far enough
to establish good electrical contact with the scrap but
so that the bottom end or ends of the electrode or
electrodes are maintained always above the rising level
of the melt. The last-mentioned electrodes with the
surrounding pile will be positively connected to the DC
source and will be acting as anodes.

When the furnace is in operation, the current travels
through the unmelted metal scrap, heating it by electri-
cal resistance heating and magnetically causing it to
tend to cling to the positive electrode, and to the melt
and via the arc to the cathode electrode or electrodes.

The result is that all arcing carbon electrodes operate
as a cathode with the attendant advantages previously
described, freed from the complications of an electri-
cally conductive hearth and without the necessity for
one or more of the carbon electrodes operating as an
arcing anode electrode having none of the advantages
described. All the positively connected electrodes. are
in contact with solid charge and will not act as arcing
electrodes where said advantages were not present.

BRIEF DESCRIPTION OF THE DRAWING

The accompanying drawing schematically shows in
vertical section one example of a furnace embodying
the principles of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring to this drawing, the vessel 1 has a cylindri-
cal side wall 2 and a concave bottom wall or hearth 3.
The top of the vessel is closed by a cover 4. A plurality
of hoppers 5 lead to ducts 6 extending vertically down
through the cover 4 adjacent to the periphery of the
bottom wall or hearth 3 and adjacent to the side wall 2.
The furnace is charged via these hoppers and spouts so
as to form an annular pile of solid or unmelted scrap 7,
the central portion of the concave hearth 3 containing
at least a portion of the melt 8.

The scrap should be in the form of small enough
pieces to permit the charging and the formation of the
annular pile of unmelted scrap. Separate piles may be
formed beneath each spout, but the annular form has
advantages. Also, the concavity or other shape that
may be used for the bottom wall or hearth 3 should be
such as to permit the formation of the pile or piles of
unmelted scrap as well as the formation and mainte-
nance of the centralized (or otherwise located) melt or
pool of molten metal 8.

A plurality of non-arcing electrodes 9 are passed
through the roof 4 far enough to project into the pile or
piles of unmelted scrap 7 to form good electrical
contact with the latter but so that the lower ends of
these electrodes are always spaced above the level of
the melt 8. A single carbon arcing electrode is shown at
10, this being vertically passed through the roof 4 with
its lower end positioned to form an arc 10a extending
to it from the melt 8. More than one of these electrodes
10 may be used if electrically interconnected with the
same polarity, vertically positioned as are the non-
arcing electrodes 9. The arcing electrode 10 is a carbon
or graphite electrode and the non-arcing electrodes 9
may also be carbon or steel electrodes or of other con-
ductive material. In all instances these may be elec-
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trodes made from carbon in graphite form such as are
used for electric arc metallurgical furnaces in general,
recognizing that the electrode or electrodes 10 may
possibly include elements intended for possibly subse-
quent metallurgical processing of the metal scrap as
suggested hereinafter.

As shown, the electrodes are connected with a source
of direct electric current 11 so that the non-arcing
electrodes 9 are of positive polarity while the arcing
electrode or electrodes 10 are of negative polarity to
operate as a cathode.

The non-arcing electrodes 9 may form an annular
series of uniformly interspaced electrodes. They should
extend far enough into the unmelted scrap to reduce
the electrical contact resistance to the lowest possible
minimum. Althouth not illustrated, the melt 8 during
melting of the scrap may extend beneath the bottom of
the pile 7, but the bottom ends of the electrodes 9
should be maintained always spaced above the level of
the melt 8. The spacing should be such as to avoid
arcing between the bottom ends of the non-arcing elec-
trodes 9 and the melt because if this occurred the elec-
trodes 9 would operate as arcing anodes. As shown, the
non-arcing electrodes 9 function only as electrical con-
ductors capable of resisting the high temperatures in-
volved by the furnace operation.

The current goes radially inwardly through the scrap
7 to the centrally located melt 8 and via the arc 10a to
the electrode 10 with the latter enjoying the advantages
previously stated.

The furnace of this invention may be designed for
batch or continuous operation. When batch operated,
the furnace is charged so that the pile 7 extends into the
central portion of the hearth 3. The arc is struck and
the melting begins. When the pile 7 reduces to the
point where there is a risk of either an excessively high
electrical resistance or an open circuit or arcs from the
electrodes 9, the melt 8 correspondingly increasing, the
operation is stopped, the melt is tapped, wholly or
partially, the furnace is recharged to again form the
highest possible pile of the scrap 7 and the furnace
operation renewed. Together with the surrounding
solid charge 7 these electrodes 9 are acting as anodes,
but not as arcing electrodes.

The furnace may be designed to be tapped centrally
with respect to the hearth 3 so that continuous scrap
charging is possible. Possibly the furnace may be de-
signed as a tilting furnace having a side tapping spout or
opening with the melt flowing through any remaining
unmelted scrap representing the residue of the pile 7.
These details are not shown because their design
should be within the ability of any person of skill in this
art.

It may be desirable to operate the furnace so that the
melting proceeds under some atmosphere other than
air, such as a suitable inert atmosphere. In such an
instance the cover or roof 4 may be sealed with the
vessel 1 as schematically indicated at 11, and the elec-
trodes may be passed through this cover in the same
fashion they are in the case of arc furnaces operated
under either a vacuum or as containing a gas, this ap-
plying correspondingly to the spouts 6 of the hoppers 5.
In this case the hoppers 5§ would be provided with suit-
able valves 12 which are open for charging and thereaf-
ter closed, and the furnace may be provided with one
or more ports 13 for evacuation and/or gas filling pur-
poses.
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Electrical engineering knowledge is available for
designing the furnace to determine the height of the
pile 7 relative to the space confined by the vessel 1 and
its cover, and the distribution of this pile, to obtain a
substantial production of heat from the electrical resis-
tance the pile offers to the current passing from the
non-arcing electrodes 9 to the melt 8 and via the arc
10a to the arcing cathode electrode 10. Thus, in carry-
ing the current so that the non-arcing electrodes 9 need
not operate as arcing anodes, the electrical resistance
involved by the pile of scrap 7 results in a useful heat
input to the furnace. The major heating is, of course,
via the arc or arcs 10a depending upon whether or not
one or more of the arcing electrodes 10 are used, while
the nature of scrap metal in small pieces serves mainly
to keep the scrap in piled condition.

The electrical resistance involved by the passage of
the current through the pile of scrap 7 has another
advantage, as explained below.

In the case of any electric arc the current/voltage
characteristics of the arc are such that increasing cur-
rent causes a reduced voltage drop in the arc. This
requires the use of ballast in the electric circuit. With
the present invention this ballast is wholly or partially
provided by the electrical resistance of the scrap, in-
stead of by an external resistance somewhere in the
circuit of the power system where the ballast heat must
be dissipated uselessly and lost. When alternating cur-
rent must be converted to direct current to operate any
direct current electric arc furnace, without a suitable
ballast the alternating current power supply may suffer
an undesirable power factor whereas with the present
invention with the ballast automatically provided by
the scrap 7, with the resulting heat being used to advan-
tage, with proper design of the furnace the alternating
current power system need not have its power factor
unduly affected by the furnace operation.

It is possible to start the operation of the furnace by
first charging a small amount of molten metal to ini-
tially form the pool 8 with the pile or piles of scrap
charged as described. After melting a judicious amount
of the unmelted scrap or charge, the furnace may be
tapped but allowed to retain some of the molten melt.
This operation may be continued repetitiously. In all
events, the unmelted scrap is initially heated not only
by the electric resistance previously described, but by
the heat radiated by the arc 10a directly inwardly into
the unmelted scrap, this promoting more rapid melting.
This also protects the side wall of the vessel 1 because
the pile of scrap may be formed as an annulus or shield
between the arc heat and this side wall.

Throughout the foregoing, the concept has been to
melt scrap metal, particularly steel scrap, but the fur-
nace and the principles of its operation may be used for
melting any electrically conductive material capable of
being piled. In the case of steel scrap the melt would
normally be further refined by any suitable steel refin-
ing method and equipment.

However, assuming that all of the electrodes are
carbon or graphite electrodes, the furnace may also be
used for refining. In such an instance, when the pile of
scrap 7 has been melted down as fully as possible, the
polarity of the electrodes may be reversed with the
positive and negative electrodes then operating in se-
ries as arcing electrodes, the electrode or electrodes 10
then being the anode and permitting the refining opera-
tion to proceed. This involves rapid loss or burn-off of
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the electrode or electrodes 10 but this is to be expected
in the case of a steel refining operation.

In all cases the non-arcing electrodes 9 and arcing
electrodes 10 may be vertically moved up and down by
using normal electric arc electrode position controlling
equipment (not shown). The equipment required to
feed the scrap, in particle or piece form, into the vessel
1 may be designed in the same manner as is equipment
used for making furnace additions to electric arc metal-
lurgical refining furnaces providing they are properly
located to form the annular pile of material previously
described.

What is claimed is:

1. A direct current electric arc furnace for melting
metal scrap, comprising means for containing a molten
scrap melt and a charge of unmelted scrap in electrical
contact with this melt, said scrap extending from this
melt to a location free from said melt, at least one
carbon electrode positioned to form an open arc be-
tween this electrode and said melt, a direct current
power source and means for electrically conducting
direct current from said source to said unmelted scrap
at said location and through said unmelted scrap and
melt and an arc, to said electrode so that the said elec-
trode operates as a cathode.
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2. The furnace of claim 1 in which said containing
means comprises a vessel having a side wall and a bot-
tom wall shaped so that at least a portion of said melt is
maintained centrally thereon, said vessel having means
for feeding said charge to the peripheral portion of said
bottom wall to form a pile of unmelted scrap contacting
said portion and extending upwardly to a level above
said melt, said electrode being positioned substantially
vertically above the level of said melt and spaced from
said pile of scrap.

3. The furnace of claim 2 in which said electrically
conducting means includes at least one vertical elec-
trode extending downwardly into said pile of unmelted
scrap in electrical contact therewith and having a lower
end terminating above the level of said melt.

4, The furnace of claim 3 in which said electrode
included by said electrically conducting means is a
carbon electrode:

5. The furnace of claim 3 in which said electrode
included by said electrically conducting means in a
steel electrode.

6. The furnace of claim 3 in which said vessel has a
closed top through which said electrodes and said

charge feeding means pass.
L T S S
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UNITED STATES

PaTeNT OFFICE.

BES

CHARLES F. BRUSH, OF OLEVELAND, OHIO

IMPROVEMENT IN

ELECTRIC LAMPS. .

‘Specifieation foriing patt of Lotters Pstent No. 203,411, datéd May 7,1878; Reisane No. 8,718, datéd
- " Moy 20, 1879; applieation filed April 14, 899, . - . o

. To all whom it may coreern: . .
. Be it known that I; CHARLES F. BRUSH, of
“Cleveland,in the countyof Cuyahogaand State
of Ohie, have invented certain new and useful
Lmprovements in Electric Lamps; and I do
lhereby declare the following to be a'fullyclear, .
and exaet description of the inventiou, such ag
will enable othera skilled in the art’to whicl it
Pertains tomakeand ugeit, reference being had
tothéaccompanyieg drawings, which form part
of this gpecification. - : C
- My invention relates to electric-light mech-
 anism; and it consists in the following apeci-.
tied device, or ity equivalent, whereby the car.
bon sticks usually empioyed are antomatically
adjusted, aid kept in such position and rels.
‘tiol- to each other that a continnous and ef.

feetive light sball be had withount the necessity |

" of any manual interference. °

Myinveuntion likewise consists in an arrange-, |

nent and ¢onstraction, as will hereinafter ap-

- pear, whereby-the simple act of suspendiog a
. lamp in- position will place it in cirenit ready
dor operation, - - U T o
In the drawings, Figure 1 is a-wiew, in longi-

. tudinal sectioi, of 4 device embodying my fn-
“vention. . Fig. ¢-is a detached view, showing

my.ring-clamp and lifter as it appears while -
| _RcrOWI ’

ot in operation; Fig. 3, the same as itap-
pears while in operation, Fig. 4 is a detached
view, showing my. improved carbon-holder,”
Fig. 5 comprehends a few of varions modifi..
cations of ‘which my invention is susceptible

withont a departure from the spirit and prin- ;

.ciples: thereof; and Fig. 6 representsa form,

in whi¢h' wy invention may be applied to .a | ( b
'] tacked to the suppors &, white the atherpile

lainp that moves both of its'carbons,
.1 will now describe the device shown in Fig.-
"1, -A'is a helix of insulated wire, said belix
being in the form of a tube'or Lollow cylinder,
resting upon-an insulated plate, A’ upheld by
‘the wetallic post or standard E. Within. the
cavity of the bhelix A is contained the.iron
core C and the rod B, which. passes loosely
through the core 0. The core C is also made
o move very freely within the eavity of the
belix A, and it i8 partially supported within
the cavity of tite said helix by ineans. of the
fprings ¢, whose tension is regulated by the
set-sorews ¢/, These springs push upward
against ears attached to the core C. o

D is a-ring of metal, preferably such as will -

: no_l;'-be,aftracbed by the magnet, éurrdliﬂdiﬁg

the rod B just below the core O. One'edge of
the ring D is'over & lifting:tongue, O, or ite
equivalent, which js. attached to ‘the ‘eore C,
‘while the opposite edge of said ring is azsliors
distance below the crown of'an adjustable set-
sorew, DL This- arrangement:is susesptible:
of variong. modifications, and saitable ‘means:
‘of any description may be employed wherely

-one point of the riug D may be hfted in such

way as to clamp:the rod. B, while.a limit is
‘Placed to its upward movement; 0F -to the up-

“ward ‘movement of ‘the eore C.

- The standard-or support E, which may also

‘act a8 a couductor; s fastened-to a suitable
) which, base is also:attuched the.
-mechanism for-belditg the -carbon. FY, . Fhis

‘base, H, to whic

mechanism consists of 3 support, G, terminat-

ing in a port similar it bonstruction to theport,

B!, .- The loweg. part. of tliis*support is bent at

@ right angle dnd rests upon. the base H; and
i§ fastened to #aid base by tiie thumb o ses
screw G, or any equivalont device, . -

. 1618 wecessary that thé earbons B F shoald.
present.in -acéurate apposition -wo.each -other,

and to accomplishithis th'q'et__-scmw.({f.is made
‘to pass through a-hole in the. support G con-
‘siderably larger thai: the- shaft. of said-set-

- Tewill thug readily appear that when theset.

screw ('ia loosened -the support G may be.
noved about until ity carbion I shall properly -

-present toward the carbon ¥, when it may-be

seoured in proper pesition. by tighteuing. the'

set-screw G'.. Now, ons pole of 2 battery or
other guitable sonrce of olectricity .being at:

is connected to the support B, thé electrie cur-
-Ténk.passes from the latter, throngh the helix
port G, thus completing the circuit, .

The core O, by the force of ‘the axial mag-

Ay r0od B,-and carbons P F, down fo the sup-.

netisni thua created, is drawn-up within the’

cavity of the belix, and, by means of the fin-
ger ()it lifts one edpé of the ring D until, by

its angular impingement against-the rod B, it

clamps said rod, and also lifts it op to a dis-
tance limited by the adjustable stop D?,

.- While the ring D retains this angulat rela-
tion with and impingement against the rod I3

&aid rod will be firmly retained and prevemted -

from'moving through said rin~ " The adjust-

vt
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able stop Diis ﬁxe(l 80 thab lt shall arrest the | down but which, when a current.of electnclty

lifting of the r¢d B when the carbons F'F are
sufﬁcientl_ ¥ separated from each other. While
the electric current is mwot passing the rod B
can slide readily throngh the loose ring D and
thie core C; and it will be readily seen that in
this condition the simple foree of gravity will
cause the rarbon F to rest down upon the car-

~ hon I, thas bringing the various parts of the.
device intothe positien of closed cirenit.. Now,-

if a current of eleetricity is passed through the
apparatog, it will instanily operate; as just ex-

plained, to lift the rod B, and thus separate the
carbons F ¥ and produce the electric-light.

- ‘Ehe tension of the springs ¢ is so adjusted’
by weans of the screws ¢ or equivalent that-
thay, together with the magnetic attraction of |

the belix, shall be just sufficient to support the
core C, rod B, and carbon Fin the posmon de-
ser lhed for producmg light.

As the carbons burn away, thus mcreasmw
‘the length of the voltaie are, the electric cur-
rent diminishes in strengtl, owisg -to the in-
creaged resistance. This weakensthe magnet-

_ ism of the belix, and accordingly the core, rod.’

and carbon F move dowuward by the force of
gravity until the consequent shertening of the
- voltaic arcinereases the strength of the current

" and stops this downward movement. Aftera.

time, however, the clutch-ring I will reach its

Hloor or support D?, and its. downward move-

ment will bearrested Now, any farther down.:

will at once release-the rod B, -allowing it to
slide throngh the ring D until itis arrested by
the upward movement of the core G, Llue to
- the increased magnetism..

~In continued operation, the normal pOS‘lthn‘

" of the ring D is in contact with its-lower sup-

" port, the office of the core C being to regnlate-

the sliding of the rod B throngh it. 1f how-

ever, the rod accidentally slldes too far, lt. will -

instantly and automatically be ruised again,

as.at first, and the carbon points thus cov-:

. tmuad in proper relation to each other. - -
Therod B.may be of such length that the

lohgest earborr sticks may be employed, and

‘with thie device just- descrlbed I experienceno

difficulty ‘whatever in “consuming a carbom |

stick-of Bny length and obtaining a continu-
-ous and very effecti v¢ light without the least:
manual interference.

The earbon-holder here Shown‘ which Icon -

sider to be novel with myself, consists, essen-
tially, of & split cylinder havi ing a square .or
angular eavity. Ouoe of the pieces is attached
to the rod B or standard G, while the. other
part is Joose, and is constructed to rest npon
‘a stlrrup, B A screw: ‘passing through the
stirrup B? serves’ to ¢lamp and bind the eai-
bon between the two parts just specified: -

I do not. limit myself narrowly to the ring
D, as other devices may be employed which
Wonld accomplish the same resnlt. Any de-
viesé may be used which, while a current of
electricity is not passing througll the helix A,
_will permit the rod B to move treely np and

is passed through the belix, will, by the rais-
ing of the core C, operate both to clamp and
to.raise the rod B, and therely separate the
carbon points B F and retain them in proper .
relation to each other. .
Various devices may be used whereby the -
base H may be shifted or dispensed with.. For.
‘instabee, it may he attached- in such manner
as that it may Lefastened to a wall or post; ot
‘it may be placed above thelight in such man.’
ner as that the meclianism shall be suspended
from it; or, as-shown fu Fig. 5 of the draw. -
ings,. the base H may be placed above the
light and suspended from two hooka, 50 a8 to -
be readily removable, if desired, and these :
two suspending hooks may be the. po'wltwe and
pegative poles of the apparatus, and the hook:

or eyelets to which they are swumng or at< . -

tached way bé the positive unid negative pO]B!
of the electric apparatus. ‘Thns themere sus
peosion of the lamp will put it within the
electric- eircnit, ready for operatlon These;
variations are desirable when the deviceis to =
be used for illominating purposes io'such po-
gitions that the base H wonid cast an ob_]ec :
tionable stradow. .

‘When the llght 13 [iPSlgtled to be used in
light-bouses, or’ for. projecting -images; &o.,
through lenses, it is vecessary that the pomt _
of illamination be kept in one position. In -

 such cases any appropriate ‘means may be-em-
ward movement of the core C, howsver sh;rht,_ '

‘ployed, such as, for. instance, a device for

-raising and lowering the éntire lamp.

Tf-the ring D is employed, its opening may- _
be provided eithér with sharp or aogular .
edges, or the. cawty may be bevelsd orronird:
ed, as shown. in Fig. 5 of tlie drawings, ~Itis -
ent-irelyim material how this ring is construct-

-ed, 80 long as it will act €0 clamp and Lift-and _'

release the rod B, as heretofore specified.
‘T have thns far referred to my-invention a8

applicable to a-lamp wherein, but-one of the .
-carbong is' moved; but as it is.equaly appli--
1 cable to lamps that move both. carbons, I will

now proceed to-demonstrate the same by refy

-erence to the modified devicashown: m F: 8.6 .

of the drawings. i
Here A is again the hehx ', the core.of

-1ron5 D, the clamping-ringy graspmg a rod -
| directly counected to and controfling the moéves

ments of the rod B, holding the carbon F, - .
is a spring lifting up one edge of the ring D,
similarly to the finger C in Fig: 1, and the ad-.
justabbe stop D' is identical with’ the oné here-
tofore specified. 1In this modification thie mo- .

‘tion of the core C.is transmitted to the rod B,

sabstantially as heretofore deseribed, and the
exact motion of the rod B! through snitable
link-and-lever conmections, b b b3 bY, is com-

| municated in reverse toé the rod. B1 carrymgl .

the carbon IV,

The operation of t.his demce is substantmlly
similar to that of the device shown at Fig: 1.’
A current of electricity Leing passed through -
the helix A, the eore Cis, by force of the axial
magnetism thus created, drawn up within the -
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cavity of -said helix. The spring 8, or iis
equivalent, acts as gravity does in the rod B
.(shown iu Fig. % ‘to keep the carbons together,
and the. force O
core C repists this tendency of thespring 8 to
_draw thie. carbons intg. actnal contact.  The

rod B, in thlsmstance, also passes throengh the |
Ting D which is-held in its angular clampmg-
poattlon by the spring O/, which:is the equlv- L]

‘alent of the finger C of Flg 1
.. Theadjustable stop Diis in all respects lden-
~ tical. with the same element liereinbefore spec:

ermug and cottrolling the red B,

.- The wmaiv pomtofdlﬂ'erenwbebween 1he de
v ices. shown in Figs. 1 and @ is this: -In the
former one carbon is stationary and the other

moves; in. the latter 'one ca.rbon-holder e

_ moved substantially in*the same mannerasin
the former, but-it is made to inipart a similar

reverse motion tothe holdef of the other car- |

bon by sititable link-and-lever connections,”
I-bave pmcnca.ll.\r and Ehomughly teated the'

tlo forms of my invention as shown in- the’
int, -of -their .

‘devices just. specified, nd dn-

.eapacity to consume long carbon sticks and

them perfectly operative. - - -
7t may-be proper to speclfy more clear]y the

hnk and-lever sopnection between thé rods B.
“Bach rod is_pivoted to a-gommon,

‘dnd Bl
- frame'at'h. ;The rod B extends from the car-.
‘bon E’ te-a point beyond .the Ting Dy _having

A joiot, ay where it i3 made to turn. be}ond the"
‘helix AL It i, journaled at or near.the end 'of |
8 swinging lever, b%, gaid éver.binged to;the

commot frame at 3',. The rod Bl extends from.

the carbon F to thé point. 3%, where it jonrnals’
‘with & link; ¥, wiiich connects it to the lever:

* at or very near tha pomls of conneetmn of
thé rod B. -

It will now- teadﬂv he' seen that a8 motnon-

given'to eitherrod- B or B1 wﬂl be: lmpamd
in reverse to the other..
~Among the uumerons admmagel,_ securod
by.my invention, &8 above. specified, may be
enumerated the following::
: F:rpb, ‘by the nse. of eop.ier-coabed; carbona
it is_entirely. feasible-1o employ s lamp that
moves only 1(;Lposltne carbon.. . The waste of.
" ‘the-negative carbon is so very slow tbat the

point of illumination.is kept pract:ca]ly atone’|
point for a -ebrsiderable ]ength ‘of - tlme—say,l

vhe or LWo hours or- more, :
*Becond, carbon sticks of any length: maybe

. entirely consn,med and an effective light pro--

.dueced withont manual interference. -
“Third; whenever the light is put out the
carbon pomts will certainly be brought. into
_actual contact, and in this condition tie lamp
will aatomatieally produce the elecivic light
upon the establishmentof the electric current,
. This feature of always bemg in cond1t1on to

the maguoetiam throngh the.

'ad:{p

aufomat:icall'y set and continne itself in effect-
ive operation I consider to be an effeot never

' before practically attained, althongh meny ef-

forts -have been made in that dlrectuon that
have been partially sndceasful. .
. What7T claim fs— - - -
1: In a1 electric lamp, the combmatlou, with -

“fbe, carbou-holder and core, of & clamp sur-

rouniling the carbon-holder, said clamp bemg

',independenl; ‘of the core, but adapted: to’ be.

_raised by a lifter aecured theretﬁ, ad bstamt;al! ¥y

. as set forth.,
-ified.. 'The rmg'D in' this instance, acts in & |
-'smnlar manner a8 heretofore deseribed in gov 1

2, In an -atectnc‘ lam'p, the- combmatlon of
the claap D' and ad;ustable stop. D!, or their.

1 equivalents, by means of which tho ‘earbon .
] poinfe -are prevented. from: becoming 8o far
“separated as to.break the electric currentand .

_extinguish the light, substantially as specified. -
3. In a0 -eleetri¢ -lamp, the. ecmbination of*
the oore-or armatare O, the ¢lamp D, and ad- .

justablg stop-D?, or their eqmva]ents, whiereby

the pointa.of tbe carbons are separated from
each otherwhen an electrical current.is estab:

:lighed, prevented from separating 50 far.asto -

break the current, and gradually fed together
as the y.arbolm are consumed substa»nt;ally as__

~described.’
Prodnce A eciitinnony sod-effective Hight with-'|
out the neaesalt.y of mannal 1uterferenee I find

"4, In eombinition with. ihe. core-C; one -or
mote. adjustalllo sustaibing-springs,. e,suf)sl.au :

- | t7ally as and for-the purpose shown:

_8.:In an electric lamp, the eomhmat-lon,wlth )
a.earbon-holder, of anannular¢lanp surronnd::
ing the carbon:-holder; said olamp adapted ‘to.
be moved, aud thereby to“separate the.carbon

‘points. by electrical or magneuc acuon, sub :
jstsntlally a9 herein set forth, - . -

76, In an -eleciric ‘latap; an anlmlar clamp
ted to. graap and move s’ carbon- holder,
substantially as shown.™ .
7. -An electri¢ lmnp provtded mth suspend -
ing or attachking hooks, loops, or their eqaiva. -
lent, representing and placed in electrical con
‘mection, respectively, with the positive and
negative poles ot’ the. 1amp, substanuaﬂy as

‘shown.

8. An electnc Iamp provlded w1th suspend-
mg or attachmg hooks, loops, or ‘their equiva-
lent, representing and placed in electrical con-

| mection, reapectively, with this. positive and
negative poles of the lamp, in combination
" with 151:::\t1(.mar5r hooks, loops, or their equiva-
1ient, nlaced in electrical epnnection, reipect- .

ively, with the poaitive and negative poles of
the battery; dynaino-electrie-machine, or other
souréeof electricencrent, said stationary hooks
or loaps being locuted at.the place where the
lamp 18 ueteuded to be usml substantially aa :
specified. -

- 1o testimony whereof 1 have si gned my name

.-to thia specification in the presence of twosub-

* seribing witnesses,
CHARLES F, BBUSH

Witnesses ;.
Levererr L EGGET'J:,
. WiLLIAM B, NNELLY, -

-~
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UNITED STATES

PATENT OFFICE.

' GBORGE T. SOUTHGATE, OF ANNISTON, ALABAMA,

‘PROCESS AND APPARATUS FOR INTRODUCING ELECTEIC ENERGY INTO A EPACE OF

Original No. 1,448,

ACTION.

, dated January 30, 1923, Serfal Ho, 541,968, fled March 8, 193%. Application for

relstue fled November 3, 1024, Berial No. 747,804

To all whom it may concern’ : )

" "Be it known that I, GEorGe T. SOCTHGATE,
a citizen of the United States, residing at
‘Anniston; in the county of Calhoun and

6 State of .&labama, have invented certain new
and useful Tmprovements in Processes and
Apparatus for Introducing Electric Energy
into a Space of Action, of which the fol-

. lowing i5 a specification.
10 - This ‘invention relates
apparatus in which combustion flames,
blown from nozzle-electrodes, are employed
for conducting, directing and ‘cantrolling
elestric arcs, and in which the gases thus
16 heated are utilized for transmitting the elec-
trically supplied heat along’ with the com-
bustion heat to Wherever desired, For blow-
ing the flames from the nozzle -electrodes,
. mixture of & combustible. material such as
20 coal gas with a combustion supporting gas

to a process and

- guch as air is forced through the nozzle elec-

trodes. The invention has for one of its

objects to improve the efficiency. of the use.

of électricity in smelting, industrial chem-
28 jstry, ‘melting, welding and the like, espe-
‘cially in those applications .where intense
electric heating may be a4
erimposed upon fuel heating.
~ Another object of my invention is to pro-
80 vide a process and apparatus, for the use of
electricity in furnace operations, which may
be applied to existing types or even exist-
ing erected units of non-electric furnaces
~_ with but relatively little change in the con-
38 struction of said furnaces exce
tion thereto of my improved
ratus and the use {herewith of my improved

process. - o - : N
_* Another object of my invention is to pro-.

40 vide a process and apparatus, for the use
~ of electricity in furnace operations, which
‘may be conveniently
out hindering the operation of the furnace
with other cources of heat; as for example
48" in those seasons when the use ‘of electricity
drawn from hydroelectric i}:uower plants on

_streams of ' very variable- flow may be less

- economical than the use of fuel in the fur-

T onace. . .
50 Another object of my invention is to re-
place the cumbrous, expensive and rapidly

- consumed electrodes . of ordinary electric

furnaces by small, easily mounted, less ex--
peniive and less rapidly consumied elec-

vaniageously sup--

. ) GSS,
_conctituting the apparatus;
.inore full
‘scribed with reference to the two accom-

t thﬁ' -addi-_ ’
ectric appa-

hesated in close proximi
‘ties of maid

put out of use with-

trodes, in which the wearing parts are sepa- 63
rate' from the main body ef the electrode,
are composed of carbon and are readily and
continuously replenishable. S
Another object of my invention is to avoid
the employment in electric furnaces of low-
electromotive forces and heavy currénts and. -
the consequently required massive conduc-

-~ tors, by using the properties of mieimproygd'

process and apparatus wherein the working
ftions of the circuits, within the furnace,
ave high effective resistance and conse-
quently give high heat generation with rela-
tively small currents. Py T
. Another object of my invention is to pro-
vidé s means of performing, in an initensi- 70
fied degree, operations which utilize the spe-
cial properties of electric arcs, such as pro-
ducing waves in the ether for radio trans-
mission of messages and of power, the de-
tection of waves In the air-or in the ether
by the “response” of arc flames, and the
radiation of large amounts of light and heat
intﬁs;iloe_foruseperse. LT
With: these and other objects in view, m
invention conos'/ists in the novel steps an
combinations of steps constituting the proc-
and in the novel combinations of
all as will be
hercinafter disclosed and “de-

15

85
forming. a part of this

panying drawi
particularly pointed out

specification, an
in the ¢laims. N :
The novel features of my invention relate’
to processes and apparatus which utilize the
electrically. conducting properties of gases
‘to coriducting elec-.
trodes, and the energy-distributing proper.
gases, as means of introducing
électric currents and advantageously trans- 5
mitting the energy thereof wherever desired.

In my improved process and apparatus -

.the heafing of the gases for rendering them
electrically conducting may be accomplished

in any approved manner; but the method T
prefer is to cause a portion of the heating
to take place at and near the points where
said gases are introduced into the -space -
of action, by combustion thereof:; and the ' :
apparatus which T prefer to use for the dc- 103

complishment of said purpose is a set of fit-:
tings combining in themselves the funétions -
of gas nozzles and of electrodes bringing .

100 -




' elactriéity of suitable
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an
‘a. %nely divided

ductin,
3 charge%l

‘cially the
" Increases.

high electromotive
force to said .
In the foregoing and followirg explana-
tions, wherever the word £4as or gases is used
in connection with the tuyéres or electrodes,
I refer not only to clear gases, but also to
suitable matter in & gaseéous state or in
state so that it resembles
gas in the freedom of its movement, as for
ia_xa.q':iple smoke, dnst clouds or sprays of
iquid. o -
One of the known
ustion' flame is that it is ¢apable of con-
away electricity from conductors
at suitably hig{ voltages, i. e, a
flame can be made to act as & con uctor of
an electric current. Because of the high
electric resistance of flame, additional heat -
is generated therein by such electric current,
in arnount proportional to the square of the
current. It is-also known that in any gas
ambient to electric conductors, an effect can
be produced by the impressing of high elec-
tromotive forces on said conductors and that
this effect is apparently one of atomic dis-
integration . or ‘ionjzation.” Surrounding
such’ conductors thére may be seen under
sufficiently .dim illumination sn artificial

light,

gﬁhw,” “electrode rays,” etc. At magnitudes
of increasing electromotive force depéndent
upon the form, size, spacing, disposition,
surface and other features of the conductors
and upon the composition, temperature,
Pressure and other properties of the gas, this
effect mes very pronounced, and espe-

eleciric conductivity_of the £as

The dissipation of electric en-

ergy into heat in the gas is also greatly in-

creased -with increasing electromotive force,

This increase of electromotive force, with
its correspending increase of heat dissipa-
tion, may be continued until upon reaching
a certsin voltage per unit of ‘distance be-
tween electrodes, a disruptive discharge or
arc is established. ‘A substantially ﬁ;war
voltage suffices for starting this disruptive

harge in flame than.in the atmosphere,
but in either case a much higher electromeo-
tive force is required to maintain the are
than is needed for causing an equal current
in either loose or aggregate masses of solid
resistance materials. Conversely, therefore,
Wé may employ in practical furnaces for the
same amount of electric power and heating
much smaller currents and far less massive -
conductors and electrodes, by projecting
combustion flames into unobstructed spaces
thereof and establishing relatively long elec-
tric arcs in such wise as to be directed-in and-
along these flames. - o :

In my invention disclosed in United States
Le Patent Numbers 1,373,639 (granted
1,369,714 (granted Feb.
respectively a process and an

Apr. 5, 1921) and
22, 1921) for

properties of & com-

variously called “corona,” “electric -

nozzle, in and through which

10,149

apparatus for the fixation of gases by means
of electric discharges or arcs, I have taken
advantage of this gaseous conduction of
electricihy for the purpose of causing the
atomic decomposition of the gases treated
and their susceptibility to di ering. recom-.
position——also for the purpose of momen- -
tarily - heating by the electric currents to
such high temperatures as are conductive to
their combination,” gases having relatively
little mutual affinity. _

In the invention disclosed herein any di-
Tect chemical action exerted upon the in-
ducted gases by the ionizing effect and heat:
of the electric arcs is not the purpose
sought, but is only incidental; said. purpose
actually being the use of the electric con-
ductance of the hot gases as the means of
introducing the currents of electricity for
converting the electric ener into heat and
other forms of energy, and, in heating ap-

70 .

50

85

- paratus, the distribution of said heat wher-

ever desired by the flow of said gases. It is
also the object of this invention to utilize
in heating apparatus the heat that is n-
erated by the previously mentioned combus-
tion' of the gdses inducted through the elec-
trodes. . ' :
In the accompanyin drawing:i

o0

Fig. 1 is

a mid-sectional view of a combined electrode
and gas nozzle constituting one form of my
improved. apparatus. Fig. 2 is a detail of
piping forming a part of the apparatus of
Fig. 1, but not convenient to show therein ;
being a section in the vertical plane indi- 100
cated by the line 2-2. Fig, 3 represents :
a type of furnace in the operation of which
my improved process and apparatus may be
applied; the upper portion left of the cen-
tral vertical axis being an elevation and the 105
lower portion of that side and all of the
right-hand side being a mid-section. Fig.
4 is a horizontal section of the furnace
shown in Fig. 3, in the plane indicated by
the line 4 —4. 'Similar numbers refer to 110
similar parts throughout the several views,

In the drawings, hollow casting 11 is a
" are
partly burned and inducted into the space-
of-action 12. Casting 11 serves also as the 115
electrode mentioned Eereinbefore; and here-
inafter in the phrases “electrodes provided
with holes,” “through holes in electrodes?”
ete.; and wherever the words * nogzles ”
“electrodes ® or “nozzle-electrodes” are 120
mentioned below in the description or claims
of my invention fittings -similar to casting
11 are meant. In order to prevent being
melted or rapidly eroded, casting 11 pref-
erably shoulg be cocled by any sumitable 125
means; and. I prefer t6 employ therefor the .
circulation of ‘water in the hollow space 13 -
of said casting, The method and means of -
supplying slal,’i% water is explained- herein- |
after. A metal blowpipe 14 is connected to 130

e
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pﬁzzla 11; and -the gases inducted through

".said nozzle are sﬂp_glied by way of said-

‘said pi

blowpipe. Combustible-gas pipe 15 is con--
nected at one end to blowp?pe 14; and.in
13 there are inserted valve 16
and hollow electric insulator 17, which in-

 sulates blowpipe 14 from all parts of ‘pipe

‘10

15 except the end thereof adjacent to said
blowpipe. The other end of pipe 15 is con--
nected to any suitable source of a combusti-
ble gas under pressure, as the main 18. An
oxidizing-gas pipe 19 iz also conmected at

. one end to blowpipe 14; and in gaid pipe 19

18

- other end of pipe 10 is connect
" suitable source of an. oxidisz gas under
n

20

there are inserted valve 20 and hollow elec-
tric insulator 21, which insulates blowpipe
14 from all parts of pipe 19 except the end
thereof adjacent to said blowpipe. The.
to any

pressure, as the main 22. g suitable
oxidizing gas may be employed, but in the
majority of cases I prefer to use air.. The

.- means of supplying combustible gas to main

30

18 and oxidizing gas to main 22 form no

3 part of my present invention, and the usual

practices. in such cases may be followed.
Electric terminal 23 is mounted on nozzle-
electrode 11; and electric connection is made

.as by the wire 24, from a suitablo source of

electromotive - force. = )
Nozzle 11, and the portion of blowpipe

14 near said nozzle are filled with pieces 25

of electrically conducting thermally refrac-

- tory material, such as carbon. Any kind of

33
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. © Blowpi

50.

" tem or the drain system. It is known

carbon may be emploKe?d, and in any suit-

“able form adapted to be moved through ihe

blowpipe. and nozzle; but I prefer to use
coke because of its cheapness, and T prefer

"to use coarse lumps because of the high

electric conductivity, great permeability for
‘gases and sufficient mobility of that form.
14 is extended in the direction
opposite from the discharge end of nozzle

. - 11, into_a cylinder in which a piston 26,
45 i

driven by a piston-rod 27, is- fitted.. A
slide valve 28 is mounted in and intersects
blowpipe 11, and near the fear end of the
blowpipe is provided a suitable means of
feeding thereinto the aforementioned pieces
of conducting material, as by the hopper
29

For the cooling-water supply to- mozzle-
electrode 11 suitable provision must be made,
whereby the nozzle shall not be electrically
grounded or short-circuited by either ‘the
water or its conduit. I prefer to ‘employ
therefor an arrangement in which the water

.is ‘delivered both to and from nozzle 11 in

broken streams, and in which there is no -
metallic or other solid conneetion between
nozzle 11 and either the water-supply. :hys-

it

a broken stream of water, as from a hose,
may with impunity be played on & conductor

charged at very high voltage, and that be-

cause of the separation of the drops no

appreciable electric conduction takes place
in said broken stream. _ o
Referring to Fig. 2 and also, in part to

‘Fig. 1, from wntel:_-sulfply header 30 iz taken

supply pipe 31; which terminates in a nozzle
82 capable of ’breaking
water into a spray 34 o

70

up the discharged .
small drops. Valve

83 ig used to regulate the quantity of water -

discharged by pipe 31. o sprayed water
falls into funnel 35 and is carred to nozzle-
electrode 11 by pipe 38 From nozzle 11
the spent water is similarly discharged to
the drainage system via pipe 37, nozzle 38,

_spray 39, funnel 40, pipe 41 and drain
honder 43, » pipe -

When my process and apparatus are ap-

E}!ied in a smelting furnace, nozzle 11 may

mounted in a hollow ring 43, whic
may be water-cooled by a method and ap-
paratus similar to that provided for nozzle
11 itself and shown by Fig. 2. Ring 43
must be insulated from other metal parts
of the furnace. : ’ ' :
. In-Fig. 3 and Fig. 4 are shown an appli-
in the operation of a.furnace sim
standard iron Blast furnace; the general con-
struction and operation of said furnace,
other than the process and apparatus for

. cation of my new process and aliparatus
llar to a-

75
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introducing -electric energy, not being em- ..

braced in my invention. My improved ap-
paratus is mounted in the furnace at any
suitable level, as in the plane of the regular
furnaces tuydres 44 and air blowpipes 45,
An advantage is gained from thus plac-
ing the nozzle-electrodes in the plane of
and spaced among the tuyéres, because of
the resultant thorough commingling of the
pases from the nozzle-eleotrodes with the

100
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air from the tuydres. A further 'advantaﬁe_ '
at the

is gained from this arrangement in th

usual peep-hole or “eyesight” 48 in the end
of each air blowpipe 45 may be nsed to in-
spect the condition, and the effect within
the furnace, of not only the air blasts from
said blowpipes but also of the flames from

_nozzle-electrodes 11. A still further advan-
tage obtains in those cases where a.furnace

reviously heated wholly by fuel is to be

eated wholly or partly by electricity, or
where a furnace already having my -im-
proved electric apparatus is to be operated
for a season with the heat from fuel only
in that the usual hollow rings 47 employaci
in mounti
structed and cooled similarly to rings 43 in
which electrodé-nozzles - 11 are _s’ugported:
and that in such similar rings, tuyeéres and

“electrode-nozzles with their respective' ac-

cessories, may be interchanged at will.
"The operation of my new process and ap-
paratus is as follows:— b
Nozzle-electrode 11 and a portion of
blowpipe 14 being filled with lamps of coke,

the tuydres 44 may be com-.

110
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a

combustible-gas valve 16 srid oxidizing-gas

valve 20 are partly opened and the gases:

allowed to flow through the nozzle-electrode,

“The mixed gas is then ignited by any suit-

able means, burning among and through the
coke lumps and beyond. the end of nozzle

11, and heating the said coke. At the be- .

“ginning, an excess of oxidizing’ gas over

10

18

at required for perfect union with the
combustible gas may be used, in order to
promote the quick heating of the .coke by
the partial ‘combustion thereof,
heating the coke, however, L prefer to
regulate the valves of the two gas-supply
pipes in such wise that there is insufficient
oxldizing gas for perfect.combustion of
the other gas, but a sufficient total flow of
gases to canse very hot flame in the nozzle-
electrode. During the further operation
of the apparatus, the coke in the nozzle-
electrode and in the blowpipe is gradually
consumed, and the assembly thereof some-
what loosened. In order to keep this coke
.content reasonably compact in the nozzle
and blowpipe, piston' 26 should be . oceca-
sionally pushed forward by hand, by means
of piston-rod 27, When necessary the coke

- may be replenished through hopper 29f

40
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-contact between said

after drawing back piston 26 to the end o
its travel and closing valve 28. The valve
15 then reopened and the new charge of
coke pusheg'3 up against the old coke by
means of the piston. During these opera-
tions on the apparatus either the electro-
motive force mentioned below must be tem-
porarily removed, or the operator must

stand on a well insulated platform, for his
safety. ' :
While I prefer usually to follow the

method just described, in which a separately
introduced combustible gas is employed. to

-form matter for combustion flame, and coke

employed for renewable wearing surface-of-
gas and the balance of
the electric circuit, yet my invention in-

-cludes as one of its equivalent methods of

application the employment of lumps of bi-

tuminous coal or the like, in lien of the coke’

and the said combustible gas. This method
is equivalent for the reason that the bitumi-
nous coal when so used .will distill and
form simultaneously and continuously both
coke and the combustible gas, and will form
both in those zones of blowpipe 14 and noz-
ZI‘EI‘LI where desired, . ¢

e apparatus being in steady operation
as abovg I}::{escrﬂ:'ed, ag circuit gf suitabl
high electromotive force from an extema{
source is now completed by way of nozzle-
electrode 11 and the flame therefrom which
plays into the space-of-action 12. When the

-process and apparstus are used in a fur-

nace, the ciréuit from one nozzle-electrode
may be completed by way of its flame to
the flame from one or more other similar

A fter

‘heating thereof may be

.18,149

nozzle-elecirodes and through said other

flames to said other nozzle-electrodes. For
example there may be a total of ‘three
such - electrodes and three flmmnes, giving
& three-phase connection, as shown. in
Fig. 3 and Fig. 4.' When the process and
spim_ratus are used in heating, cutting,
welding or burning l; only one noz-
zle-electrode and Xts accessories need be
‘used; and the electric circuit may be closed

T0
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by way of the said metal. When the process

special properties of the arc, such as in
producing or detecting waves in the ether
for radiodynamic purposes, producing, de-
tecting or amplifying sound in the air or
telephonic electric current -variations in a
circuit, light and heat radiation, and all
other uses of intensified arcs, two or more
nozzle-electrodes may be used to form re-
spectively single-phase or. polyphase cir-
cuits according to_the reguirements of the
application. The nozzle-electrodes may thus
be used as torches in space, for ‘general
lighting of heating with the same construc-
tion and mode of operation characteristic
of the other forms of the invention.

‘and apparatus are employed in utilizing the -

80
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When electric currents flow through the
matter of the flames as described, the prop- -« -

erties of electric arcs are_intensified. This

is especially true of the heating action of

said arcs—additionally to the heat of com-

05

bustion of the flame—and of the heat-trans- T,

mitting properties of the combined arc and
combustion flame. A greater amount of
electric energy can be poured into such a
combustion- e arc; and the resistance be-

10}

tween electrodes and arcs is reduced in my =

process and apparatus by the high heating
of the lar, 'sul%wes of coke wit-hfli the elec-
trode-nozzle, with the result that the IR
heat in the circuit is generated less at the
e.lec'tirodes‘and more in the flame, where de-
gired. o

In order to regulate the input of electric

energy to the flames in my new process and

105
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apparatus, we may vary the electromotive

force .impressed on. the nozzle-electrodes;
whereby the quotient E*/R, which equals the
electri¢ energy converted into heat, will be

changed. Or we may conveniently vary the.

s

divisor of this formula, by varying the in- .

put of gases to the flames, R
The -consumption of the wearing portion
of the electrodes in my apparatus, i. e

of ™
the coke, is relatively slow, for the reason -

that the'hurning mixed gas passing through
the electrode-nozzle and the coke-mass is a

reducing gas; there being a deficit of oxidiz- -

ing gas In' the
fore. : c
When my new process and apparatus are
in a furnace; any proportion of the

miixture, - as stated herein-

ing of the combustible portion of the matter

done by the burn-.
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inducted through the nozzle-electrodes, and
by the burming of any other fuel supplied™
o the furnace; the balance of the heat being
supplied by the convérsion of electric e_nerEy
ereinto in the space-of-action affected by
he nﬁeratiéﬂ of my new
proved appsratus. = . :
- It is obvious that those skilled in the art
may vary the steps of the process, as well as
he arrangement of parts constituting the
apparatus, without - departing from the
spirit of my invention; and they may apply’
: nemrocass and apparatus to purposes
ditional to those éd, Therefore; 1.
do not wish 16 be limited to the above dils- .
osure except as may- | uired by the
claims. It will be see{l a;laorﬁat in the op-
eration of n;g ew process, it is necessary to,
use improved spparstus similar to what I
have described above, and that in properly
employing my improved apparatus it . is
necessary to operste by a process similar to

process and im-

I have described the process and the appa-
ratus fogether as one invention. = -

1 claim:— ’ '
1. The process of converting elsctrical
energy into radiant energy in the presence
of combustion, which comprises forcing mo-
bile combustible ' and oxidizing -matter
throufh a nozzle containing a porous, elec-
trically conducting, thermally refractory
filling; producing a ‘combustion flame. of
gsid matter, and impressing upon said fill-
ing an electromotive force suitable to cause
electric arc conduction therefrom into and
alongrﬁaid combustion flame. S

9. The process of supplying heat to a fui-
nace which consists in converting electrical
energy into heat by forcing mobile matter,
both combustible and oxidizing, through
nozzles containing within their bores bodies
of electrically conducting, thermally refrac-
torg solids, producing combustion flames of
said matteér in said furnace, and impressing
hl(:on said bodies electromotive forces smit-
able to cause electric arc conduction there-
from inté and along said combustion flames.

3. The process o sulll)plying electric .en-
érgy to s furnace which consists in induect-
ing streams -of matter into said furnace
through ~ electrodes having longitudinal

ducting, thermally refractory solids; said
matter being a mixture of combustible sub-
stance with an oxidizing gas; said oxidiz-
ing gas being not sufficient in proportion to
oxidize said combustible substance com-
pletely; partly but not completely burning
said matter while passing through said elec-

electromotive forces-suitable tn cause elec-
tric' are conduction from said bodies into
and along said streams. :

4. In smelting, the pmcess of sapplying

10,140

the foregoing new method. For this reason, .

holes containing bodies of electrically con- -

trodes; and impressing upon said electrodes .

o
to a furnace heat additional to that gener-

sted therein by chemical means, which con-
gists in forcing mobile matter, both combus-

_tible and oxidizing, -into said furnace

through - nozzles containing within. their
bores; electrically conducting, thermally.
refractory solids, producing combustion
flames of said matter, and impressing upon
said bodies electromotive forces suitable to
cause electric arc conduction therefrom into
and along said combustion flames.
' §, The process of converting:
energy into radiant energy in .tie presence
of combustion, which comprises forcing:

‘mobile matter, both combustible and oxidiz-

ing, through & nozzle having within its bore
bodies of fixed carbon, producing a combus-
tion- flame of ‘said matter, and impressing
upon said bodies an electromotive force
suitable to cause electric arc conduction

therefrom - into and along said combustion -

electrical

flame. K L

8. The process of convertin,
energy into radiant ehergy in the presence
of combustion, which comprises forcing

70
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electrical

mobile matter, both combustible and oxidiz- .

ing, through a nozzle having within its

upon heating of becoming changed to fixed
carbon and of liberating combustible gases
-which are added to said mobile matter, pro-
ducing a combustion flame of said mobile
matter, and impressing uﬁuon said bedies an
electromotive force suitable to cause electric
arc_conduction therefrom into and along
said combustion flame.
. 7. The process of

‘bore bodies ¢f carbonaceous matter capable

100

util.izi_ng cheap ma-

terials in electrodes which consists in in-

ducting through said electrodes, in holes

therethrough containing -bodies of - electri-
golids,

cally conducting, thermally refra Ey
streains of fluid matter ; burning said matter
in said streams; and impressing suitable

electromotive forces .on said electrodes to’

cause electric arc conduction in said streams.
8. The process of utilizing cheap ma-
‘teridls in electrodes which consists in’ in-
ducting through said electrodes, in holes
‘therethrough . containing bodies
iipon heating of becoming. carbonized to
elsctrically conducting, thermally refracto

solids, streams of fluid matter; burning said

matter in said streams; and impressing suit-

able electromotive forces on said elecirodes

to cause eloetric arc conduction in said °

streams. - . e N :

9. The process of directively applying
eletrical energy which compiises inducting
streams of combustible and oxidizing matter
through holes in electrodes, directing said

capable

105
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streams into the desired space. of action of -
said energy, burning said matter by com-..

bustion in said electrodes. and in said
streams, and impressing upon said elec-
trodes electromotive forces suitable to cause

130




electric arc conduction therefrom into and

along said streams.

10. The process as claimed in claim 9,

" wherein the supply of combustible and .oxi-

10°

5

dizing matter is so controlled that the oxi-
dizing matter is not sufficient in proportion
to burn the combustible matter completely.

- 11. The process as claimed in claim 1, in
combination with the step of controlling the
supply of electric energy to the combustion
flame by varying, in
the desired change in magnitude of electric
energy, the rate of supply of combustible
matter. . S -

12. The method of supplgin radiant
energy to a zpace to be heated, which com-
prises providing -2 continuous supply of
energy from combustion flames direeted into
said space, and periodically impressing upon

said -combustion flames electromotive forces

suitable to cause electric are conduction
therealong and into said space; .

. 13. The process as claimed in.claim 1, em-
Ployed in heating a furnace continuously
with fuel and intermittently with beth elee-
tricity and fuel, ' ' o

14. Apparatus comprising an electrode

' having a longitudinal passagewsy terminat-

. therethrough, a porous mass of electrically -

45

ing at the arcing end of_)
means for forcing combustible and oxidiz-
able mobile matter through said ‘passage-
said passageway- being so proportioned
respect to the volumes-of mobile matter
normally employed that -the combustion
flame of said matter will contact with the
arcing end of the electrode, and means for
impressing upon said electrode an electro-

. motive “force’ suitable to cause electric are

conduction therefrom into and along the
combustion - flame, ,

15.. Apparatus comprising a nozzle-elec-
trode having a longitudinal bore extending

conducting material in said bore, means for

forcing a combustible mixture through said -
bore, means for impressing upon said mass’

an electromotive force suitable to cause elec-
tric are ¢onduction therefrom into the flame
produced from said combustible mixture,
and means for advancing said porous mass
through said bore, .

16. A nozzle-clectrode ‘comprising a tnbu-
lar shell-of refractory.material, a nozzle
thereon, means for sapplying a mixture of
combustible and oxidizing matter to said
tubular shell, means for supplying bodies

~ of electrically conducting, thermally refrac-

tory solids to said tubular shell, and means
for impressing an electromotive force upon
said ies.” . ' :

17. A nozzle-electrode comprising a tubu.-
Iar body cf refractory material, a nozzle for
said body and having a bore of less cross-

sectional area than that of said body, an

electrically conducting, thermally refractory

16 same direction as T

‘plurality of-

the electrode,
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filling in.and providing longitudinal pas- -
sages through said body, means for forcing
flnid matter through. said passages, means _
for impressing an electromotive force upon
said filling, and means on said body and _
aced from the nozzle end thereof fz;r re- -
plenishing said filling.
~ 18, Apparatus for converting electric en-
ergy to radiant energy and heat, said ap-
paratus comprising a hollow nozzle, means
or supplying mobile matter, both combus-
tible and oxidizing, to said nozzle, whereby
a combustion flame may be projected from
said- nozzle, a pérous, electrically conduc- |
tive, thermally refractory filling in said noz-
zle, and means. for.impressing npon said fill-
ing an electromotive force suitable to cause
electric arc eonduction therefrom into and
along said combustion flame, — :
19, Apparatus for converting electric en- €
ergy-to radiant energy in the presence of
combustion, said apparatus comprising @
nozzles, solid bodies of elec-
trically conducting, thermally refractory
material in said nozzles, means for supply-
ing combustible material .and oxidizing gas
to said nozzles at such pressure that com-
bustion flames may issue from said nozzles
and in contact with at least some of said
solid bodies, and means for supplying elec- 1
tricity to saild bodies at electromotive forces
suitable to cause eleciric are conduction
therefrom into and along ssid combustion
3.

20. In apparatus for supplying electric
cnergy to & furnace, the combination with
electrically conducting nozzles arranged to
feed fluid matter into said furnace, of in-
duction tubes connected to said nozzles;
means for continuongly inducting fluid mat- -
ter through said nozzles by way of said in-
duction tubes; bodies of solid, electrically
condueting, thermally e ry material in
the bores of and in electric connection with
said nozzles and said induction tubes; means
for so regulating eaid inducted fluid matter
that it will burn while in contact with at
least some of said solid bodies in said bores;
and means for supplying electricity to said
nozzles at electromotive force suitable to
cause electric arc conduction/ from said solid
bodies into said fluid matier snd along the
streams thereof. '

21, In electrode apparatus adapted to be
conveniently installed in and removed from
a furnace at will, the combination with noz-
zles resembling and spatially interchange-
able with furnace tuydres, and made of elec-
trically conducting material; of means for
producing combustion fiame in and. from
said nozzles; and means for supfplying elec-
tricity ol suitable electromotive force to said
nozzles. _ - _

22, Apparatus as claimed in claim 19 in
combination with means for varying the ¥
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flames.

‘ing longitudinal holes, of bodies of elec- m

solids in said holes; means  for inducting
floid matter through ssid holes; means for
burning said matter by com ion while and
after passing through said holes; and means

matter and along the streams thereof. -
95. In electric arc apparatus adapted to’
0 consume relatively cheap electrode materials,

volume and intensity of the combustion the combination with
o L _ longitudinal holes, of bodies cap
23. Apparstus ss claimed in ¢claim 18 heating of becoming car
wherein said nozzle resembles and is spatial- trically -conducting,.fthermallfv- refractory-

5 ly interchangeable with & furnace tuyére.  solids, or '
94. Tn electric arc apparstus ada to fluid i X
consume relatively cl electrode . ma- burning said matter by combu
terials, the combination with electrodes hav- and after passing through said holes; and
{s for impressing on said electrodes elec-

in said holes; means
atter through said hel

trically conducting, thermally refractory tromdtive force of itude :
i cause electric ave' conduction into said in-

dncted matter and along the streams thereof..
. Appsaratus as cla
vwherein snid nozzles are so arrange

for impressing on said electrodes electromo- the electric circuit
tive force of magmitude suitable to cause snd along its flame, to | .
electric- arc conduction into said inducted nozzle; and so to the said other nozzle.
: ' In testimony w

4

electrodes having
able upon
botiized to elec-

inducting
es; means for

magnitude suitable to

imed in claim 19,

shall be from a nozzle to

hereof, I affix my signature.
‘GEORGE T. SOUTHGATE.

bustion while
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to the flame of another
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UNITED STATES

Re. 18,062

PATENT OFFICE

VICTOR C. DOERSCHUE, OF MASSENA, NEW YORK, ASSIGNORE T0O ALUMINUM COMPANY
OF AMERICA, OF PITTSEURGH, PENNSYLVANIA, A COBPORATION OF PENNAYL-

VANIA

CAREON ELECTRODE AND METHOD OF MOLDING THE SAME

Originsl No. 1,689,587, dated September 4, 1829, Serial No. 206,622, filed July 19, 1927. Application for

reissue filled August 27, 1830.

The invention relates to the molding of
mixtures of granular materials, such as coke
and silicon carbide, and plastic binders of
relative viscous bitumens such as pitch and
binder being added to and mixed
with the granular materials to render them
coherent when molded. - While in its broad-
er asgects the invention is unlimited to any
specific article or class of articles, it is par-

10 ticularly applicable te the manufacture of

carbon electrodes such as are used in elec-
tric furnaces for metallurgical and like op-

" erations.

15

In the manufacture of such electrodes,

ground coke, or other suitable granular car- -

bonaceous material, is mixed with tar or
pitch, or with & mixture of tar and pitch,
to form a mass which is then molded into de-
sired form by tamping or pressing it in a

¢o mold, or by extruding it under high pressure

~ freedom from interior de
‘larger articles such as electrodes of twenty

through a die. ‘Thereafter the molded arti-
cle is fired or baked at a temperature of about
1000° C. to harden it and to remove the vola-
tile constituents of the binder. By reason of
its bituminous binder, the mixture just ex-
plained is stiff, unconsolidated, contains
voids or air pockets, and tends to ball up
when handled and because of these physical
characterjstics it is difficult in the prevail-
ing tamping and extrusion molding processes
to secure the desired degree of density and

%:cts, particularly in

inches or more in diameter. Also, when elec-
trodes are molded by the extrusion process,
cores are formed because the mixture does
not flow equally throughout the cross section
of the die. :

The object of this invention is to provide
2 method of molding mixtures of granular
materials and viscous bitumens whereby ar-
ticles having nniform increased density may
be economically formed. .

The invention is predicated upon by dis-
covery that a granular material mixed with
a bituminous plastic binder to form a nor-
mally non-coherent and unconsolidated mass,

may be readily molded into a compact co-

herent mass of substantially uniform in-
creaged density throughout, and substan-

Berial No. 478,259,

tially free from internal defects, by confining
the mixfure in a mold and subjecting the
mold and ifs contents to a repeated jarring
action.

In forming carbon electrodes of the type
to which reference has been made, the gen-
eral practice is to prepare a mixture contain-
ing from about 70 to 88% of crushed or
ground carbon, such as anthracite, petrolenm
coke, and electrode scrap or graphite which
has been cal¢ined to uniformly and thorough-
ly remove its volatile constituents, and from

about 12 to 30% tar and pitch. The relative

¥romﬁions of the tar and pitch vary for dif-
erent service requirements of the electrodes,
and with respect to the different conditions
of the mix itself. In fact, due to variations
in these and other factors, the mixes may con-
tain from 50 to 95% of ground carbonaceous
material and from 50 to 5% of binder. These
materials are thoroughly mixed in a suitable
mixer, and the mixture, because of its bitumi-
nous binder, has the physical characteristics
previously explained. _
According to the present invention, an un-
consolidated mix, which may be thé same as
heretofore used, is placed in a suitable vertical
mold adapted to be supported by, or forming
a part of, a jolting machine of any suitable
or desired construction. Prior to bein
placed in a mold, the mix is preferably heateﬁ
to & temperature of about 100° C. or higher,
depending of course on the character o%

the:

70
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binder and to prevent the chilling of the mix -

by its contact with the walls of the mold, the
mold is preferably heated prior to the intro-
duction of the mix. This mix may be shov-
eled into the mold, or conveyed to it by a con-
tinuous bel$ or other type of conveyor. While
it is being filled with the mix the mold is
preferably jolted and, when supplied with
the required amount of the mix, a heated
weight is placed upon its upper surface to
confine it and to exert pressure upon it while
the jolting operation is continued in a verti-
cal direction for a sufficient period of time to
thorou%hly compact and densify the mix. In
place of a weight, other instrumentalities may
be used to confine the upper portion of the
mix in a mold during the jarring operation.

100
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8. For raising the table,

-through 2 pipe 8. In dro

18,

2

At the end of the jarring operation it has

been found to be advantaﬁeous to cool the

mold and the surface of the molded articlo
before removing the molded article from it. .
Various forms of jolting machines of the
type contemplated are well known, and com-
monly used in the forming of sand molds in
foundries for casting metals, and for other
purposes. By way of illustration and not
of limitation, there is somewhat diagram-
matically shown in the accompanying draw-
ing a vertical central sectional view of a formn

‘of gneumatic jolting machine which may be
used,

and supported on such machine there

is shown a vertical central sectional view of
& mold for forming a carbon electrode.

The jarring machine comprises a base 1

haying sides 2 and 2 table 3 provided with

downwardly extending guides 4 which tele-

scopically recetve the upper end of sides 2.
The base is provided centrally with a cylinder
5 which receives a piston ¢ attached to table
pressure fluid may
be supplied to cylinder 5 through a pipe 7,
and to permit the table to fall the pressure
fluid may be exhausted from the cylinder
ping, the table
falls onto the top of the sides 2 of the base,
these sides forming an anvil for stopping the
downward travel of the table. By this means
a considerable jolt is imparted to the mold
and its contents at the end of the downward
movement of the mold.

The mold resting upon table 3 comprises a
base 10 and a vertical side wall 11 which may
be attached to the base by bolts 12, as shown.
A weight 18 is arranged in the upper portion
of the mold to confine the upper end of an
electrode mixture during the jarring opera-
tion. To hold the weight against displace-
ment, a pair of gravity cams 14 pivotally
mounted eccentrically in brackets 15 attached
to the lower end of a bar 16 extending trans-
versely of the mold, the bar being supported
by posts 17, and tied to the mold by liriks
Between cams 14 and the top of weight
13 there is a filler 19 of variable thickness.
As material in the mold becomes compacted
in a jarring operation, gravity cams 14
gradually wedge themselves between bars 16
and s filler 19 to hold weight 13 firmly against

.the top of the material. “The weight 19 con-

stitutes a follower at the top of the mold
while the cams 14 function to maintain the

Afollower continuously in -contact with the

material. When the downward movement of
the mold is suddenly stopped the inertia of
the mass of material within the mold tends
to carry it down so that the moment of great-

est comBression'of the material occurs at this

time. Due to the fact that the cams are off-
center, the same inertia effect will tend to
rotate them so that the cams will be most
strongly urged toward the follower plate at
the moment -of greatest compression of the
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material. Since the follower itself is also car-
ried down by this inertia effect this movement
of the cams encounters the least resistance at
this time. '

As shown, mold base 10, vertical wall 11,I I

and weight 13 may be of double-wall con-
struction for heating these parts before a
molding operation, steam or other heated
fluid being supplied to those parts through
pipes 20,21 and 22. At the end of the miold-
Ing operation, a’ cooling fluid may be intro-
duced into these mold parts to facilitate the
removal of a molded electréde. By the pro-
vision of fluid circulating passages entirely
around the mold, as well as at the top and
bottom thereof, it is possible to preheat the
mold so that upon the introduction of the
mix, the mix is prevented from cooling to a
point where it will no longer respoud to the
jarring of the mold. The provision of means
for heating the top and bottom surfaces of
the electrode is particularly desirable in secur-
ing a uniform texture near the ends of the
electrode. The jacketing of the mold also
allows for the rapid cooling of the molded
electrode by providing a passage through
which a cooling fluid can be circulated after
the compacting operation has been completed.

By way of example, I have found that in
the manufacture of carbon electrode a mix-
ture formed of abont 85% coarse petrolenm
coke, 43% fine petrolenm coke, 10% ground
butts of electrodes, 9% pitch and 8% tar,
when placed in a mold for forming an elec-
trode having a cross section 127 x 16”/, may
be thoroughly compacted to form a coherent
and uniformly dense molded mass by jarring
the mold for five minutes on a heavy duty
jolting machine. using a weight of about two

-thousand pounds upon the top of the mix

after the mold has been supplied with the
required amount of it. . .

As an example of the applicability of the
invention to the economical preduction of
much larger electrodes, a mixture composed
of about 40% baked electrode scrap ground
to pass a one inch mesh screen, about 30%
calcined anthracite coal flour ground so that

60% of it passed through a 200 mesh screen

and approximately 809 pitch as a binder was
gradually fed into an octagonal mold sup-
ported on a jolting machine which was oper-
ated at the rate of sixty drops per minute
while the mix was being added. The great-
est sectional dimensions of this mold were 26
and 44 inches. The mix, at a temperature of
about 150° C. was continuonsly added at the
rate of several hundred pounds per minnte,
the mold being previously heated to about
165° C. -After the mold was supplied with

the required amount of mix, a weight of about-

six thousand pounds was placed on top of the
mix and the machine run for three minutes,
This electrode was 139 inches long, weighed
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18,083

8240 pounds, and the total time
make it was 29 minutes.
By jarring the mold during the tine the
mix is being introduced, a large part of the
s compacting of the material occurs while the
mold is being filled, so that the length of the
mold does not have to be excessively greater
than the length of the completed electrode.
Moreover, this step in the operation allows
10 for the adjustment of the particles in the mix
at a time when they are under less pressure.
Carbon linings of furnaces used in metal-
lurgical operations, such as those used in the
iroduction of aluminum by the well known
15 glall process, may be molded in place in s
similar manner. In making such linings the
mixture may be about 86% of metallurgical

required. to

bituminous coal coke and about 14% tar and

pitch, although other proportions and mixes

20 may be nsed. The mixture is placed in the
furnace shell itself, a form and weight is
laced on top of the mixture, and the entire

rnace shell, lining forming mixture, form, -

and weight then jolted until the mixture is
28 properly compacted.

In the manufacture of articles of the type
herein contemplated, the green molded mix-
fures nre bake&) to harden them and to remove
the volatile constituents of the binder, its

88 non-volatile constituents remaining in the ar-
ticle as coke or graphite, depending on the
temperature of baking. In electrodes and
furnace linings it is particularly desirable
that they be as free as possible of voids. By

88 the practice of this invention this desidera-

tum is readily attained, particularly in the
case of very large articles, which, prior to
this invention, have been largely made by
hand and therefore less uniformly dense.

An important advantage incident to the
manufacture of electrodes according to this
invention has to do with the prevailing pesi-

tion in which irregularly shaped particles of

a mix lie by reason of the jolting operation.
In the extrusion ;
trodes the tendency is for the larger dimen-

sions of non-uniform particles of carbon to

lie in the direction of the extrusion, and in
the tamping process there is little if any tend-
ency towards any definite orientation of the
particles, . In the practice of this invention,
the introduction of the material into the mold
and the subse(cilue'nt jolting thereof is carried
on under conditions inducive of and for the
purpoee of not only compacting the mass, but
causing the majority of such particles as have
at least one dimension greater than another
to so orient themselves that they lie with their
greatest cross-sectional area in a direction at
right angles to the jolting, or in other words,
‘with the longest axis at right angles to the
longitudinal axis of the finished electrode.
The particles therefore lie in a direction to
increase the radiel heat conductivity of the
68 electrode and the resistance to heat conduc-

process of molding elec-

3

tivity axially of the electrode. The resist-
ance to heat conductivity along the axis of
the electrode lessens the transfer of heat from
the lower to the upper portion of an electrode
when the lower portion is subjected to a high ‘1o
temperature, as by being immersed in =
molten bath, and, to the extent that such con-
duction of heat is lessened, the rate of oxida-
tion of the upper portion of the electrode is
lowered. Furthermore, such heat as is gen-
erated in and conducted to the upper portion
of the electrode is dissipated with greater
rapidity by reason of the increased radjal
heat conductivity. :
A further advantage of this invention, as #9
compared to the prevailing extrusion process,
is that electrodes may be manufactured much
more economically because of the relatively -
inexpensive machinery that is required, and
of the light inexpensive molds which may be
used instead of expensive dies. Cheap
weights, or equivalent pressure-applying in-
strumentalities, replace the very heavy and
expensive presses, hydraulic accumulators,
pumps and other apparatus used in the extru-
sion process. These advantages taken in con-
nection with the increased uniformity of.
density. effected by the practice of the inven-
tion, result in improved products manufac-’
tured by manifest economies, o
By the use of a follower with a following
up hold-down means in the molding of an

(]

o

" electrode from 'a viscous bituminous mix,:

electrodes of high density can be obtained.
‘When the downwardly moving mold comes
to a-sudden stop, the inertia of the mix in the
mold canses the mix to continue its down-
ward movement. The follower moves down
with the mix. The hold-down means pre-
vents back travel of the follower upon any
rebound or expansion of the viscous mass,
thus keeping it compacted and causing the
liberation of entrapped gases. This results
in securing a high density in the finished
electrode, including the upper end portion. 110
Because electrodes are subsequently shaped
to screw together, it is important that a high
density be procured at the ends of the elec-
trode where this joint is formed. :
Furthermore, as previously indicated, the
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invention is applicable to the molding of

granular materials other than carbon when
mixed with a bituminouns binder.

According to the provisions of the patent
statutes, I have explained the_principfe and
mode of opération of my invention, and have
given specific examples of how it may be
practiced. However, I desire to have it nn-
derstood that, within the scope.of the ap-
pended claims, the invention is not limited to
the specific examples given, hor to the size of
articles or the forms in which they are
molded. :

I claim as my invention: '

1. The method of molding into a coherent 130
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4.

- mass a normally unconsolidated mixture of
granular material and a viscous bituminous
binder, comprising placing the mixture in a
mold, and jarring the mold. - '

- 8" 2. The method of molding into a coherent
mass a normally unconsolidated mixture of
%mniﬂnr carbon and a viscons. bituminous

inder, comprising heating the mixture, plac-
ing the heated mixture in a mold, and jar-

10 ring the mold. . , T
. 8."The method of molding into a coherent
mass a normally unconsclidated mixture of
granular carbon and a viscous bituminous

binder, comprising heating the mixture, plac-
18 ing the heated mixture in 8 heated mold, snd.

- jarring the mold. . .
4. The method of molding into a coherént
mass a normally unconsolidated mixture of
granular carbon and a viscous bituminous
binder, comprising heating the mixture to a
temperature of not less than about 100° C.,
placing the heated mixture in a heated mold,
Jarring the mold to consolidate the mixture,
" gy #nd cooling the mold body before removing
the molded mass. - S
B. The method-of making a carbon elec-

trode. com})_ﬁsing forming an unconsolidated

mixture of from sbout 70 to 88% ground car-
g0 Pon and from about. 12 to. 30% of viscous
bituminous binder, placing the mixture in a
mold, and jarring the mold to consolidate the
mixture. . . . - o
: 6. The method of making a carbon elec-
‘g trode comprising forming an unconsolidated
mixture of from about 70 to 889% ground
carbon and from about 12 to'30% of a binder

composed of tar and pitch, placing the mix- -

‘ture in & mold, and jarring the mold to con-
solidate the mixture, : :
7..The method of making a carbon elec-

trode comprising forming a mixture of from

about 70 to 88% ground calcined coke, and.

. from about 12 to 30% of a binder composed
of tar and pitch, heating the mixture, -plac-
ing the heated mixture in a mold, and jarring
the mold to consolidate the mixture. o

.. 8. The method of molding into a coherent
mass a normally unconsclidated mixture of
granular material and a viscous bituminous
binder, comprising placing the mixture in
& mold, confining and adding pressure to the
upper surface of the mixture, and jarring the

mold to consolidate the mixture;

mass 8 normally unconsolidated mixture of
from about 70 to 88% ground carbon and
‘from about 12 to 30% of a viscous bitumi-
~nous binder, comprising heating the mix-
80 ture, placing the heated mixture in a heated

. . -mold, confining and adding pressure to the

- upper surface of the mixture, and jarring the
mold to consolidate the mixture. = -

10. A carbon electrode.comprising a baked -

A% mixture of ground carbon and a bituminous

5

9. The method of molding into a coherent
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binder, the electrode having greater lateral
than longitudinal hest conducivity.

. 11. A carbon electrode comprising a baked
mixture of ground carbon and a bituminous
binder, the major portions of the particles
of carbon having their largest cross sectional
areas lying in [‘;lanes transverse to the lon-
gitudinal axis of the electrode whereby the

electrode has greater lateral than longitudi-

nal heat conductivity. : .
" 12. A carbon electrode comprising a baked
mixture of from about 70 to 889 ground car-
bon, and from about 12 to 30% of bituminous;
binder, the major portions of the particles of
carbon having their largest cross sectional
areas lying in planes transverse to the longi-
tudinal axis of the electrode whereby nﬂe
electrode has greater lateral than longitudi-
nal heat conductivity. _
13. The method of making carbon elec-

. trodes from a mixture of a bituminous binder
ound carbon, which comprises plac-

and
ing the mixture in a mold and jarring it un-
der such conditions and for a length of time
sufficient to effect an orientation of the ma-
jority of such carbon particles as have at
least one dimension greater than another with
their major axes in a direction generally at
right angles to the jolting, whem%)y the elec-
trode is more thermally conductive In a trans-

. verse direction than an axial direction.

70

5

14. The method of making a carbon elec- -

trode which is more thermally ¢onductive
in a direction transversely of the longitudi-
nal axis thereof than in a coaxial direction,
which comprises introducing a mix of gran-
ular carbon and a heat softened binder into
8 mold and jarring the mold for a sufficient
time anid while maintaining the mix under
such conditions as to secure an orientation of
the majority of such particles as have at least

‘one dimension greater than another with

their major azes approximately perpendicu-
lar to the major axis of the mold..
15. The method of making & carbon elec-

‘trode which comprises forming a mixture of

granular carbon and a bituminous binder, in-
troducing it into a mold and jolting the mold
while the mixture is being introduced.

18, The method of making a carbon elec-
trode in a mold which comprises forming a
mixture of granular carbonaceous material
and a binder, jolting the mold while adding
the mixture thereto, and thereafter compres-
sing the mixture in the mold while continu-
ing the jolting. .

17. The method of meking a carbon elec-
trode which comprises heating a-mixture of
granular carbonaceous material and e bitu-
minous binder, introducing the mix into a
heated mold and,subsequent%y compacting the
heated mix in the heated mold by jolting the
mold. - g o

18. The method of forming electrodes

which comprises placing a heated mixture of
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“

. carbonaceous particles and a bituminous

23

"material at the top of t

binder in a mold after the mold has been
heated to a temperature higher than that of
the mix, jolting the mold to compact the mix,
and thereafter cooling the mix and then re-
moving it from the mold.

' 19. The method of forming -electrodes
which comprises heating a mix of carbon par-
ticles and a bituminous binder to a tempera-
ture at which the mix possesses mobility and
at which the carbon particles in the mix are
free to adjust themselves in the mix, intro-
ducing the mix in this condition into a mold
and jolting it in such manner as to cause
orientation of the carbon particles with their
larﬁes_t_ cross-sectional area at approximately
right angles to the direction of jolting.
~ 20. The method of forming an electrode
having a thermal conductivity which is great-
er in a lateral direction than an axial direc-
tion, which comprises forming a mix of gran-

ular carbon particles a portion of which have

ater cross-sectional areas in one direction
than in directions perpendicular thereto, mix-
ing therewith a bituminous binder, the mo-
biltty of which increases upon heating, heat-
ing the mix and subsequently jolting the heat-
ed mix in a mold under such conditions and
for a length of time such that the majority of
the particles which have a greater cross-sec-
tional area in one direction have their major
axes at approximately right angles to the
direction of jolting, the jolting bemg effected

in the direction of the longitudinal axis of the -

mold. C
21. The method of making s carbon elec-
trode which comprises forming a granular
mix of carbon particles and a binder, intro-
ducing the mix in a plastic state into a mold
while the mold is being jolted in a vertical
direction, thereafter apﬂlying ressure to the
e mold and continu-
ing jolting the mold.
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of the mix therein, and continuonsly holding
the follower in intimate contact witﬁ' the mix
during a portion of the jolting operation and
thereby preventing the rebound of the mix
during this stage of the jolting.

%4. The method of making an elongated
electrode of high density, which comprises
introducing & heated mizture of granular
carbon and a bituminous binder into a verti-
cal mold which is open at its upper end, jolt-
ing the mold vertically by rasing it and
dror%ping it and suddenly checking the down-
ward movement thereof and continuously
holding a follower against the surface of the
material at the top of the mold and prevent-
ing the rebound of the follower during the op-
eration of jolting to thereby compact the ma-
terial and hold 1t against expansion during
the operation of jolting to simultaneously se-
cure a high density throughout the length of
the electrode and procure an orientation of
the major portion of such carbon particles as
have at least one dimension greater than an-
other with their greatest axes approximately
perpendicular to the axis of the electrode.

75

a0
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25. The method of forming an electrode .

which comprises simultaneously jolting and
comdpressing a mix of carbon particles and a
binder in a mold while heating the upper and
lower surfaces of the mix in the mold,

In testimony whereof I have hereunto set

my hand. - .
VICTOR C. DOERSCHUK.

22. The method of making electrodes from

a mix of carbon particles and a heat softened
bituminous binder, which comprises heating
the mix to a temperature at which the binder
is softened, heating the walls of the mold to a
temperature above the temperature of the
mix, introducing the heated mix into the

heated mold and jolting the mold, and there-

after circulating a cooling flnid around the
mold to chill the mix, and then removing the
mix from the mold.

23. The method of making elongated elec-
trodes of high density, which comprises in-
troducing a mixture of granular carbon and
a viscous bituminous binder inte a mold
which is open at its upper end, jolting the
mold in the direction of its longest axis by
raising and dropping the mold and sudden-
ly checking the downward movement thereof,
maintaining a follower on the surface of the

“mix in the top of the mold which is free to

move down in the mold with the compacting
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