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CASE

~o all whom it ~a~ ~nc~n~
Be it known that I~ OaAzIo LuGo~ of Flush-

in~ Long I~and~:New York~ have invented
ce~n hnprovemen~ in E~c~odes for Em-
ployment in the Production of Electric Ligh~
of which tim ibl~wing is a spe~ficafion~

My improvemen~ r~ate to the in~oduc~on

making my e~odes tubular or in combim
~g each of them with a tube w~ch is whoJly
or parg~ly su~ounded by the carbon or other
m~e~ of which .the electrode is composed~
~r the purpose of affording a chann~ through
which air or Other fluids may be conducted.
~]d may be discharged ~om the p~n~ of the
electrodes into the ~ect~c arc.

In another application of even date here-
with, de~gnated as" Case A/I have desc~bed
the use of electrodes of porous ma~ and
Mso tub~ar ~e~rodes contusing fibrous wick-
lug ~r convey~g a hydrocarbon or other com-
bu~i~e fluid into the electro arc by capillary
action.

In my present inven~on I may make my
tubular electrodes open at bofl~ ends~ and r~y
upon the naturM dra~ for creating a current
of Mr through them~ or I may connect them
with pipes~ through which ~r or any desired
fluid or fluids may be forced ~om a di~ant
p~nt or p~n~ into and through the ~ec~odes
with any given pressure.

The accompanying drawings illus~afin g my
improved ~ec~odes are as tbHows: Figure 1
is a ceriUM ~ngimdinal section of my tubtflar
carbon electrode. Fi~ 2 is a ~mflar sec~on
of a tub~ar e~c~ode having inserted in it a
m~Mfc or other pipe ~br supplying it with a
combus~b~ fluid ~om a di~ant reservoir.
Fi~ 3 is a ~mflar secgon of a tub~ar elec-
~ode having a m~all~ supply~ipe connec~d
with Ks bus% and a pipe inserted later~ly in
i~ near the base~ tbr the purpose of suppling
it w~h fluids ~om two different sources. Fig.
4 is a ~mflar sec5on of an ~e~rode conne~ed
at its base w~h a ~pe ~br supplying gas, the
month of the pipe b~ng provided w~h a Bun-

~ of the ~ ~ ~ ~ in ~ combus-
~n ~e ~s. ~ 5 ~a ~n~n~~
of an ~% ~e m~e~ of w~~
surrounds a m~Hc tube ~~ ~ ~
tud~ groove on One side of ~e ~ec~od~
the tube b~ng ~r connection with adistant
reserver of ~id, wh~ is to be introduced
into ~d burned fl~ ~e ~e~c arc.
- My ~ec~ode ~ ~ made w~r~y ~ car-

bon~ and has a cen~ h~e~ B~ ex~nd~g ~m
~din~y ~rough it ~om end to ~d~ as

The tube b may.be ~nn~d ~ a ~
v~r Of fl~d~ ~aced ~ ~y ~n~t poiut~
and may thus serve to Conduct such fl~d ~om
~e reservoi~ ~d ~e it ~ ~y pre-
sc~bed ~ ~m ~e ~ ~ ~~
in~ ~e electric ~rc.

The tube b~m~ ~ed in ~e base of

~ode a ~t ~ above its base, the two
~es b~ng ~ the ~ose of supping two
~ fluids to ~e ~e~rode~ if desired.

the adm~on of Mr when ~e tube b is con-
nected wi~ a reserver of gas.
¯ ~stead ~ having~a centr~ hole ~ the ~ec-

m~ be Naced ~e connec~n~p~e ~ ~r dis-
~ng afl~d ~om~e p~nt of the electrode.

I ~eferably incase my carbon electrodes in
a m~c ~ ~r ~Stating ~r ~cct~c~
connee~on with the ~us and minus wires of
an de~fic drc~t supped with a curr~t from
a ba~e~ or o~er source g ele~fi~ "

The passage of ~r or other fl~d ~rou@
my dec~odes tends to keep ~em cool and
retard ~eir consumption.

o~er dectrodes have her~o~re been so em.
p~yed~ but it ~H~ of cours% be understood



that if my electrodes are ~d ~ward each o~er
by positi~Te mechan~M mofion--as~ ~r exam-
pl% by dock-work--~ will be necessary to
lessen the usual rate of speed of such ~oc~
work~ because my ~ec~od~ last so much
longer than those h~o~re used.

Instead of ~an~ng my electrodes verti-~~lmY~ °nsi edeab°Vb ey ~detl~e ~h~w ’ith theiI rPre~n rpper endt s° arrangi em

c~ned toward each othe~ The advantage of
th~ mode of a~angement is~ ~mt stronger
dra~s of air are estab~shed through fl~e elec-
trodes when they are in a~ up~ght po~on.
~Vhen so a~anged~ a~ is ~scharged into the
~e~c arc ~om both ~e~rodes~ and~ more-

with less danger of overflowing ~om their
p~n~ and the rate at whidl tim fluid is sup-
plied to th~n may be easily graduated to the
rate of evap~afion.

The effect of the currents of air ~scharg’ed
~om the p~nts of the ~e~rodes is to promote

powe~ and to make ~ prac~ca~e to con~de~
a~y increase the ~ance between the elec-
trodes~ and consequently the lengfl~ of fl~e arc.

YChen my electrodes are ~aced in fine ver-
ficall~ one above the othe~ it will be adds-
able to connect the upper electrode w~h an
a~ pump cr blowe~ ~ ~e a~ downward
through it ~to ~e ~ect~c arc. The natural
upward dra~ will or~nari~ be suffi~m~ to
supp~ Mr through the ~wer ~ec~od~

I claim as my inven~on and desire to secure
by Lettc~ Paint of the U~d St~

1. In appalls ~r producing the ~ect~c

~gh~ ~ng~u~na~y tubber ~e~rod~, r~a-
fiv~y so arranged that air or other fluids may
be d~charged ~om the opposed ends of ~e
electrodes into the ~ectric ar~ sltb~anfi~
as and ~r ~e purpose s~ ~rth.

2. A tubber ~ec~ode of any su~al)~ mm
}eNM, ha~ng ~ecl in it a p~e ~r sup~
mga combu~le fluid which is capab~ of
bNng evaporated and ig~d ia the ~ect~c
arc, sub~an~M~ as desc~beG

3. An ~ec~ode of su%ab~ mate~M, ha~fig
a hNe ex~n~ng ~n~tud~ally through it~ and
ha~ng near ~s base one or more N~r~ opm~-
ings ex~nd~g @om the ~n~tudNM h~e to

4. A tubular electrode of any sNtab~ ma-
~NM, prodded near ~s base with one or more
lateral openNgs ext~ng @om the ~n~tu&
inal hole to the surface of the ~e~rode, iu
comMnafion with a Bunsen burner affixed t6
a p~e inserted in the base of the ~ec~od%
rite pipe bNng ~r file purpose of ~har~ng

supping a cu~m~t or cu~ents of air to asNst
the cmnbusfion of such gas in the ~ect.ric at%
sub~anfiMly as described.

5. An electrode of m~y suRab~ ma~M, in
comMnagon with a tube aphid ~n~-
nMly th~% and whN~ or partially su~oun~
ed by the mateNal of which tim ~ec~ode is
cmnpo~d~ substan~M~ as shown and de-
scribed.

ORAZIO LUGO.
~Vi~ @~s :

Ro~T H. POLLOC~
EDWD. ~A¥SON.
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~o ~[ zvhonz it n~ coneer~:
Be it known that I, LEDYARD COLBURN, of

Birmingham, in the county of New Haven and
State of Connecticu~ have invented a new

5 Improvement in Electri~Arc Lamps; and I do
hereby de,are the followin~ when taken in
connection with accompanying drawing, and
the letters of reference marked thereon, to be
a fnlL clear, and exact description of the sam~

IO andwhich said drawing cons~tutes part of this
specification, and represen~ a sectional side
view showing the two carbons of an are lamp
with the gasOet and airier arranged inde-
pendent of the carbonm

i5 This invengon r~ates to an improvement
in MectN~arc ]amp~ the object of the inven-
tion b~ng to reduce the MectNc cur)cut w~h-
out diminishing the brilliancy of the light;
and myinven~on cousins in combining with

20 the carbons of an Nect~arc ]amp a jet of air
and gas impinging directly upon the poin~ of
the carbon~ so that the air and gas will min-
gle at those points and produce an intense
heat upon the point~ and whereby the ~ec-

25 t~c current may be reduced to the extent that
the carbons are heated by the gas, as more
fully herNna~er descNbed.

A represents one carbon and B the other
carbon of acommon arc lamp, to each of which

3o the Hnes are led to form the arc between the
points of the two carbon~

C is a contrac~ng tub~ terminating near the
poin~ of the carbon; .D, a Hketub% preferably
arranged directly opposite the point of the tube

C. To one of the tubes--say C--gas ~ sup- 35
plied, and to the other tub~ D, air N supplied,
the quantity of a~ and gas bMng regulated by
cocks E or otherwN~

When the circuit is closed and the arc formed
between the two burner~ the gas is supplied 4°
through the tube C, and in~anfly ign~es. At ̄
the same ~me air is introduced through the
other tube, D, in suffiNent quantity to mingle
with the gas and produce perkct combu~ion.
Therefore thN combinedgas and Nr produces 45
an intense heat directly at the points of the
carbons, and which, with a greatly-reduced
Mect~c current, will heat the carbons to a
point of brilliancy equal at ]east to the most
brilliant effect produced by the usual strong 50
electric current.

The Mr and gas may be suppled by any de-
vice which will d~iver them under the requi-
s~e pressure..

IdonotdNm, broadly, supplying mixed gas 55
and air at the points of the ~ectrodes,.as such,
I am awar~ is not new.

I ~aim--
In an ~e6Nc-arc lamp, the combin~on of

the two carbons A_ B wi~h the tubes C D, ap- 6o
plied to direc~ respec~v~ a gas and an air
jet between the poin~ of the carbon~ sub~an-
ti~ly as described.

LEDYARD COLBURN.

WRnesses:
Jo~ E. E~L~
JOS. C. EARLE.
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UNITED

ALFRED APPS, OF LONDO~ ENGLAND.

ELECT RIO-ARO LA~P,

To a~ whonv i~ ~ay conce~:
Be ~ known that ~ ALFRED APP~ a sub-

ject of the Queen of Eng]and~ re~ding at 433
Strand, London, in the county of London,

S England, have invented certain newand use-
~ul Improvements in ElectrimArc Lamp~ cf
which the following is a spedfica~on.

)Iy invention has for its object to increase
the inten~ty, improve the colo5 and aug-

~o merit the steadiness of the electrimarc Hght
obtainable from a given amount of energy.

I am aware that for this purpose hydrocam
bon vapors have been condncted through the
interior of the carbon, and that a spedal

~ 5 method of u~ng hydrocarbon vapors and pre-
ven~ng the stoppage of the bore-hole through
which ~m vapors pass consists in inser~ng
a wick made of asbestum I have d~covered,
howeve5 that no wick is necessary for keep-

eo ing the bore-hole open and Mlowing the hy-
drocarbon vapor to pass.

Instead of using a wick I line the bore-hole
of the carbon with a suitable insulating (oth-
erw~e refractory) material--such as kaolin,

~ lim~ plaste>of-pafig vitreous paint, japan,
¯ ston~ or earthenware--so as to form a thin
capiHa~T tub~ which varies in size with the
s~e or length of the carbon, and which in the
case of ordinary carbons has from on,hun-

ao dredth to m~mfiftieth of an inch clear width
or diameter for the passage of the vapors.
The cros~seC~on of the vapor duct or tube
may be drcular or of other suitable shape.
In making this capillary tube or lining the

aS lime, plaste5 or other mineral matter is in-
troduced in a plastic condition, so that it ad-
heres readily to the interior of the carbon,
and a thin wire or other core is inserted and
a~erward wRhdrawn in order to preserve

4~ the necessary apertur~ As the tube or Hning
is very thin, and therefore the quan~ty of
mineral ma~er very small, it burns or falls
away in proportion as the carbon is consumed,
thus keeping the hole open for the easy pas~

sage of the vapors from the lower parts of 45
the carbon or from the vessel contMMng oil
or other source of hydrocarbon vapom

Another o~ect of the ~ing Or tube is to
prevent the depoNt of carbon Dora thevapor
on the walls of the pa~N~ which depoNt 5°
would form an obstruc~on to the flow of va-
pors.

In the ~r~ d~crip~on reference will be
made to the a~ompan~ng drawing~ in
w~ 5 5

F~ure I is a v~c~ set,on, and Fi~ 2 a
eros~sec~on, of a carbon embodying my in-
ven~on.

The carbon A is fitted into a vessel B, eon-
t~n~g oil up to the level C, which off as- 6~
cends by capillary attrac~on through the
small axial perfora~on ~ This passage ~ is
formed by the tube ~ ~n~g K, of ka~,
~o~pad~ or other suitable refractory
m~eri~. B’ is a brass rod or tub~bymeans 65
of which the vessel B can be fixed in the ~mp-
hdden The pa~B mad howeve~ be ~aced
in any other convenient po~dom

The vessel is prodded with an openin~
wh~h can be ~u~ by a s~ew ~ ~d s~v~ 70
to admit air to the interior when required.

Instead of using ~ vessel B, the hydroca~
bon oil may be supped by a separate rese~
voir ~ace~ in any suitable position and con-
nected with the inlet end of the carbon by a 75
wick.

What I claim is--
A carbon for electric-arc ~mps, ha~ng an

axi~ pedorat~n provided w~h a liana or
tube adapted to sup~y H~ by ca~l~ry 8o
aRm~ sub~an~M~ as d~c~be~

In ~s~mony whereof I have signed this
spedfica~on in ~e presence of two subsc~b-
ing w~nesses.

ALFRED APPS.

J. W~
ERNEST ~. BARKER.
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TO ~ Wh07~, i~ may concern.:
Be ~ known that ~ WALTER ~ R~CHARO~

of NaGck, in the county of Middlesex and
State of Massachuse~ haveinvented certain

5 new and useful Improvements in Electrodes
for Arc Lamp~ of which the following is a
~pecification.

This invention relates to carbon electrodes
for arc lamps which are provided with capi5

~o lary conductors of refractorymateMal adap~
ed to conduct a Hquid hydrocarbonto the arc
or burning end of the electrod~ where said
hydrocarbon is converted into ga~ which in-
ten~fies and improves the qual~y of the Hgh~

- ̄  ~5 Carbon ~ectrodes to which this p~nciple is
applied have heretofore been made hollow or
tubnlaL ea~ electrode having a central lon-
gitudinal passage enMrely surrounded by the
mateMal of the electrode and containing a

eo capillary Conductor of refractory mate~al,
such as asbestu~ said conductor extending
through the center of the burning end of the
electrode at a point where the heat attending
the production of the illuminaGng arc is the

e5 greatesh TwoseMous objec~onsa~end this
construcMon of the electrod~ namely: firs~
the capillary conductor b~ng enGrely su~
rounded by the burning raass of carbon is so
acted on by the intense heat that it soon b~

3o comes enGrely consumed and rendered us~ess
for a con~derabl~ distance into the body of
the electrode, and therefore fails to conduct
the hydrocarbon or other agent into the nec-
essary proxim~y to the arc to give the desired

35 increased illuminaGon; second, the hydro-
carbon pas~ng through the capillary con-
ductor being enGrely surrounded by the ma-
teMal of the electrode has no access to the
atmosphere un~l it reaches the ar~ so that it

4o does not assume a gaseous form as readily
and rapidly as ~ would do if the air had freer
access to the hydrocarbon passing through the
capillary conducto~

My invention has for itsobject to overcome
4~ the abov~menGoned objections; and to this

end it consists in a carbon electrode having
a capillary conductor of refractory mateMal
arranged at the exteMor or the electrode and
extending lengthwise thereo~ the said capil-

5o lary conductor being exposed along its enGre
length to the atmospher~ so that it is not at-

tacked and destroyed by the hea~ excepting
at the immediate point where the arc ~ formed,
and exposes the hydrocarbon conducted there-
by to the action of the air to such an extent~5
that the conversion of the hydrocarbon into
gaseous form is more rapid than ~ would be
if the capillary conductor were en~rely sur-
rounded by the mate~al of the electrod~ as
heretofor~ 60

In the accompanying drawing~ forming a
part of this specificaGon, Figure 1 represen~
a side view of a carbon electrode and a capil-
lary conductor thereon, the electrode having
in its surface a longitudinal groov% which re- 5~
ceives the capiHary conductor or a potion
thereof and retains the same in plac~ at the
same time expo~ng it to the atmospher~ Fig.
2 represents a section on line 2 2 of Fig. 1.
Fi~ 3 represents a side view of an electrode 7°
having the capillary conductor placed upon
its surface instead of in a groove and secured
by external fastening~ Fi~ 4 represents a
sec~on on line 4 4 of Fi~ 3.

The sa~ne letters of reference indicate the 75
same parts in all the figure~

In the drawings, a represents a carbon elec-
trode Of the general form ordina~ly use~ in
electM~arc ]amp~ and b represents a capil-
lary conductor or wick of any suitable refra~ ~o
tory material, such as mineral wool The
said capillary Conductor extends the entire
length of the electrod~ and preferablyprojects
beyond the end of the same oppo~te the end
where the arc is formed so that it may enter 85
a suitable reservoir containing a Hquid hydro-
carbon.

My inven~on, as above indicated, is carried
out by locating the capillary conductor b upon
the exterior of the eleetrod~ so that its entire 9°
length will be exposed to the atmosphere in-
stead of being surrounded by the mate~al of
the electrod~ as heretofore.

In Fi~ 1 I have shown the capillary-con-
ductor located in a shallow longitudinal 95
groov~ c in the surface of the electrod~ said
groove receiving the capillary conducto5 but
not excluding the air therefrom. The ob-
ject of the groove is ~mply to retain the cap-
illary conductor in plac% and this may be ~oo
accomplished my making ~e conductor of
such size that it requires to be compressed to



enter the groov% or the conductor may be I
fastened by any suitable means to the su~ [
faces of the groove. I

In Figs. 3 and 4 I show the conductor b as ]
5 grooves b~ng providee (lasbe earingt °nhe conductot he snrfaCm eaCnb° e~h~hh e~ldatteel r.eetr°di e’n placI en fllibsny° i

independent fas~ning d ~ whi~ are here
shown as p~ces orbands of wir~ These fas~

~o cuing will be readily consumed by theelec~ic
ac~ou when the Mectrode burns down to the
point where they are located. It will be seen
that by ~ca~ng the condu¢tor b at file exte-
rior of the electrodes the c~lductor is so ex-

t5 posedto the atmosphere ~lat it cannot be d6
stroyed by the heat at a point far enough from
the arc to prevent the hydrocarbon gas ca~
~ed by the conductor from propeSy ente~ng
the arc. Itwill Mso beseen that the free ac-

2o cess of the atmqsphere to the conductor b fa-

cfiRates the conve~i~ of the liquid hydro-
carbon into gaseous form.

I ~aim--
1. An electrode havin~ a ca~Hary con-

ductorof ~ac~ry m~i~ e~en~ng ~ong
the atmospherit %s exteNo~ saida~OUduCtOs ret forth~eing exposed to

~. A carbon ~ectrode ha~ng an open ~n-
~n~ g~ove in ~s su~ac~ com~ned wi~
a capillary conductor of refractory m~i~
contained in s~d g~0ve and exposed to the
atmospher~ as set forth.

In ~s~mony whereof I have s~ned my
name to th~ specification, in the presence
of two subduing w~ne~e~ ~lis 2d day o[
J~nuar~ A. D. 1891.

~VALTER S. RICHARD~
~Zi~n~s:

Ew~G W. HA~LE~
C. ~ BROW~ .
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partment of Iser~Frauc%have inveuted anew
5 and useful Improvement in the Process for

the Manufacture of Carbon Block~ (for which
I have obtained Letters Patent of the Repub-
lic of Franc~ N~ ~01,78~ dated November 7,
1889,) of which the following ~ a spe~fica~on.

~o MyinvenGon relates to a new process for
manu fact u~ng "blocks of carbon ~ and by th~
term I mean a~i~es of any desired ~ze and
configuration, which process has been found
to do away with many of the difficulges at-

e5 tendant upon the use of the masses of carbon
of any considerable ~ze when made by the
methods commonly employed.

Inasmuch as the making of electrodes for
use in electr~metallurgical and ~ectr~chem-

~o ical operations is the field for which my in-
venGon was p~marily devised and in wh~h ~
will be most Hk~y to be put into immediate
commer~al us% the following specification
treats ~nore pa~u]aMy of th~ spe~fic appl5

e5 cation of my invention, though I de,re it to
be understood that the inven~on ~ inno way
Hm~ed to the making of ~ectrodes alone; bu~
on the contrar~ may be availed of in the
manufacture of carbon conductor& cru~ble~

30 mold~ or other arti~es, all of whi~ are in-
tended to be covered by my ~aim~

The general nature of my inven~ou may be
outlined by observing that I prepare separat~
ly a number of plates or laminm of carbona-

35 ceous marcOni, from which I build up the de-
,red block, putting an intermediate coning
of agglomerating material between the plates,
and finally I bake the buildup block in any
suitable form of furnace.

4o My invention is illustrated in the accompa-
nying drawing~ wherein--

Figure 1 is a perspec~ve view of a single
one of the plates or laminm, and Fig’. 2 is a
~mMar view showing a completed ~ectrod~

45 I first take pieces of retor~carbon or petro-
leum-coke or any other preferred form of car-
bon and I pulve~ze them in a crushe~ The
pulverized carbon is then passed through a
g~nder and the dust ~ d~ed and mixed tho~

5o ough]y with gas~ar automa~calIy spanked

I wMgh~into p]ate~ which a~’e°vet the The paste iscarb°n in definitetrimme d to tl~etl~en molded affdP~’°P°t’ti°~Nreqt]i~.edroHedbY

shape and dimenNou and fl~en dried by ex-
posure to the open air and subsequenflyin a 55
heated chambe~ These va~ous steps are all
w~I known iu the art of carbon-making as
now prac~ced, and I refer to them not as a
part of my inven~on, but simply tb illustrate
a suitable way iu which to prepare fl~e car- 6o
boa plates or laminm with which my inven-
tion deMs. These plates will of course be
made of various shapes and size~ according
to the configura~on of the article which it is
desired to form, and one of flmm suitable for 65
an electrode is illnstrated at A, Fig. 1. The
plates A have the same superficiM dimen-
sions as the de,red dectrod~ They are taken
from the drying-ch~nber when they have be-
come stiff and fragil~ but not sonorou~ and 7°
are then coated with a thick layer of ~le ag-
gl0merating substanc~ generMly conMs~ng
of a compoM~on of seventy per een~ hot tar
and thi~y per cent. carbon dusL the applica-
tion of this eompoN~on b~ng made to one 75
side or surface only of said carbon plates.
The plates thus eoa}ed are then fitted upon
one another and aecuratMy adjured, so as to
form an electrode B, Fi~ ~, of the required
shape. When thus joined togetheb the ele~ 80
trode or other built-up carbon blo~c is in-
serted into a eastqron erucibl% which is then
put into a furnac~ in which the temperature
is graduallyrMsed for about eighteen hours,
when it N allowed to cool graduall~ the maxi- 85
mum heat of the furnace being about a bright
red heat of iron. The carbon produced in
this way is spe~ally adapted to withstand ex-
posure to an extreme heat, such as is found
in the electNc furnaces used for smel~ng alu- 9°
minous and other ore~ When carbon blocks
as ordina~ly made are used for the ~ectrodes
in such farnace~ they break or shatter and
pieces fall to the bottom of the crucibl~ pro-
du~n~ short ~rcuits, which can only be inter- 95
rupted by stopping the dynamo or otherwise
breaking the ~reuih and thereby stopping fl~e
operation of reduc~on in order to pick out
O~e broken pieces of carbon. This result is
chieflydue to the fact thatwhen ala~\gepiece ~oo



of carbon is exposed to the high heat of N~e
furnace there will be such a difference of
temperature between the center and outside
potions of the mass as will produce very un-

5 equal expanNon ther~n, so that as the ela~
ticity of fl~e carbon is small and its expansi-
bility under heat considerable it has been
found that large blocks of carbon made solid
are not well adapted to resist intense heal

io Carbon blocks or ~ectmde~ howeve~ made
by my present inven~on have the same lib-
erty of expanAon as when the dectrode is
formed of a number of plates mechan~ally
bound together and at the same time have

~ 5 not the effect of non-homogenNty, which very
often produces etect~c arcs between the
plate~ bad contact~ and resNtance~ M1 of
which tend not only to weaken the eurren~
but also to make the plate break. Fur~he~

~o mot% it is found that a very conAderable and
important economy resul~ from the use of
carbon electrodes constructed as above indi-
cated in N1 elec~r~metallurgicM processes
conducted on a commer~al scale, pdncipally

e5 owing to the fac~ that said blocks of carbon
conduct the current peAec~y well without
any no~ceable heating of any part of ~e
mas~ thereby indAa~ng a mateAMly less re-
sistance than in any mass of carbon of equM

size constructed in any other method of which 3°
I am awar~

I claim as my invent~n--
1. The herNn-deseribcd process of making

articles of carbon, which consists in shaping
and preparing ready for baking separately a 35
number of eompara~vdy small plates or
blocks of carbon, building up the dented ar-
~cle from such plates while still unbaked,
and then baking the ar~e thus formed, as
descNbcd. 4o

2. The herNn-deseNbed process for form-
ing a carbon ~ec~od% which eonN~s in shap-
ing from carbon paste and prepaNnff ready
for b~ing sepamtNy a number of plates or
blocks of carbon of comparatively small Nz~ 45
fit~ug such plates together wRh a suitable ag-
glomera~ng mateNal to form an ~ectmde of
the de,red dimenNon~ and baking the ~e~
trode thus forme~ as set forth.

3. A carbon conductor conN~ingof anum: 5o
bet of separat~y-pmpared carbon plates or
Mabs fitted together and baked, substm~ly
as described.

L~ON HULIN.

In presence of--
OSCA~ ~[AL~g0S,
HA~gNGS BUI~ROUGH~
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SPECIFICATION ~ p~ ~ ~ p~e~ ~ 65~17~ ~ted Augu~ ~ 190~

ER~A~ a c~zen of the U~Md Sta~es, resid,

c~tMn new and u~fM Impmvemen~in E~

and ~m~e speMfi~on,suchas wiHena~e
those skilled in ~e ~D ~i~ it~ns
to make and use the same.

TMs ~venGon rM~ ~ arcdamps; and the
o~t ~f h ~p~de a~mp~ tMs~s
which shah be economMM and effluent in use
~d ~ ~~ ~ ~n~con~nued
operaGou w~hout a~enGon or rep~n~hment
~ m~e~M,and ~ ~p~y ~d ~r 1~
house and searchdight use.

~y½~n~n~ ~Hyd~ed~ ~e ~
~g spe~ficaffon, of which the a~ompany~g
~a~ng forms a par~ in wh~h the several
parts are denoted by reference characters
a~d which represents aside elevation of my

porNons thereo~
~erNng mo~ par~culaNy to the draw-

in~ Ihave shown at ~ the negaNve pole mem-
b~ and at a ~e poN~ pNe mem~r ~ my
impmved a~damN each of wh%h tennis of
a Niek or rod formed of ma~NM adap~d to
eondne~ a current of ~tN~W, such as very
hardearbonor ehMkorNm~arm~eNM. ~he
nega~ve member ~ N pm~ded at its upper
endw~h a craft or recess ~ the poNN~emem-

in do,ted Hnes,) W~M~ a setscrew 7.
¯ he poN~ memb~ ~ N ~nN~NnM~ cham-
bered, as at ~ and an ejector de~iee 9 of ~ny
~dN~y ~ s~Me eonstruc~on enters the
rear end of the chamber 8, said ~e~0rbNng
insured ~om ~e member ~, ~ shown atl~
~rom the M~b~st ehannN and %e~channel
of~e ejector extend pipes 11 and 1~, respeco
~v~ m a eomp~e~Mr ~rvNr or M~
comp~or (represented at 1~ and areserve~
for eontMnin~ pM~N~d carbon, (repre-
sented ag 1~) The reservoir 1~ maybe pro-
vided with an ~MMeL as at 15, ~o facHitate
~e feed of the pulverized carbon by acgonof
~e~e~oL The ejector conuec~ons 11 and

1~ -have the usuM Calves or co~ks, as at 16

pnl~eMzedfu~ (represented at:18)con~ing
o~granules o~ sm~[ par~es of carbonaceous
ma~fiM o~other sub~ance capable of com-
busmen when passed w~hin the spher~ of in-
fluence of an Mettle arc:- Pulve~zed carbon 5o
of the grade used in arcd~h~ as generally
constructed will be effec~ve for the purpose

The po~ve and nega~ve member3 and2 55
are connected ia circuit inany suitable man-
ner-for instance, by binding-pos~ 19 and
~ with wh~h Hn~w~es-21 and 22 are re-
spec~v~y connected. The members2 and 3
are spaced.apart suffi~enfly to form an arc 7o
between the sam~ as shown in the drawin~
and when they are in circuit it is onlyneces-
sary to operate the ejector mechanism, so
that the ~blast will draw the pulve~zed
fuel 18 from the reservoir 14 and eject it 75
through the chamber or bore 8 to ~he space
between the members2 and 3, where the~e~
t~c arc wiH at once superheat andconsume
said fuel.

It is manffe~ that the exactcons~uc~m~ 80

anp droveadrrangemenar re_lamp a°sf ~¢J~r~ ~ ~;
essen~al to the embodiment of myinvent~u~
butthat I may vary the same wid~y and still
come w~hin the spi~t and scope of my im- 85
provemen~.

By means of my improved arcdamp a di~
inMgrat~u of the two members 2 and 3 is
largMy avoided. It is manifest that s~id
membe~ may be constructed to lastiu opera~ 9o
tion a greater Mngth of ~me than the pres-
ent arc-light carbon~ as the heat of the are
expends ~sMf upon the pulverized ruM, an4
as the con~nuous feed of a larger quan~ty
of fuel may be mMntained no atteu~on will 95
be required by my improved lamp for con-
siderable time. It is further manife~ that

all la m p~h ew hief hUe 1 ~l.~nd~d:e: ~::oiI~y ~:~e~
and the amount of fu~ adm~d to the zone xoo
of the arc may be readily va~ed by adjust-
ment of the ejector.

Any suitable means of actua~ng the mem-
ber2 and 3 to mak% m~ntain, and break



~e arc between ~e same may be emp~yed~
such forming no p~t ~ my inven~on.

Ha~ng fully described my inven~on, I
~aim as new and desireto secure by Letters

5 P~e~--l. In anar~lamp, a negative pole member
and a pos~ve p~e memb~, one of wMch is

-to ejector commu~cafing with said chambe5
a fueLrecepta~e .arranged to commu~c~e
.with s~d ~La SOUSe ~ comp~e~a~=

membe~ is ~a, mbered ~n~nal]~ an
~o ~ector commu~ca~ngwi~ s~dchamber, a

fuel:receptaclearranged ~ c~mmunicate with
said ejector, means commu~ca~ng w~h s~d
~eetor for for~ng said fuel ~rough s~

~am~r in said p~e membeG andde~c~ ~r
~g~a~ng ~e ~ of the fuel to the ejectoL
sub~an~M~as shown and described.

3. In an ar~m~ a nega~ve p~e member
and a pO~Ve p~e memb~, one of which is
~am~d ~n~n~ ~ ~r ~mm~
nicafing with s~d ~am~G a fu~~a~e
arranged to ~mmu~c~e wi~ said ejecto~

In ~s~mony ~ I c~im the ~rego~g as
--myinventioaIhave signed myname, ~ p’re~
ence ~ ~he sub~b~g wKnesse% flfi~ 10tti
day ~ O~obe~ 1899.

JOhAnN ~RIEDRI~H ACKE~A~,
w~n~ses:

F. ~ SWEW~g%
V. M. VOSLE~

35
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~~om ~m~e~:
. Be ~ known that I, SAMUEL~ ~ a

~fiz~ of~e Un~ed ~, and a ~s~e~
of WHk~ in ~e county of ~~y
and State of ~va~a, have ~ a
new and useful Im~em~t in E~rod~
for A~-LampG of wh~h @e f~Mw~g ~ a

the &~r ~mmm~ known as "flam-
~g" or "~m~oua"

The ~e~ of ~ in~ention is to p~e

~~~ are~and ~m°v~ °f the fumes
~re ~nps hav~ h~retofore been prodded

in wh~hone of ~e electrodes is ~d

~ ~~~~ ~c~m-c~npo~d of
a m~e~ or a ~e. of m~ that

m~MSc ~n~m and carbon~ ~um oxid
and carbon~ and various other com~s~on~

wh~ cold and wh~h often ~eres with
~a~~ the hunp after it has once been
m use. Fumes arc also g½en off by such
~mps wM~ form ~s upon the elec-
trodes and otlmr pa~s~ oft~ h~ sud~ a man-

lmnp.
Aee~ng to fl~e present N~ntion, I pro-

pose to eon~ru~ the m~ge or non-eon-
sumaNe electrode in the form of a tub% t~
inner ~am~er of wh~h is less fl~an the
~arn~er of the oflmr dee~od~ so that, when

is a v~w, pa~i~y in section and pa~M~
in elevation of tim de~rodes of a lamp that 55
embody my Nv~ti~.

Lower d~tmde i of an are lamp to ~idt

fi~Mum carbid or of m~tuNs of ~um 60
o~d and ~, nmtMHe tRan~m and ear-
bon or of other ~RaNe sub~mm~ that are

posed of iron or other suitable metal or
~netaN, is tubular in fo~ and its i~mcr db
ameter is less flmn the outer ~ame~r of the
de.rode 1. it~ be understood flmtwhm~ 70
the electrodes are ~t ~gah~, in ~c
usual m~ to start the are tim tt~Nar

nmval of all the fmnes ~ thi~ nmnne~ ~e s0
lower end of the ~be is provided wi~ a

An annular flange 5 is also secured to fl~e 85

electrode.
The structural det~s of the h~Nar ele~

Irode may differ cons~eraMy from what I 90

trodes the &arac~N~ of whi~ may ~
fer ~ddy from those here described with-
out departing ~om’ ~e s~Nt of~e inven- 95
tion.

I claim as my invention:
1. A tubular arc lamp electrode of uni-

form dimn~er frmn end to end and prodded
with lateral ape~ures a~acent ~ one end 100
and wi~ a hood ~at surrounds ~e ape~
lured end:

~. A tubular upper dec~ode for arc

3. A tubular arc lmnp de.rode of uni-



~m ~ama~ &om ~d ~ ,~d ~d ~
open ends and a ~ur~ of ~de a~rm~s

rounds the a~r~d end.

end and wi~ a flaNng hood ~at surrounds
s~d ape~u~K
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To all ~hom it may concerns:
Be ~ known flint I, CanL WmuEi~t S6DER-

~mUO, a subject of Norway, and a resident of
the c~y of Cb~stiania, I~ingdmu of Norway,

5 have invented certain new and useflll Im-
pmvemen~ in the E~ctrodes for E~etNc
Furnaces and Processes of Ma.nufactn~ng
the Same, oR whid~ the fo~owing is ~ speci-
fication.

10 This invention relates to electrodes for
e~Nc furnaces and the object of the inven-
tion is an improved electrod~ and a method
whereby the same may be produced in a
simp~ and econom~ mannem

~5 E~ctrodes ~or the purpose above men-
fi °ne db on ace ousa r e ~:~;la!~’s~:l~ s f~;~, s°megr a phit e,car-

etc. The mateNM or mateNals selected are
reduced to the desired fineness and mixed

20 with a suitab~ binder, s~d~ as tar or pitch.
The mixture is thm~ monhted to fl~e desired
fomn and baked in ̄  furnace un~l the vola-
tile matter is driven off, and fl~e electrode has
the desired dens~y and eonductiv~y.

25 In a prior U. S. patent appl~ation (SeNal
Number 205A16 filed December 4, 1917) 
have dNdosed a method for mannfaeturing
deetrodes wtwreby the raw electrode mass is
tamped or moulded argund one or more iron

a0 bars, and subsequently baked by heat elec-

ghid~ the electrode is used. My present in-
vention is a modification of the process d~

a5 scribed in the above appl~ation, although
the broad features thereof are present herein.

mould and protects the e~etrode from oxi-
dation during the heating process. By em-
ploying a metallic mant~preferab’iy ~f

~rei~e~~ 2~rr~:~d;~ty will beln the

small while near its exte~or surface it will
be great.

The raw electrode made in accordance 55
with my process may bebaked to a compara-
tivdy low temperature, for instance 600-800°
C. before it is mounted in fl~e electric fur-
nace in which it is to lm used. I prefdr, how-
eve~a to carry out the entire baking process 60
in the de~c furnace ~ld to produce the
electrode continuously by adding sections of
the mantle and tamping in raw ~ectrode
mass when necessary as the electrode is con-
sumed. 65

Where the e~ctrode is wholly produced in
the furnace in which it is employed, the bak-
ing of the electrode is effected in part by the
heart dectr~ally generated in the dectrode
itself and in part by the heat from the mel~ 70
ing crater. Current is suppHed to the:elec-
trode and to the furnace inKiaHy through
the man~e and as the raw electrode mate~al
becmnes baked m~d its conductivity increased
it carNes current and ~e electrode eventu- 75
ally operates like a prebM~d dectrod~ The
e]ect~x)de compNNng the dectrode mass and
the endoNng mantle is fed into fl~e furnace
as its lower or operating end is consumed.
The mant~ in the preferred form serves not so
only as a conductor and as a,protection for
the electrode mass but also as a mechanical

trode furnace a difference in the coeffiNents S5
of expanNon of the mantle and dectrode
mass becomes a factor ~vhich mu~ be pro-
vided for and this invention contemplates

cation, but which ~ N to be underwood are
for illustrative purposes only, and no undue
fim~afion is to be dednced flmrefrom. In 95

mantleThe 6electr°defil~d with5 g:~b~::ou~ materialmetalfic



It is suppor~d in the furnace by an elec-

5 and thence to the ~e~rode, by means of ~
flexib~ condu~or 9. ’The return ~rcu~ is
fllu~ra~d as made through the lower elec-
trode or condu~or 10.

15 carbonaceous mate~ and act as a mechan~
cal support therefor to prevent dipping of
the carbonaceous mater~l in the ~anfle.
The support thus afforded is suffi~enfly

" ~as~c to provide for the difference in ex-
20 p~n~on between the mantle and the carbo-

naceous mater~l. This ~actor is also taken

plied for this purpos~ The mantle 6 is
25 further preferably per~ora~d as at 1~ so

that ga~s produced by the baking may es-

ally o~ sheet ~on. I have found that for an
30 electrode having a diam~er of 600 mfili-

m~ers and carrying an de~c current of
15~00 amperes, a mantle made of ~met iron
1 to 1.3 mfllim~ers in th~kness gives satis-

carbonaceous mateE~ mixed with a sa~-
able binder such as tar or p~ch, is tamped
or pressed into the manfl~ which convenN

from. In ~arting the electrode it is pre~
erable to place a layer of conductive mate-
~al such as coke in the furnace at the bot-

45 tom of the electrode. This serves as a suit-
able reliance b~ween the dec~ode and ~s
return circuit du~ng the pr~iminary heat-
ing o~ the furnace and electrod~ The cur-
rent is then appl~d, and the baking o~ the

5o electrode is ~ar~d by the heat ~ec~ly

baked and the ~mperature of the .furnace
55 rises. When the fi~rnace has reached the

de,red working ~mperature the charge isaddedthe furnaeegradu~lly’merease~As ~i~m~t~r~l~

nace and other local condemns.

fions of the mantle are suKaMy fastened to

The electrode holder N moved npw~d~ on 70
the mantle of the e~m~ as is necessary

to wi~and t~ e~ng~n of the mantle so
which takes place when ~e de~rode is sub-
j~’ted to the ~er ~m~er~ur~ of tim

t~,es~CcarefUrnaCe’of ~e ~~: inbaMngexpan~onthus

b~ween ~e mantle and ~e carbonaceous s5
m~M ~t~ the use of the elastic con-
tact between the two descried ~ connec-
tion w~h ~e pre~rred form of this inven-
~o~

This same resu~ m~ be also accom~h~ 90
when the electrode is produced in the fur-
nace in which it is to be em~oyed, by pro-
~d~g suffic~nt cod~g to keep the mantle

baked. In ~e latter ca~ tim lower pa~ of
fl~e electrode and the mantle surrounding

mantle will have no serous effect upon it. ~00
The for~o~g detailed ~scr~n has

been ~ven for ~earne~ of nnder~andin~
and no undue l~t~n should be deduced

there~°m’~ewbe eon~rU~of thebUtpNoraS~ebroadlYart.appendedas permi~Hfledairies sh°uldin 105

What I claim as new and desire to secure
by Letters Paint of .~m I~R~I States is :

1..The process of forming an e~e~ode
which eomw~s ~n~ the electrode up at 1 10

Oneseefionend eompm~n~in see~qns anaan a~;i2~:~;~
mantle and electrode mass.

~. In the manuN~ure of e~rodes for
eleetrie furnaces ~e process wM~ eo~npri~s 1~ 5

tions extending into the deetro~ mass, aml
pasNng eleetrie current ~rou~ ~e mantle ~.

w~r~Yint~ ~e in.Nor heat is ~~~~~

electric ~rnaees ~e proee~ wh~h comp~s ] 25



whereby heat is gentled and di~Nbu~d

~o~ ~~~ an~ndbakin~ nt° thdf
the latter thus effected.

5 4. In the manufac~ of electric furnace
electrodes ~e process which ~mpN~s ta~p-
ing raw electrode mass into a m~all~ man-
tle which consKtutes a part of the electrode
and heat~g ’the mass to a ~mp~Ne~

10 low ~mpemtu~ whereby the mass b~om~
suNc~nflv hard to ~d the tension
~d ~ ~~ of the m~MHe man-
tle at the ~mp~M~dy h~h temp~Mu~s
subsequently em~oyed.

~5 5. In tl~ manuf~ of dect~c furnace
electrodes the process wh~h comp~s tamp-
ing raw electrode mass ~to a m~Ml~ man-
tle which constitutes a part of the e~rode,

’ ~ac~g the mantle and deetrode mass in an
20 electric furnace and ~ad~g an electric cur-

rent ~ugh the mantle and electrode ma~,
thereby baMng the raw electrode mass with-
in the m~He manfl~

6. In the manuf~tu~ of deetrie furna~
25 e~m&s ~e ~o~ wh~h eompN~s ~mp-

Ng raw electrode mass into a m~aH~ man-
tie placed in an electric furnace which man-

of the raw electrode mass n~trest the mel~

~~~ ile~N/aid m~tin~Urnaeecrate~y mean~nd
also in the m~e manta, and ~~

35 the baMng of the d~ode mass p~ by
heat genera~d in ~e m~Mlic mantle and
partly conducted from the baked ~eetrode
mass near the meRing crater.

7. In the manufa~u~ of electric furnace

t~ placed in an ehctrie furnace wh~h man-
tle ~fi~s a part of tim electrode and
leading an electric current through the me-

45 tall~ ma~e, ~e~by fir~ baking the pa~
of the raw ~ee~ode ma~ nearest ~e melt-
ing crater of the electric furnace by means
of heat genera~d in said malting crater and
aNo ~ ~e m~5e manta, ~m~g ~e.

pa~ conduced from fl~e baked e~etrode

~naS/eetio~ea~f me~he m~tindanfl%rater~n ~ 5~
55 e~e~sde and ta~hping-raw eh~rode ma~

u~d.

~0 ing a earbofiaee0us po~on and an endo~ng

metallic mantle, the carbonaceous portion of
the electrode being baked at one end of the
e~ctrode and unbaked at the other.

9. An electric furnace electrode compos-
ing electrode mass and an endo~ng manta, 65
and means for ~astically connecting the
mass and the man~e.

10. An electric furnace electrode compris-
ing dectrode mass and an endo~ng mantle,
the mantle bNng provided with projections 70
extending into the electrode mass.

11. An electric furnace electrode compr~-
ing a continuous core of electrode mass and
an endoNng mantle in sectionG the core
bNng renewable at one end w~hout break 75
in the continuity thereoL ’

1~. As a new and useful artic~ o~ manu-
facture an electrode for ~e~tr~ furnaces
compNsing a metallic mantle and de(trode
mass tamped thereinto said mantle being 80
provided w~h ribs penetrating into the e~c-
trode mas~ and securing an igfimate elec-
trical and mechanical contact between man-
tle and electrode mass.

13. As ~ new and useful a~le of manu- 85
facture an electrode for e~ctric furnaces
compr[Nng a metallic mantle and e~ctrode
mass tamped thereinto, said mantle bNng
provided with ~bs and saidwibs bNng pro-
vided with projections, the ribs penetrating 9o
into the electrode mass and secuNng an inti-
mate dectNcal and mechan~al contact, be-
tween mantle and electrode mass.

1G As a new and useful article of manu-
facture an electrode for ~ectric furnaces 95
comp~Nng a metallic mantle provided with
holes and Qectrode ma~ tamped intd said
mantle.

15. As a new and useful article of manu-
facture an ~ectrode for electric furnaces 100
compris!ng a metall~ mantle provided witlt
hoNs and ~ectrode mass tamped into said
mantle, the mantle having ~bs penetrating
into the electrode mass and thereby scent-
ing an intimate e~ctrical and mechan~al 105
contact between the mantle and electrode
mass.

16. As a new and useful article of manu-
facture an electrode for dect~c furnaces
compNsing a metMlic mantle provided with 110
holes and. ~ectrode mass.tamped into said

tact between the mant~ and dectrode mass~ 1i5

day of July, 1919.

CARL WILHELM SODERBERG.
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examples.my method is susceptible~manyl #5
variations ~1 of which ~ ~ ,proc~..

~e ~w~&.~moun~ In ~e.~;
te~ ca~ u potion o~ the ba~n;g is a¢~>=
pS~ed ~ the.heat of ~e ~v:na¢¢ ~i~-
the. electrode iS.e~oy~..:-..: ¯ _ .... ~ ~ ~ i

de.rode. The raw marries ~ ~e e~r~

"90

No. ~. The lower end o~ No. ~ ~s~: o~,

anothertrode. ~l~odeP~ee o~ ~:?~:C~~~
oiece o~ ca~on or ~hite. and so on~ th~

wi~ fine sand or fin~ grpu~d ~az~:

105

the end o~ thi~ tim~ the b~ing ~ ~i~
and the drop o~ p~enG~ will.be ~O.u~ -6,
volts per electrode ~t~:~9~en~ ~am:.
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pere~. It is possible t,, use a tnmsfonner The electrode in the c.onst, ml&ion of lri~-

The electrodes baked as above are allowed in use being surrounded by the ore and re-

suppled wifl~ fl~e working m~rrenk for ex-
,mp~. 18000 ~mperes. f,~m fl~e se,.,mdary, g

[ a~ ~ readily.~nd~rs~.ood, ik Jo~nected id sc~.
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hdder’ 5 is s~ft~ ~ the ~.b~d pr:

and n’o-uMu~, fi~o~-~o~ ~ d~ue~

a0 :condu~o~ bN~g ~eOr~r~ged~igh t~ fa~

part Of th~:~.~ elect~ddg~b~ed ~d:ren-

continued by means of he~ e~cal~ ~n-
40 erated in ~ conductor and in ~e electrode

~sel£

of ~e raw de.rode ~ baked and rendered

tinued by means of heat ~e~cM~ ~ner-
50 ated in the metal condu~or a.nd in ~e elec-

trode its~fi sa~ metal condu~or b~ng in-
corpora~d ~ith the raw e~rode.

55 duetorw~£e:t~°~f~:~fi~r~in par~ wi~a raw eleetrodeir°neleetr°deSe°n’and

ap~ng an e~ctNe current ~hereby a part
of ~e ra~ electrode N baked and rendered

60 by means of heat ~e~(’,a~y genev~ed in
t~e iro~ condnctor and in ~e e~rode ~d~.

t~~i2 inbakingconneaing~°~a" iron

condu~or ~ pared with a raw de.rode
65 and app~g an dec~ current w~reby a

part (d the* r~w:eiectrode is baked and ren-

trode itsetf~, s~id iron conductor being im
cotl~or~ed with the raw electrode.

d~ctor i~.par~ltel With u raw dectrode ~md 75

series.C~d~ct~Nth~d,~nother: conductorelectr°fle beingaudd°n~ectedetectrade~Jn
whi~,is. ~k~d,simulta~eous~

8590

10: The p~ocess,o~ producing ~rbon e]ec-

~r therewithWitl~ a eonduetOrand ~pplyingin paralleleurrcntCOn- 10~

end o~ the electrode when in use.

connecting ~ conductor in pavatle~ w~fl~ a
ra.w electroSe and applying an e}ectr]c cur- ~15
rent whereby a. p~r~ o~ the raw e]e4"tl~ is
baked an8 rendered coMuct~ve by heat elee-

electrode itsel~ said electrode being the elec-
trode o~ an electric furnace.

trodes1~" Thefor pr°cesSelectric °ffurn~cesbMdUgwhichCarb°nconsistscite
in connecting a conductor in pardlel with a ~
r~w eleegrode and applying an electric cur-
reng.whereby a parg of the raw electrode is
bal~ed and rendered conductive by heat ~lee-
tNeally generated in the conductor and ~he
baMng eonNnued by means of heat eleegri- la0
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ca’ltY-~eawa:~t’d(le!e(:gt’~Me’i~df, S~i i~ ~be:c’°nduc~relectt’o(te- bei~gm~dtheinelee-~t~e i
trode of an.electric furm/ce, and che baking,~
of ~he dectrod< being accelerated by heat

~. :generated in ~aid deetric furnace.
1~. The process of-baking carbon e~e-

trodes for.electric furnaces which consNts
in connecting: a .conductor in para~el With a
raw dectrode ~md applying an electric cur-

lo :rent whereby~a.part ofthe ~a,w deer,rode is
baked m~d’ rendered conductive by he~t. dec-

~:~/:~::t:~ ~ t heme ansC°n duct ° re f he~t andelectri_the
tally generated in tim conductor and in the :

75 .electrode ~sdL said eiectrode bNng the elec-
trode of an electric furnace, the electrode
bring con~nuouNy formed in s~id furnace.

1~ The process of baldng carbonelec-
trodes for electric furnaces which : conNgN :

20 in connec~ng a conductor inp~rallelwiLh:.a
rawelectrode and applying an Mectric: ~ur-"
rent whereby: apart of-the raw electrode.is

2~ bakingcon~ued by means of heat electr~
tally generated in the conductor and in the
dectrode i~L.said electrode b~ng the:dec-
~rode of.-an-electNc furnace, and said con-
duc~or being able to carw the total electr~

a0 curren~ led to the electNc furnac~
15. The process of baking carbon elec-

trodes for electric =f-mmaces which consNts
in connecting a conducto~ in parallel with a
raw electrode and applying an electNc cur-

35 ren~ whereby a par~ of the raw electrode
is baked and rendered conducNve by heat

t~cMiy generated in flw conductor and i~:
the ~e~rode i~d~ s~d de.rode being.the 40

: dec~ode of .an d~tric furna~, and. said :
conductor being .able ~o carry Only. parCio.f
~he tot~ ,electric cu~ent hd to .the .furnac~

¯ 16~:’As a new and useful art~le Of manu-. :
facture, an de,rode comprising an ini~:45
conductor and a carbonaceous unbaked por-

tiere, l~.As a ’ ": -ne~ and u~ful ar~de o~mu~u- :
facture,:an dec~ode comp~dngan iNti~
conduGor and. a.carbonaceous unbaked’po~,,50
tion connected in parallel with each other... ,:i

18. As amew.and useful ar~cle of manm-
~a~ure~ an. electrode, baked in the furna~
~n which:~ ~.used and composing when in,
use ~a baked,~p~ion and,a partially baked,-55

porN°n’19. As5 ’: ’ ’ ’a new and useful a~ide of manu- =
fat.tar% an electrode baked in the furnage in
which ~.is use4 and compNsing when in use
a; body portion, ~ .par~ of which is baked :60
and ~ pa~.’of.~hich is unbaked~ and a rein-,
forcing: member’ of. conductive m~eNM in
para.~d e~Nc~ rda~on .therewith.

~ As a, new and useful a~le of manu-
facture, an electrod~ for~use in an de,No oa
furnace comprising a .body person stzmc-

ity of the body po~ion,bdng permanently ,7~
~oTea~r at the working end thereoL

CARL WILHEL~ SODERBERG.



C, W, SODERBERG,
METHOD OF SUSPENDING ELECTRODES,

FILED JAN, 27, ]920,

L44~03t.

Fig. 2.

Carl Wilhelm ~bderber~,

At Lor~p.



P~tM J~. ~ 192~

UNITED STATES PATENT

1, 2,031

OFFICE.

METHOD 0~ SUSPENDING ELECTRODE~

Application ~led ~anuary 2~ 1920. Serial No. $5~369.

To all w~om. ~t ~ oo~e~z.:
Be it known ~at I, CA~L WI~

~ have ~ve~ ~rtNn new and u~ful Im-
Woveme~s in the Ne~o~ of Susgen~g
E~rbdes, of whi~ the fN~w~g N a spee~-
~ion.

This invention ~la~s to M~tr~es ~ing
10 b~ed in ~e Mec~ ~ace in which they

are u~d and the ~e6 of the ~vention is
a m~hod whereby such electrodes may be
su~en~d from their lower part whirl is
~d and co~quently hard.

~ In the bak~g of M~tr~es in the electric
furn~e in w~ ~ are u~d ~e Me~rod~
haw eider been ~s~nd~ from a m~MHc
core around w~ the raw electrode mass
has been ~mped su~-as set ~h in my

20 U. S. patent ap~ation Serial No. ~05~16
filed December ~ 1917, or in a met~ man-

Accor~ng to my present invention I
25 s~pend ~e electric ~om its lower ba~d

30 eleetr~ee°mp~ss ~it andthe~eUrepM~ awhereeOm~etnessba~ng ~kes~m

I ~n ~ta~ t~ hNder to the ba~d ~ec-
~e mass ~ 7a~ous w~s. It m~ be ad-
vancers to atta~ the hol~r ex~rn~

~ roof Of the ~rn~.

45 co~ng or by ~he~ known mean~ Th~ is
es~y nece~a~ when in~rn~ holders

a~o a tubular m6a~c lining to which the 55
holder m~ ~ at~h~.

As the lower pa~ of the ~e~rode is
gl~dua~y co~um~ the holder is ~

;and moved upwa~s, care berg taken not
to move t~ holder ~ove the ba~d and 60
hard pa~ of the electrode. The holder is
then agMn attached and the electrode m~
be lowered as commo~y ~a~ced with or-

~~l~d~dinary electrode~ NeW~e~rodetOp :~:~e~/~fo~ ~rou~ 65

a m~d or ~h~w~e as may be de~r~ in
each ~ecial case. and ~e ~ec~e ~us ~
made confinuous~ in the ~rnace in which
% is em~oyed; or in the M~rn~ive ~ec- 70

tr°deSwhic h ~i~e:£~~a~ L%~Y~
new Me6ro~ In the later c~e the in-
dividual eM~ro~s must ~ preb~ed at lea~
in the part to w~ch t~ h~der ~ att~h~. ~5

In the drawings ~rm~g pa~ of this ap-
~ation I haxe illustrated my invention,
F~ure 1 showing an electric su~en~d by
an external h~der and ~re 2 by an in-

the the :~:~, °:n~ ~ ~[]~ i~l~tt~

raw Mectr~e m~s is M.mped. This m~tle 85
asiHu~r~ed in ~e ~a~n~ has the chara~
tec of a mold and d~s n~ follow ~e el~-
tr~e into ~e fu~ace but ~ ~ac~ up-

of the ~ee~e ~low ~e maple d. and
suspended by cables ~ ~he holders ~own be- ~
~ of the well ~own damped Nng type.

An Me.rode ~rmed from raw Me.rode 100

a metallic core or casing may if desired be_. and suspended over the electric furnace a
~0’ completely avoided~ and no metal will then by means of the cables .g. An electric cur-

enterthe furnace together withthe electrod~ rent is supplied to the holder either lO5
In many cases, however, iV is advantageous through the cables g or through a special con-



into the ~c furnace The de,rode

5 therefore gradually be moved upwards, the
electrode still b~ng suspended o~y in ~s:
baked part. The manOe or mould d in this
p~tic~ar iHu~rafion is moved Upwards to-

10 ~T~~I~ will~ andbeit~twill beintoUn-

the ~e by the dearod~ As tim elec-
trode is ~nm~ ~nd lowered new ~ode
mass is tamped into the ma~ or mould ~
the ~e~rode t~s b~ng made. ~~:

15 Figure ~ illustrates ~ invention in con-
ne~n w~h an internal holder, a dos~
electric furnace h being ~own. As in the
ca~ of F~ure 1 the lower pa~ i o~ the
electrode is baked and the upper part k is

2° ~1:~ ~:s~v ~i~:~ ~ nora m°lden.
ter the fdrnac~ ~m holder m ~ water
cooled, and extends into a ~ng~ud~M ~an-
nel ~rmed through the center of the elec-

25 trode. The holder con~s o~ a tube s~it
at its lower end into several ~ns which
are pressed into h~ ~m~t w~h

is ~ to a damp or ~mfiar device ~han~ngeleetrie eurrentin the ~~~ ~hethe

35 leadS, ormIn ~r~filu~ra~dOutin ~:e~~:d~

fallows :-
An de,rode fo~ed from raw electrode

mass and baked at its lower end by a pre-
40 li~ heating is ~a~ ~ the c~sed

de@tic ~rnace h. The electrode is formed
~th a channel through its .center and
through this channel I ~odu~ the holder
m. When the lower end of ~e tube has ex-

45 ten~d down to the baked part of the elec-

the ~e~ m~ ~en if d~ed be used for

been ~veh ~r d~s of und~and~g 70
o~y and no undue fim~n should be de-
duced theorem but the appended 4~ms
should be construed as broad~ as p~mk-
~e ~ view of the p~or art.

What I claim as new and degre to secure 75
by Le~ers Paint of the ~ed S~ates is:

1. M~hod of ~sp~d~g de,redes b~ng
b~d ~ ~e ~e~c furnace ~ which they

and suspen~ng t~ ~e~rode ~m.
2. M~h(~ of suspending electrodes b~ng

baked in fl~e ~e~c furnace in which ~ey
are used which consists in a~h~g a hold- .
er to the lower baked pa~ of the ~earode 85

~~~ ~°demonng the~mholder up_and
wards as the electrode is ~n~me~

3: Mahod of ~ending electrodes being
ba~d ~ the de~c ~urnace in which they 9o
are use~ which con~s in ~hi~ a h~d-
er ~e~y in a long~udinal ~ann~

~~r~i~:n ~ ~e~ro des~ ~ngbeingthe 95

baked in the ~e~c furnace in whi~ they

tubeare usedinto aWhiCh~n~i~l~nN~Schannelin intr°ducingthr~~ ~ea

5. Me~od of ~spen~ng Me,redes bring
baked in the electric furnace in wMch ~ey
are used wh~h con~sts in ~~g a

lower end~ ~ch~g the lower end of ~e
tube to ~e .baked part of the ~tmde by ~!0

baked~~~6. ~Odin file °fN~tNe~d~gSaidupwardSfurnaeetUbe’~e~r°d~andin ~end~whiehbNng~ey

5~ hang from the lower part of the tube. As are used which consists~Sn introducing a ~5

60 thefor ~Ucl~n:t~n~t~leat/t~U~v:r~nP~S~i~ ~e~{o~]~ecS~:i~e~ceel~rwOhd~:h~ 1~5
the de~rod~

As wHl be understood from above ex- are used which confists in introdudng a



~id metal tub, sam metal tub ~ng pro-

10 aro u~d which c~s~s in introducing a

metal~lghtUbetheattheits~e~m~’int°metallowera tubeend~~~andpro~deda rod ~

15 wedge moun~d on ~s lower end~ attaching
the lower end of the metal tube to the baked

20 wi~ water co~ng~ and from time to time

~ec~ o~sc~s~~th~r~’P~a~" the lower end

25

dam~ng action exerted at the ~vel of a

the ba~d ~on’: ~ ~v~&

~e he~ from said furnac~ su~d~g ~e
~ectrode by a ~amp~g a~tion exerted at the
level of a ba~d portion thereof.by an elec-

40 ~~~ ofSUpp~the ~e~r~eraw ~~

~g t~ electrode holder upwar~y N respec~
go ~e ~e~rode as the dee~ode ~ con-
sumed.

ta 11. ~he proeess of produNng a earbon elee-

te~al to the top of the ~ode ~ ~anne~d
electrode form. w~re~ tensile strain in the

electrode ~o~d with a lon~udinal chan-
nel in the ~rnace ~ which ~ is bring em-

nelled electrode ~.
~3. The process b~ produ~ng a car~n

trode from the ba~d portion ~e~of by an

in~~~~d ~t~d~ ~ng~rm andt°p of ~e~ngr~e~ctrodeelec-the ̄ ~

e~de~d~ upw~y ~ respect to the 75
electrode as the electrode ~ consume~

14. The p~ ~ pmdu~ng a carbon de~
t~de p~v~ed with a ~n~n~ ~a~

the said furnace, suspend~g the ~e~rode
from the bak~ portion ~er~f by an ~de
e~rode~der, and supp~ raw de,rode
~~~ theandelectr~emo~ng ~ein Chan=elee- 85

~o~r upwar~y ~ respect to ~e dec-

trode:as~~~~ithe electrode ~ consume~ 90
ba~ng the l~he
heat from the said ~ae% suspend~g the

~rough a mold and mowng ~e electrode-
h~der upward~ ~ reject to ~e electrode
as the electrode is consume&

~rodel6. Thepro~dedProceSSwithof WMuc~ga ~notudin~a carbon~an_ 100

n~ eonfinued~ N ~e furnace in whi~ it
~ bNn~ empNyed, Which eompN~s bakin~
the lower pa~ of the electrode by the heat
from the sMd furnaee, suspend~g the e~e- 10~
~rode from the bak~ po~on thereof by an
~eetro~&N~ and supplying raw electrode

mo~ng the ~e~rode-holder upwar~y in re- 110
spect to the ~e~ro~ as ~e ~e~rode is con-
sumed.

1Z The process of produ~ng a carbon elec-

e~r°de~Mder’trode mater~ ~andthe~~~ 120
~rou~ a mold in ~anne~d dec~o~ form
and mo~ng the ~e~rode~der upwar~y
in reject to ~e~o~ as ~e d~trode ~
consume~. ~

18. As a new and use~ ar~4~ of manu-
facture, a channelled ~ec~o~ baked in th~
~rnace in which it is used and adapted for
the ~t~on into or removM ~om the
~ace of gas~ sMd ~ec~ode comp~s~g 130
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~en in use a baked potion and a parfi~ly

bakedl~. AsP°~i°n’a new and useful article of m~u-
~mv; an ele~e provided w~h a Ned-
in~ ~annel baked in the furnace in M~ieh

20. As a new and use~l ar~de of manu-
~c~re~ an e~rode ~r use in a~ de~c
~urnace prodded with a chann~ adap~d ~r

~c~re,21. Asana ~ec~odeneW and ~ ~::~ef~frn~::~

N~g.the~he~e~r°d~mb~on of ~ ho~ow electrode

25. An in,de holder ~r a h~w e~rode
c~npd~ng co~er~ members movaMe i~

~e h~low of the e~rode~ and composing

booperafing members movab~ in respect to

on the interior of fl~e e~ctrode.
27. In an inside holder for a hollow elec-

operab~ therefor from outside the electrode 50
to create a Oamping action in the holder to
sustain the e~rod~

~8. In an in,de holder for h~low dec:
trodea the combination of a gripping mem-

e~rode for effecting ~n operative engage- 60
ment of the actuating member with the grip-
ping member.

:~t~:~P~°e ~a:l~:~tu°s:~:~: ~ectrode.~amping

~i!~ a~r!~tn~:~n£a: i~m~Ue~i~;:~~2~ "g0" In an insid~ holder for h~w e lee- 70

whereby the sai~ members may be positioned
in.fl~e de,rode from the top thereof and

Signed at Chfi~nia, Norwa.y, thN 15th
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SELF~AKING ELECTRODE

Applica~on filed January 5. 1925. Serial

This invention r~ates to se|fbaking ~ec-
trode~ flint is, ~ect~)des which are baked
in the furnace in whi~ flmy are used, and
the object of the invention is the provi~on

5 ~eOf a electrodeContact s~l~i~gsubstantialelect~c currentloss ofto

v~ag~. S. Patent N~ 1~40~24 ~iere is
desc~bed "sel~baking" dectrodes provided

~0 ~:~le~ne~l~Conelnant~of theInfunetionsSaid, patentofittheiS

lnantle .is to transmit the current ~o the
electrode, which ~unction is facilitated by
the employment of ribs or similar attach-

~ ments projecting into the electrode mass and
giving a good contact therewith. The ,elec-
tric current is generally supplied to the
mantle and the electrode is al~ .supported
by means of an external eletrode-holder

.20clamped tightly around the electrode. The

e°n taet~i~i ~:i~al~ ~mle~:e~ ~ ~r~eemm~ ~!~th us obtained between holder ~d

for the production of aluminium~ ~ the
35 total volta~ of the fu~a~ in this case is

0nly 6,~7 volts. If for induce the drop
in voltage from holder ~ electrode is 0,35
volts, this amo~ts .~5% of the ~tal Volt-
age. In fumac~ fo~ the production of

40 almin~um it h~ ~en pro~d to supply
electr~ with aluminium m~tl~. ’~is
metal readily ~m~ ~a~d with. a thin
oxide film offering co~iderable ~ist~ ~
the pa~a~ of the current. ~e 1~ of

45 ~ olta,,e m "~ . ay therefore e~fly ~come mIa-.
Avely lar~ and precautions should:~ taken
to r~u~ tim ~i~n~, For this pur~
I have found it d~irable ~ empio~ a ~n-
tact arm~t which in i~ p~nciple is-

~0 ~o~ inthe ~w~ fo~g pa~ of this

N~ 711, and in Norway January 17, 1924.

fl’om tim ~ectrode and to ~vhich the contact
arrangements are firmly attad~ed. Fig. 2
~ows a (ontact arrangement damped on to
two strap~ Figs. 3 and 4 are sections~:~l~l~nF~g~ 1.onelofiSthethetwoelectrode,straps which2 the ~o

are held tigh~y between ~¢ two metal
blocks + and 5 by means of fl~e bolt and m~t
& Thug the contact becomes pract~allyi~perfeCtfoundandin 5tflethe contackOr no [ossAt OftheVOltagesame timeCan ~

~he arrangement possesses the advantage
that the contacts may be raised one at. a
~ime while the Other contacts maintain the
supply of current, no distd~bance in the 7o
working being cansed during the raising.

The {ndependent electrical contacts may
be made in different ways, for example by
clamping to straps as above described, or by
direct pressure against the surface of the 75

8085

illustrated at ~ Figure 1, which for instance
clamps around the electrode. In many cases 90
it is advantageous to plate the contact, ar-
rangement at a considerable height aboce
the bath. To.reduce the drop in voltage it
is often advantageous toreinforce the ribs
or prolongations to which the contacb ar- ~
rangement is attached. This may for in-

.stance be done by cas~ing aluminium around,
the external parts of ribs as shown in Fig.
3,. in which 1 is the electrode, 9 the mantle
and 3" the~ metal cast around the external IOC
parts of the ribs. . . "

My contact arrangement may also be em-
pIoyed, in connection with hollow selfbak-
mg electrodes where the electric current is
suppfied, through a, contact arrangement 10~
pl/m~d in the channel. Sdch an arrange-



3. In :electrodes of the kind described~~ a ~
plurality ofe~et~cal contacting means, in-

Letters Patent of the United States iS :,. number is capable of transmitting the cur-

rentn~:£a~Cmet.al~c,t° ~~e~a~!y~ ~5

h~ng means h~pen~ of sMd eh~r~e tact win ele~l~ cont~t mea~ in ~e
~5 ~~~h~~:e~it~a~ ~::~1 e ~ec~~rcnit a~ cond~t ~e cu~

mum lo~ in voltage at their c?ntact ~em’ 7.In el~trod~ of the ~d d~i~d, out- 60
with. " " ’ ¯ " ’ wardly e~endhg met~c ~n~t rim ~rm-

" 2. In self-b~ el~trod~ pm~d~ ing inte~al ~n~ua~o~ of the ~mal
.with metallic man~, electri~l co~cting mhforcing ~bs, a~ ~y athch~ to the

:m mea~, attached to ~rtio~ of ~id mmles , mantle, ~d- adap~ ~ ~ivv the el~t~c
and °~hct ~om ~e ele~r~e ~p~rthg current ~om ~e e~al c~nit ~d trans- ~
means, adap~d to ~e ~e volta~ ~s, ~r it to the elec~e.
where current is ~tro~ ~ ~e el~- " - - " -
tr~e. "

~NS ~S~Y..
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¯ me p~sent invention ~lates t6 electrodes
being baked in ~e ~urnace in which ~ey are
used¢ and ~e objec~ of the invention is~a
pr~s whereby ~uch electrodes are built up

~ in .~ Simpler .ahd more practical way. than

hereto~re known. ¯ ..... " /
.Ih: most of the station~ry ca~ide ’and

ferro-aIl~ furnaces the. building up of :~e
.:electrode-sections iseffected by welding a

I0 new ~ction to the metallic mantle wh~h ~n-
’closes the electrode mass~ and filling the new
~ction withraw elec~ode mass: The oper-
,ation is ~rried out ~ a e~osed room ~o~

me~od of conne~n cabot conve~ent~
~be used. I have now found ~at ~ su~

2~ scribe& T~s enables ~e ~arafi~ of
su~ mw d~ode ~c~ns outside ~e fur-

por~g ~e same to ~eir ~aee of us~

~g ~ ~r or ~e~rode mass. It has, how-
eve~ proved ~po~b~ to a~n a stable

s5 connection between a ~~ de~ro~ and
raw ~ec~ode mass whi~ ~ a~erwards

40 shoe of ~e end p~ce£ They cannot be
pasted ~ge~er by means of raw mass. ~e
o~y e~ve connection between two baked

45 With u~ed ~e~rod~, however, an ex-
ceHe~ co~ec~n may he ~ed by pasL
~ If the e]ectrode mass contains suffi~ent
~nde~ ~ ~ll at I00°-~00° ~ be sem~d
and ~tween two sections of su~ mass a

II ~ 2~upperwhen aendnew°fCareba=n~secGonlheSh°U=~e~r°deis’~’entobebeaS rawtakenU=ngcon-

ndc~ed’thereto. According to my present in-
vg~tion, I mak~, comp]ete electrode-secti0ns~
Well tamped or pressed~ at Some convenient
place’,~’and then bring them. to the furnace in
which fl~e~ ai~ to be used. I thus avoid the 60
tah~pin~ Of the electrode mass in or above
the electric) furnac~ and at the same time
hgve ~5~ advantage of bring able to employ
the n~d~t!effective machinery and tools for
pr~ssi~ 0~ tamping the mas~. In cold sta~e ~5
the mass iS:hard and li~le movable rela-
tivelv to thh mantle and such mantle-sections
~Vitl(ra~~ ~n~ss may~ therefore, be subject to
tr~d add ~ans~brt ~in the same way as
usua:l electrodes. The connection between the 70
e~dt~0de-se~bns will be ~ust as good as by

e]ectrode mass alone or raw electrode mass ~I
iith i metal :a)~itiri~ such ~or instance~

vided witt ~’adial ribs penetrating ito the
mass as iKwe]l known in the ar~ The mode s0
o~ buHding UP an electrode ~rom such sec-
~ons ~a~es slightly according to the nature
o~ ~h~met~llic armature o~ the electrode ~

q~J:~;dei ~n which the external mange =

on top O~ tle ~leCtrole in ~s~ The m~nles

sloild thei not b~ complel]y 11]~I ~ith
oiginal dhctrorle mas~ As soon ~s the new
section is suffic~ntly healed the mass is ren-
dered movable relatively to the mant~ and 9~
will sink towards the mass ~n the electrode
bd0w. To be qu~e sure o~ a comp~e ~-

bating electrodes have beides an external
man~e also radial ribs or other metallic

be Is ¢ollows : The armature may be made 1 105

with> us ~olows:



1923; Sweden, N~ 3,154/23, fled Novemb~
1G 1923; France, No. 180,147, filed Norton-
bet 1G 1923; ~, No. 283~35, filed De-
eNhb~ 1~1~g

5 ~e ~bs ~en only project at one end of
~e m~~. and a~ the o~ ~d

~0 fl~e ends o~ fl~ ribs projecting, for instance,
10~ccntimeters t~erond the man~le. The man-
tic.is tamped fu~ of electrode mass, bug fl~e
endsdftl~ ribs remain free. The connec-

~ tion m~y uc carried out above.the electric
m furnace, in. a’hic]~ the electrode is used or

gee ~mZ~.electrode in Use may ~ lifted out
of the furnadc for connection[ ~he new sec-
tion is .brought in place so as to make ~e

.-: rib-ends of both see@{ns meet and the rib-
2~ ends xre.flmn ~onneetea by welding or screw-

ing.. Ra~.electrode :m~s is then tamped.... around fl~c .ribs a~d fi~e openings are closed
b’~. Weldin,~. ~ thereto, a .comple~ belt:con-.

-, n~ting.. ~ both. mantles, or by_ bendm, g ba~.
25 and .welding the mantle portions wh~

form the-working openings..
The ~regoing detailed description of my

.invaSion has. ~em~ given for dearness of
.: unde~nding, only and no undue ~m~afion

~0 ~ould ,be deduc~ therefrom but the ap-

pended. Claims ~m~ld )e construed ~ broadly
as:~)missible in ~ ie~ of ~e prior arti-

~lmt X elahn :as new ~and ~esire tO. s~ure
- by Letters Patent of ~he ~ited States, is:

~5 .l. ~e process of building up sel~bak~g

electr0~es M~id~-comprises preparing elec-
trodesections of raw electrode mass outside,
tim furnace in which fl~ey are to be era-

:, ployed, and connec~ng said sections to .the
¯ 40 n0n-w~rking ends of ~artly used electrode~.

2..The process of building up selfbaking
electrodes which cob~prises preparing elec-
trode sections of ran" electrode mass outside

.... ~e furnace h~ wl~d~ flmy are to be em-
45 ~loyed, and connecting said sections wifl~

~dd~ti~nalraw electrode mass to the non-
working ends of partly used ele~rode~

t~e armadas o~N~ ~e furnace in ~ich
~ey are to be em~oye~ and ~nn~t~g said

..~ sec~ons to ~e n~o~g ends of pa~y
~5 used.Qec~odes of N~lar &~

~ The proee~ of bNl~ng up ~NaM~

e~c~ode~ ~o~d~ wi~ m~aBiR ~rm~u~s
wh~h compN~s preparing de,rode sections
of raw ~e~rode mass enclosed in m~gc
a~m~r~ ou~de ~e~u~eimMfi~ ~ ~0
are to beemp~yed;~ectr~afiy and me-

electrode.provided wifl~ metalhc armatures
and metgilic rein~o~c~)n~s:~q~i~h~C~in~ris~s.
pr~arigg ei~ctrbde ~ctio@0t :~h~ e~c~Sd~’
mass enClOsed in m~tallicifi~dmtnrea:a~ ~ro:
vided ’ ~it]; i~ne~a![i~" ~eiflforceni~ht~d~t~de ! 70
of tlie f@na~e ]fi:~h~dl{ ~hev are;’~d~b~ ~d?; ~
ployed, :and electrieail~ zn~:N~d~ieMt~I
eoBnec~ng Hie ~espeetbe arma~fire~find ~e-
inforcem~nts Of ;~aid2~eetib~ ~d ihe: c5~
sponding pa~ts b~ "~id ~dn-~051Sfi~ ~fidSof~ ~5

6. Tha.~bbchss ’of. bu~ai~g"h~’~elfbakih$:

aug electrod~:h~i0n~ ’~f’~h~’~lecffg~’&~ 80
enclosed in Such mbtaEm armatures outstde’
of the ’f~rn~@.ig ~hicgZthe~ %~g’ be: g~
pl0~d, eleci~i~aH~; ~8’ii~echafiidall~"~onC~
necgng .ttlg::reg~gdtive’~t~fis ~ ~u8 ~ibg!

.... , ,. . : ~..~. , o ~,, f ..::. , r~~
t~ode mass.of,fl~e non:w0flung ends of sa~ ....
part~ used electrode. " ̄  ; ........

7. TBK p~36eSs o~ 6undin~ fi~ selfS~k?h~.
ele~tr6des pro}idgd~ifl~6~hHx~ hr~Ufe~;
having )a~ial ~ib~i~lfi~h ’cbm~ris~ ~g~. 9s
ing ele~t~od~:sdcti6n~:df ra~ ddd~ddg’~a~ ~::"
enelosdd i~ such ~etal~e armatnrg~io~iae~
th6 fnrfiace in ~tiihh: ~hey;are ~0~be- 6inc(
ployed, electric~lly findmechanically 6on~’
netting fl~e ~es~ed~ive arnmt~es and ribggf ~00
said sec~ioffs to the ~o~re~pondhG:~arCS’hf ’ "
the non-working e~8s of partly u~ed ’elec:
trodes of shnila~ dharacter. 5nd emmecfigg!
the raw ~ec~r~de ~a~ of ~d ~s;WG
pared outNde of ~e ~dd f~nace to th~ ele~ ~o5

raw ~ode:m~s bytim ap~afion:0f~. : .
heat. ~d We~ thereto.

Si~ed at.~w=~ N. ~i~p¢ 2£~d¢ nO
1925.

~AS O¥~O~ SE~.
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UNITED STATES PATENT OFFICE.

0£.~Z W~"-~’m’.w S~)’I)B]LR~,B~, 0~ 0~JI,O, NOBWAY, A~IGNOB T0 DET N0~ 

~ OF ~G ~A~D ~UOU~ ~LE~DE~

uous~iSelectrodesinven~°nfor~late~Me~ct° ehnun~ed~tl~aces ~u~c°n~n’the in~C~nff~darran~entSeonnee~on wifl~°rthethe~e~rode~ma~ ~ ~rm ~

object o~ the inven~on is a process for mak- flexlhle connection with s~d c~c~nff ar-

con~nuous ~e~rode~ ~y pre~ent process ~o]i~ connec~on ~h t~e e]e~rod~ I may
~s ,n ~mprovement o~ the pr~ desc~] o~ co~e ~so heat ~n~u]~te ~ch ̄  tu~ ~n-10 whenin thatve~PNent~otand~ses orlS preferablechar~es passln suchthrou~hCnSes steadroundinffOf coNinffdectro~eit SOmas~aS not.to bake the ~r- ~

lS the-~spen~on of m~ e~rode m~ be car- ~nven6on ~s shown:

w{th dosed ~maces and mnkes ]t pos~ble suspended by menns of nn ex~ h~der ~
to carr~ out ther~n a number of processes 3 ]s ~ ~ed~c ~urn~ce. 4 ]s a lon~tud]n~

s0 which have h~ther~o o~ ~en car~ed out ~n chsnnel in’de the ~e~ro~e ~ is n water
open ~urnaces. ~ ~or instance the produc- co~ed tube ~n the ,,ha~ed Dart of the ~ec- ?$
t~on of carb~d~ ~nd many produc~s which ~rode. 6 ~ ~he ~1~ ~or the ~rnace ~

innow:~?~:~~~there~,~l~teeh~nn~th~4 ~e~n~dr~,t ~na~ ~ueha flUemannerand I m~Yth~t "

trode Mth one or more ]on~tudin~ cha~- ont Nr in, ante by menns’of a door or a fan.
n~s. Such ~e~rodes con~ of a lower St is early nnderstood which improv~

~

tainfi°n~°~g°fparta firStofthatand~asSthe~i:~s:~t~b::~e~::~u:~ectrode~e~r°de t°in unbakedalways m~b~con- ~~:~:~~:~e~~7~ment~ ~n the operation of the ~ace a~ ob- ~

di~on in order to We a homogeneous con- ,sual carbide and ferron~oy ~aces fo~
~ nec~on with .the new electrode m~s to ~ fhe v~ndp~ 31fficulty in the handling of

atampedchann~edthereupOm~e~rodeifverynOWhotlnfurnacethe casegasesOf ~:~:~ throu~hhav~nff then hol]owffases ~ectroderemoved 9S

are drawn out through the ~ectrode the up- ~l drawbacks are e]~mln~ed and the ~r-
per part of the electrode may become baked nace is easily ~nd comfortab]~ handled.

~ by the heat given off ~rom ~he gases. ~e ~e merged described is ~f ~eclal im-
s~me may o~ course take place if very hot port,nee when ~e]tlng materials in Oo~der 1~
~ses ~g introduced through a channeled or with little porosity. Such mate~al is for
~ectrode. I have now ~ound that this diffi- instance a mlxture’of powdered iron om

~ culty may be avoided by placing a cooled (purple ore or the ]~ke) with powdered coke
tube in the channel or ch~nhels at the upperor similar powdered mdu~ion material.
end of the electrode. ~e cooled tube will Such powder~ materiMs am genera~y much 1~
then protect the surrounding raw electrode cheaper th~n other raw ma~rials. ~ey
mass from being baked. ~e tube may have, however, the drawback that the char~
either be in s~id co~tion with the col- ~comes too fight and impenetrable for ~



.~e~y ~e fu~a~ "blows", ~at is,
the ~s will form its w~ ~rough ~e ~arge
~ ~in place,., forming o~n chapels
~u~ ~h it e~apes. Little or no con-

~ ~t ~n gas and mate~al is therefore
~hhed and neither ~e ~at con~nt nor the
rMuction value of ~e ~s is utilized. By
drawhg gas o~ ~rou~ the electrode the
blowing is avowed and at the same time the

lO g~ is ~llected and may subsequently be uti-
~d ~r prehea~ng, roasting or reduction of

cu~ ~ ~e ~
1~ A ~ace ~ ~ that herein d~r~d is

coUr~and ~ealSOeleetrode.draw ~h;~~ may~rnaeefor

~ ofinstanCea gas ~:~ff~~~ reacti°n~e pro-
’ ~c~on ~ hy~o~an~ a~

~at I ~m as new and de,re to secure
~ Le~em Paint of the Un~ed States is: .

~$
~h~h~c:£:~~ c°n~nu°USfor ~e~r~Self-fu~

naces compr~ing the in~oduc~on of a body
in ~e u~ak~ part of ~e electrode pro-

m~

~h:~~e~e~ forC°nNnu°US~e~Ne sel f-fur-

again~ ~e h~t ~m ~ ch~ ~ ~
preventing ~e bang of ~id ~ d~
mayo

3. The pro~ of ma~ ~uous ~f- ~
baking ~anneled d~tr~ f~ d~tric ~
naces co~rislng ~e introduction of a ~o]~
tube in t~ un~ed pa~ of ~e elec~
prot~ting the surrounding r~ ele~ro~
mass aga~st t~ heat from the channel and ~
thus preventin~the baking ofsaid raw ~-
trode mass.

b~h:h~~e~ ~r~ c~~s s4f’fur.
naces comp~ng the introduction of u wa~r ~
coMed tube in the u~ part ~ ~e el~-

and thus preventing ~e ba~ng of said mw
~ec~e mass. ~

5. A channeled electrode baked in the fur-
nace in which it is used and adapted ~r the
introduction into the furnace or removal

6. A channMed dec~e ~d in the rum
nace in wh~h it is us~ and adapted for ~e 7$
introduction ~to ~e furnace or removM

tube pr~ecfing ~e raw electrode mass ~
against heat from the channel

Z A dmnn~ed electrode b~ed in~e ~r-
nace in wh~h ~ is used and adap~d for the
introduction ~to the furnace or removM
ther~rom of gas~ said ~e~r~e comp~s~g ~

water coMed ~be pro~c~ng fl~e surround-
~g raw electrode mass aga~ the heat f~o~
the channel and thus preven~ng ~e bak~g ~
of s~d raw ~e~rode mas~

CARL WILHELM SODERBER~
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UNITED STATES PATENT OFFICE.

App~ca~on filed ~anuary 5, 1925, Seri~

"Se~a~n~’ de~rodes (e~c~od~ which

sc~qbed in United : States Patent N~
~ 1~405~ The mantle has here the ~unc-

m~a~ ~eneraHy iron. The amounts o~ iron
2o supplied in this ~ay to t~e ~urnace are as

awithrule~eS° ~]n~h~ ~:/f~n~ orinterferelower

~5 or a~ ~ast ~o mi~m~e the introduction of

~o 3_3~%would cause theiron from the mantle~uminium t°iftakethe ~

~ for the em~oymen~ o~ the e~rode in these
furnaces thag a method be found to a~oid
introduction of considerab~ .quantities of
iron or other detrimentM m~s in~ the

No. 71~ and in Norway Sanuary 1~ ~92~

reaches far enough down into the furnace-
so flint the ~na.n~e mel~ off. It is then de-

plates a thickne~ of ~3-0A ram. The man- ~

fa~ourable Nrcum~ances the hea~ may, if ~0

" and the msnfle may be removed there. Oth-

h~de~ for in~ance in the form of st~ps
5-10 cm. broa& To fadHtate the tea~ng

~l~X~i~:rm~e ~:~h~e e~aeac~o~ holder,give a so
thus cau~ng it to act as a knif~ ~urther
the mant~ may be scored hoEzontally at
intervals of 5-10 cm., to facilitate the tear-

iP~f~:~i~’repTl:a~e~e~:}~t’~r~°~o~aeYr 85
is moved.

cerned one has the choice between let~ng
the amount of iron or other d~Emental met-

" Iron, howeve~ on account of its high melt- of aluminium or other non-detrimental met-.
ing point and its cheapness has important al or metal alloy. To be able to employ iron

~50110105



mentioned
the aluminium’that anASe~e~t~oXdaemPwl~t~t lmamYet~

d ll~earr ea cnedn t~i°mr e t~ r CawPaasCimt~ de°~w~tha~Pr~

a 7 centimeters broud. Both ribs and mant~

I claim : s5

the bath. But the ribs were aHowed~o melt trode before such portions become melted.

l0andtOOkln enteru Pthe0.074 %casesthe whenmetalir°n" the mantlepr°duced’ :shl;:m~ ~bO,~;e:s~Vfw~i!~i~aeg .~ 45

1520 " : i

25 Thethea l~tleThe~l~°~:~ien~pd~’~ }~b~hk~mgra~a~~tmalt~a~i~c~’~¢~:~’~i:~%dak°e~t" ~te~et~i°i!~2g~e~" n~°0~uhl}lh~lnme:~!~rnace Charg~

¯

mantle is thin beforehand it will also be 4, In the process of manufacturing and 6~
more or less oxidized and brittle so it may using Self-ba~ing electrodes, where the eiec-
easily be scaled off against the sharp upper trode is formed and baked witMn a pro-
edge of the gripping members o~ the holder tecting metal mantle~ the step comprising

30 when the electrode is lowered. ’ removing a portion of the mantle below the
" Together with the mantle the detrimental electrode .holder and above the point where ~
layer of dust isalso removed thus giving it would melt and enter the furnace, charge.
a clean contact between gripping members
and electrode JENS WESTLY.



Patent~ M~ 1~ 1~.

UNITED STATES PATENT OFFICE.
CARL ~ILHELM S~DERBERG, OF OSLO, NORWAY, ASSIGNOR TO DET NORSKE AKTIE-

SELSKAB FOR ELEKT~SK ~USTRI OF NORWAY, O~ OSL~ NORWAY.

~RODE ~SS ~0~ SELF-B~NG ~ECTRODE~

No Dra~E. Application ~ed ~u~ 2~ 19~, SePal No. 7~7,59~, ~d in Norway Iuly 2~ 1923.

are used and the object of the inven~on ~ ~ ~ 2~ ~]~£~i~ r~ ~ ~e ~ ~ e s~ ~

thermic use are, as is known, made by mix-
10 ing anthracite, previously heated to a red

heat, cinders and other carbon mater~als
with a binder, comprising pitch with some
oil, or tar and pitch, to form a mass.which
is pressed or tamped i~to moulds. The elec-

15 trodes thus formed are then baked in spe-
cial baking furnaces where they ~re ’slowly
heated until the binder is coked, usually to
ll00q C. .
¯ it is well known that good. electrodes .are

2o essential to an electric smelting furnace.
~uch work has been done in the effort $o
find the best methods for the production of
electrodes and the following fundamental
rules, which must be followed to obtain ~

2~ first class result, have been esta:blished: " "

~on~a~e~eS~nV~:~~ Sss~m~leas} po~ibl~ amo~n}.~~con..s~til. The raw electrode should contain the

,0 ~g~wiH be the specific gravity of the

~. The moulding of the electrode must be

.~ mass are pressed together and the air con--
tained is d~ven ou~

The method which is usually employed
and whid~ j~ ~onsidered to be fl~e best is to

square centimete~ The electrode mass is

~ the air is driven ou~
Also b~ tamping one has been able t~

~) apparatu~g tamping b~a~]t~f~-~?~¢:~:~
portafion and the baking of the raw e!ec-

so-called selfbaking electrodes must have a
consistency quite different. ~rom usual mass ~
to give ,~ satisfactory result, it bein~ usu-
ally impo~ible to employ highpressures ~or
pressing the mass~ or powerful tamping.
Only a light tamping may b~ Used~ effected
either manually or by mear~ of small pneu- 70
tactic tamping devices...If it is attempted
to tamp Usual electrode mass in this way it
will not he possible to f0~ce the mass suffi-
ciently together and an electrode results
with. lower specific gravity than usual e]ec-. ?~
trod~s, and, the coherence and electric con-
ductivity ~ill be bad. This has the effect~ "
that the electrodes stand less current density

"than first class electrodes and may in many
cases lead to breakage, the electrodes not be- s0

videdwith an ~ron- or metal armature, s~

electrode mass and determines its form. In

bak~l~ in the Kppe~ part it is entirely raw.
The ribs transm~ the current from fl~e

9~

~l~ :~inmu°o~isne~:~Y~:~e~r~b~
7 meters long. 100

:Even if in ~sing ordinary electrode mass
for such,electrodes it is possible by extreme-

~able as desired. When subjected to special



The reason for this is that ~e ~ode mass

zol~. ~nper~ure and tim e~rode mass fixed to

heretofore pointed out may be overcome by
~iving the mass a consistency with Sufficient-
ff low viscosity to allow the mass to settle
during the heating in the electrode. To

z5 reach the right specific gravity and corre-
sponding electric conductivi~ ~nd mechani-
cal qualities the mass must during the bak:
ing make a .slow settling possible. The bak:

hardOf the maSSmass" ifandnowiS ~na~l~tt:~:~cI

is increased the mass wll become more slciy
~0 at the tampig l~periure and ~nsequel-

~ ~clt to tre~t with the t~m~ng ma-
cMne. At 18 to t1 Ir)tch it cannot b~
~mped at all. The ~e~ment of one part
of the surface of the mass with ~ machhe

ilency of the mass is that of a dough ~n!

~m ~rence between "tamp~le" a~

~t~n er ave carr~:i?i~~lili

resets are given below:
¯ At 24% binder the movement o~ the rod
was not noticeable. "

At ~5% binder.the movement of the rod
was noticeable~ but the time re~ired was ~
~nore than 1 hour.

At ~6% binder the movement of the rod
was a little quicker, butthe time r~uired

~r~ng at ~Z5 to ~8% binde~ This sudden

at I~e same. tme exc~nt lub~can~.

on the nature Of the fines~ and can ~ere~re

llI

.~ greatermate contaCtair bubble~With each other and remove o~definitethe finesbinde~re al/t~er~letl:~l~n?~gfi~pl~I ~,



sibleSh°uldinbev~wC°nstruedof the prioras br°adlYart, as perm~-
What I claim as new and de,re to secure

¯ by Lairs P~ent of the Un~ed States is: ;o
1. An e~rode ma~ for u~ in forming

continuous de~rode~ containing an excess
of binder in proportions suffic~nfly high to
cause the mass in warm condK~n to settle
in fl~e e~rod~ ~

2. An e~rode mass for use in forming
continuous de~rodes~ in wh~k the propor-
t~n of binder content ~ suffiden~y high to
render the mass das~c and non-tampable.

3. An de,rode mass for use in forming so
continuous de~rodes~ in wh~h ~e propor-
tion of binder content is suffic~ntly high to
prevent reduc~on of ~e total v~ume of the
mass under a tamping a~n.

4. An electrode mass for use in forming s5

c°ntinu°uStion of binder~eC~°deS’content inis suffic~ntlywhich the ~{~o:~
render the mass l~uid.

5. An e~rode mass for use in forming
continuous Me~rod~, in which the binder 9o
content forms at least 14% of the mass.

6. The process of form~g au de~rode
baked in the furnace in wh~h it is used, and

der tim mass das~c and non-tampable and
then ca~ing the mass within the enclosing
mantle of the electrode.

Z The process of forming an electrode lo0
baked in the furnace in which it is used and
including ah endo~ng mange comp~ng

will together with the distillation products kind which is baked during its use in any
try to escape downwards through the al: electric furnace characterized by a baked
ready baked and consequently most porous portion at the operating end and by soft elec- .

~ part of the electrode~ but as just this part trode, paste at the feeding end, said paste
is heated to a red heat new amounts of car- being of such consistency as auto~natically to 120
bon-hydrogen compounds will here contin- exert sufficient pressure by its own weight
ually be reduced, coke being formed and to assure such compa~tnCs~ of the electrode
depbsited in the. pores of the electrode. The materials throughout the baked portion of

~o carbon particles consequently become fur- the electrodes as to afford physical and elec-
ther hound together~ and the weight and trical characteristics of a pre-baked elec- ~25
conductivity "of the electrode increases., trode.

beenThegivenf°reg°ingfor clearnessdetafled~fdescrip~°nunderstandinghaSCARL WILHELM S~DERBERG.
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Patented Oct. ~ 1928. 1,686,474

UNITED STATES PATENT OFFICE.

£ppHoaflon ~led ~tember 1~ 1~, ~erlal No. I$~7~ and in Norway September 19, 19~.

The m-called self-baking electrodes, i. e.
electrodes that are baked while iff-use in the
electric furnace, ordinarily consist, of one
baked and one unbaked part and means will

~ have to be provided for conducting the elec-
tric current to the baked part of the elec-
trode. A present this is ordinarily made ac-
cording to my U. S. Patent No. 1A40,7~4
dated-January. 2nd, 1923, by surrounding

lo the electrode "by a metallic shell structure
consisting of a metal mantle pr0vided with
inwardly projecting ribs that give a good
electrical contact.. Both casing and ribs pass
into the furnace as the electrode is consumed

!~ and become a part of the charge. In many
instances the presence of this metal, which
on account of the high temperature required
to properly bake the electrode is generally
ironi is not objectionable. However, where

20 the continuous self-baking electrodes are to
be used in theelectrolytic production of
aluminum and in similar Cases, the addition
of iron from the electrode is very objection-

remains solid and conducts the current to a
point far enough down in the electrode so

40 sump~on of the furnace. These inwardly

The object of the present inven~on is to
~ provide a shell structure for a self-baking

electrode, in which the mantle---if any--may

bealumimunm ade ° fandan ~ilr~b~sU~bal; bemetalmadeSUChof asa

rially reduced as compared with that in the
: ribs previously employed, and where the

metal in these ribs is not permitted to enter
~ thv furnace and contaminate the product.

This is accomplished by separatingthe ribs
from the shell so that they are mechanically
independent of each other and may be dis-
placed with relation to each other, especially
in a direction parallel to the axis of the elec- eo
trode. Thereby the ribs are converted into
special contacts inserted into or in other
ways brought in contact with the baked part
of the electrode. If a metallic mantle is
used, which encloses and shapes the elec- ~
trode, the same may therefore pass into the
furnace with it, while the ribs may be so
arranged that they carry a large part of the
current to the thoroughly baked lower por-
tion of the electrodes, but are not permitted 70
to be fed into and consumed in the furnace.
Thus the mantle may be made of an easily
fusible metal, such "as aluminum, and thh
ribs of a more difficultly fusible metal such
as iron, without contan~inating the furnace 75
~roduct with the difficultly fusible metal.
~ince the invention is of particular impor-
tance in the use of the continuous self-baking

the line ~ ~ of Fig. 1.
In these drawings 1 is electrode masN ~

seen,is anisaluminUmbent inwardly intomantle which’the electrodeas willmassbe
to Nve room ~or the ribs 3 and 4, which ~5
are of iron. The ribs have an externally
extending portion 5 where the electric cables

61 ~h?rib~sCl~eCmtae~d; ofAStwoappearSpartsfr°m3 andFig’4,
which are wedge-shaped in such ̄ way that ~00
a blow on one part of the rib wi~ cause the
ribs to be wedged against the surrounding
material and consequently make a good elec-
trical contac~ It is most advantageous to
arrange the shell so that the lower ends of 10~
the iron ribs are so close to the fused bath
that the aluminum mantle is melted off at this
poin~ The ribs will then be attached di-



~ one part of its upper end and the whole

ta ~mt~~~~!The man~e is l~aade from sections wllich are

joined to each other by wdding. The tam~-
[ng of the electrode mass takes place as ~s

~5 usual with sd~baking dectrodes and the
dectrode may be supported in any known
way. The ~bs should be suspended from
fl~eir upper part. The lower end of the ribs
will always take the temperature of the elec-

20 trode at ~his point, that is about 900° C. and

2~ their lower end where the aluminum mant~
melts: and inwardly towards the axis of the

~0 trode as well as through the ribs. If de~r-
able, the mantle may of course be provided
with projections or the like to provide bet-
ter attachment ~or the electrode mass.

Obviou~y the mode of appl~a~on of the
~a pre~nt inven~on may be varied within

~ide limits and the above example therefore
~s not intended to ~mit the invention.

LClaimSThe combination: of an electrode baked
40 while in use in the electric furnac~ an elec-

trode holde~ and a curren~carrying con-
tact movable r~afivdy to the dectrode and
the electrode holder.

~ The combination with an electrode
45 baked while in use in the electric furnace,

o~ a metallic current~arrying contact ex-
tending into the electrode beyond the pe~ph-
cry thereof and movable relatively to the
electrode.

50 baked~~i~d~i~i~i3. ThewhileCOmbinationin use inthe ~ectricwith anfurnace,~ectr°deof

55 afire to each other.
~ The combina~on with an electrode

baked while in use in the dectric ~rnace~
of a curren~carrying contact extending into
the electrode beyond the periphery thereo~

5. The combination with an dectrode
65 baked while in use in the dectric furnace,

6. The com~n~ion ~ an electrode ~

~~c~~i~y~~baked~~~~:~~~while in use in the electric furnace,

baked while in u~ in the de~c furnace,

upper end~
8. The ~mbina~n wi~ and de.rode

baked w~e in u~ in the electric furnace~ 85

contac~ ~0
9. A m~M ~ ~r an ~ctr~e bak~

able rda~vdy to ea~ o~e~ ~
~ A metal shell ~r e~rodes baked

w~le in use in ~e de~c ~rnace comp~
~g a mantle cont~ning ~e de.rode mas~
and ribs ~ceaHe wi~ respect to ~e

11. & met~ ~dl for electrodes ~ked
while in use in the electric furnace compfi~
anding ~:~:~n~ respectd~trodetomaSSthe

manfl~ ~e mantle being made of a rdafiv~y 10~
easy fumble metal and the ~bs bring made
o~ comparably ~ffic~W fus~ m~.

1~. A metal shell ~r ~e~rodes baked
while in use in ~e ~e~c ~rnace comp~

lg. N m~al sh~l for ~eetrodes baked whi~
11

to engage ~e electric to m~e contact 1~
~erewi~.

1~ A metal ~dl ~r an de~rode b~ed
while in u~ in the de@fic furnace compfi~
ing an alum mantle, and an ~on cur-

l& A m~al ~dl ~r an dec~ode ba~d
w~ in ~¢ in the electric ~r~¢¢. compris- ~



10 movable relatively to the mantle and made CARL WILHELM SODERBERG.
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are used and has ~r i~ o~ect ~e arran~-
ment of a ca~ng around the ~ec~ode ou~ide

~ ~e mantle which is u~d as a mould for ~o

in’able ~eto dide~rnaCedownand~rou~~e electr°de~e caNn~must it~
~0 will often be adva~a~ous to m~e ~e cas-

wi~ cold N~

of current will ~ways keep clean. On ac-
count of the co~ng effect of ~e ca~ng the

u0 dec~ode mass in ~e upper pa~ of ~e elec-
trode wifi rem~n raw and a ~mo~nebus
co~ection is ~us ~t~n~ when new mass
is tamped on ~e ~ec~od~ Th~ ~ ve~ im-

wi~ ready baked d~odes. If de~rable

necfion with ~e furnace in which it js em-
p~ye~ ~e su~en~ng means may be erec~d

4a ~in the ~m~g~house. By such arrangement
pull~s f~ suspension~ bearings and wires
are prot~ed from the heat of the fu~ace:
The susp~sion-de~ces are mounted ona
~ame whi~ m~ be displaced horiz0n~lly

~ along or.across the ~ace. ~ereby a ve~
simple m~s of altering the position of t~
electrode within the furnace~is obtained. It
~ of ~po~nce th~ ~ ~ ~ ~ di~l~e

the tamping house is present provi~on must
be made for this lateral movement of the

ping ring may be fastened around the elec-
trode at a distance above the uppermos~ edge

~Vhen the electrode holder is loosened to ~o

Generally it will be advantageous, to make
the ca~ng o~ iron plat~

during full 6pera~ion ~ith~ut breaking the ~
current. Such a holder is for instance de-

~on. In such drawing 90

~:~ ~e~:n~i~V; illustra~ng another 9"

-Referring more par~cularly to the draw-
ing~ I is an e~ct~c ~urnac% 2 is a self-baking
electrod% and 3 is a ring having mcans for
~ghtening each single electrode gripping 1~
member ~: The gripping members are sus-
pended in the lower ~nd of the casing 5 which
is placed outside the actual electrode mantle
6 and is led through the floor of the tamping
house 7 and at its upper en~ is fastened to the 1~
suspension arrangemen~ 8 which may be



rMsed and l~d in ~own m~ne~ 11 is
~ ~g ~x ~ ~e up~ ~d ~ ~e casin~

tra~s downwards b~ween the electrode man-

1~ desired ~o co~ by means of a ]~d ~e ca~ng
must of course be made wi~ a double wall

~~%~~~ provided, spe~al inletas
iilusW~ed at 10~ and 10~, r~pe~ivd~ Fig. 2.

eo The foregoing d~M~d de~Npfion has been
~ven for purpos~ of clearness of under-
~andNg on~ and no undue l~tion ~oNd
be deduced there~om but the appended
claims should be construed as bronzy as per-

e~ m~Ne in v~w of the pNor a~.
What I claim as new and desire to secure by

L~rs Paint of ~e UnRed States is:
1. The eombNafion of an de,rode baked

wh~e in use in the electric furnace, and hay-
ao ing a man~e envdo~ng the de,rode mass,

~ove the electrode holder, ~e mantle ~-
gerber with the electrode therein contained

;~ berg morale ~ngku~nafiy with respe~ to
tlw caNn~

2:The eomNn~%n of an electrode baked
while in use in the electric furnace and hav-
ing a mantle envdoping the electrode mass, a

4o room wherdn the ~mpNg of ~e degrode
mass into the mantle is effected, and a easing
surroun~ng ~e electrode ~ ~aeed relation
ther~ the upper end of said eaNng being

4~ 10~t~saidemnb~a~onr°°m" of an electrode baked
while in use in the degr~ furnace and hav-

~o mesa b~ween the ma~ and easin~

~5 with a double wall and inlet and outlet for
co~ng find, the ma~ ~th the de,rode
mass therdn eontMned bNng mov~ Nn~

the caNng and engaging the electrode below

suspen~on devices mounted on a frame dis-
placeable in aft directions transversely with

ing a stopping ring which stops the down-
ward lnoveme~ of the electrode when reach-

it~~ :l~t]~:~uds;~:~:ds.aid eaNng in whid~ 7~
8. The combination of an eleetrod% a cas:

ing surrounding and spaced trom the dec-
trode, said electrode being movable longitud~
naHy ~vith respect to the ea~ng, and means for so
introducing a eoo5ng media between the dee-
trode and casing.

9. The .combinagon of an electrode baked
while in use in the electNe furnace, a eaNng
surrounding the ~ectrode and subject to fl~e s5
action of a cooling medium to thereby cool
~e ~eetrod% means whereby the ea~ng may
be raised and lowered, and means earmed by
~e casing for suspending the dectrode there-
in, such electrode bdng movable longimdi- 9o

cooled eaNng surroundNg the deetrodc~
means for raiNng and lowerNg the easNg,
and a holder suspending the ~eetrode within 9n
the.cadng~ such holder being carrhd by fltc
eamng.

11. The combination of an electrode baked
wNle in use in the deetNe furnace and having
a mantl% a eaNng surrounding the mantle and 100

f°rmingum, and means~mrewithfor i~F:2~c~ ~;~ii~ meai_mcdi-
um to the space for cooling the eleetrod~

1~. The combination of an electrode baked
. surroundingWl~iM in use inthethedectrod%elec~Nc ~’2~:e~ ~:isi~:~ ~05

ll0

~ng surrounding the electrode and subject to
the action of a cooling medium to thereby

mg surrounding the electrode and with re-
spect to which tim electrode is long~udin~ly
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The p~sent invention r~a~s ~ the so-
cal~d ~f~a~g electrode~ ~ is e~c-
trodes whi~ ~e baked whi~ in use in ~e
~ec~c furna~. These ~ec~es cons~

¯ Of~keda l°Werand isParta goodWherecon~or~e ~ectr~eand anma~peris

pa~ where ~e mass is raw and non-con~

rentNve" fromT° ~cure-a~e curre~sup~ying~ansm~n~v~es°f cur-to

~s~?~l~ and ~:::::e~r~~No. 1,~,7~, where va~ous
~ conductive r~s and inser~ have been ~own.

Su~ in~r~ m~consi~ of met~ or of

re~ebaked~7~nm~e~:nt~~~eces of carbon or ~~inI havethe

~ co~ac~ if an ~ctr~e ca~ng ~ ~p~ed.
I have now fo~d ~at in su~ cases and

e~e~ with ~g ~trodes it is ~cult

~ the ~ectro~ ~ i~ lower pa~ ~ no s~s-

ve~~~i~: t :~ presentatta~me~in"
~tw~n ~e in~rts and ~e electric m~

or ~rround ~e ~n~e par~ ~ ~e ca~on
~. ~en the mass,h~ ~en ba~d ~e
car~n ~rts w~ ~en be compl~ fixed-

~ ~ere~.

electrode mas~ In su~ an ~e~rode the 50
contacts-make contac~ direc~y ag~n~ the

. pre~aked sec~ons forming the .shell.
In the drawing fomning part of this appli-

trated,
cati°n a~n]~t~o°~em~n~ot~nthatiS illUS-my 55

inven~on is not Hm~ed ther~

pre-baked sections forming the shell or cas-
ing of the ~e~rode are indicated at 2’, such ~

c°ntaCtexamp~dampSof the inventionare illustratedshownatthe~ sectionsIn the

or inserts are. arranged around the periphery
O~shellthefor the~ec~ode,core ot~hef~irno~eamC~.ng or ’"

What I claim as new and deMre to secure
by United States LetMrs Patent is:

1. An Mec~ode of the kind that is baked~
while in use in the electric furnace compfi~ s0
ing raw ~e~rode mass and a casing~ the
caMng b~ng formed, of pr~baked carbon
inserts arranged at the periphery of the elec-

t~ode~. Anin ~ r~a~On.of the kind that is baked ~
while in u~ in the ~ee~m furnace eompN~
ing raw. electrode m~s and a e~ing~ ~be cas-
ing bNng formed of pre-baked carbon in~rts

~aT~ny o~h:~e sUChcarbonmaSSinserts~ bakedand athereliablema~

April,

MATHIAS O~OM SEM.
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electrode and h~ds the same together until

. the ~wer end wears off in the ~urnac~
O~ng to the conditions under WMch these

electrodes are made, it has been ~ound to be
1~~ adva~a~ to use a paste ha~ng such con-

~ency as to be da~ and non~ampab~
such ~or ~ance as the paste th~ has been
described ~n ~ S. P~ent No. 1~70~52~ to
So~er~ It is o~ pargc~ar impor~nce

therefore have a rela~ve~ h~h propo~n
~ o~ b~de~ such as tar and ~teh. These ma-

the practice heretofore, in order to N1 the
¯ paste Nto ~e ~e~rod~ to heat it to a tern-

s0 ~~~ ~.~ whilePNnt hot.Of their

in which cas% the m~er~ can be mixed
s5 with the pMve~zed p~ at or~na~ tem-

peratures ~ont any hea~n~ In ~is cas%

40 the ~od~ The h~ pa~e has been pressed
or rammed mecha~c~ into the d~od~

b~ck~ and heated to a ~mper~ure of 100°
to 140° G at wMch ~mper~ure the pa~e has

~0 been ~led into ~e electrode.

32~17~ and in Germany Sep~mber 2~ 192&

and have provided an arrangement such that

come heated in any ease cluing’its passage
towards the baked end of the electrod~ But
ordinarily the holder ~s water cooled, and
stops the heat flow in the electrode. Further- ~
.more, in order to have the best results, ~ is
~mportant to melt the paste in the upper end
°
fl ongthecolumnelect r ° d eo ~ ~ s~ ~r ~t~ieg~ta~i~~

!i~t~ime e~fe°:r~i::~: ~ ~l~ :~tni ~ ~de i~ ~e~This hea~ng can be car~ed out in different ,0

way~ For open furnace~ the electrode is
made above a plat~orm~ wh~h is arranged ~

the°Vereleetrode ~ exposed to thethe ~urnace. Underneathheattheofplatform,the dee-

~t_~i~l~:::~:~n InopenmanYfurnacesCaSes,havethe ~o

to Walthe~ The same counteracts the melt-
ing of the paste in the electrode. One can 8~
improve this condi~on by leaving out the

this can be accomplished by u~ng ~ther gas 90

~l~c~t~i~e ~dhee~i~eCanelectrod%be d°neor
inside the same, for instance, by arranging

on~ giving enough heat to malt the paste dur-
ing the night. In order to save heat~ one
may heat insulate the top of the electrode. 10~



t~de by J ~e~c rammem or ~lar

through iro~ pipes~ arranged below the plat-
form, before it is forced into the dust shield.

ao ~e~by, the air can be pre-heated to any de-
sired extent, and we have shown such an ar-
ran~ment in the accompanying drawing.
.~e drawing represents an elevational

view. ~partl_~ ~ section. , of. a furn~e installa-.
~ tm~ ~n wh~ the lnvent~on m~ be .carried

~ ~ 1electrode,iS an ~ec~cand ~V~ ~

2a isPended~ac~ o~N~in ~e ~wer endo~ ~e actual°f the ~e~J~
fie 6, and is led ~rough the floor of the

be raised and lowered ~ ~own mann~. A
~e~u~g box 11 is at the upper end of the

casm~ aga~ wh~h a ~opp~g Hng 12 m~

is in’card at 13, ~rou~ ~e ~era~on o~
~ wMch ~e dec~ode m~ be bo~ moved

about. To the caring 5 is fastened a carrier

~g currentarrangementtogthe~relectrode,the electriCIn order to heatleads conduc~
~e upper po~on of the ~e~rode, ~ rMse

4~ the ~mper~ure o~ the pas~ wMch ~ ~d ~ ~

~ ~rou~ the convolutions of ~e ~pe becom-

~ ~o~r~ hea~ thepass out latter as i~at the ~werPen~end

~osen d~en~ng upon ~e parfic~ar paste
bMng used, and the ~mper~ure to which ~

~ is found most desirable to heat the paste ~or
¯ ~e purposes ~rei~e~re set ~rth. The de-
sired ~mpera~re may be attained ~ con-

~ wi~ eaN~ be ~der~ood ~ t~ ~ove
procedure wi~ operate to best ~dva~age if

[tguresSh°uldin ~hebe :~leeffi~:~:l~:~te~): ~l~p:~

be av~de&
Having thus described our invention what

we claim as new and desire to secure by Let-
ters Patent is :-- . 7~

1. The process o~ forming an electrode
baked while in use in the electric ~urnace and
including electrode paste and an enclosing
mantle comprising filling in paste a~ ~mper-
atures below the reeling poin~ of the binder e~

~ectrode.

including de.rode paste and an endo~ng

make the paste ~orm a solid electrode.
3. The process o~ ~orming an electrode

baked while in use in the electric ~urnace and
including electrode paste and an endo~ng 9~

mant~the electrodeC°mpr~ingby airheatingor gas ~62~ePme~:r~u°r~
of about I00°-~00° C.

including dectrode paste and an enclosing ~

pm:~ c~aP~in~:~d~ paste t° theat temperaturesupper
below the m~fing p~nt o~ the binder content
o~ the pas~, and heating the added pa~e to a 10s

~s°gd~ectr°d~~:[~a~ff:~st~i~:fl~~. ~he process o~ ~orming an andmeltelectrode~°rmthe

baked while in use in the electric furnace and 11~

~ ~ia~ o° ~t ~efi~il en~ ~ ~ts~i ~ :rn~: ~ ~ ~: 1I~

~n~ :r°c ~e:: e::~°~ :1 ayidhi2~ ~toe r~r ~h~
paste ~as~c and non-tampable at the tempe~
ature in the electrode thereby cau~ng the
pa~e to flow and form a solid electrode. ~0

¯ The process of forming an ~ectrode
baked while in use in the electric furnace and

jecfing the added paste to hea~ other than the
heat generated in the de~rod~ to cause the



~Mle ~ use in the electric furnace ~c~d~g

electr°deholder a~ ~entPa~e andthe ~:w:~:~ p~’~
the e~rode for int~ducing cu~ent thereto,

~ a heater a~e~ the zone of the electrode
above the h~de~ and m~ns Wh~t ~e h~r
~ ~y ~e the pa~e ~n such zone to flow
and form a soSd ~e~rod~

In ~stimony whereo~ ~e hereu~o affix our
10 s~n~u~s.

MATHIAS OVROM SEM.
CARL WILHELM S~DERBERG.
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electrodesThis inven~°nfor electrierelateSfurnaees.t° impr°vements in ~m~to ~ ~S~e a~v ~ ~1 l~l~a ~:

Heretofore electrodes have been made in o~ volatile matte~ Therefore I de,re to se-

a Y~n~2~i~e~i~e~r~e~g~fseefio~ to form wha~ is known as e eon~nu-~n°~herthe end: leas~lee~and ieOnedesireeoelingredie~o~exeludebi~uminOUSof ~~~[~1.nature for ~ ~
- ous furnace electrode. These electrodes so rials ~s pi~eh, resin or t~r.

formed a~e .maintained in continuous oper- ~he eoking factor of ~he filling material
ation by. successively adding sections to the m~y ~ con}rolled by varying the ratio of the

m ~op 0f ~the eleegrode as the bottom section quantity of ~he coal to ~he quantity of inert ~
is used Up. Such sections here been m~de materials, ghag is materials which evolve sub-
of ~ preformed conductive shell filled ~ith sgenti~lly no gas when subjected go heating.
a eore of electrode ma~eriai h~ing~ binder . ~s.~ fu~he:s~e~o~~ ~a~ ~
0f tar~ pitch or resin mixed ~herew~gh. N~ ev m~mn o ~g g ~

la least the first’secti0n of these electrodes a~e ele~trg#,~t.ls des~ra)l~ that }he ~h~enfllhn~ aa
h,k,d or coked n~or to olacing the electrode ma~emat oe compm~e~y aes~ccama oexore ~

into opera~ion and the subsequent s~ct~ns~ ~pl~c~dfin the.electrpde shell.,; Th~ma$ a
are usually added to the electrode w~th the enec~a oy commencing and men s~opp~n~
filling material"in the raw state and these distillation at the proper ~o~gt._ ....

20 . materials are then baked in place ~rom .the . ~so the prop0n~on of ash ~e ~l~ng ~-.~o
while ~t ~s m o erat~on terml should be, as far as possmm~ oe~ow ~oheat of the furnace ". " ~ " p .

Itis known that such binding materials in nomal electro thermal cases and below

3o tionTheref°reis to perfect°ne ~f~h~i~~~

za duce a compa~, dur~ electrode.
The ~nfion ~sdosed her~n is an im-

pr°vem~concurrent ~c~:r~S~~

filed December 23, 1927.
40 Accor~ng to my invention ~e electrode

composes a h~ow condu~e sh~l into
wM~ a carbonaceous filler is pa~. The

45 ~~::O~~i~! ~ttleC°aldi~dandorC°~noan
volatile m~ su~ as coke, furnace dust

The filling mateN~ ~ould ha~e in ~self eok-
~ ing properties nece~ary to produce a solid

1% in the case of .elect~oly~s such as that
of aluminum.

bmYatt~:ia~°~::~lee~°ctnr~:~u~:~s~llci°nng-troHed by the proper regulation of the tem-

in~; ~:;:;~1 ~u~" th e temperature
is automatically controHe~ due to the fact

thatmaterialthe heatinto ~:~?~dt:r~e~tmtohs~ ~1~i~ s$

~Vdel~f f(~emeitehc~r ~ ~ t a ~ e~: ~::[ th ei s gradu_lOwer

ally conducted upwards through the filling
material and the electrode shell. Substan- ~o
fially no direct electro thermal heat is pro-
dueedsage olin eurrentthe raw ~l~r2~a~eYa~uhs~ ~-

current in the electrode at this point is con-
fined almost exdusi~ely to the more eondue- ~
ti~e electrode sh~l. Due to this aetiofi the

prevented~
¯ As ~ result of the above action.the filling 10o



trode~ ~n~is fed intois~ec~furnaC~of b~ng mo~d

ca~°nl~0T~06.shelllnde~Nbedsu~ a case~ ~whereS" Pa~nt~e fill~gN°"

D ma~NMm~eN~siS~c°mp°~dMll serveWh~ipally°f ca~°nace°USto pro-
~ct the inner po~on of the shell from ~e
furnace heat and to prevent ~e escape of

with m~er~ to be treated when the ~ling
m~e~s act also as a conveyor of these ma-
ter,s to the ~rnac~

Due to the ~i~ of the packed raw ~l-

will~s~n°t ~ ~~~~~if the ~g m~eN~s contMned

furna~s as wall as in furnaces wMch oper~e
~ ~ ~mperatures above 1000° C.

Among other uses of my ~ec~e it may
~ used to su~eat ~eam where ~e steam

saMe~ to pre~ous~ b~e ~e b~m end sec-

as~mbled in ~e de,rode and ~ng the
~o operation of the ~ec~0d~ It may be found

adva~ag~us to compa~ the fi~ng mate-

~opera~on.
I d~m :
1. An electrode for electric furnaces s~d

bonaceous m~e~ in ~e upper end of s~d
~ell and a filler of bonded ca~onaceous
ma~ ~ the b~m end of said shell.

~. An electrode for electric furnaces s~d
6~ dectro~ ha~ng ~ conductive shell ~ pr~

formed~electrodemate~al,having aa c°nducfivefiller of. unbondedshell 0f ~i i0

saidand anshellinertandmate~ala filler ofincokethe ~nP~ bottomend of

~ac~.

5. The meth~ o~ forming an elecL~c ~r-

current through the electrode; and coking
the mate~als at a low temperature with the

heatnac~de~ved from the operation of the f)~r-
In witness ~hereof I affix my ~natur~ 90
PA~ LOUIS JOSEPH MIGUET.
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4 C~im~ (CI. 204--20)

The con~nuous anodes used so far in elec-
troly~c cells for the produc~on of aluminium are
provided with current-carrylng connections in-
fixed laterall~ through the metal~c cuing, into

5 the s~f-baking mas~ These connec~ons have to
be extracted and placed in higher po~ons from
time to time when it becomes nece~ary to avoid
contact between them a~d the fused bath in the
cell, when the ~node has to be lowered as It is o

10 consumed.

The present invention con~sts fundamentally
in substituting for these connec~ons threaded
bars or tubes (hereinafter called bars) arranged
triode the electrod~ in such a way as to pass

1~ lengthwise through the seR-baking mass without

touching the external ca~n~ The paste, as it
bake~ assumes the shape of a female screw at the
surface of contact with the current car~ers, which
can therefore be unscrewed progres~v~y from the

20 anode upwards as the need arlsem The same
tubes~or bars may then also serve to suspend the
anode Rs~L In order to allow the current car-
riers to be rotated easily without compromi~ng
their ~ect~cal contact, R is advisable to adopt

25 a thread of spe~al type, generated by the he~-

coidal movement of a scalene t~angl~ the longest
side of which is para~ to the axi~ of the screw
~nd the shortest side of which generates the heh-
coidal surface inclined downwards towards the

30 ~xis of the screw (while the thud side generates

the h~oidal surface inclined upwards).
Figure 1 shows, in ~ongitudinal sec~on (~! of

Fi~ 2), an i~ustra~ve example of the device

35 deviceNNmed;as seenFigurefrom2 sh°ws’above and,°n theonleft’the Nght,the samethe

same device in transverse section (~--2 of Fi~ 1).
$ shows the cuing of the electrode. ~ repre-

sents the self-baking paste. ~ the current-carry-

inn:mbba:~ w h~h, in the e xamp~ given, are four in4O

The c~l is provided with a cover $ made of
heat~nsula~ng materials, composed of remov-
able sectors, on which a hopper ] is arranged.
This hopper surrounds the smooth surface of

45
the electrode and serves to feed the alumina. In
this way, the latter is preheated at the expense
of the heat which is developed du~ng the baking
of the electrodic pasta The mateBal is dis-

50
charged from the cell in such a way as to a~oid
corrosion of the electrodm

Devices for s~r~ng the bath are arranged on
the cover ~ and compr~e horizontal arms ~ to
which a ver~cal movement may be given by
means of levers ~; the device shown in Figure 1

55
may be replaced by another device such as would

allow also a ho~zontal movement around a ver~-
cal axis in order to depola~ze the cell in case
vertical s~r~ng is not sufll~ent for the purpos~
The operations of charging the alumina and
ramming it may both be carr~d out separat~y 5
in the va~ous sectors of the ce~.

Tube |~ for the elimination of the gases and
dust produced may also be arranged on the cover "
of the c~l.

In the drawing, the ce~ is round and has one 10
anode only. The devices desc~bed may, however,
also be app~ed to other forms of c~ls and if
de,red, furn~hed with more than one anode.

The fhndamental advantage of the invention
is de~ved from the fact that the external casing 15
of the anode is perfec~y smooth and without
holes or protuberances, in contrast to the types
of c~l used so far. This characte~sfic allows a
more rational form to be given to the ce~, fac~i-
tares the ~imination of the gases freed (the cell 20
may early be covered) and offers the pos~bi~ty
of recovering the heat through the hopper ].
MoreoveL the use of this device notably ~mplifies
the suspension of the anode and diminishes the
fall in tension inside the latter by reason of the 25
minimum distance which can be maintained be-
tween the current carrier and the lower extremity
of the electrodic past~ The opera,on of regu-
la~ng the current car~ers may be rendered con-
tinuous if a small motor is applied to e~ect thor 3O
movement. The current carrying bars ~ are
preferably set so that thor lower ends are some
distance back from the bottom of the electrode
body ~ to protect them against reeling and con-
tamina~ng the bath. 35

Having now particularly described and ascer-
tained the nature of my said inven~on and i~
what manner the same is to be performed, I
declare that what I claim is :--

1. An anode for an ~ectroly~c cell for the 40
production of aluminum made from carbon paste
that Is baked du~ng the operation in the cell,
provided with current carrying threaded bars
dxtending lengthwise through the electrode and
b~ng in contact with the baked us well as the 45
unbaked part of said electrode, said bars b~ng
unscrewab~ upwards as and when it becomes
necessary in order to avoid contact between them
and the bath as the anode is consumed.

2. An anode for an electroly~c cell for the pro- 50
duc~on of aluminum, made from carbon paste,
that is baked during the opera,on in the cell,
provided with at least four current carrYing
threaded bars extending lengthwise through the
electrode and b~ng in contact with the baked 55



2
as w~l as the unbaked part of said ~ectrode, said
bars b~ng unscrewable upwards as and when it

becomes necessary in order to avoid contact be-
tween them and the bath, as the anode is con-

~ sume&i
3. An anode for an electrolytic cell for the pro-

duc~on of aluminum, made from carbon paste
that is baked during the opera,on in the cell,
provided with current carrying threaded bars ex-

10 tending~ldngthwise through the electrode and
b~ng in contact with the baked as well as the
unbaked part of said ~ectrod~ said bars b~ng
pnscrewable upwards as and when it becomes
necessary in order to avoid contact between them

15 and the bath, as the anode is consumed, the
thread of said bars b~ng generated by the he~-
coidal movement of a scathe t~angl~ the largest
side of which is parall~ to the axis of the screw

~10~927 ~

and the ~ ~de of ~ch ~s ~e
h~dal sur~ inc~ned ~w~ar& towa~
the axis of the sc~

4. In ~~ ~th an ~ec~y~c cell for
the p~d~ of ~num, an anode ~m~d ~
of ca~on paste th~ is ba~d d~ng t~ ~era-
tion of the c~, ~re~ ~ lower part of said
anode.is n~ma~y baked and the ~per part ~-
baked, and current c~r~ng threaded bars ex-
erting ~n~t~ t~o~h the unbaked pa~ 1~
of said electrode Into the baked part thereof and
t~m~afing a~ve the lev~ ~ the ~ec~y~ In
the c~, ~aid bars berg m~n~d so that th~
can be turned to w~hdraw ~ same ~d in
~d anode as the lower end ~ the latter is c~- 151
sume~
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Tl~s ~ven~on re~s to ~lfbaktng electrode;
commo~y called S/klerberg ~ectrodes.

The primary o~ect of the ~vention ~ the con-
~ructlon ~ a ~lfbaking ~ode in which the

5 adhe~on of the ~trode to the casing em~oyed
in its forma~on does not prevent Zhe con~oHed
movement of.the ~ectrode through the electrode ~-
ca~ng as the ~trode ~ burned off at the hot- -
tom in use; but on the contrary~ perml~ the

10 ~ode to be lowered through t~ casing while
in use and thereby makes po~ible the av~dance

~ruction of the casing ~ndant thereto and in
1~ certain instances COhere!nation of the melt.

Other obJ~ts ~ the invention will be apparent
as th~ desc~ptien proceeds~

The procedure usu~ly em~oyed in ~e opera-
~en ~ S~aklng ~tr~od~ as at pre~nt con-

20 struc~d consists in permlt~ng the m~Hc ca~
lng serving as a mo~ and armature for the ’

¯ electrode to melt down ~to the ~octric furnace
in w~ch the-~trode ~ used, w~ch casing ~
thus~onsumed together with the electrode. Ex- ~
Per!merits have been made ~ the use of a perma-
nent casing through which the ~ectrode may_

m~ In the pra~ic~ app~cat~n of such ~per-
manent casings such diflic~ have been en-
counte~d that prior to the ~ven~on hereof per-
manent casings have n~ proved ,succe~af~ in
comm~ produc~o~

By continued work.on this problem applicant
has eventually arrived at a ~ru~ure which in
many cases may be applied in commercial pro-
du~lon with considerate advantage. Broadly
speakin~ in applicantk ~ectrode the canna ac~
as a permanent m~d for the formation of the
electrode and the supply of current ~ ~he ~ec-
trode mass ~ independent of th~ canna, ~o that
in the baking of the electrode no current ~
pass from the electrode casing directly to the
unbaked electrode mass within the ca~lng. "

45 Where the current pa~es from the canna to~
the el~ode ma~ a ~udden. coking of the binding
agen~ ~ the ~ectrode ma~ in contact with th~
c~lng .occurs, which causes ~such. ~ be-

G0 ~e~a~he~ eloctrode~odecain’ andcannot in the ek~ctrodeuse pass throu~ that

the ca~n~
If, however~ care k taken ~ supp~ the elec-

tric current to the electrode lndepende~t~ of the

55 icasing, the baking ~ the electrode will ~to~ether

OFFICE !

~e ~ from the t~ and dur~ the ~
the elec~e m~ ~1 ~r~
" ~o~d a ~ ~ empl~ed ~ch ~ ~d

and n~ p~ ~t t~ ~tr~ fr~ out-
~de, the ~n~t~n betw~ el~t~e casing ~d ~.
~ ~1 ~u~ l~n ~ the b~ ~
~. ~ k n~ o~ eff~ ~ the ~id con-
tmc~on ~ ~ ~octrode m~ but ~ ~
tbe c~ ~ ~ ~er in i~ lower t~a
in t~ ~per ~ e~n& during the h~. 10.
~en ~ ~ a h~ ~ect~c furna~ the c~ng
~1 th~f~e during opera, on be ~ ~nic~
with the wide end ~wards even ff R ~ cylin~-
cal in ~ld con~tion..~ effe~ may.ff d~ired be
~her ~oved u~n by ma~ the ~ 15-
wider ~ i~ lower ~an at its u~r end. U~ally
th~.~ ho~r n~ noce~.

~ ~ic~ appH~tton of ~ invention may
be m~d ~or~ to the cond~ ~ the
~e~ric f~ in whi~ the electrode ~ em- 20

.ployed ~ the el~ode constmc~on must be
adj~ to s~t ~ cond~ons. The inveigh
~ ~ ~itable in connection wi~ ~oc~odes
which are ~ ~ ~~ fu~es in w~ch
spe~ ~n con~c~ ~ em~oy~ pene~ating ~
Into the ~ode ~ l~ ou~ide. ~e inven~on
may a~ be ~ in connec~on with con~ ar-
~n~ Ve~c~y in the ~ec~e m~ i~ the
e~trode ~ng. S~ contac~ may al~ be"
arr~od in the ~ode m~ re~rtng with ~ -
the ~ide ~ the c~ and re~ivi~ the c~ent
~ ~ ~ng ~th~t development ~.~ much
~t that the bin~ng’~ents ~ the m~ are su~
Joc~ to an tn~ ~.

~ the drawing fo~ a part he~L I have ~35’
~own the inven~ ~ applied to a cl~ fur-
n~ pa~c~ar~ a~Hc~le as an ~n~ fur-
n~. ~ ~o~d be ~d~, however, that th~
k ~ for ~r~i~ pur~ and no. ~e
~!~on ~ld be ded~ the~from. ~n the ~,

~ 1 k a ve~ c~-~tion ~ the elec-

~ ~ng ~h~ned i~o a p~ne for ready
IH~t~on,

~fe~ berg had more¯ ~lc~arly ~ ~g~
1, the eloc~e ! is flI~tra~ as being formed 50 .
in an ~n ~ ~ m~d | which ~ sup~rted
on a ~ ff~e Z s~tably ~tioned ~ ~spect
~ the ~ec~ode ! and furnace !~. ~e c~g ..
Z ~ pro~ with a ~ri~ ~ vertic~ ~o~ !Z
t~h ~ e~nd ~n~ stu~ ~. The~ ~ ..



~5~8~
cont~ct studs are ~us~ed as a~anged in ver~- the ~ec~ode ~ baked and condi~ons are n~mal
cal ~er~ one ~er for each Aot ~|3 in the ca~n~ t~e ~umi~um H~ng will as ~ ru~ stop by ~s~L
and the b~tom contac~ stud in each ~er ~ sup- The elec~ode mass will Aide inside the ~uminium
ported as~s outer endby ~ble bars 6w~ch latt~ ̄ ~ning and t~s may th~e be attached to the

5 ~e ~ turn attached ~ a su~en~on ~ame ~, c~g 2.

~ than agent an ~on ~a~.
Dur~g the ~ng of the oven w~ the elec~

~ode ~ crude and unbaked ~ ~ ~c~t ~ make
the ~e~de ~ ~n ~e m~d~ One may thee-
fore. dur~g the ~st pe~od ~t the ~uminium

~ l~ing s~de together with the. m~s. As soon as

the bsrs 6 serving the. doub~ purpose of sup-
portin~ the conta~ ~uds and ~f supplying cu~-
rent ther~

The conta~ studs ~ are pos~ned midway in
1~ the Aots |3, and the slots |3 have a width in

excess of the ~am~er of the studm Elec~ica]
contact between the studs and casing ~ there-
by avoided, except at the time when the lower
row of studs has reached the Hmit of their travel

15 and rests on the casing at the bottom of the
slots. This po~on ~ Hlustrated in Fig. 1. Her~
however, the baking of the electrode has. pro-
gr~sed to such a stage that co~ng which would
interfere with the movement of the ~ec~ode

20 through the ca~ng does not occur; and the~ec-
~c~ connection of the contact studs with the
electrode ~much better than with the ca~n~

The suspens~n ~ame ~ may ~e r~ed or low-
ered in known wa~ by means of spin~ or

25 jacks or other well known de~es common in
the art but not illustrated, in thedrawin~ Ex-
cept in the po~on illus~ated in Fig. 1, the
~ec~ode ! ~n its travel through the casing ~
is supported in large part by ~s. adhes~n to

~0 the casin~ the f~ct~nal contac~ b~ween ~e~
trode and ca~ng being such that about 50%
of the load ~ supposed in this wa~ the reminder
ob~ous~ being carried by the contact studs ~
which are connected with the bars 6.

35 During operation the ~ec~qde ~ Aowiy ~w-
ered r~a~vely t~ the bath surface as ~s lower
end ~ consumed. Th~ ~ effected ~y lowering
the suspens~n ~ame ~. When ]n this way the
~ame at h~ approaches its ~west posi~on the

40 contact studs must be so arranged that the lower
row of studs will rest. on the electrode casing at
the bottom of the slots ~3 as indicated by the ̄
reference numeral ~, and ~avel cf the ~ec~ode
through its ca~ng is thereupon arrested. The

45 contact bars 6 may then be disconnected from
the lower row of ~uds ~ the suspen~on ~ame and
contact bars 6 ra~e~ the bars 6 connected with
the row of studs next higher up, the lower row of
~uds ~ thereaf~r ~ansferred to a po~on at

50 the top of the Aots ~, and the ~avel bf the e~c-
trode through its casing re~ta~hed. The nuts
connecting the ~ame ~ with the ve~M ca~e
bars may sulta~y be suppled with springs (not
shown) thus forming a Aiding contact allowing

~ lhe ~upply of current to be m~nt~ned even
while the flame is Hfted to its highest posi~on.

The drawing in~cates a closed furnace in
which a collecting tube for the oven gas ~ placed
in,de the e~rode m~d. The gas passes through

~0 h~es ~ into a gas passage 9 at the inside of the
~ec~ode mold. Th~ Passage ~ conne~ed with
an exhaust .pipe f O. The hood surroun~ng the
~ec~ode is provided with a suitable number of
doors ! ~.

~i The drawing shows a type Of ~ec~ede ca~ng
provided with a ~ning of ~uminium ! ~ ape~ured
in 5ke manner as the caAng ~. This ~ning
posse~es the advantage that the electrode mass
wi~ more easily s~de against an ~uminium ~ate

To prevent the unbaked O~c~ode mass ~om
more or less breaking out through the vertical
~ots |~ for the contacts 4 the slo~ may ~ulN
ably be covered with an ~uminium-plate (not
shown) which moves downwards together with I0
the contact~ as ~ ~ important that the elec-
trode mass does not get any chance to pene-
trate through the slots so far that it WIll adhere
to the bottom of the slots |3 du~ng the lowering
of the electrode. It is, however, of course pos~e 15
to vary the mode of appl~a~on in many ways.

The foregoing detailed desc~p~on and illus~a-
~ons have been given for clearness of under-
~anding an4 no undue Hmitations shoed be de-
duced therefrom, but the appended ~ms shoed 20
be con~rued as broad~ as pos~ble in view of the
p~or ark

~ claim:
1. Arrangement ~o~ s~fbaking ~ec~odes where

the ~ectrode mass sHdes in a permanent metric 2~
¯ m~d said mold having slots for contacts being
inserted from out,de into the ~ec~od~ s~d
Aots b~ng of ~ufli~ent ~ngth to allow ~we~ng
of ~ectrode and contac~ during opera,on.

2. Arrangement for s~fba~ng ~e~rodes where ~0
the ~ectrode mass slides in a permanent met~fic
mold said rood having slots for cohtacts b~ng
inserted from outside into the ~e~rod~ said
Aots b~ng ~osed at the ~wer ~nd in such a way
that the downward movement of. the electrode ~ ~5
stopped until the ~wer set of contacts has been
remove~

3. Arrangement for Selfbaking ~e~rode where
the ~ectrode mass Aides in a permanent m~allic
m~ said mold havh~g slots for contacts b~ng 40
inser~d ~om outside into the Oe~rode, said
contacts serving Ior suspension o~ the ~ectrod~

4. The combination of a s~fbaking ~c~ode,
a fixedly mounted electrode casing therefor
which composes a m~d for the ~e~rode and in 45
respect to which the ~ectrode ~ re~ve~ m~-
able in a downward direcMon, said casing b~ng
provided with Ao~ poisoned ~ngthwise in the
d~ecfion of movement of the ~ec~ode through
the casin~ ~e~c~ contact ~uds ex~nding 50
through said slots into the inte~or of the elec-
trode, the con~ruct~n of the said ~ots and
contact studs bOng such that as the ~ec~ode
’~ lowered through ~s ca~ng there ~ no e~ct~c~
connection between the studs and the casing and 55
current led to the said contact studs passes to
th~ inte~or of the ~ectrode for baking the same
and such that the contact studs are movab~
downwardly through the ~o~.

5. The ~ombination ofa s~fbaking ~ec~ode, 60
a fixedly mounted electrode ca~ng therefor
which comprises a mold for the electrode and in
respect to which the ~ectrode ~ r~a~v~y mov-
able in a downward dlrec~on, s~d caAng b~ng
provided with slots poisoned ~ngthwise in the 65
direc~on of movement of the ~ec~ode through
the casin~ rows of removable ~¢c~ contact
studs extending through said slots into the in-
tenor of the Oectrod~ the construct~n (ff the
said slots and contact studs being such that as 70
lhe electrode ~ lowered through ~s casing there
~ no ~ect~cal connection between the ~uds and
the casing and curren~ led to the said contact
studs passes to the inte~or of the electrode for
baking the same and such that the contact ~uds 75



are morale downw~r~y throush the ~ot~, the
lower w~s of the ~ots compr~ir~ sttpports for
the bottom rew of contact ~uds on re~chtn~ t~he
~d wa~s in thor downward trav~ ~nd thre~h

~ the s~d conta~ studs supporting the ~ectrode
whi~ additional contact ~uds are moun~d in
the ~ec~ode above.

6. The com~nat~n of a selfba~ng ~ectrode,
an ele~ode cas~g therefor which composes a

10 mold for the electrod~ s~d casing being prodded
with an inner ~ning, the ca~ng being relat~ely
morale in respect to the electrode and the lin-
ing being h~d to the ~ec~ode by adhe~on of
the ~ec~ode mass du~ng the ~i~ stage of the

1~ ba~ng of the ~ec~ode and during s~d ba~ng
being rel~ive~ mova~e In respe~ to the casing,
the casing and l~ H~.ng b~ng r~atlvely fixed
after the ~ stage of the ba~ng of the elec-
trode and said ~ec~ode being relatively movable

20 in respect to the ~ng thereafter, the casing and
~s ~ng being prodded with re~s~ring ~o~ po-
isoned ~ngthwise in the ~rect~n of movement
of the ~ec~ode through the casin~ ~ect~cal
con~ct studs exten~ng through s~d ~o~ into

25 the inter~r of the ~ectrod~ the construct~n o~
the said ~o~ and contact ~uds being such ~hat
¯ as the ~ectrode ~ lowered through i~ casing
there ~ no ele~cal ¢onnev~on between the

studs and the casing and current led to the said
contact studs passes to the inte~or of the elec-
trode for baking the same and such that the con- .
tact studs move downwardly through the ~ota

V. The combination with a hooded ~ect~c fur= 5
nace of a segbaklng electrod~ an electrode caso
ing therefore fixedly mounted i~ respect to the
furnace and composing a mold for the ~ec-
trode, the ~ectrode and caslng being relatively
movable so as to permit the dectrode to be moved I0
toward the charge to compensate for the burning
away of the ~ectrode at the charge, said casing
being prodded with verMc~ ~ot~ ~ect~cal con-
tact studs extending into the interior of the ~ec-
trode through and movable lengthwise of said 15
~ots, the con~ruction of the said slots and con-
tact studs being such that as the ~ectrode ~
lowered through its ca~ng there is no ~ec~ai
connection between the contact studs and the
casing and current led to the s~d contact ~ucls 20
passes to the interior of the ~ectrode for bak-
ing the sam~ said ca~ng being prodded near
its top with gas vent ape~ures positioned within
the h¢~cl of the furnace, and means cooperating
with the said gas vent apertures for conduc~ 25
ing gas passing therethrough away from the fur-

sz .
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3 Claims,

Th~ invention r~ates to an improvement in the
production of oblong Soederberg electrodes.

It has pre~ously been pointed out that the
upper part of the Soederberg electrodes con~sts
of paste wh~h ~ sufficiently soft so that it wi~
flow and develop hydrosta~c pressure tending to
deform the electrode and tending to Cause th~
ca~ng for the electrode to assume a cylind~cal
shape. For th~ reason, it has previously been
suggested that the ~ectrode be held in place by 10
metal bars or frames as shown, for exampl~ in
Legeron Patent No. ~16~56~ or Torchet Patent
No. 2,073,356.

sentIn thecasingpresentfor theinVen~On,electrodeWesuchUtflNeas a perma-is shown 1~
in Sem Patent No. ~15~18~ If such a ca~ng is
made of sheet meiml or thin plates, i~ will serve
to gUide the electrode but does not have suf-
flcient ~gidity to maintain the electrode in the ̄
desired rectangular shap~ 20

into the electrode pMmarlly for the purpose of
transmitting the electric current into the elec-
trode mass. These contact studs ordinarily are 25
d~ven in at an angle relative to the ho~zontal
so that the inner end ~ the lower end. These
studs have previously also been used as a means
for supporting the electrode mas~

30It is to be noted that in these previous uses
of the contact studs they served no function until
they had been firmly baked into the electrod~
In previous expe~ence where outside r~nforce-
merit bars or frames were used, the contact studs 35
were inserted into the soft past~ Then for sev-
eral weeks they did nothing until they had moved
down to become the next to the bottom row.
Then, a short time before the bottom row of studs
was to be pulled ou~ ~ has been customary for 40
some of the current to be passed through the next
to the bottom row of studs. Finally after the
surrounding mass was fully har~ened, these studs
were used to carry the weight of the electrode and
the row below was removed. 45

In the present case these studs are given a
new function. As befor~ they are inserted into
the soft past~ with the inner ends b~ow the
outer ends, and the fixed ca~ng in which the
mass is assembled is cut away (a~ least in part) 
so that the studs can be driven in at a zone
where the mass ~ st~l fluid.

Ordina~ly the electrode wi~ be provided with
the usual movable caMng or sheath and as the
studs are driven into the soft electrode mass quite 55

(CI. 13--14)

closeto lower edge por~ons of the fixed casing,
this inner casing or sheath will be s~ffened suf-
ficiency by the adjacent fixed ca~ng so that in
th~ zone there is but little danger of deforma-

5 ~on. As the electrode moves downwa~dl~ the
effect of this s~ffening from the fixed casing is
reduced and there is a zone ordinarEy from 20
cm. ~o 40 cm. wide within which the bra~ng
for the fixed ca~ng is no longer sufli~ent to
support the movable casing and the hydrostatic
head of the electrode mass will cause deformation
to take place unless some means is employed to
prevent ik The central or inner part of the

outerelectrodepartmaSSis suff~NenNyStarts to hardenfluid toeVenexertWhilepressurethe

tending to cause dist0r~on, and we have discov-
ered that if the zone into which the studs are
d~ven is quite close to the zone in which the
central part of the mass has begun to harden,
then within the danger zone just referred to, ~he
inner and lower ends of ~he studs will be an-
chored sufficiently firmly in the harder and part-
ly baked central por~ons of the electrode mass
so that they can be employed to overcome the
pressure of the softer por~on of the mass wh~h
is s~ll fluid. This resuR is accomplished by
employing heads or projecMons on the studs
which, ~ther direc~y, or indirectly through ex-
tendons of the fixed ca~n~ cooperate with the
movable ca~ng to h~d the electrode mass in
de,red shape.

As stated the electrode should be provided with
a sheath or movable casing which ordinaHly will

Sincebe madethisOft~rpethe sameof ~ectrodemetal aSis iSordinaNlyto be treated.used
in the manufacture of aluminum, th~ means that
the movable ca~ng or sheath should be made
of aluminum. As has previou~y been suggested,
instead of making the sheath of aluminum, thin
iron sheets may be use~ which are torn off or
unrolled, or iron plates may be employed which
are removed at the same ~me that the contact
studs are removed. It is to be understood that
where the shoulders of the contact studs bear
direc~y against the movable ca~ng, the fixed
ca~ng does nst need to extend down far enough
to have slots formed in ~, though obviou~y even
in this case projec~ons forming such slots may
be employed.

While the method of this applica~on may be
employed as the sole method of holding the ~ec-
trode against distortion, it is preferable to have
further reinforcement of the upper part of the
electroda Such reinforcement may be in the



form of steel bars as has previously been sug-
~ geste~

Our invention may readily be understood from
the fllus~a~ve example Shown in the accompany-
ing drawings, in which Fig. I is a side view of a
furnace pot and electrode inv~ng our inven-
~on, with the furnace pot and part of the elec-
trode shown in sec~on; Pi~ II is a sectionM view
on llne II--II of Fig. L Fi~ Ill is a sectional
plan view showing the upper end of one of the
contact studs in place in an electrode provided
with a movable casln~ Fig. IV is a perspective
view of the outer potion of such a contact stu~
Fi~ V is a side view of a portion of an electrode.
in which the Contact studs bear directly ag~n~
the inner ca~ng end the permanent ca~ng is
~ill prodded with slots. Fi~ VI is a cons~uc-
Non similar to Fi~ V where the fixed ca~ng is
en~’rely cut away to permit the insertion of the
contact ~tuds.

In these drawings, the electrode ~ may prefer-
ably be surrounded by a movable aluminum cas-
ing ~ a~ached to and forming part of the elec-
trod~ The ~ec~ode as shown in Fig. III is en-
v~oped at i~ upper end by a permanent ca~ng
$ which runs down ~ose to the bath surface and
is slotted to pro~de a place for the contact studs
4 wh~h are inserted into the ~e~rode as has
been described in earlier patent~ The upper
ends of the b~ts ~ are broadened out as shown
at § to form pr~ec~ons or shoulders which bear
against the ca~ng $. The suspen~on of the
~ectrode ~effectedby means of the conta~ studs
~ which are connected with the ~eorod ] by
means of a chin 6 which engages noshes ~
in the heads of the contact studa The rods ~
are adjustably mounted in the suspension bar 9
which is ver~c~ly movab~ by mechan~m deo
scribed in prev~us patenta For the purpose of
~mplicit~ the electrical connect~ns are not
shown in these drawings, but are intended to be
made by the use of the h~es ~! formed in the
heads of the contact studa In the same wa~
the suspens~n of the ~ectrode is only illustrated
by two sets of chins ~ which are shown in Fi~ I
and in Fi~ II. Ordinarily the suspen~on will
be suppled through a large number of such chin
sets.

"With an ~e~rode of this type hardening takes
plac~ more ra~dly toward the center of the elec-
trode than toward the out~d~ Thus in Fi~ II
we indicate the approximate zone of hardenin~
It is of course understood that this will not ac-
tully be a sharp line of differen~at~n but will
be progressive.

When the contact studs are first inserted in
the paste ~ ~ ver[ soft but as the ~e~rode moves
downwardly ~ tends t~ harden so that the inner

°rbecomel°Werengagedends °land locked inthe c°ntaetplace bystuds gradua~Ythe hard-
ening ~ec~ode so that even though thepaste is
fluid adjacent the heads of these contact stud~
sGH the contact studs serve to preserve the cas-
ing in deAred shape ag~n~ the hydrostaMc pres-
sura

If de~re~ the bea~ng faces of the pr~ec~ons

or sho~l.ders on the contact studs may be so
shaped that when the contact studs are d~ven
home in the soft ~trode paste and thee bear-
ing surfac~ are forced ag~n~ the cas~ the

5 contact studs will assume the c~ an~e in
the electrode.

Fi~ V shows a potion of the fixed ca~ng and
of an ~ec~ode ha~ng a movable casing w~h the
~udsd~ven in so that they bear d~ect~ ag~n~

l0 the movable casin~ In this figure the fixed
ca~ng ~ de~gn~ed by the num~ ~, the mov-
able ca~ng by the num~ ~$ and the electrode
mass by the numer~ ~4. As b~or% the studs
are de~gnated by the numer~ §. In this exam-

1~ ~e the ca~ng |~ has projec~ons |§ spaced far
enough apa~ so that the shoulders on the studs
~ bear ~c~y ag~n~ the cas~g | $.

In the ~xampM shown in Ft~ VI the ~ru~ure
~ exac~!y the same as that shown in Fi~ V ex-

20, cept in this case the casing I~ iS not supplied
with the projections such as are de~gn~ed ~§
inFt~ V.

It is understood that the drawings are intended
on~ to illustrate t~s par~cular invent~n and

25 that many modiflc~ns and va~a~on~ many ~
which have been shown in prev~us patents re-
~ting to the Soederb~g electrode system, may be
employed in conjtmction, with th~ p~sent in-
ven~om

30 "What we ~m ~:
1. In a s~fbaMng ~ec~ode .construc~on, an

~ode mass ha~ng a ca~ng which moves with
it, a fixed casing wRhin which the ~ectrode mass
can be co~ected having por~ons of i~ bottom

3~ edge su~ent~ high so that conta~ studs can
be driven into the electrode mass below such edge
p~ons to enter a zone where the m~s~ sti~
fl~d but ~os~y a~acent to a zone where in-

40 ~ri°rcontactP°r~°nSstuds in°f the mass have begun tOapproximately hor~ont~harde~rows

ex~n~ng into the mass wRh thor inner ends
below thor outer ends, and bea~ng su~ac~ near
the ou~r ends of such studs coop~ating ~Ith the
movable ca~ng so that as a row of studs moves

45 downwardly and away from s~d edge portions

of the fixed casing, the lower ends of such studs
become anchored in the hardened inte~or por-
~ons of the ~ectrode mass and said bearing sur-

50 faces serve to h~d the morale casing in fixed
po~on relatiye to such indoor por~on and
thereby prevent the ext~ior por~on of the el~-
trode from becom~g distorted by the hydrosta~c
p~ure of the fl~d mas~

55 2. A ~ru~ure as spe~fied in claim 1 in which
the fixed ca~ng has projec~ons extending down
between rows of conta~ studs and the bearing
surfaces of the contact studs are shoulders which
bear ag~nst these projec~ons and act through~

~or~
¯ A ~tructure as spe~fied in clam 1 in wh~h

the bearing surface bears ~c~y ag~nst the

65 movab~ cas~
MATHIAS OVROM SEM.
JOHANNES SEJERSTED
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SUSPENSION OF S~,F-BAKING
ELECTRODES

Geor~ H~eru~Larssen, New Y6~ N. Y.. assl~n-
or to ~t No~e ~i~b for Elekt~kem-
~ ~us~, ~!~ No~y, s co~on of

!94~ Serial No. 483,4~

(CL 1~14)

steel ~amework su~oundlng the elec~ode well
above the po~t ~ consumption, which cooper-
ates with a plurali~ ~ ~oupS~ suspension mem-
bers which suspend the ~e~rode ~om the suppo~

5 structure by attachment ~ct to the contact
prises suspensionEach such ~OUPmembers ~ su~en~Ontw0 ~y~e~.be~;

or ~pe ~ made up of morale suspension mem-
10 bern w~ch are connec~d with appropria~ mech~

anism so tl~t they can be lowered .from time ~
time to f~d the elec~ede ~ward the point ~
consumption. The other ~t ~ suspension mem,
bers, at le~t one of w~ch ~ ~cluded ~ each

15 group referred ~, is ad~p~d ~ be connected to
a ~ntact pin near the bottom of the electrode
andsuspend the el~ede ~ct from the sup-
po~ ~ructure so th~ the el~Wede can be held
substantially immovable when the con~ ~us

Z0 ~ w~ch the movable suspension members a~
connected are in approxlma~ thor bottom
position. Thus when the movable membe~ have
been lowe~d about ~ far as ~ ~asl~ the sus-
pension members W~cb ~rve as fixed supports

~ ho~ the ~ectrotle against further movement.
This connection should be nu~de manually ~ this
time; ~ ~ possible, but n~ praeflc~ ~ ordinary
oper~lon ~ have this conn~flon ~s~t from
the fixed suspension members ~rving as a limit

~0 so th~ when the elecWede reaches a given posi-
tion, the w~ght ~ the elec~ede ~ automa~cally
taken up by these fixed suspension member.
In emY event, when the fixed suspension membem
are supporting the~ contact pins, the movab~

~ suspension membem can be disconnec~d and
then raised and conn~d ~ an upper ~t ~ con-
tact ~n~ The fixed conn~ons are then re-
kased and disconnected ~om the contact pins
~. w~ch they were conne~ed and the suspen~on

40 ~ again made through the movable members, ~
thethe el~ede can be ~d downward.as desired.

Various spec~c arrs~igemen~ of the. two types
~ suspension membem.in each group can be 1~
but I p~fer an a~a~gement whe~by the suspon-

4~ ~on members which ~e as. the fixed suppo~s
c~n-aIso serve to suppo~ ’the ~ec~ede during l~
movement. I accomplish this by supplying a
movable beam ~ong each ~de ~ the ~trode.
The movable suspension membe~ are connected

~0 ~ these beams’ and .the beams ~ turn are Co~-
n~d with appmpri&te oper~t~g Jacks. The
suspension members which ~rve as. fixed sup-
ports pass through these movable beams and also
through fixed beams higher up in the structure,

~ and ~re prodded with appropr~te ~op device~



verthr~J cleavages and the elect~cal current ma~
not be evenly d~stflbute~ These diScuSSes can
be overcome by driving in the contact studs in
pairs at different angles to a verUc~ plane per-

~ pendicu~ar to the ~de of the electrode into which
the pins are driven. For example, the studs in
one row may ~e in a plane at the usual an~e to
the horizontal but at a deviation of 20° to th~
left of a vertical plane perpendicular to the face
of the ~ectrode. The studs in the next row
above .and the next row below may be po~Uoned
in a sinfllar manner but with a deviation of 20°
to the right of such perpendicular plan~

Th~s invention may be readily understoed by
reference to the accompanying drawings in which
Fl~ 1 ~ a ~de view of a furnace embodying my
lnven~on but broken through the midge to
shorten the same; FI~ 2 ~ a section on ~ne =~t
of l~g. 1; FI~ 3 ~ an enlarged detail of one of
the suspension members with the suspension
beam shown in sec~on; Fl~ 4 ~ a view of the pa~
shown in FI~ 3 but taken at ~ght an~es; Fl~
5 ~ a detailed view of a modiflca~on, and FI~ 6
~ a section on line ~ of F~ 5.

In the~e drawings, the furnace 10 has mounted
thereon a superstructure comprising up~ght col-
unms ~ a top framework [4 and fixed suspen-
~on beams |~. Toward each end of each beam
|$ ~ po~ltioned a jack |~ and all four of these
jacks are operated simultaneously by a common
wheel ~ It ~ to be noted that only two of the
Jacks are shown in the drawings as the other two
will be near the other end of the furnace, within
the portion that ~ broken away and not shown
in the drawing~

Suspended below the beams ! $ are the movab~
beams ~ connected to the jacks !~ as in,cared
at ~. The beams ~ can be raised ~r ~wered
simultaneously by the opera~on of the hand
whe~ ~

The ~ectrode is formed by int#oduclng proper
paste into the casing ~6. In accordance with the
regular prac~ce with such electrodes, th~ past~
~ hardened by the heat of the furnace so that

45 ~ becomes a solid electrode at the bosom. Con-
tact studs ~8 are driven into the ~ectrode mass

-through approp~ate ~o~ in the dasing ~6. In
the examl~e shown in Fig~ 1 and 2 there are

~ four. rows of these contact studs with the studs
s0 in alternate rows arranged in staggered relation-

ship. The ~ect~cal connections to the contact
studs ~8 are made through the bus bars ~0 and
the contact members ~ each of which ~ here
shown as carrying four contact termina~ for at-

55 tachment to contact studs as desc~bed in more
detail in my copending app~cation Se~ N~
43~58~

The w~ght of the ~ectrode (which may be as
much as 20 tons)-~, during normal opera,on,

60 suspended from the movab~ beams ~2 by a~r-
hate suspen~on straps 3~. It is highly desirab~
to have the w~ght of the ~ectrodes car~ed by
the contact studs near the bottom where the
~ectrode ma~s has the greate~ ~rength.. Ac-

~5 cordingly these contact straps alternat~y sus-
tain the ete~rode from those contact ~uds which
form the lowest row..

As~ fllus~ated in Fig~ 3 and ~ th~ contact
straps 3~ ~re connected through a y~ke 36 wl~h

~0 a rod $8. The rod 38 has an.enlarged threaded
person ~ running through t~e mova~e beam 2~,
and this threaded por~o~ ~O is here shown ~s
provided with a stop mechanism in the form of
a nut ~ which in norm~ operation bears agains~

~ the top ~rface ~f movable beam ~



Certain of the suspe~on straps S4 end ~th
the enlarged portion 4| but others (and at least
one near each corner of the ~ectmde) continues
up through_ the fixed beam || and at 1~ upper
end ~ provided with a nut 4~

In FI~ 1 of the drawixfgs, the. de~ce ~ shown
~n a norm~ position with the beam 2Z lowered
part way down. It.will be noted that in this
case the w~ght of the ~ectrode ~ carried by the
contact studs in the second and fourth vertical
rows counting from the ~ght hand end, and by
the studs in the third and fifth vertical rows
cotmting from the ~ hand en~ Of these, the
suspen~on mechanism supposing the stud in the
second row from the right and the suspension
mechanism supporting the stud in the ~fth row
~om the left each ~rminates at the movable
beam 2~, whereas the suspension mechanism for
the studs in the fourth row from the right and
in the third row from the l~t nm up through
the fixed beam |$.

When the time c0m~ to withdraw a bottom
row of conta~ pin~ the nu~ 45 above the beam
! ~ are screwed down so that they wltl bear against
the upper surface of this fixed beam. A slight
further downward movement of the movable
beam ~ will then r~ease all strain ~om
that beam. The contact straps which are sus-
pended only from this beam can then be swung
outwardly and ~sconnec~d from the~ conta~
~ns and since the nu~ 44 on those suspension
rods which run upthrough the fixed beam are
no ~nger carr~ng any ~a~ these nu~ are
screwed up so that the movable beams 22 can be
r~sed throughthe operation of the hand wheel
~. When this is done, the suspension straps |4
in line with the third and fifth row of.studs
counting from the ~ght hand end and in Hne
with the second and fourth row of contact studs
counting from the le~ hand end will be drawn
up against contact studs in the second horizontal
row ~om the bot~m to carry the weight of the
~ec~od~ The nu~ ~$ which pre~ously had
carried the load are then ~acked off and the cor-
responding suspension ~raps are loosened up and
disconnected. These rods are then lifted and
the nu~ ~4 which has been unscrewed are again
~rewed back in p~c~ The weight ~ then all

.

tomCarrledandbY thethe bettomSecondrowroW of ~Ud~ef ~¢1~ f~ean bethe bet-with-

drawn and again Inserted in the appropriate po-
~tions to form a new top row. The electrical
conne~ions usually are moved to an upper row
of studs about one day before the suspension
straps are move~ This helps to insure adequate
strength.

By the arrangement shown the weight of the
~e~rode ~ carried by a r~a~vely ~rge num-
ber of studs, during norm~ opera~on and ~car-

one horizont~ row to the next. Howeve~ at all
times the w~ght of the ~ectrode ~ adequately
taken care of without risk of improper move-
ment taking place. At the same time there are
no heavy beams which need to be removed by
hand ~om a bosom po~on and lifted up to a
higher positio~ for the only beams that move
are those which are operated by the hand wheel
~ which functions through the Jacks |~

It~ obvious that as an ~rna~ve method of
opera,on when the" change-over is being made,
ins~ad of carrying the ~ad on the contact pin
in the fourth row from the right and in the third
row from the left, the support mechanism co-

~~ with ~ ~ ~ in the ~d row
f~ ~ ~t and the fo~ mw f~ ~ l~t
may. be ~ up to ~ ~ ~e ’ f~
~ ~ ~ ~ !~ "~ ~ a ~mewhat

$ 1~ d~ble meth~ ~ o~on ~ the ~ee-
"t~e ~ then ~ ~ by a ~ n~ber
~ ~ p~ in an ~ row where the s~ngth
of the elee~ ~y n~ have f~ dev~o~.

In ~s. 5 ~d 6 the ~ ~| ~ ~v~ into
10 the eleetrede ~ ~ ~ ~ ~an~e ~flve to

the ho~ ~ before ~t ~ of ~
~ven in p~el to a v~ p~ ~n~-
1~ to the ~ ~ ~ ~e¢~e, ~te ~ws ~
the~ ~ds are ~ in ~ an ~le to such v~-

15 ~ p~e with the ~in ~to rows
~g revel. ~ ~ ~ly ~us~a~d in

In t~ ~, a mo~le ~on member com-
p~s the yo~ §| ha~ two ~PS §~ ~h one

20~ which embra~ a ~t ~ ~ The~ke
§~ ~ co~ .to a fl~ ~ §4, ~ ~t it
can ber~d or lower~ ~ugh the o~ration
~ a w~l §~ ~ co~ec~on ~th the movable
~nsion yoke §| ~ another ~r yo~ §|

25 co~ee~ to a r~ ~§ ~g up ~ough the
flx~ |~ ~~p~withanut
or s~ar ~p m~ $~

~ this co~cfion.the ~ee~e ~ low-
ered with the w~ht ca~ed ~ the movab~ ~k~

30§| and the cable ~ ~ ~ ~ appro~a~-
ly i~ bottom-most ~flon when the nut §| ~
~rewed do--to ~uge ~ top of the ~m I§~
The cable 54 ~ ~n ~ off ~gh~y ~d the
yo~ §§ remov~ from ~ lower ~uds ~$ ~d

~ ~aged aro~ ~ two studs ~~Iy a~ve
and the cable §4 ~ ~h~ ~ ~ ~ ~g
the 1~. The nut |2 ~ then ~ened and
screwed ~ f~ e~ugh not to in~rfere with op-
era~o~ and ~ y~ §| ~ mov~ ~ to the

~ ~t p~ ~ st~ ~ befor~ ~ bet~m stu~
are withdrawn from the ~t~e ~ ~n as the
s~on me~m ~ ~ov~ ~ them and
they a~ then ~ven in ~ ~ top where ~e
el~trede ma~ ~ ~p~v~Y ~

~ By either ~ ~ ~emen~ the weight
~ a~Hed to a ~w ~ ~ o~y when ~ ~ near
the point wh~e ~ ~e ~ co~ ~
when the ~eet~e ~ ~~ ~ and hard-

~ ened~ed~a ~or ~o~befo~~~on ~y be
membem ~ e~ ~ ~o ~ ~ w~
afar ~ ~ have ~ ~ ~v~ into
the el~, the ~ee~ ~fions are
c~g~ to an up~ mw ~ con~ ~ ~t the

5~ flow ~ ~ c~t ~ ~ve ~ ~ ~
effect.

~ ~ ~ found t~ when ~ ~ec~es
are thoroug~ ~ ~ ~ ~ a f~ ~ as
much as from 10 to ~ ~ to ~.out a con~t

~ abeutS~ where .the~o ~. ~n~t~ ~d ~fora~ ~e~ ~of

appro~a~y ~ ~. in~ the ~e. ~m
~, plus ~ f~ ~t~ ~ ~ fo~ ~t
~ e~e ~ s~cient mee~ s~h,

~ ~ ~ be ~ ~t four con~t ~ ~ ca~
the w~t ~ ~ ~ee~e d~g ~ "~e-
over even ~th ve~ ~e el~es that m~
have a ca~ ~ ~,~ ~ ~ more. Ob-

70 ~ o~ ~e to ~ve ~b~, ~ thaK ~ a P~-
~c~ ~t~, ~ ~ n~ ~ ~n mem-
bersm~be ~~

~t I ~: "
L A ~on m~ for ~-~

~$ ekc~ ~ the ~ d~, ~~ &



plurality of contact studs d~ven into the sides
of such an electrode, fixed support members, mov-
able support member~ and a plurality of suspen-
~on members, a part of which are adapted to
connect contact studs to the fixed support mem-
bers and a part of which are adapted to connect
contact studs to the movable support members,
whereby the weight of the electrode may alter-
nately be carried .by the fixed support members
and by the movable support members.

2. A structure as specified in claim 1 in which
Contact studs are connected to the movable sup-
port members during normal operation and move-
ment of the electrode and in which studs are
connected to the fixed support members while
the suspension members connected to the mov-
able support member are disconnected from the
studs.

~ ~ structure as specified in claim 1, which
includes a common movable support member for
two adjacent contact studs, such support mem-
ber comprising a beam suspended at an inter-
mediate point.

4. A structure as specified in claim 1 in which
the suspension members that connect contact
pins with the fixed support members are also
adapted to connect contact studs to the mov-
able support members while the electrode is be-
ing fed downwardly and are adapted to be dis-
connected from the movable support members
when a movable support member is being moved
upwardly.

~ A structure as specified in claim 1 in which

tahdeap~pe~nsi~ memberShooked underC°mp~sethe flexiblecontact l°°PSstud s

and in which the support members compr~e
beams running along the sides of the ~ectrodm

~ A structure as specified in claim 1 in which
the contact studs are driven into the ~ectrode
in hor~ontal rows with the studs in successive
rows approximately above each other but at re-
versed angles r~a~ve to a vertical plane at right
an~les to the face of the electrode into which
the studs are driven.

~. A suspen~on ~echa~[s~ ~or s~f-ba]dn~
electrodes of t~e type described, comp~sin~ a
p]ura~ty of COntact studs driven into the sides
of such an ~ectrode and arranged in horizontal

$ rows, a fixed support structure for the electrode
and a plurality of-groups of suspen~on members
adapted to suspen~ such electrode from such sup-
port structure by attachment to such contact
stud~ each group Comprising at least two sus-

1@ pension member~ one of such suspension mem-
bers being a movable member adapted to be low-
ered from time to Gme to feed the electrode to-
ward the point of consumption and another of
such members in each group being adapted by

1~ direct connection between the fixed support struc-
ture and a contact stud to assist in holding said
electrode against substantial movement when the
contact studs to which the movable suspension
members are attached are in approximately their

20 lowest position, so that the electrode w~l be sup-
ported to permit the movable suspen~on mem-
bers to be disconnected from the contact studs
in one row and permit such movable suspen~on
members to be connected to the contact studs

2~ in a higher row, and means whereby such sus-
pen~on members holding the electrode against
movement may .be released when the movable
suspension members are again connected to con-
tact studs to support said ~ectrod~SO 8. A suspension mechanism for SeE-baking

electrodes of the type described, compr~ing a
plurality of contact studs driven into the sides
of such an electrode and arranged in approx,-

least four of which are adapted to connect contact
studs to one pair of said support members and
at least another four of which are adapted to

4~ connect contact studs to the other pair of said
support members and means for moving at least
one of said support members whereby the w~ght
of the electrode may alternat~y be carried by
said two pairs of support members.

GEOI~ HAGF_~UP-LAt~SSEN.
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METHOD FOR MAKING ARTIFICIAL CA~vr~O~

Ar~fl~a~ carbon pieces are made-for different
purposes, ,for instance for electrodes of arc fur-
naces, for the sole of electrometallurgical fur~
naces and so on. The method consists essentially
in mixing a carbonaceous raw material wRh a ~
binder and baking the mass at high tempera-
ture, eventually after pres~n~ One mixes for
instance ground coke with a pitchy binder. (for
instance coal tar), presses and then bakes it for
instance during several hours up to a tempera- ~0

¯ tare of say 1590° C. The pressing of the mass
is done suitably in the heat, say at 60-i40° C.
When the making of carbon e~ctrodes is in ques-
tion one uses advantageously an extrusion press.

Ar~fi~al carbon pieces made by pressing are ~
superior to ar~ficial carbon pieces obtained by
ramming or casing in molds the mass made suf-
fluency plas~c by using a material of suitable
size and adding a suitable quangty of bindeL
They are much denseL have a better ~electric ~
conduc~vity and are less subjected to oxidation.

Thorough investigations carried out by the ap-
plicant on an industrial scale have shown that
artifl~al carbon pieces made by casting can be
considerably improved by subjecting the pasty or 25
fluid mass to mechanical vibra~ons of high fre-
quenc~ The frequency should amount to sev-
eral thousand Vibra~ons of an amp~tude as large
as pos~b~, for instance of 0~5 cm., per minute.
At 6009 vibrations per minute for instance the $~
faVourable effect can be no~ced; howeveL it is
better to work at l~OOO vibra~ons and mo~e. "

One produces the vibrations in the ar~flcial
carbon mass most suitably by immersing a vi-
brator into the mas& This is a devic~ by means ~
of which vibra~ons of high frequency can be
communicated to the surrounding medium. Such
devices are used for instance in the making ol
high-grade concrete. It is a~o possible to com-
municate the vibrations from the out,de, 4~

The ar~ficial carbon mass to be treated be-
comes suitably heated, ~or instance up to 140-200°
C. before being subjected to the mechanical
vibrations. The fact t~at the mass becomes more
fluid and shanks shows the effect of the vibra- ~
tions.

The artifl~al carbon pieces of suitable compo~
~tlon which are obtained by baking the mass

mechanical strength and a better durability than
the artificial carbon pieces obtained without vi-
brations by casing the mass according to known
methods; the electric conductivity is also better. ~

OFFICE

It was surpr~ingly no~ced that less binder is
needed if the mass is subjected to ~bratons.

~n compa~son with the pressing of the ar~flcial
carbon pieces the casing method present% the
grea~ advantage that one is not tied to any size
or form. ~t is for in~ance pos~ble to make the
s~e of aluminum producing furnaces by assem-,
bling a r~atively small number of moulded arti-
fl~ carbon blocks; it is thereby poss~ to make
a part of the wa~ with a corresponding sec~on
of the furnace sole in one piece. Up to the pres-
ent ~me such bottoms of aluminum produc~on
f~naces were made p~n~pa~y by ramming a
suitable mas~ which becomes baked after the
staring of the furnac% or by assemb~ng pressed
artifl~al carbon blocks. ~rtifl~al. carbon blocks
made by ca~ing were not successfu~y used up to
now because of their insufficient durabi~ty and
thor high poro~ty.

The casing of a large ar~fl~al carbon block
according to the present invention is carried out
suRably in the fo~owing manner:

On~ pours at first the pasty mass into the mold
up to a h~ght of 20-50 cm., then introduces the
vibra~ng device into the mass and fills the mold
up to the ~es~ed h~ghk and ra~ing the vibrat-
ingde~ce by degreem As this moron is a relative
on% the ~brating device can naturally remain at
the same h~ght~ the mold b~ng lowered w~h the
same speed as ~ becomes filled; ~ is also possible
to raise the vibra~ng device and lo~er the mold
~muRaneously.

The invention can also be applied to co~%tinu-
ous s~f~ba~ng electrodes such as are used in
S6derber~ furnaces or to the bottoms of certain
~e-me~ing ~urnac~s. "~h continuous s~f-baking
~ectrodes one pours the pasty electrode mass
into a metal she~, the mass becoming baked in
the n~ghbourhood of the furnace sole because of
the high heat. The transi~on from the filling
zone to the baking zone takes place by. degrees.
It is indeed also advantageous to subject the mass
while still pasty to mechan~al vibrations of high
frequency according to the present Invention.

In~ead of subjecting the carbonaceous mixture
to mechanical vibra~ons after the pou~ng into
the m~d or into the electrode sh~L one can carry
out th~ treatment before the pou~ng, for instance
in a ladle. But it is genera~y easier to undertake
a uniform vibration ~eatment in the mold itseN.

I ~aim:
1. A method for making a~ifl~al carbon pieces

by castin~ comprising subjec~ng a coheren~
panty mixture o~ ca2bon and ~nder to mechanical



vibra~ons ~ a frequency of at ~a~ 6000 per
mtnu~ and then baking the ~. ¯

2. A m~hod Mr making a~ ca~on ~e~s
by c~t~ compr~g s~J~ a coherent,
pa~y m~tu~ ~ ~on and ~nd~ ~ mechan~ |
vibra~ons of a frequency of ~ut 1~000 per
m~u~ and an a~de of the m~ of
0~5 cm. and then baking the ~.

4
4. A m~hod for making a~ifl~M carbon p~s

by cas~n~ compr~tng forming a coherent, pasty
m~ture of carbon and ~nder into bodies of de-
sired shape, subJecOng the formed bodies to me-
chanic~ vibrations of a frequency of at le~t
6000 per m~ut~ and then ba~ng the formed
bodies.

5. A method for making ar~fl~ carbon e~c-
3. A method for mak/ng artifl~al carbon p~ces " trodes by casting, comp~ng casing an electrode

.by casing, compr~ing internally applying to a I0 mass into a desired electrode shape and subject-
coherent, pasty mixture of carbon and binder ing the formed electrodes to mechanical vibra-
mechan~al vibra~ons of a frequency of at least Mons of a frequency of at least 6000 per minute.
6000 per minute and then baking the mixture. ANDR~ RICHON.
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3 Claim~ (CL 13--15)

1
The k~town type of congnuou~y self-bur~ing

~ectrodes ~ based on m~ng down in a sheet
iron pipe a plas~c mass cons~ng of crushed
anthracite or coke, to which are ~lded pi~ch and
tar as binding agen~ ~ this mass becomes corn- ~
plet~y liquefied by hea~ng and flrs~y assumes
~ solid ~ta~e and then ~ coked at relativ~y l~gh
temperatures, tt ~ ~ecessary that the sheet iron
p~pe follows the ~ectrode ma~s down in~ the
~ath ~ud ~ here corroded away with the sam~ ~
~t ~ here to be noted that coking of the mass
~ ~ecessary in order to obtain a sufficient elec-
t~ica~ conductivit~

~tflt another reason why the shee~ iron pipe
~y not be separated ~rom the mass is tt~t the ~
~a~ter st~ks and adheres to the sheet h’~n. The
d~advantage o~ th~s ~ectrode is that the sheet
~on env~ope increases ~he cost of the ~ec~rod~
p~marfly because o~ the relatively high cost~ of
~a~ufaeturing the env~ope, which generally ~C
~es place by w~ding o~ r~veting. F~r~her the
~d~ion o~ iron received by the bath ~hr~ugh
n~ng down of the sheet ~c~n pipe may act
unfavorably in certain metallurgica~ processe~

A construcMona] forzn of s~-burnin~ elec- ~
trodes has been suggested in which the sheet
iron pipe or mant~ ~ avoided by susi~ending
the ~ectrode at its lower portion, which has
been burnt to such a degree that ~ has suffi~ent
~rmness to per~fit of the attachment of the ~
suspe~sio~ means.

The difficulty of co~truc~ing a continuous
e~ctrode w~hout an iron man~e~ has been that
one has had no binding agent for the mass which
2t a relativ~y moderate temperature imparts ~5
mechanical flri~lness to the same or permits of
~o~in~ w~hout the mass adhering to the mantel.
Y~ one is to operate with an ~ectrode without
an iron env~ope, it is necessary to place the
ourrent supplying jaws a d~tanoe below the zone ~
in v/?lich the ~ectrode mass ~ suffic~n~y coked
~ order to be current earryin~ In case th~
does not take place before at a very high tem-
perature near the bath surface it will not be
~ssible in prac~ce to maintain a ~as~ng current 45
supply.

The present invenGon has for its object to
avoid the disadvantages men~oned above in the
completely conGnuous dectrodes now used.

~f the binding agent ~ of such a nature that ~0
it binds and cokes at a r~aGvely moderate ~It-
perature, at 200°-300° C., for example it ~ pos-
sible in pracGce in this zone, without difficulty,
to supply the current by means of ordinary cur-
rent supplying jaws. Nor ~ ~ dt~cult at th~ ~

2
temperature to undertake the necessary control
of the rate of feeding of the ~ectrode.

According to the invention ~ has-been found
that in evaporated sulphRe waste lye from the
c~lulose industry or other aqueous s~utions of
saccharides, tanning acids, resins and substances
which carbonic exothermally, for example ~g-
nin and de~vatWes of Hgnin of sub~an~aily the
same composition as sulph~e waste lye, one has
a means which in an astonishing way fulfills the
requ~emen~ of a binding agent for obtaining
sat~factory res~. Such rnater~ g~e a bind-
ing agent which binds the electrode mass with-
out the latter adhe~ng to the stu’rounding iron
manta, because the mass shrinks and ~ solidified
when subjected to light drying and because the
coking begins at nmderate, low ~mperatures and
thereupon con~nues e~oti]ermall~

~n pract~e one may easily produce such a
solution with proper~es as men~oned above by
evaporat~n of sulphite ~e to a dry mate~
content of about 50%. ~t has been found that
in the use of an ~ec~ode mass based on the
em~oyment of sulphite ~e as binding agent in
so small quantit~s that the ma~ does not adhere
sub~an~aily to the shaping iron cylinder, such
a great binding power is obtained through a sub-
secant ~ght dr~ng at low temperatures ~hat
the ~ectrode mass may be ~id out of the shap-
ing pipe and be suffi~en~y mechanic~ strong
to co~~ute an independen~ ~ec~ode body
which may be passed down iato the melting ~yath
without support ~on2 the shaping cylinder.

$t ha~ further been found that during the
said drying of the mass the iatter ~ compiet~y
released from ~he iron cy~nder so that the ready
dried and shaped dectrode bar may be easily
moved out o~ the shaping pipe.

~t has been found that the quan~ty of suiphite
~e wh~h should be added in order to obta~ a
suffi~ent binding power may advantageously ,b~
fixed at between ~-35%, and ~hat the sub-
sequent drying may suita~y t~ke place at a
temperature of above ~50° C.-200° C~

By the expression sulphite waste ~e as used
above and in the ciaims shall be understood
waste lye from the produc~on of su]ph~e ce~u-
]ose, regar~ess of whether it refers to the ordi-
nary sulphite proces~ which oper~tes with cal-
cimn bisulph~e, or other s~phite proce~e~, for
example one in wh~h ammonia bisulphite ~ used.

A solu~on according to the invent~n may
eventually al~o be produced bF the mixing of i~
individual component. By way of example may



3
be mentioned a solution produced by mixing and
heating to 80-90° C. of:

Per cent
Glucose ................................ 5-10

Tannin ................................ 12-21
Natural reins ......................... 4--8Calcium salt Ofdtvided or decomposedligno~ph°niC~gnin)_________acid (finely 17-28

Water ................................. 40-60

The mass wh~h is mixed and stamped down
into the shaping pipe and dried as men~oned
abov~ has the quality that it cokes relatively
easily at moderate temperatures because a tem-
perature of about 250° C. will lni~ate a coking
process which dev~ops exothermally, whereby
coking ~ easily~bt~ned.

Because in the m~ng processes for wh~h th~
type of ~ec~odes ~ employed ample heat quan-
~ties of the temperatures here discussed are
avagable, it fo~ows that in prac~ce one may ex-
pedite the co~ing of the ~ectrode mass so that it
becomes sufli~en~y electrica~y conductive for
the connection of ~ectr~ current supplying jaws
at a point of the electrode bar at which the
temperatures are sti~ ~o moderate that th~ may
be done without practical difficulties.

As will be understoo~ the invention will be
particularly appl~ca~e in connection with a sta-
~onary pipe or mantel, mounted above the bath,
which shapes the ~ec~ode and holds it together
until the ma~s, through the influence of hea~ has
turned cons~tent so that it may be passed down
into the furnace as it is being consumed.

According to. an embodiment of the inven~on
there is mounted around the shaping pipe or
mantel, a casing o~ heat resting mate~al,
through which the hot gases from the m~ng
bath are passed in such a way that the pipe and
consequently the electrode mass ~ heated to a
few hundred degrees, so that the mass which is
pa~ed through the pi~e ~iflens and hardens and
forms a firm, ~lutinated mass. In the appended
drawing this embodiment is shown diagram-
matlcallY:bath surfaceI designate3 the thecaNngfurnaCeof heatarch’reN~ing~ the

mateNal mounted on the furnace arch. In ~he
upper Nosed end of this caNng ls placed the
shaping pipe ~, wh~h at the top is provided with
a funn~ shaped expan~on § in which the elec-
trode mass consistin~ of a premixed mass of, for
example 90% coke- and/or anthracite powder
and about 10% conc~n~ated sulphite lye is
stamped down. The hot gases from the furnace
pass through ~he ca~ing 3 and out through a dis-
charge pipe ~, which is provided with a control
damper ~. Through infiuence of heat from the
gas the ~ectrode mass will first stiffen and there-
upon coke tb a consistent ~ectrode, Below the
pipe ~ are mounted current supplying jaws, in-

4
d~ated by $. The eu~ent ~ suppl~d throug~
the lead [~, which is sultab~ passed through th~
casing Z.

I ~atrn:
~ 1. In the process of forming con~nuous elec-

trodes from a mixture ~ a crushed carbonaceo~
~nate~ and a ~nding agent for electric furn~c~
us~ the improvement which con~lst~ of em~o~
lng evaporated waste s~phi~ ~e as t~e b~din~

10 agen~ said evaporated waste sulphite ~e ha~ng ~
dry mate~ con~nt of 50-60% and cons~tu~n~
from 10% to 35% of the ~t~ electrode mass.

~ In the process of forming con~nuous e]ec-
~odes ~om a m~ture of a crushed carbonaceous

1¢ mate~al and a ~n~ng agent for ~ec~ furnace
use and wherein the m~ture is ~u~na~d and
coked in a heated guiding mantel, the improve-
ment which cons~ of em~oying evaporated
waste s~phite lye as the ~n~ng agen~ said

~} evapora~d waste s~ph~e lye haunt a dry ma-
te~al con~nt of 50-60% and constituting from
10% to 35% of the t~ ~ec~ode mass.

3. The process of claim 2 further chara~er~
in that the m~ture of the electrode ~rm~g ma-

~ te~s ~ heard to a temperature of ~om.150° to
30~ ~ wh~e in s~d man~l.

RAGNAR TANBERG. ~
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6 ~m~ (CL~6--5~
1

Th~ invent~n rel~es to the prepara-tMn of
carbon-base paste~ more par~culafly pastes
made of ag~omerated carbon partMles of the
type used in venous branches of indus~y and
espeMaHy in Mec~o~hermal and electrolyMc
manufactu~ng proce~, for ihe manufacture
of current-supplyMe~lo~es. Also, ag~omerated
carbo~ is sometimes used in forming the inter~
hal Hning of electric furnaces and electrolys~
cells.

Such ag~omerated carbon compositions are
made ~om pa~es, wh~h compose carbon pow-
der mixed w~h a binder and then shaped in
m~ds. Some lyp~ of ag~omerated composi-
~ons are fired in spe~ furnac~ p~or to the~
use in ~ec~otherm~ manufa~u~ng operators
or in ~ectr~y~s c~, the said fi~ng step some-
times even being pursued to the p~nt of graphi-
~ng the ag~omerated carbon pa~s. In
other cases, the ag~omerated carbon par~cles
are subjected to fi~ng w~hinthe ~ec~otherm~
furnace or the e~ctr~y~s cell du~ng actual op-
era,on, as in the case for instance of continu-
ous electrodes of the S6derberg type.

However, regardless of the pu~ular use to
which they may subsequen~y be pu¢, the qual-
~y of such ag~omerated products essentially
depends on the quarry of the carbon~a~es .from
which they are forme~

~ is well known in this connection that, in
add~n to the ch~ce or control of.~he granu-
~m~c compo~on of the carbonaceousproduct
and the type of binder used, it ~ impo~antthat
the pa~s of the carbonaceous product in con-
taCt with the ~nder should ~e effec~v~ywe~ed
ky s~d binder throughout the ~n~re su~ace cf
each individu~ particle, if i~ ~- des~ed that. t~e
fin~ electrodes resuRing from sa~ paste should
possess op~mum characteristics. It ~ only when
the par~es or grins are thoroughly wetted by
the binder that a de~rably in,mate bond ~ se-
cured between the pus~ constituents and ~that ~
is po~ible to ~iminate the mechaniC~ losses
Which occur in service wRh inadequate-.bonded

obtaiP nastes’ asI~horougi hs furthe[s ~:s~b~e~n~r~?t~

dry carbonaceous materiM by the ~nde~ said
carbonaceous mater~l, which generally com-
poses a m~ture of ~fferent sizes of par~cle~ is

and the binder is thereafter in~oduced and the
mixing opera,on ~ continued un~l a homoge-
neous mass ~ obtained.unive~ally,..fo}loweH d,owever’ the procedurepresentJ sUS~ descNbe~ while e~ n~um-ber~:of

~hortcomings. T~e finer parG~es form a ~able

2
suspension w~h the binder, and .said suspen~on,
in wh~h the said fine particles compAse the dis,
persed phas~ follows the laws generally prevail-
ing in nonhomogeneous ~quids. As the concen-

~ tra~on of fines increases in the suspen~on, the
suspension increases in v~cos~y so that, for a
safficient concentration of fines in the suspen-
~on, the v~cos~y number of the suspenmon
reaches a value which is a mul~ple of the VlS-

10 cos~y of p~ch. In mixing with ~he binder car-
bonaceous materials having various par~e ~zes,
th-e suspen~on of fines in the binde~ reaches such
a high viSco~ty value that ~ becomes unable
of wetting the enMre surface of the particles

15 an~ can only partially, if at all, fill the pores
thereofi In add~ion, the pores of the particles
are ini~ally filled w~h finer parM~es which
prevent the penetration of the p~ch or o£ the
fines-pitch suspension. Th~ effect by ~seE may

20 cause formation, wRhin the mass of totally un-
we~ed agglomerates of par~c~a Such a paste
does not possess a desirably intimate bond be-
tween its cor~stituents, and the par~s molded
therefrom will not possess op~mum character-

25 is~c$ after firing. An incomplete wetting of
the grain surfaces, and/or the presence of en-
ergy unworked par~es in the mixture results
in losses occurring in the u~Hsa~on of electrodes
made from such compos~ions, said losses as-

30 suming the form of ~ produc~on of coal-dust.
It is anobject of this in~ention to provide an

agglomerated carbon-base compo~on which ~
genera~y free of the above defects. According.to
my invention, the carbonaceous material, ground

35 to the form of a carbon dust compr~ing par-
ticles of various sizes, is separated into two frac-
~on~ a cruder and s finer frac~on. The cruder
frac~on~ which -may range in weight from 30%
to 75% of the total weigh~ of coal dust, ~s sepa-

40 rarely mixed with the binder until aH of its
cons~tuent par~es are thoroughly we~ed by
the binder; the balance of finer carbonaceous
materlal is then added, an-d mixing ~ continued
until a final-mixture of highest possible homo-

45 genity ~ obtained.
The carbonaceous starting material used may

vary to a large extent depending on the char-
acteristics des~ed in the final pasze. When
petroleum coke and pitch coke are use~ as in

50 the produc~on of high pur~y dectrodes, par-
~es are obtai-ned after the gAnding step in
which £he’pores may reach compara~7~y large
~ze~ ~ ~.~3 mm. and mor~ When such coke5~ materia~ are ~USeco drding_-to~the:inventton’ separa~on..o~thedt~st t° m~ke carbonpastes ac-

into two fractions ~ so effected that the smal~



est-~zed grains of the cruder frac~on will be
~mflar in ~ze to the pores of the largest-~zed
grains ther~n. On the other hand, if the car-
bonaceous staring material used is metallurg~
cal coke or anthra~te, which once ground pro- 5
vides particles in which the pores are exceed-
ingly small, the separa~on of the dust batch
into two frac~ons should be so accomplished
tkat the smal~st-s~ed grains of the cruder
frac~on should have a dimension of about 0.2 10
ram.; for, should this minimum ~mit be exceeded,
the resulting suspens~n formed with the par-
ticles du~ng the mixing step would be so viscous
that it would not insure a complete wet~ng of
the grains. The subsequently added times act to 15
saturate the binder and form a susper~ion there-
with, and a final paste is thus produced in
wh~h the pores of the particles and the gaps be-
tween the part~s are complet~y filled and in
which the surface of all the grains is complet~y 20
wetted. A thoroughly bonded paste is thus ob-
tained and one in which the structure is thor-
oughly uniform, and, after bakin~ the resul~ng
molded part is found to possess opGmum char-
acteristics. 25

The crude coal dust fraction may a~o be first
wetted with only part of the total requ~e
amount of bh]de~ the balance of binder material
b~ng added subsequenGy at the same ~me as the
finer dust frac~on is added. The binder may be 30
added in ~quid condition, and the mixing opera-
tion is then more rapidly completed~ however the
binder may also be added in solid cond~ion as for
instance when the binder used is dry pitch; in
such a case, the wet~ng of the par~es can only 35
be accompl~hed upon ~quefying the pitch by
appl~a~on of heat.

In t~he produc~on of a paste for electrodes,
when the method of the invent~n is use~ it is
found that in order to obtain an adequat~y fiuid 40
paste, it ~ necessa~ to add from 1% to 3% more
binder (e. g. pitch) if the par~e fract~n w~h-
out fines is first mixed with the binder, and the
fines are only added upon comp.le~on of the mix-
ing step, than when following the conven~onal
procedure involving ~multaneous mixing of the ~5
entire batch of par~es with the binder. Th~
fact can only be explained in one wa~ i. e. that
when the entre batch is treated with the binder

cedur~(such aSthePitCh)en~reaCC°rdingsurface areat° c°nventi°nalof the par~clesPr°-~ 50

not we~ed by the bindeL whereas it is wetted to
a much greater extent when the procedure of the
invention is used.

Examp~ I
55

A batch of carbonaceous mate~al used in the
manufacture of SSderberg paste, had the follow-
ing granulomet~cal composition:

6O

A S6derberg paste, when produced from a pul-
verized material of the above granulometry by the
conventional methods of mixing, should have a
pitch content of 28% in order to possess sa~sfac-
tory fluidRy. The above mixture of par~cles was
treated according to the present invention with
the binder, which in the case in hand was hard
p~ch, that is a pitch having a ir~mer-Sarnow
softening point not less than 70° C. The operat-
ing procedm’e was as fo~ows: the particle frac-

65
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~on in the range of from 0.2 to 5 mm. was first
mixed with the hard pitch until the pores of the
par~cles were filled and the surface of all the
par~cles entir~y w~ Then the parM~e frac-
tion of a s~e less than 0.2 ram. was added, and
the mixing was con~nued un~l a homogeneous
mass was obtained. The resuming SSderberg
past~ in order to have sat~fying flui~t~ should
contain 29~% pitch, i. e. 1~% more than when
the conven~on~ mking procedure is used.

A SSderberg ~ec~ode paste was thus obt~ned
which, after shaping and baMn~ showed the fol-
lowing characteris~cs as compared with those of
a paste produced accor~ng to the conven~onal
mixing pracMce:

Apparent sp. gravity ....................
Porosity, Percent .....................
Rc~sgvity, ohms, mm. sq./mm ........
Crushing ~rength, kg./cm, sq ..........

E~c~ode
o~a~ed by
conven~on~

~ng
m~hod

1.42
2& 3

84
2~8

ac~rd~g
to the

~venfion

L35
2& 4
59

290

Instead of ad~ng the ~nder (~ g. pitch) 
l~uid cond~ion to the divided carbonaceous
mate~; the binder may be added in the solid
state. In such cas~ the grain frac~on in the 0~
to 5 ram. range ~ fir~ mixed wRh the sold binder.
Du~ng this mixing ste~ hea~ is applied until
the binder is compl~y Nquefie~ and only after
the cruder particl~ are compl~y w~ted by the
Hquefied ~nder, the pa~icl~ in the range of
sizes finer than 0.2 ram. are added, and mixing
of the whole batch ~ conOnued un~l the m~ture
has attained its highest po~ homogen~ty.

Example II

Baked ~ectrodes used in the ~e~ro~c pro-
duc~on of ~umin~m were manufactured from
a petroleum-coke base carbonaceous past~ in
which the average size of the pores was of the
order of 0.3 ram., the granulom~c composition
of the coke-du~ b~ng as fo~ows:

Percent
3~3-2~6 mm ..............................7
2~6-i~7 mm .............................. 9
1~7-0~6 mm .............................. 160~6-0~90~9_~i6 ..______________________________ram ..............................

1315
O&6-Ofi75 mm ............................. 17
0~75-0 mm ................................23

Accor~ng to the inven~o~ the par~e frac~on
of ~om 3.33 to 0.29 mm. was fi~t wetted with the
~nder, specifically hard pith as in the foregoing
exampl~ then the rem~ning carbon dust (par-
ticles from 0 to 0.29 ram. in ~ze) were added.
The batch was thoroughly mixed and the result-
ing mass was m~ded under pressure. After fir-
in~ an ~e~rode was obt~ned which has the fol-
lowing characte~s~c~ ag~nst the correspon~ng
character~cs of another ~ec~ode produced
u~ng the conven~onal mixing procedure:

Re~s~t~ ohms, ram. sq./m .........
70 Crushing ~rength, kg.~m, sq ......

Conven~on~ Improved
~c~rode

73
245 315

Examp~ III

A paste, intended for use as a coa~ng for the
~5 internal lining of a furnac~ was cons~tuted by a



m~ ~ 25 % anthra~ and 75 % me~l~r~c~
~k~ ~ ~e ~wing ~an~om~c~ ~mp~
~on:

Percent
5~4~.~ mm ............... 3 ~
2~.77 mm ............... 6
1.77-0.99 mm .................... 5
0.9~ A5 mm ............... 21
0A5-~19 mm ...........................21
~I~0~5 mm ............... 23 I0
0~ mm .................. 21

The anthrac~e used was not porous and the
pores of the m~aHu~ coke w~e less Shah
0.2 ram. in size. A~ng ~o ~e inven~o~ the
par~e frac~on o~ ~om 5.54 to 0.19 ram. was
fi~t we~ed w~h the ~nde~ ~e ~nd~ u~d in
t~s ~am~e sp~ffic~ ~mp~d ~ p~ch,
i. e. ~h ha~ng a Kr~me~Sarnow ~e~ng
p~nt in ~e range of ~om ~° C. to 50° C. ~en

20~he par~e frac~on ~u~ng ~e ~zes ~om 0
~o 0,19 ram. was added and the whole batch was
~m~y m~ed.

Exam~e IV
Electrode pastes intended for use in electro- 25

~m~ ~odu~n p~e~s~ ~mp~d a m~-
ture of ~0% anthrac~e and 30% m~r~c~
cok~ ha~ng She fo~owing gran~ome~ ~mpo-
~on:

Percent 30
~11.9 mm ................ 6
11~5~4 mm ................ 7
5.5~2.67 mm ................ 17
2~7 mm ................ 5
1~99 mm ................ ~ 85
0~0A5 mm ................ 4
~4~19 mm ................ 8
~1~029 mm ................ 22
02~0 m~ ............... ~

~e anthrac~e used was not porou~ and the
m~r~c~ ~ ~u~ ~o~ded ~e fin~
grins, less than 0.!6 ram. in ~z~ ~us ~e car-
bon particles were ~y free of pores.
A~ng ~o the i~ the particle ~racMon 45
of from 25.4 to 0.19 ram. was first w~ted w~h
the binder. The binder ~mpo~Mon used by way
~ ~am~e ~ ~s op~n ~m~ a m~
of hard ~h and coal-tar. Th~ the grin frac-
~ons in the range of sizes from 0 ~o 0.19 ram. were 50
added and the wh~e b~ch ~m~y m~e~ An
~ec~ode paste was thus obtained w~ch, aft~

tire test results:

6
The average ~menMon of the pores was about
0.3 ram. According ~ the inven~on, the Darti~es
in the range of s~es of from 1.3 to 0.29 ram. were
firs~ we~ed with the bindeL which in this instance
was hard p~ch. Then the par~e fracMons in
the range of from 0 to 0.29 mm were added and
the whole batch in~matMy mixed ~ogether. An
Mectrode paste was obtMned gi~ng the fM~w-
ing comparat~e test resu~s:

ConvenMon~Improved
electrodeelectrode

Resistiv~y, ohm~ ram. sq./m ........... 61 51
Crushing ~rength, kg./cm, sq_ ........ 295 375

Example V

Conven~ona] Improved
electrode electrode
pas~e pas~e

15 Apparent specific gravity_ ............. L 675 1. 718

55

6O

A carbon paste for graph~ed electrodes com-
prised, by way of ~am~% petrol coke of the fol- 65
~wing ~ome~c ~mp~n:

Percent
1.3~0.62 mm ................ 22
0~0.29 mm ................ 21
0~9-016 mm_ ....................... 7 ~
0.1~0.10 mm ................ 18
01~0~75 mm ............... 4
~07~0258 mm ............... 4
025~0 mm ............... 4
0.~0 mm ................. 2O ~

it will of course be understood that the inven-
Hon ~ in no way Hm~ed ~o the details of pro-
cedure and composiMons specifically mentioned in
~he above examples, and that the scope of the
invention ~ to be construed as defined exMuMv~y
by the ensuing Maims.

What I ~aim %:
1. Method of produMng a carbon paste from a

batch of finny divided solid carbonaceous mate-
rial and a binder for said carbonaceous material
wher~n the carbonaceous material con~}ts of
particles of various Mzes, which composes ~he

S~em Psateria°lf separaNni gnto two frac~ot nshe batC~onstitute° df carb°nace°ur Sespec-
tively of r~a~v~y coarse particles and fines
whereby the smal~st-s~ed particles in said frac-
tion of r~a~v~y coarse parM~es are substan~ally
~mflar in ~ze to that of the pores of the largest-
~zed par~es ther~n, mixing said binder w~h
the frac~on of coarse particles until substantially
aH of said coarse particles are we~ed by said
binder, adding the fines to the wetted coarse par-
~es and continuing the mixing opera,on un~l
no further no~ceable increase in the homogeneity
of the resultant mixture ~ observed.

2. A me~hod according to claim 1, character-
ized in that the separated fract~n of r~a~v~y
coarse par~c~s represents about 30 ~o 75% by
w~ght of the total amount of the batch of finely
divided carbonaceous material.

3. A method according to claim 1, wher~n the
smal~st-s~ed par~c~s of said frac~on of rda-
~v~y coarse par~es have a dimenmon substan-
{iaily equal te 0~ ram.

4. A method according ~o ~aim 1, wher~n said
fracMon of r~aMv~y coarse par~es ~ wetted
with only a por~on of the total amount cf binder
used in the prepara~on of the paste, and the bal-
ance of said ~nder ~ added ~ogether w~h said
fines.

5. A method according to claim 1, wher~n said
binder ~ added in ~quid condition.

6. A method according ~o ~aim L wher~n the
fraction of r~a~v~y coarse particles is mixed
w~h a binder in solid condi~on, heat is app~ed
~o fluidify said binder dumng mixing ~o thor-
oughly wet said coarser par~ea the fines are
added, and the mixing of the entre batch ~ con-
tinued until no further not~eable increase in the
homogen~ty of the resul~ng mixture is observed.

STEFA_~ STANKO.
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4 Claim~

1
This application relates to the produc~on o~

carbon electrodes for the ~ectroly~s of molten
salts. More particularly, it relates to the pro-
duc~on of carbon anodes used in the ~ectroly~c
produc~on of aluminum metal. Our invention 5
~ of part~ular importance when the anode ~ of
the s~f-bakLug or so-called Soederberg type, but
it is also useful w~h other types of electrodes
such as the so-ca~ed ’~rebaked" types.

In the ~ectroly~c produc~on of aluminum, 10
the carbon anode serves for introducing the elec-
tr~ current into the bath and at the ~ame ~me
acts as a reductank The oxygen ~berated by
~ectroly~s at the anode reacts w~h the carboa
of the anode to form a mixture of carbon dioxide 15
and carbon monoxide wh~h leaves the furnace as
the anode gas. The consumpt~n of anode car-
bon ~ fairy high and amounts in commer~al
opera,on to 50 to 60% of the w~ght of the pro-
duced aluminum metal. 20

The carbon anode con~s~ of pitch coke, pe-
troleum cok~ puttied anthrac~e or the ~ke
known as the ’~ry materiaF’ of the electrode.
Th~ dry material ~ crushed and screened to a
su~able ~ze and then mixed with a binder such 25
as coal tar, coal tar pitch or the ~ke. The re-
sul~ng mixture ~ then shaped and carbon~ed
to transform the binder into coke thus produc-
Lug a coherent carbon anodm

In some LustaHaHons the mixture of dry ma- 30
terial and binder ~ compressed to shape and
then carbonized in a spe~al furnace made for
that purpose. Such ~ectrodes are known as
"prebake~’ electrodem Under another system
the mixture of dry material and paste is used 35
for forming continuous electrodes which are
some~mes called "s~f-bakLug" or Soederberg
electrodes. The presen~ invention is of par-
ticular value in connecMon with the latter type
of ~ectrodes. ~0

One of the difficuRies with the carbon ~ec-
trodes is the~ tendency to form carbon dust in
the molten electrolyte: The carbon dust in the

electr°lyta end represent%°es ~°;ost~k~fP~to~~ t?earbonel .ectr°lYSwhiSat 4~

is even more important ~ that the carbon dust
accumulates in the electroly~c bath and tends
to cause trouble in the opera,on of the furnace
so that it is necessary to remove the dust from 50
the bath ~t interva]s. This removal d~turbs
opera~ons and tends to cause serous losses of
the valuable fluo~de sa~s wh~h make up the
electrolygc bath. It ~ therefore of great impor-
tance to be able to produce carbon anodes which 55

(CL 106~56)
2

produce as ~t~e carbon dust as possible in the
~ectroly~c bath.

We have discovered that the tendency to form
carbon dust in the bath % due to different qual-
~ies in the ground coke or so-called "dry ma-
terial" of the electrode as compared with the
baked binder wRh which the dry material has
been bound togethem We have further d~cov-
ered that anodes which are greasy superior as
regards the format~n of dust can be produced
~ the dry matm’ial of the electrode has been
given its preliminary calcining st a temperature
of not over 1200° C. (and preferably at a tem-
perature not over 1100° C.) and ~ the coke from
such dry material has a reac~vity to carbo~ di-
oxide (determLued in the manner hereinafter
set forth) wh~h is at least 75% of the reac~vity
(determLued LU ~he same manner) of the coke
resul~ng from the baking of the binder.

We have d~covered that there are three char-
acte~sMcs or qualiMes of the coke making up
the entre electrode which tend to cause the
coked binder to be eaten away before the par-
~es of coke introduced as the dry mate~al.
When the binder is thus eaten away, par~es
of the dry material coke are released and fa~
into the bath forming the carbon dust wh~h we
seek to avoid.

The first of these characte~s~cs is the be-
havior of the coke when the so-ca]~d "anode ef-
fect" occurs. It is w~l recognized that as the
quanity of alumina dissolved in the bath is re-
duced, a point ~ gradually reached at which the
bath does not adequat~y wet the ~ectrode and
the voltage necessary to cause the current to
pass through the cell r~es rapidlD V/e have
found that in electrodes now in use the anode
effect occurs more rapidly with the particles of
coke introduced into the ~ectrode as the dry
material than witt~ the coke resulting from the
baking of the bindeL Thus there ~ a pe~od
when virtually aH of the ac~vity of the elec-
trode ~ working through the binder coke due
to the fact that the bath is no longer wetting
the bound par~es. Tiffs tends to cause the
binder coke to be eaten away more rapidly than
the other part~e~ wRh the resuR that dust ~
released.

The second character~tic has to do with the
difference in anodic ~ectro-chemical over-vo~-
age between the two types of coke. The over-
voyage in a bath of this type means the voltage
over and above the theore~cal necessary to pro-
duce the des~ed ~ectroly~s. V{e have found
that a greater over-voltage ~ required with the



3
usual par~c~s of coke introduced as dry ma-
terial than w~h the ~ke r~ting ~om ba~ng of
the bindem Ag~n, t~s ca~es more ra~d dis-
integraGon of the binder coke.

The ~d ~a~ ~ ~he ~ff~ be-
tween ~,~o.cq~ i~ea~y ~a~ ca~on
dioxide. When, through ~o~s~, the o~gen
is ~s~ed from the ~um~a in the ba~
it tends to form carbon dioxide w~ the ca~on
of the electrode mass and ~is carbon ~de
tends to ac~ on additional qua~ of c~bon
present to form carbon ~~. ~e ~ave
found ~at o~ ~~~ ~
~a~i~ toward carbon ~oMde ~f ~he c~ke ~
sul~ng from the dry m~l.a~d ~e coke re-
sul~n~ from the baMng ~ ~ b~r. ~s
difference in reactivity ~din~fly is q~te ap-
panage, with the binder co~ showing ~he
~reater reactivity so that ag~n it ~ends 4~ ~e
eaten away more m~d~.

~fle the ~e ~~ m~ be sep-
arat~y d~mined, we have ~ound ~at for
P~C~I purposes all of them can be _~o~-
m~ ~~ ~y m~surmg ~e ~ of
t~ coke to car~on ~oMd~ ~ing ~is t~t, we
~e ~0und in general ~ ~ere ~e coke ~

its !~c~ is r~u~d and at ~e same time
Rs._ ._ ~ ~e ~ ~e a~ effect and ~ectro-
ch~i~ ~eR~ ~re-made less ~

~y ~e coke...~sed as the dry m~l
.is ~d ~ a t~~e of 1400° C. to 1500°
~. ~d ~ must ~ ~~ ~at in p~duc~g
a~minum by ~e Soederberg ~em ~ ~n~-
~s electrodes ~he ~~e at which the
~der is ~c~d n~er ~ce~ 950 ° ~ ~ a
~s~ ~¢ is a grit ~ff~ m ~e char-
~~ pf ~e ~o ~pes ~ co~ f~nd ~ the
op~g surfaces of ~e ~od~ ~en ~
~e .....~k~case of ~ ~e ~g

~r ~e eNtic~ ~ine where ~e ~fference ~n e~ar-
a~eri~s of ~e two types of coke becomes ef-
~Ne is found where the reactivity ~ ~e coke
resulting from the dry materi~ ~ ~ ~ast 75 %
of t~ reac~ ~f the c~e ~c~y r.es~ng
~r0m ~e cM~na~on, of the b~m W~h a
smaller difference ~ ~ar~cteris~ics the for-
maGon of d~t ~ so small ~s to be su~ially
~e~ but beginn~g ~ .~out ~e figure
name~ ~e te~¢ncy to ~ du~ increases
rap~. We have ~ound ~at for gener~ op-
eraGng cond~ens ~ 0r~r to ~t -~e necessary
~mi~r~ of coke chara~er~cs, the ~y ma-
~ should not be c~c~ed at a ~mperature
~ove about 1100° C. H0wev~, by car~ se-
lection and control it is poss~ to get ~e
desired results at .a somewhat higher tempera-
t~e, and therefore we set as our top limit for
the c~c~n of the ~y m~eri~ ~e ~mpera-
ture of 1200° C.

For the purposes of d~ermin~g reacti~ty as
we use ~e term ~ this appHcaGon, we have
dev~oped a paPUlar type of test as f~ws:

A . _ .kno~ vo~me o~ ~e coke to be tested is
~u~hed and ~reened b~ween sieves of values
of 20 and 35 on the T~er screen scale. This
coke ~ placed inside a ~osed silica t~e (~e
ode w~ch we em~oy~ was 1~ ram. inside di-
ameter, ~e coke resGng on a perforated di~
~ ~y m~. The t~e_ . __. ~ ~ ~ a tempera-

4
ture of 950° C. in a verflc~ tube furnace, the
temperature being measured by a thermocouple
in the center of the sampl~ A ~ream of pure
carbon dioxide is passed through the bed of

5 ~oke-at a known rate. ~For ~xamP!e 100 rag.
&f CO~ are passed through in 5 minutes. This
rate of flow of CO~ going into the tube we call
a. At the temperature employe~ a certain
amount of the carbon dioxide reacts with the
~oke sample tc ~orm carbon monoxide. To de-
~erm~e the amount reacted we d~ermine the
~ate -of ~o~ -,of :C~ ~oming out of the tube (by
_gr_a~ime~r~ ,det~rminat~n) and call this value
b. :In other word~ the amount of CO~ reacted

15 by£he coke is (a~h).
¯ For ~ur purp.oses we use the natural logar-

ithm of the ratio-of the amount of CO~ going
into the tube during a g~en time interv~ (a)
to .the-amount of CO~ found to be coming out

20 of the tube during the same time interv~ (b).
Thus ~tated as ~a fprmula and :terming the ~ate
.ol ~eact~y as Y ~e have

a
Y=~at. ~g.-~

25
In d~ermining the r~at~e react~s of

various samples the same ,amounts ,of the ~oke
should be employed in each case and ,they should
be ground to the same finenes~

30 By u~ng this method ~e have ,determined
the r~at~e reactivity of different coke~ Some
of the results are g~en b~ow:

A number -of ~fferent binders of the types
employed commer~ ~ere coked and c~cined

35 at 950° C. These gave reactivities of Y ranging
between .31 and ~9.

On the other han~ raw petr~ coke calcined
at ~fferent temperatures has g~en the .fo~ow~
ing values:

.!0

From ~he foregoing figures if ~w,e _c.on~ider ~a
carbon anode composed of coke calcined at ~50_0°

~0 ,C. (a usual temperature) as :the dry ,material
and a binder coke -giving a relatively high de-
gree ~f reactivity calcined at ~950L -it-will ~e ,seen
~hat the ~etative reactivities of :the-two will
differ very subs~ntia~y..In lack from the

55 ~abte shown, the reactivity ,~f the binder coke
may be ,more than three time~ .that of-~he dry
material. By maintaining the cglcination ~em-
perature of the d~y mate~al below t200° its
reactivity ~s materia~y increased. At the same

~o ~me, a binder should be selected such ~hat the
reac~vity ~f the ~dry material coke is ~t least
75 % of the reactivity of the bind~er coke, By
u~ng the method specified above the relative
reac~vity of the two materials can readily ,be

~5 determined.
As is well understood in the art of making

the carbon electrodes the electrode ordinarily
con~sts of pitch cok~ petroleum ~oke or pu~-
fled anthracite coal. The binders are made ~f

70 such materials as coal taL coal tar pitch or the

like all of which may be classified as "bitumN
nous p~ches/’

In carrying out our invention the desired ma-
terial ~or the dry coke is calcined a~ a ~empera-

75 ture of between 1000° C. and 1200° C. A ~ample
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of binder material ~ then cM~ned at the tem-
perature at which the Mectrode is to be forme~
which in the case of a continuous ~ec~ode will
be 950° C. The relaMve reac~v~ies of the two
cokes are then tested. ~ the coke from the dry
material has a react~y of at least 75% of the
test sample of ~nder material coke, then the
s~ec~d binder and coke can be combined and
used in the usual manner.

In the case where the coke ~ to be used in the
continuous ~ectrode sy~em, a so-c~d "past~’
~ formed following in general the instruc~ons
of U. S. Patent No. 1,$70,052, ~sued May 15, 1928.
By terming the material a "pasle" ~ve do not ~n-
tend to imply that the material ~ necessarily
pasty at or~nary room temperatures. In fact,
~ ~ now (u~omary io use a binder hsving 
m~ng p~nt in the order of about 100° C. so
that at norm~ ~mperatures the ~e~rode mate-
rial is soEd for handling. The important thing
is that the mass when heated in the electrode
h~der shah become so~t enough to assume the
~hape of the h~der without tamping.

If when the test descMbed above ~ run, ~ ~
found that there is too great a difference in re-
acG~ty between the dry rnateM~ coke and the
sample of binder coke, it may be possible to select
a different binder coke, but R ordina~ will be
easier and preferable to lower the temperature
at which the dry material coke ~ o~nally
calcined.

Paste made in this manner is a great improve-
ment on the pa~es now b~ng used and when
these instruc~ons are followe~ ~ will be found
that the resu]~ng electrode will have an appre~-
ably greater ~fe than those heretofore formed
and will result in much less carbon dust b~ng
formed in the ~e~rode bath.

What we ~m ~:
1. A method cf preparing mixes for use in ~ec-

trodes which composes selecting bituminous
pRch as a ~nder mate~, carboni~ng a sample

6
of such ~nder mateH~ at approMma~y the
temperature at which the electrode ~ to be car-
bonize~ tes~ng the reactivity of such sample to
CO~ as herein define~ caI~ning dry material

5 selected from the group con~s~ng of pitch cok~
petro~um coke and puttied anthrac~e at a tem-
perature b~ow 1200° C. and at a temperature low
enough so that the reac~ty thereof to CO~ as
her~n defined ~ at least 75% of the reac~ty

10 of the test sample of ~nder mater~l and com-
bining such dry materi~ in powdered form with
the binder mater~L

2. A m~hod as spe~fied in claim 1 in which
the binder material sample ~ carbon~ed at a

15 temperature of about 950° C.
3. A method as spe~fied ~n ~aim 1 in wlfich

the binder mater~l sample is carbonized at a
temperature of about 950° C. and the dry mate-
rial is calcined at a temperature below 1100° C.

20 4. A method of prepa~ng so-called paste for
use in ~ec~odes which compMses combining to-
gether bituminous ~itch ~s binder materi~l ~nd
dry pulverulent carbonaceous material selected
from the group con~s~ng of pitch coke, petro-

25 leum coke and purified anthrac~e, such dry ma-
te~ ha~ng been calcined at a temperature not
in excess of 1200° C. and ha~ng a reac~ty to
CO~ as herein defined equal to at least 75% of
the reac~v~y to CO~ of a sample of the binder

30 mate~al carbonized at 950° C.

JOHANNES SEJERSTED.
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1
Th~ inven~on r~ates to continuous s~

baking electrodes of the Soederberg type which
are subjected to heavy mechanicM strains as, for
example, the relatively long electrodes used in
~osed furnaces or the Mec~odes used in ~e~ ~
furnaces and the Hke. -v~ne electrodes to which
this ~_vention relates a~e ordinari~ used for
furnaces in wh~h high temperatures are de-
veloped as di~inguished from low voyage elec-
trodes used for ~ectroly~s as, for example, in I0
aluminum furnaces.

From the ~me of the flr~ invention of the
Soederberg ~e~rode (see for example United
States Patent No. i~41~B~ of J~nuary 2, 192B),
~ has been cu~omary w~h Mec~odes of the type I~
to which this invention rMates to employ an out-
~de casing or rnantle for the elec~ode and at a
very early date ~ was suggested that internal
~bs be provided on such marine to asN~ in cany-
ing the Me~r~al charge into the masm The so- ~0
called electrode paste is introduced into the
man~e where ~ is either packed in place or ~ is
made of such cons~tency that when heated ~
will compact of ~self w~hout the necess~Y for
tamping. The present invention rel~tes to ira- ~
provements on th~ type of Mec~ode.

The cm~ucNons heretofore employed offered
certain di~cu!~es due to the fact that the iron
r~s pr~ecting in ~om the rnan~% mMt in the
lower part of the ~ectrode and leave continuous ~0
Mo~ dividing the peMpherM potion of the elec-
trode into segment. ~ has also been noted that
a%~r the ~on r~s mdt away, corro~ng gases or
flames go up through the re.dual ~ots and tend
to enlarge them. Because of these factors the SS
cross-sec~on of the ~e~rode is weakened and
breakage may occur.

Another di~culty with the us~ of r~s as here-
tofore employed ~ that the ~on has a much
greater coeflic~nt of MongaNon under heat than 40
the baked electrode ~nd this may cause cracking

of the ~ectrode. ~ has not been found fea~ble
to do a~ay w~h these ribs as they are needed
to anchor the electrode mass to the easing to
prevent slippage and also in order to introduce 4~
the ~ectical current into the mass.

According to the present invention we solve
th~ di~culty by pro~ng w~hin the mantle
and spaced away from it one or more thin plates

or sheets which are intended to conduct current 5~
ve~aHy ~hrough the Mec~ode mass. Of course,
some provision must be made for ~ansm~Nng the
~ec~ current to these plates, and it is a feature
of (ur invent~n that we ~ansmR the current
from the outside manie to the internal plates by ~5

2
projections which are discontinuous in a vertical
line but in the ~ggregate have a Hue of ccnnec~on
with the mantle which ~ at least equal to 30%
and preferably to about 50% of the verNca] ~ngth
of the part~ular strip involve~ To do th~ each
strip has pz~ecNons on one of both ~des so that
the projec~ons are staggered, that ~, one pro~
jec~on does not come direcNy b~ow the next one
above ~ but there ~ a gap between any two pro-
jecNcns in a verNcs! hn~ We have found that
th~ spe~al arrangement gives very advanta-
geous results in providing conductors wh~h when
they melt out do not form radial cra~ running
verNcally in from the manHe for conNnuous
length~ and at the same ~me a conducive area
~ provided great enouzh for conduc~nz the
necessary current to bake the electrode mass
w~hin lhe mantle. V/here the ~ectrode body ~ a
substantially continuous mass of material on,re-
ly filling a r~ativ~y thin manN% ~ ghe central
plates have a line of connec~on to the outer
marine less than about 20% of the verNcal ien~th
of the p!at% e~her the amount of ~ect~ty
transmRted into the center of the electrode will
not be great enough to bake th~ so~d mass, or ~
the arrangements are such that a heavy load ~
transmitted toward the interior of the ~ectrode
the ~de cmg.nections may be burned out prema-
tur~

%Ve have also found ~ advantageous to keep
the conductors removed from the actual central
porNon of the ~ectrod% as having metal down
the center seems to unduly weaken the structure.
~or this reason we prefer to supply two or more
plates each w~h a double row of staggered con-
nec~ons running to the ou~ide manNe and w~h
the plates preferably arranged symme~r~a!!y
relative to the center of the electrode but not
actually lying in such centeL

The ~lste members thems~ves may be made
conNnuous or they may be provided w~h open~
ings through them at spaced interva~ so that
the ~ectrode paste can close together throuNh
these openings. As an alterna~ve other projec-
Nons can be bent out from the central potions
of the plates wh~h will provide both for such
holes and for add~ional contacts ~h the elec-
trode mass. These plates usually wNi be of the
same mete/as the man~e or canna

As regards the shape of the projec~ons that
connect the central plate-~ke members with ~he
man~ ordinarily they will be made rectangu-
lar. If they are made of 9regular shap% we have
found R somewhat advantageous to have the
larger dimen~ons adjacent the manN% as this
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makes for sn effi~cnt transfer c~ ~ectr~al power,
that ~, the larger area comes at the place where a
formed connect~n has to be mad~

Our invenMon may be readily understood by
reference to lhe accompanying drawings Jn wh~h
Fig. 1 shows an ~ectrode casing in perspective
with the plates arranged on the inside; Fi~ 2
shows a plan view of the same; Fig. 3 is a ver-
ticsl sec~on of the ~ectrode along the line $--~
of ~ig. 2; Fig, 4 ~ Hkew~e a ver~cal sec~on
through the electrode w~h flanges of slightly
modified shape and w~h perforations in the
plates; Fig. 5 is a perspective view similar to Fig. 1
but ~n this case the projections from the plates
are extending from one edge instead c~ both edges
and four plates are supplied which are arranged
radially of the electrode and Fi~ 6 is a plan view
of the electrode of Fig. 5.

In these drawings the electrode cons~ts of a
sheet metal mange ~ which is here shown ef
cylindr~al shape into which the raw electrode
mass is introduce~ In ~igs. 1 and 2 two plate
members are supplied in the ~orm of parall~
bands ~ ~ and ~2 which extend in the long~udinal
direct~n o~ the electrode within the cylindrical
man~e ~. In these figures the connecting pro-
jec~ons run ~rom both edges of these plate-Hke
members snd are here designated by the numeral
~. It will be noted that in this figure the pro-
jec~ons are spaced apart a d~tance equal ~o
approximately three Omes the h~ght of a pro-
jec~on so ~hat in any vertical row the projec-
Gons only take up about 25% of the h~ght.
However, staggered a~ernate projec~ons extend
from the other edge of each plate wh~h are of
the same shape as the projecGons first desc~bed
so that the aggregate h~ght of the projecGons in
the two Mnes ~ equal ~o approximately 50% of
the height of the plate ~ | to which they are con-
nected, in th~ case, as shown in Fig. 2, the
pla~es ~ and ~2 are arranged symmetr~aHy
r~a~ve ~o the cen~er of the electrode but dc not
cross the cen~er and the projec~ons |$ are bent
so that in ~he plan view they ~orm radial lines
spaced approximat~y 90° apar~

In Fig. 4 the projecMons ~4 are made with a
grea~er vertical dimen~on on the edge toward
the mantle in order that the hea~ng of the mantle
at the w~ded seam shall not be too high. Also
in Fig. 4 we show the plate member ~S (corre-
sponding to members ~ and |2) as formed w~h
holes ~ through ~.

In Fi~ 5 the manOe ~8 is supplied w~h four
separate plates ~ which are arranged radially
and spaced at an angle of 90° from each other.
Extending from a single edge of each plate ~
are two rows of projec~ons |8 and ~ which
are ben~ in a~ernate d~ections r~a~ve to the
plate ~ so ~hat in the plan view (Fig. 6) each
of these plates w~h its projec~ons ~orms a Y.
It will be noted that in this case the aggregate
line of contact between the projec~ons and the
man~e is substan~aHy equal to 100% of the
h~ght of the plate but at the same time there
is no ver~cal con~nuRy in the projecMons di-
recfiy adjacent to ihe manie to form radial lines
of weakness.

This apphca~on ~ a con~nua~on-in-part of
our earlier app]~at~n, SePal No. !35~5~ filed
December 2~ 1949.

What we ~aim ~:
1. In a continuous ~ectrode of the type de-

scribed, the combina~on of a sheet metal mantle
forming the out,de of the ~¢ctrod% electrode

4
paste w~hin such man~e and contacting the
sam~ a plate-~ke metallic member wghin the
man~e embedded wghin the past~ spaced pro-
jecMons connecMng such member w~h the man~e
along two spaced ver~cal Hne~ wgh the projec-
~ons making contact along one of said lines b~ng
staggered relaMve to the projec~ons making con-
tact along the other of said lines and the aggre-
gate of such-~nes of contact o~ said projec~ons

I0 w~h the man~e equalling at least 30% of the
length of the plate-like member w~h which they
are connected.

2. A structure as spe~fied in claim 1 in which
the aggregate lfl]e of contact of said projections

15 equals at least approximately 50 % of the ~ngth
of the plate-like member w~h which such pro-
jec~ons are connected.

3. A structure as spe~fied in vlaim 1 ~vhich
includes a plurally of such plate-Hke members

~0 arranged substan~ally symmetNcally w~hin the
man~e but no one of which lies d~ec~y w~hin
the cen~er of ~he mantle.

4. in a continuous ~ectrode of the type de-

scNbe& the combinat~n of a sheet me~al mant~
25 forming an open-ended tube, con~nuous elec-

trode paste in the tube directly contacting the
inteNor of the ~ube so that the electric current
transmRted to the mange will be transmitted di-
rec~y to the outer port~n o£ the electrode mass,

30 a plurality of plate-~ke members w~hin the
mantle extending substanMally the length of the
mantle embedded in the electrode mass and thin
projec~ons connecting each such member direct-
ly ro the mantle at wid~y spaced points but

35 w~h the Hnes along which vontac~ of the pro-
jec~ons from each of said members are con-
nected to the mange having an aggregate length
equal to at least 30% of the length of such mem-
ber so that electNc curren~ ~ransm~ted ~o ~he

40 mantle will also be transmitted through the in-
terior of ~he electrode mass wRhout such mass
b~ng weakened by vertically continuous radial
flanges extending inwardly from the man~

5. In a con~nuous electrode of the type de-
45 scribed, the combination of a sheet metal mantle

forming ~he outside of the electrode, ~ectrode
pas~e w~hJn such manG~ a plateQike metal~c
member w~hin the mantle embedded w~hin the
past~ spaced projec~ons connecting such mere-

50 bet w~h the mange along two spaced vert~al
Mne~ w~h the projections making contact along
one of said lines b~ng staggered r~ative to the
projec~ons making contact along the other of
said Mnes, said projections making a larger line

55 of con~ae~ w~h the mange than w~h such plate-
l!ke member.

FOLi4E CA~L EVALD JO~IANSSON.
MAGNUS GUSTAV GEORG TIBERG.
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Th~ inven~on relates to the electric furnaces
employing electrodes of the continuous or se~-
baking type, and more par~cula~y relates to im-
proved continuous or s~f-baking ~ectrodes em-
ployed in ~ect~c furnaces. ~

Heretofor~ con~nuous electrodes employed in
~ect~c furnaces have been of circular or oblong
configuraMon and arranged so that the lower
baked potion of the ~ectrodes acts as an anode
for conducting current from the furnace bath by ~0
connec~on to the electrode of suRable contact
mean~ such as contact studs inserted into the
baked electrode mass or conductor plates con-
tacting the ~ectrode mass. As the lower sur-
face of the electrode ~ consumed, the electrode i5
mass ~ vertically lowered toward the furnace
bath and the consumed potion of the ~ectrode
~ made up by placement of carbon paste in
the upper porMon of the continuous ~ectrod~
which carbonpaste in turn becomes baked du~ng 20
operaMon of the furnace. According ~o such
p~or prac~c~ complex suspen~on means were
required to support the electrode, and in the
preferred prac~ce, where contact stnds were in-
serted in the electrode mass, ~ became necessary ~5
to pe~odicaI]y remove the contact studs and re-
place them at an upper pos~on involving con-
siderable expend~ure of time and effort.

It ~ an object of th~ inven~on to present an
improved arrangement of ~on~nuous or s~f-bak- 30
ing electrodes employed in electric furnace~

It ~ a further object of th~ inven~on to pre-
sent an improved type of con~nuous or s~f-
baking ~ectrode wh~h ~iminates the necessRy
for inser~on and removal of the electrical con- ~n
tact studs in the electrode mass.

It is a still further object of tl~s invenMon to
present an improved type of con~nuous or s~f-
baking electrode wher~n new ~ectrode surfaces
are presented to the furnace bath by rota~on of ~i}
the electrode about a ho~zontal axe.

It has been found that the electrode mass con-
sGtuting a con~nuous or s~f-baking ~ectrode
may be baked about a rotatable conductor and
that the potions of the electrode mass which 45
are consumed du~ng opera,on of the furnace
may be replaced by applying carbon paste to the
surface of such an electrode wh~h has become
parMaHy consumed during opera,on of the fur~
nace and confining the coated paste so appl~d 50
to the consnmed surface for a ~me snflicient to
allow heat from the conductor to bake the paste.
After the new layer of paste has become baked,
~ may be r.eintroduced to the electric furnace
bath and such snrface of the electrode may again ~a

2
perform the func~on of carbon anode for further
opera,on of the furnac~

In order to illustrate specific examples of th~
inven~on, reference ~ made to the accompanying
drawings which are schemat~ in character and
par~y in sec~on, wRh va~ous details of the
furnace which are known to the art omitted for
the sake of cla~ty of iHustra~on.

Figure 1 is a side elevational view of a potion
of an electr~ furnace utilizing con~nuous ~ec-
trodes of an exemplary form as contemplated by
the present inven~on. The view of Figure ! ~
taken generally along line ~--~ of Figure 2 w~h
various parts shown in secMon.

Figure 2 is a sectional view along ~ne ~--~ of
Figure 1 showing the va~ous details of a rotatable
con~nuous ~ectrode as contemplated by the pres-
ent invenMon.

Figure 3 is an end elevational cross-sec~on
view of an electric iurnace utilizing a rotatable
continuous electrode, wherein the drive means and
the conductor means associated w~h said ro-
tatable con~nuous ~ectrode are arranged on the
oppo~te sides of the furnace.

Figure ~ is an end elevational cross-sec~on view
of an electric furnace utilizing a rotatable con-
tinuous electrode, wherein the conductor means
~ located adjacent the furnace pot and the
drive means located exteriorly thereof.

l~eferring to the figures, the furnace pot ~@
has disposed thereover a plurality of rotatable
con~nuous electrode un~s ~ ~, each un~ being
made up of a rotatable metal conductor ~ ~ having
the carbon electrode mass ~ baked thereto. The
carbon paste which forms the electrode mass is
introduced to a hopper means ~4 which ~ made
up of sides ~ and ~, side ~ being arcuately
extending downwsrd the side of the rotatable
electrode in the direc~on of rota~on as indicated
at ~ so as to form a retaining or mold portion
for the ~lectrode paste as R ~ baked. Hopper
side ~ ~ mounted as in guideway ~$ pos~ioned
in hopper end p~ces ~ so as to allow for radial
movement of side ~$ to in turn allow the lower
edge ~@ of side ~6 to act as a scraper against the
consumed surface of the electrode ~3 as ~ ~ in-
troduced into the hopper feed area. Hopper end
pieces ~ are extended as are sides ~ down-
wardly in the direction of electrode rotation so
that a confining and reta.ining m¢!d sec~on ~
formed for the end surfaces of the rotatable elec-
trode ~ 3, as indicated at ~ I. In order to obviate
any tendency for the potion of the electrode mass
~ being baked in contact w~h mold potion ~
and adhering thereto and thus prevent rota~on
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o~ the rotatable electrode, a su~able shield means
such as aluminum foil 22 may be introduced be-
tween the electrode mass ~3 and the mold por-
tion 17, ~ desired. The hopper means ~4 are
securely mounted about the upper potion of the
rotatable electrode t3 as by secu~ng the hopper
end pieces to the sides of furnace pot ~0 as indi-
cated at 23. The centrally located metal conduc-
tor porMon ~2 of the rotatable electrode t~ is
extended to form shafts 24 at the ends of the
electrode which shafts 24 are in turn supported
on the sides of the furnace pot t0 by bea~ng
surfaces 25. The respec~ve conductor shafts 24
are rotatably driven interm~tenGy or continu-
ou~y by su~able gears 2~ locked to the shaft
24 as by key means 2~ or as by w~ding. Gears
26 may be individually drive~ or may be ganged
to a common drive shaft 20 moun~ng worm gears

Elect~c contact ~ made to the metal conductor
~2 through shaft 24 by means of a contact d~c
3t, the periphery of which ~ immersed in an
~ectric current conducive Hquid 32, such as
molten metal which ~ retained in conducGve
posiMon as by a container $3 attached to the
side of the furnace pot at ~4. A su~able con-
necMon means 3~ ~ provided for connecting the
container 33 to the furnace source of powem

It will be apparent that various modifications
and changes of the illustrated form of the in-
venGon are possible. For exampl~ although
metal conductor ~2 is illustrated as being hol-
low, R ~ obvious that the conductor construc-
~on could be solid as well, depending upon con-
~dera~ons of weigh~ strength and conducGve
surface presented. Moreove~ the surface of the
conductor ~2 on which the electrode mass t3 ~
baked may be roughened or otherw~e made ~-
regular in order to promote adherence of the
baked electrode mass thereto, if necessary.

It will be further apparent that the arrange-
ment of rotatable continuous electrodes illus-
trated ~ suscepGble of u~Hza~on in furnaces of
considerable hor~ontal dimensions. For ex-
ample, ~ ~ contemplated that a furnace such as
is illustrated could be elongated to accommodate
a large number, for exampl~ 40 or 50 horizontally
arranged rotatable con~nuous electrodes. In
such a furnace utfli~ng a large number of ro-
tatable con~nuous electrodes, the electrodes
could be arranged parallel to each other or could
be arranged radially around the center of an
annular furnace pot.

A~hough as shown in Figure 1 the hopper
means ~4 ~ arranged to feed ver~caHy down-
ward to the consumed surface of the rotatable
con~nuous electrod~ ~ will be apparent that the
hopper could be arranged further to the right
as illustrated in Figure 1, so ss to overcome any
tendency for the newly introduced electrode paste
to flow counter to the d~ecGon of electrode ro-
ta~on, ff desired.

It is further contemplated that more or less
~lectrode paste may be introduced to hopper ~4
than ~ shown in Figure 1. Due to the relatively
close po~on of the paste introduced to hopper
t4 to the hot conductor ~2, in certain instances
there may be a tendency for the electrode paste
extending radially beyond the mold sec~on 17
to bake and thus impede further rotaGon of the
e!ectrodm In such even~ a lesser amount of
paste introduc~on so as to eliminate the radial
protuberance of paste in the hopper area would
be necessary. It ~ a~o contemplated that where
it ~ necessary to increase or decrease the thick-

ness of the layer of electrode paste depos~ed,
the side por~on t5 and integral mold porMon
t] of hopper 14 may be made separable from
and adjustable w~h the end potions ~9, ~9 such

5 that portions t6, ~ may be moved outwardly or
inwardly with respect to the electrode ~ ~. ~Iow-
ever, ~ the baking ac~on ~ relativ~y ~owe~ the
amount of paste fed to the hopper would be
corresponding]y less critical so that a larger

] 0 amount of electrode paste could be maintained in
the hopper w~hout adverse effeck With fur-
ther regard to rotaGon of the rotatable contin-
uous electrode, ~ w~l be obvious that the d~ec-
tion of rota~on could be reversed by a reversal

15 of parts of the hopper and mold potions of the
e!ectrode unR.

In normal operaGon of a furnace embodying
the present inven~on, any tendency for one con-
sumable electrode to be consumed faster than

20 the others would be compensated for by virtue
of the fact that the decrease in distance of the
rela~ve]y unconsumed electrodes or potions of
~ectrodes and the meR in the furnace would
operate to increase the current den~ty for the

25 r~atively unconsumed sections and increase the
rate of electrode consump~on in such sec~on.
Accordingly, during normal opera,on there ~
no neces~ty for individual ver~cal adjustment
cf the respec~ve electrode units. However, ~

30 will be obvious that such ver~cal adjustment
e~her for aH the electrodes as a unit or for each
electrode individually, may be incorporated in the
d~clesed arrangemen~ E des~ed.

As illustrated in Figures 1 and 2 the drive as-
~ sembly for rota~ng the respec~ve continuous

electrodes ~ sRuated between and on the same
end as the contact d~c means of the electrode.
It w~l be apparent that the drive means and
the contact d~c or other ~mflar conductor means

~0 may be arranged on the shaft of the conductor
on oppo~te sides of the furnac~ as illustrated
in Figure 3, or may be arranged so as to place
the Mquid mass ~3 adjacent the ~urnace pot 18
w~h the rota~ng drive placed exterior thereof,

~5 as illustrated in Figure 4. An am’angement
whereby the conducMve Mquid ~ placed adjacent
the furnac~ as illustrated in Figure ~ ~ par-
GculaMy advantageous when the conducGve
Hquid ~ a metal of reeling pcint sufficienGy

5o above normal temperature so that add~ional heat
is required lo maintain ihe conducting m~ta! in
molten condRion, the conducive metal by such
arrangement then absorbing the necessary heat
from the furnace ~se~.

55 Conductive Hquids which may be employed to
d~iver current to the respective contact d~c
may be mercury, Wood’s metal, lead, zinc, or any
other metal alloy or solution which is hquid at
opera,rig temperatures and wh~h ~ not de-

C0 stroyed during the process of current conduc-
tion.

ARhough the preferred form of the inven~on
adopts a Hquid conductive means between the
staGonary conductor input and the rotary con-

65 ductor ~2, ~ will be apparent that other types
of conductors may be u~Hzed. For example,
current conducGon to the rotary conductor ~2
may be through the rotaMonal drive by use of
current conducting greases and bea~ng mere-

70 bets supported on the frame structure of the fur-
nace, or by any other suRable meana the use
of which makes possible the d~ivery of the high
amounts of current necessary to the rotary con-
ductor 12 with a minimum of power loss.

7~ The va~ous features and arrangements of to-



ducting, current thereto herein, disc~sed may be
embodied in ~ectr~ furnaces for use in elec-
tr~y~c production of aluminum from alumina
and for use in other general smiting opera~ons,
the making of steel, the production of ca~ium
carbid~ and other similar fields of applicat~ns
wherein fm’naces utili~ng seE-bakin~ ~ec~odes
are employed.

What I claim ~:
1. An electrode o~ the seE-baking type com-

pri~ng a sub~an~ally hor~ont~ly dispose~
~ongated, current carrying, rotatabl~ m~c
core member which is surrounded with a layer
of non-metric, consumable electrode material
said layer having an upper unbaked por~on
an~ a lowm" baked po~n, and wherein said
upper unbaked portion ~nd said lower baked por-
tion-are coextensive ove~ the ~n~tudinal extent
of said layer.

~ An ~ectrode of the seN-baMng type having
a lower baked potion and an upper unbaked
por~o~ composing a substan~a~y ho~zonta~y
dispose~ ~ongate~ metric core member which
is surrounded with a layer of non-met~l~, con,
duc~ve electrode mater~L the inner sec~on of
said layer b~ng baked onto said core member
throughout sub~an~ally its entre pe~phery
while the outer sec~on of said layer on the
lower potion of the core member ~ baked on
the inner~ sec~on and the outer sec~on of the
upper portion of the layer is in unbaked con-
dRion and is attached to the inner sec~on by
cohesion.

3~ An electrode of the s~baking type ha~ng
a lower baked potion and an upper unbaked
potion, comp~ng a hor~onta~y disposed,
elongated, rotatabl~ metric core member, said
core member b~ng covered w~h a layer of non-
metric electrode materi~, said layer b~ng en-
ergy in the baked condition on the lower por-
tion of said core member while only the inner
sec~on of the layer on the upper potion of
said core member is in the baked condi~on.

4. An electrode of the s~f-baking type~ com-
pri~ng ~ sub,antony hor~ont~ly dispose~
rotatabl~ ~ongated, current-carting coremem-
bet which is prodded with a layer o~ no~-
meta~, consumable, ~ectrode material sur-
~°undingmg an upper unbakedc°re membe~portionSaidandSaid layer c.omp~s-a lower baked

port~n~ said lower baked portion of.said layer
to be progres~v~y fed into contact with a fur-
nace bath by rota~on of said core member
whereby a substan~al posen of tha~ part of
the baked layer in contact with the furnace
bath~ consumed.

5~ An electrode of the ~f-baking type com-
p~ng a sub,antOny ho~zont~ly dispose~
~ongate~ rotatabl~ current-carrying core mem-
ber provided with a layer of consumable elec-
trode mater~l surrounding said core member,
said layer compr~ing a lower baked posen to
be fed into contact with a furnace bath by ro-
ta~on of said core member and ther~n be sub-
stantia~y consumed and an upper unbaked por-
tion to be baked onto s~d core member as the
member~ rotated.

6. An e~ctrode as in ~aim ~ wher~n said
core member is provided with a rough exterior
surface to enhance the a~achment of said~ un-
baked electrode material thereto as it is pro-
gress~y baked.

~ A~ ~ec~ode as in ~m 5 wherein said
core member. is provided with ~a h~w cen~al

por~on and the l~er of ~ode m~e~ is
~-~e therew~h.

8. An electrode of the s~baking type~ com-
posing a s~a~Hy c~indr~aL ~t~a~

5 cu~ent-ca~n~ ~~ hor~onta~y~ dis~
posed, m~Hc core memb~ for rota~on in a
hor~ontal plane above afurnace b~h, ~ ~
her b~ng prodded w~h a layer o~ consuma~e
electrode m~l co~ering the: m~o~ posen

10 of ~s ~n~ ~ ~r ~~g ~w~:~d
por~on to be fed in~ the furn~ ba~. by rota~
tion of ~.c~e memb~ a~ th~n substan~
~y c~m~ ~d ~: upper u~! p~
to be progr~s~y ~p~d to the ~e~rodmto

15 ~e~sh th~ potion of thedayer w~ ~
gr~s~y consumed in ~e furnace b~h ~ring
rotaMon o~ said:core membem

9. An electrode as in cla~ ~ ~ ~e con-
surname 1~ ~ ~mp~ed ~ c~bona~ousmao

20 teriaL
10. The combin~n with an electric furnace

of an ~e~rodeof ~ ~M~.W~ ~m~
ing a s~t~Hy cyHnd~c~, rotatable; m~Hc
c~e memb~ rotating in a ho~ ~ane over

25 the furnace bat~ and a~layer ~ ~m~
consuma~e electrode m~l~ covering said
memb~ ~ong a m~or p~on of its len~h; ~
l~er c~sing an upper unbaked potion and
a lower b~ed potion, s~d lower ~ being

30 in contact ~th the furnace bat~ me~ for
~ta~y p~R~ng ~ electrode over the fur-
nace bath, means for ~b~ poisoning s~d
electrode ever the furnace bat~ means for ro-
ta~ng said ~e~rod~ and means for ~

35 electric current to said core memb~,
11. The ~mbin~n accor~ng to cla~ 10

wheron a ~ur~y of such. electrodes are ar-
ranged in a horizontal plane overa furance bat~

i2. The ~mbin~n ~ in claim 10 wh~ein
~o the current ~p~ means comp~s a con~

tact d~c memb~ which is secured on one end of
the core memb~, a conducMve receptacle con-
t~ng a current conducive ~q~d, pos~ioned
in such mann~ that the low~ peripheral por-
tion oi said disc memb~ is ~w~s imm~d in

45 said Hquid, and means for connec~ng said re-

ceptacle to a s~e source of p~er.
13. The combin~n with ~ electric fur-

nace of an ~ode ~ the s~baking ~ ~

izontal plane over a furnace bath~ and prove.
ed with a layer of consuma~e electrode mate-
rial surrounding said core member~ said layer
compr~ing a lower baked portion to be progres-

co s~eIy fed i~o contact with the furnace bath

and t~re~ be su~nG~ consumed as the
core member is rotated and an upper ~baked
porGon to be baked onto said core membm" as
the raember is rotated, means for supporting

O0 the electrode at its ends over said furnace bat~
means for rotating said core member, and means
for connec~ng one end of said core member ~
a suitable source of poweE

14. The com~n~n accor~ng to ~aim 13
65 wherein a plur~y of such eIectrodes are ar-

rangedin a horizontal piano over the ~rn~ce
bath.

15: The com~n~n as in ct~im 13 wherein
the ~n~Hc core member is h~w in the ~en~

70 porGon thereof and has shaft.hke pr~e~ns
on each end not covered by constable electrode
m~eri~.

16~ The combination as in claim’ 1~ and in-
duing the pro~on of a hopper-e~ending

~ ~ove and ~n~dinaHy of s~d ~ec~ode ~- ~ed
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7
unbaked puste~ike electrode material progres-
sively down upon the top of said electrode to
replenish that por~on of the electrode layer
which is consumed in the furnace bath duAng
progres~ve rotation of said core member.

17. The combina~on with an electric furnace
of an electrode of the self-baking type compr~-
ing a substan~ally cylindrical, rotatable, cur-
rent-carrying, metalhc core member rota~ng in
a horizontal plane over a furnace bath, said
member b~ng provided with a layer of consum-
able electrode material coveAng the major por-
tion of its length, said layer compr~ing a lower
baked potion to be fed into contact with the
furnace bath by rota~on of said core member
and.therein be substantially consumed and an
upper unbaked por~on to be progressively ap-
phed to the electrode to replenish that potion
of the baked layer which is progressively con-
sumgd in the furnace bath duAng rota~on of
said core member, means for suppor~ng the core
member over the furnace bath, means for rotat-
ing said core member, means for connecting one
end of the core member in conducive fashion
with a su~able source of powe~ and hopper
means mounted on said furnace and extending
above and long~udinaHy of said electrode to feed
unbaked ~ectrode paste material progresAvely
down upon the top of said electrode to replen-
ish that potion of the electrode layer which is
progressively consumed in the furnace bath dur-
ing progressive rota~on of said core member,
said hopper compA~ng two longitudinally ex-
tending ~de por~on~ the lower edge of one side
extending downwardly to a point closer to the
core member than said other side potion, the
lower edge of said other side potion being pro-
vided with an arcuate sec~on extending down-
ward about the electrode, and two end potions
forming, with said arcuate sec~on, a three-~ded
mold member for retaining the depos~ed elec-
trode paste material upon the electrode dm’ing
the baking thereoL

18. A hopper for feeding electrode paste ma-
terial down upon an electrode of the self-baking
type compri~ng an elongated, rotatabl~ metal-
lic core member provided with a layer of elec-
trode material surrounding the central potion
of said member, said hopper compA~ng two
spaced long~udinally extending side portions,
the lower edge of one of the side potions ex-
tending downwardly a greater d~tance than the
other side potion, a long~udinally, downwardly
extending arcuate potion secured to the lower
edge of said other side por~on, said arcuate por-
tion to act as a retainer for electrode paste ma-
teAal, which has been deposited upon the elec-
trode, while said paste is baMn~ and end por-
tions that at least cover that area defined by the
ends of said side potions, said end potions
forming with said arcuate potion a three-~ded
mold for retaining the depos~ed electrode paste
in desired po~on while it is baking.

19. A hopper as in claim 18 wherein one edge
of the end porMons is integral with said side
potion provided with the downwardly extend-
ing arcuate por~on and each end por~on is pro-
vided with a downwardly extending slot for re-
cep~on of the ends of the other longitudinally
extending side potion.

20. A hopper as in claim 18 wherein the ]on-
g~udinally extending side por~ons converge to-
ward each other at thor lower edges and wherein
the lower edge of said end por~ons have a semi-
circular recess provided therein to be poisoned

~os~y adjacent over a p~d~m~ed ~um-
ferenGal por~on of ~e rotatable core memb~.

21. In the m~hod of re~enis~ng the con-
~maNe electrode m~l on an electrode of

~ the ~aMng ~pe comp~ng a sub~an~
c~in~, rotatab~, c~-~ng, m~c
core me~er to be rotated in a horizontal ~ane
over an electric furnace bath and b~ng covered
a~ng the major por~on of its length between

l0 the end potions with a layer of ~nsuma~e
~ec~ode m~l to be prog~e~ fed into
contact wi~ a furnace bath, said ~yer ~mp~
~g a lower baked potion and an upper u~
p~o~ the steps of progres~v~y rota~ng the

1~ electrode which causes the lower baked potion
of the electrode layer to be prog~y im-
m~d in the furnace bath wher~n the m~or
porMon of said layer is ~nsume~ s~ou~
therew~h prog~y deposing unbaked elec-

20 trode paste m~l upon the electrode surface
that has prev~u~y passed through the furnace
bath to build the ~nsuma~e electrode ~yer
back up to its o~n~ thickness p~or to im-
m~on in the furnace bath, and thereafter pro-

25 gr~s~y baMng the deported u~ elec-
trode paste before such time that the deposRed
~ec~cde m~l is fed into the furnace ba~.

22. A m~hod a~ording to claim 2i wher~n
the unbaked electrode paste is deported upon

30 the electrode along a r~aMv~y narrow ~n~tu-
din~y ~nding zone on the upper side of said
rota~ng electrode.

23. A m~hod a~ording to claim 21 wher~n
~e progr~s~y deported electrode paste layer

35 is ~r~ned a~y and ~y until it has been
thoroughly baked onto the rota~ng suppling
memben

24. A me~od a~ding to claim 21 wher~n
the rota~on of ~e ~ec~ode is one of con~nuous

~ ~ m~n.
25. A m~hod a~ng to claim 21 wher~n

the rotation of the electrode is one of in~rm~-
t~t m~m

26. ~e ~m~n~n with an electric furnace
45 of ~ electrode of the s~baMng type compOs-

ing a s~~y cyhnd~c~, r~a~e, current-
ca~ng core memb~ rota~ng in a ~nM~y
ho~zont~ plane over the furnace bath, and a
layer of ~nsuma~e electrode m~e~ surround-

50 ing said me~e~ s~d layer ha~ng an upper un-
baked por~on and a lower baked porMon, said
lower baked por~on b~ng in c~ with ~e
furnace bat~ means for poisoning said elec-
~ode above the furnace bath in ~n~y a

55 ho~zont~ plane, means for rota~ng said elec-
trode, said means comp~ng a ~sk~haped gear
~ement w~ch ~ ~cu~ fixed to one end of said
core mem~ and a d~ng ~emen~ said d~ng
~ement b~ng provided on one end wi~ a suit-

60 able worm gear for m~ng ~ sa~ ~h~
ge~ ~em~t and b~ng prodded on the o~ ~d
with means ~r r~a~ng sa~ d~ng ~ement from
a s~e source of powe~ and means for con-
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CARBON ELECTRODES

Gerald L Horvi~, New York, N.Y., a~ignor, by mesne
assignment, ~ Frank H. Mo~ Ger~d L Hor~,
and Benjamin Sack

Appfication August 2L 195~ Se~ No. 30~700

16 C~im~ (CI. 204---67)

My invention relates particularly to new and improved
carbon elec~odes; new and improved electrode-forming
compositions or mixtures or masses; new and improved
hard and crystalline carbon; new and improved carbon
briquettes; and new and improved methods for making
the same. The in-eention includes said compositions or
mixture or masse~ and said cry~alfine carbon, and said
bNqnettes, irrespective of the method of manufactur~
The improved carbon and the improved carbon bodies
disclosed herNn may be used for any purposm

This application is a continuation-in-part of my appli-
cation Serial No. 298,623, filed on Jnly 12, 1952 (now
abandoned).

Baked carbon electrodes which are nsed for electric
furnace work and in the ~ectrolyt~ production of
aluminum, con~ of body material and a bindem The
body material conM~s substantially of ~ementai carbon.
This body material N exemplified by cairned petroleum
coke, other cokes, charcoal, certain types of coal and
hmpblack. These body materials are classified in the
technical literature as having an amorphous carbon struc-
ture, although X-ray analysis and other tests show minute
crystailites.

The binder ~ exemplified by petroleum pitch wh~h is
a reNdue of the refining of an asphalt-base pe~oleum,
other pitches, and various tars. Many of these binders
conN~ of elemental carbon and hydrocarbons. Other
binders which are disclosed in the technical literature in-
dude molasse~ reNn~ turpentine and various products
which are produced by distilling organic substances. The
binder may conN~ in whole or in part of one or more
organic compounds, wRhout any elemental carbon.
These binders usually in~ude volatile materiM wh~h N
largely ~iminated by the baking. The residue of the
baked carbon binder counts substantially of elemental
carbon wh~h bonds the particles of the body material.
All these binders are generally designated as carbona-
ceous binders for the purposes of this dis~osure.

As one illus~ation of the old method, petroleum coke
is crushed and ca!rued, and the resultant carbon body
material ~ ground and thN ~ mixed w/th the warm
binde~ which N in the form of small porticos. This mix-
ture is cooled, crushed and ground to produce the elec-
~ode~crming cornposition. The ground ~ectrode-
forming composition ~ heated in a mold unt~ ~ becomes
pa~y. The mold is then removed from the heating oven,
and the material in the mold N subjected to high pressure
in szdd mold. The molded shape ~ then removed from
the mold and ~ baked ~ a furnac~ with the exclu~on
of ai~ in order to remove the volatile matte~ Due to
the low thermal conductivity of the molded shape, the
baking process requires great care, and the finNhed elec-
~odes are often warped and have low conductivity, and
low mechanical streugth~ due to improper bakin~ Also,
a long baking period of one to two weeks N required,
especially ff the electrode is of large Nze. Also, a long
cooling period of the furnace ~ requked.

In another type of the old method, the electrode-

2
forming composition is shaped into cylindrical plugs
which are shaped by extru~on. The ex~uded mated~
~ cut into blanks of suitab~ ~ngth, which are baked as
above describe&

5 The baking distills, or decomposes or cracks the binde~
drives off its more volatile ingredients as gases or vapor~
and finally converts the binder into a re,due of coke.

The max/mum ~mperature of the furnace ~ about
1050° C. in a gas-fired furnac~

10 These old methods have been used for at ~ast fi~y
year~ as efidenced by a ~xt-book entitled "Electric Light-
inf" by Crocker, published in 1901 by D. Van NosRand
Compan~

Instead of u~ng these old pre-baked ~e~rodes, ~
15 has also been well-known for many years to feed the

initial paste m~ture of body materi~ and an unbaked
~nder into a metal shell, and to use the fil~d m~al sh~l
as an electrode in smelting furnaces to produce ferro-
alloys, caecum carbide and other materiai. The initial

20 pa~e ~ baked in said metal shell, ~ order to provide said
m~M sh~l with a filling of baked carbon ~e~rode.
This type of ~e~rode ~ known as the Soderberg ~ec~ode
or se~-baking electrode. The disadvantages which result
from the low thermai condu~Ni~ and low ~e~ricai con-

25 ductivity of the initiM ~e~rode~orming paste are par-
ticnhfly objectionab~ in the sdf-baking ~e~rod~ The
low electrical conducfivRy resuRs in low ~ec~icai effi-
~enc~ The electrode-forming paste is not premed before
bakin~ In order to use the s~fbaking electrode in the

30 ~ec~olygc production of aiuminum, in an Muminum re-
duction furnac~ it is necessary to drive ~ectricaily con-
ductive rods into the so~ paste. The se~-baked electrode
filling aiso oHen has a weak and non-uniform mechanical
structure, so that ~ chips and breaks. These d~advan-

35 rages have been known for many year~
The production of baked carbon ~e~rodes, including

the self-baking ~ec~ode, and the mater~ used therein,
are described in ’~ndu~riai Carbon" by C. L. MantelL
published in 1946 by D. Van Nostrand Company, Inc.

40 According to one important feature of my invention,
I use a body materi~ which has not her~ofore been
used in making baked carbon ~ec~odes. This body ma-
terial is de~gnated herein as crude and coame oil carbon-
blac~ It ~ made by decompo~ng or cracking a fraction

45 of pe~oleum which h preferably an asphalt-base pe~o-
~um, or by burning such a frac~on with insuffi~ent ~r
for compl~e combustiom Th~ body materiM has been
w~Nknown for many year~ and it has been unsuccess-
fully attemp~d to use it in making pre-baked carbon

50 electrodes and in inRial elec~ode-forming compositions
which are used for making the self-baked type of carbon
electrode.

Th~ crude and coarse off carbon black has an amor-
phous ~ructure, and a large partic~ size for this type of

55 carbon. Thn~ the pure and expens~e carbon black
which ~ made ~om natural ga~ and which is used in
making printing ink~ has a panicle ~ze of ~ss than 60
millim~rons (~000060 mfllim~er): The panicle s~e 
lampblack h a max/mum of 100 mill/microns. Th~ crude

60 and coarse o~ carbon black usually has a partite s~e of
200 mfllimicrons to 275 mi~im~rons. It also has a sub-
~antial propor~on of volatile mat~ which con£s~ sub-
~antially of carbon compounds. R ~so has a blue-black
color. As commerci~ly made and sold, it con~sts of

65 aggregates of ~s fine parti~es. These aggreg~es may
have a s~e of ~42 mfllim~er or more. For these reason~
this crude and coarse off carbon black can not be used in
making printing ink~ and ~ has been used as a fu~ or as
a cheap fille~ It may have a particle ~ze up to one

70 micron or mor~
According to my invention, I can utilize this amorphous

and coarse and crude off carbon black as a body materi~,
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of the tank or they are otherwise mechan~ally worked to
bieak up the aggreg~. The ~mperature of the mol~n
pith and of the mNture ~ mMntained at 149° C. to 204°
C., and the finn mixture ~ ~gorouNy worked and rubbed

~ and stirred while said ~mperature ~ mNn~e~ in ord~
to break up the aggregates. The fine parti~es of the
body m~eNN absorb Or adsorb the mol~n pimh to a
maMmum extenL The p~ch coats sNd fine particles.
Little or none cf the o~NnN v~atile m~r cf the body

l0 ma~rial may be d~ven off dnring this mixing ~ep.
It N h~hly preferred to retNn sNd oriNnN volati~

mater of the body mateNN or at ~ast a mNor propo~
tion thereof in the mixture. HoWeve~ the broader aspect
cf the invention ~ not limRed to this fe~ure. The finn

15 mixture is subs~ntiMIy ~ee from watch One of the
impo~ant ~ures of the invention N to break up the ag-
grega~s of the body materiN ~to ultim~e fine partMe
~z~ and to cause said very fine parti~es to absorb or
adsorb a ma~mum of binde~ and to coat the very fine

20 pm~Mes with the Nnde~ thus separating the very fine
particles by the b~der coatings.

Another important fe~ure is to bake or cMNne this
body m~eNN aRer R has been formed with a binder into
a b~que~e of high densit~ wNch is optionally and pre~

25 eraMy of maximum density, ~stead of cNNn~g tNs body
m~e~N in ~ose powder form, in wh~h R ~ ~ee ~om
b~de~

Another impo~ant fea~re is to bake or cMNne ~is
body mate~N a~erR has absorbed or adsorbed a maximum

~0 amoum of the binder and wh~e Rs very fine partid~ are
separated by thNr indNiduM binder coa~ngm

The finn mixtnre ~ used for maNng bonded briquea~
or bonded aggrega~s.

As one ~s~io~ ’he bfiqu~te-form~g mNture has
~5 sub~antiMly the following composition:

Per cent
Elemental carbon of the coarse and crude N1 Mack__ 80
Volati~ m~r of sNd body m~eriM ............. 8
Binder ....................................... 1240

As above no~ there may Nso be small percentages
of sulfur and ash.

In such cas~ the final briquette-forming mNmre ~ a
powdery mass at 149° C. to 204° C. When tMs mixture

45 N cooled to a briqu~fing ~mperMure of 93° C. or to
20° C.-25 ° C., it remNns a powdery mass, which can be
briqu~d without using addit~nN bindeL The Mnder
in this briquett~form~g mixture is unbaked.

As another fllus~ation, and disregarding ~e small per

~0 centages of sulfnr and ash which may be prc~nL the com-
position Of the briquette-form~g torture may be sub-
smntially as foI~ws:

Per cent
Elemental carbon of the coarse and crude N1 Mack__ 77

55 Volatile m~r of sNd body m~efi~ ............7.7
Binder ..................................... 15.0

In such case, the finn b6qu~orm~g mixture is a
paste at 149° C. to 204° C., and when coded to 93° C.
and to 25° C. The ~par~ed fine par~es of the de-

60 mentM carbon aNo adsorb or absorb a maMmum of the
hinder and are Nso coated by the bNder. There N an
excess of b~der in thN composition, wh~h produces i~
paste structure, which N the prefe~ed s~u~ur~ Th~
pas~ can be brique~ed in pas~ form without ad~ng add~

65 ~onal binde~ or ~ may be cooled and ground to form
pasty par~ whose Nze N 0.42 millimetem These pasty
parti~es can be briqu~d without us~g ad~fionN binde~

The btiquette-form~g mixture is b~quetted under
suitab~ pre~ur~ to produce a dense and uNform un-

70 baked briquette or bonded aggrega~. The briqu~fing
~mperature may be 93° C. At th~ temperature, the
bNquett~g pr~sure may be 15,000 pounds pc) square ~ch,
or about 1050 ldlograms per square centim~em Higher
or lower pressures may be used at th~ bNquetting tem-

75 peratur~ or at any other s~ec~d briquetting ~mperature.



;i’la6 briqueNng ~mperature may be 20* C~25" C., ~
wMch ~ the briquetting ~ess~e N N~d above
15~00 pourds per square ~ch. " ~ N p~N~ed ~ many
cases to make unbaked briquettes ~ unbaked bonded ag-
g~g~ ~ maximum den~ F~ ~me pu~e~ ~
than maximum density ~ p~e&

These unbaked briquettes are now bake~ ~ the ab~nce
of N~ in a s~tab~ N~e ~ oven. A gas-fired oven or

evolves gases ~ ~ors which are driven e~ The bak-
~g aNo Nodu~s a coked or ~acked or cNNned regdue
~ ~ oriNnM volati~ m~erial, and a coked ~ ~acked
or eNNned re,due ~ the bindem These regdues con-
Nst substantiN~ of dem~tN ~om In ~is Hlustra-
fion, the wNght ~ the residue of the baked Nnder ~ sub-
~anfiN~-34% of ~e oriNnN wNght of ~e unbaked
Nnde~: or of the b~r ~ ~e unbaked briquette.

Al~ough the kriquett~ are heated ~ a continuo~ brk-
ingproced~ ~ch heatingpm~du~ may be divided N a
g~&~d o~n ~ ~ur ~nerM ~ ~ fol~w~ ~ wh~h
the temperature ~ ~e ~mperature ~ whi~ ~e briqnette
~ heard:

Fi~t gage.-- Two hours up ~ ~b~anfially 1093° ~
Second ~age.--One ad~t~n~ hour at subs~ntially

1093 ° ~ to 1204° ~
ThiM stag,--An ad~fion~ period of 35 m~ at

~b~anfially 1204° C. ~ 1260° C.
Fourth xtage.--An ad~fion~ pe~od ~ 45 m~ at

sub~anfi~ 1260° ~ ~ 1296° ~
The baking mmperature m w~ch ~e briqu~ ~ ~ eaied

may be at leaa 1288° ~ during ~e entire period of 45
m~ of ~ four~ stage.

During ~ four~ ~ag~ ~e mi~mum ba~ng ~m-
p~am~ ~ wihch ~e briquette ~ he~ed may be 1344° ~

The ~ating ~ the briquett~ ~ an ~ated mmpera-
~ ~ ~ ~ ~ta~e, du~ng a ~fficie~ period ~ tim~
is an imp~tant fact~ in h eat-~nve~ng ~e oriNnN
amo~hous ~ruc~ of ~e fine and ~par~ed parti~es of
¯ e ~ude and coarse oH carbon Mack ~to a hard and
~tall~e ~mcm~, which can scratch window Mass.

A WNcM baMng procedure which N used to bake the
briquett~ N ~ fd~ws:

Timein M~ut~ ~om Beg~n~g ~ Hea~ng PeMod

The hardness of ce~ain ma~Ms in the w6H-kao~fi
Mob hardness scale is as fo~ows:

some

Graphite ~ ~en ~er than t~c h the Moh scale.
The hardne~ of ~e cryaalline ca~on s~uaum ~ the

baked briquett~ ~ ~ ~a~t Moh N~ 6, and ~ ~ pr~ab~
15 at least Moh No. 7. A haMne~ ~ Mob No. 7 is

p~e~
A ~pic~ an~ysis ~ a baked trique~e ~ ~ fellows:

Percent
20 Element~ carbon or ori~n~ body m~eri~ and

residue of vdatile matter ~ s~d body m~e~
and ~ the b~de~ ......................... 98.32

Mois~ ...................................0.09
R~u~ vd~ile m~eri~ ....................~75

25 Sul~r ..................................... 0.64
Ash ...................................... 0.20

Th~ briquette was made with the use of a briquett~
forming m~ of the ~eviously mentioned pa~e typ~
Microscop~ exam~ioa showed th~ its dement~ ca~

~0 ~on consis~d ~n~ally ~ pa~Mes w~ch had a

partite ~zeof 200 m~imicrons to 600 m~im~ron~
T~s baked briquette had an apparent spe~fic gravity

~ appare~ den~ ~ 1.3~ a ~M ~ffic ~aviW ~ ~
den~W ~ 1.96, and a v~ume ~sistivi~ ~ 20° ~-25° C.

35 of 0~0615 ohm era2.

Th~ vdume ~Nity ~ the d~ic~ ~sis~nce of a
cube whose edge has a ~ng~ ~ one ~im~er.

The maximum volume ~sfsti~ ~ ~e baked briquette
may be 0.008 ohm cm.L

40 The ~ffe~nce betw~n t~e appa~ ~c ~avi~

and ~al ~ecffie gravity of the briquette ~ due to the fact
th~ gases or rapes are evolved during the ba~n~ w~ch
produ~ pores in the baked briquett~

The apparent ~ecffic gravity of the baked briquette
45 ~paraffin~vas d~m~e--~weigh~ga~u r,wateb -y giving~e kcoateda ~inbriquetteWate~prOOfunderCOating

~r~~’ w~ch showed that ~s w~ght was 1.34 grams per cubic
~ntimete~ Th~ me~od h de~ribed ~ Thc~Cs "Die-
fiona~ ~ Ap~ied Chemistry," vol. VL pubH~ed ~ 192~

~s__~n~eF~ H~gng 50 ~ page 305.

~9~. The ~M ~ific ~avity ~as de~rmined by the me~od
~ w~ch ~ generally described ~ s~id ~-bock ty Mantell.
6~7~¢;’~ The baked briquette was ground to a particle ~ze of

105._ ................................................. 9I&
120 ................................................... 96&
~L .......................................1,027.
155 ................................................... 1,08~
~5 .................................................... 1,1gE
22~ .................................................. 1~1~
23E .................................................. 1~80.

-_______________________________

At the end of th~ total baking or heating period of
four hours and thi~y-five minutes, the heat of the furnace
~ dNconfinued, and the briquettes are cooled in the
furnac~ wRh the ex~u~on of M~ to 20° C.-25 o C.

By thus baking separated smNl briquettes, whose baked
or unbaked w~ght may be 28 grams or ~ss, i provide
uniform baking of said small briquettes, and ~ produce
briquettes og uniform and ~rong structure. I also greatly
lower the baking period and the cooling period which N
required to make the finNhed baked de~rod~ because I
use.a large proportion of these pre-baked briquettes in
making the finished baked ele~rode. The briquettes may
be ~ separated by sand or other packing material, while
they are being baked in lhe gas-fired furnac~

0.044 m~im~ to 0.074 m~im~em ThN ~ound ma-
55 teriM was dried ~ air under said ~andard pressure for

one hour at 105° C., and R w~ then w~ghed. The dry
~nd ground briquette material ~as ~en put fnto a ~ec~e
gravity bo~le or pycnom~e~ which has an ~dex mar~
wh~h ~c~ a known v~um~ and the ground briquette

60 m~iN was covered with anhydrous kerosene. ThN
b~fle w~ shaken unt:l ~e kem~ne thorougNy w~d
¯ e w~er-flee gound briquette m~NL The b~t?e
w~ then suNe~ed ~ a vacuum, ~ ord~ m remove a~ Nr
from the ground brique~e m~eriaL The b~fle was rhea

65 filled wi~ anhydrous kerosene ~ the ~dex mark. The
bo~ and ks con~n~ were then heard to 116° C. and
were then coMed to 26.7° C., at w~ch the b~fle and Rs
co~ems w~e wNghed. The ~ ~e~fic gravi~ ~ cN-
culated by the follow~g formuN:

70
AM~ecffic gravity of kerosene

A+B--C

A N ~e wNght of the ground and dry briquette m~
75 renal, wNch N multiplied by the ~ee~e gravi~ of the
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7
kemp,; B.~ thew~g~ of the bo~e when R is ~led
o~y Mb ~m~ ~ ~ ~xmar~C is ~e ~ w~
of be bo~ ~en ~ c~ be g~und and d~ed and
~ bfi~e m~ ~d a ~g of ~ee kerosene
up ~ ~e ~x ma~.

In t~s brique~ the re,due of the v~a~e m~r ot
the crude and coa~e ~ ca~on ~k and the refidue
of the binder are sub~anfi~ or large~ coke or ~eme~
c~o~ so ~at the bfique~e c~ns at lea~ 90% of
~eme~ ~o~ and much more ~ ~ ~afion.

In ~ ~afion, the bfique~e has rather ~w ap-
pare~ ~e~fic g~ ~, ~ has rather low ~m~
c~c~ because ~ t~s exam~ R is ~nded to
use the baked bri~ to make a pr~baked or s~
baked electrode of !~ be~ c~~ In s~e
cases, as in an ~e~rode ~h ~ ~ ~ ~u~g ~urn-
~um by ~e~r~y~ng a ~sed b~ ~w he~ ~u~y
~ be dec~ode ~ de~rabl~

and of the dec~ode can be increased by ~ng a sm~er
percentage of sa~ g~u~ pe~eum pRch ~nde~ or by
u~ng an~h~ ~nd~ ~h ~v~ o~y a sm~ amou~
~ ~v~s ~g~e b~ Hk w~ ~n
~ ~e ~nd~s w~ ~ o~y a sm~ am~ ~ ~s~
~ v~s du~ng ~e ba~n~ ~en ~ ~ de~d to make
a baked de.rode of h~h ~pare~ ~edfic gra~

The re~ de~ or ~ spe~fic gravy of the baked
b~e ~ ~y at least 1.80. A preferred range
of reM ~e~fic gr~ ~ 2.02 to 2.08.

~ ~e ~e~fic ~s~ of ~e baked b~que~e and
the electrode ~h ~ made M~ the use of the b~
can be ~w~ed ~m s~d vMue of 0.00615 cm2 by se-
le~ng the m~e~Ms and the ~par~t de~ to 0.0055
~m cm2 or ~ss.

In t~s ~u~tio~ the wd~t of the baked b~q~
k ~t 83% ~ ~e wd~t ~ ~e ~d ~

~e wdg~ of the unbaked b~que~e may be 28 grams
or l~s. ~e ~ range of w~t of the ~b~
bri~ is ~ a range of 28 grams to 98 ~ams. ~b-
~t Um~ation as to wdghL s~d wd~t of ~e unbaked
b~que~ may be as ~ as ~0 ~a~.

~e baked b6qu~s have sub~a~i~ the ~me ~ape
~ ~e ~b~ed ~.

~1 the b~ ~ ~e u~d ~ an ~od~rm-
~g mass p~Nrab~ have the same wNgh~ ~e and

~e ~e of ~e baked b~ ~ s~e~ed so ~
when ~e baked ~ are ~mNed in a mass or
cMumn ~ wMch ~e briquets ~ ~ offi~ ~e ~e
~Nmum spaces or v~ds b~ween ~e abuNng baked
~. ~e b~ b6~ m~ h~e ~e NmN~
NHo~ ~ wM~ ~ey h~e ~d convex arched
w~. Ea~ bri~e m~ have one or more pNnar
~rN~ at wM~ Ney can abut when ~e b6~ are
~mNed ~ ~g M~ ~ a m~s ~ ~mn.

~e~b~ be ~~o~ m~s ~ mN~ ~
compo~fion conN~s of baked b6~, ca~on ~r
and a Nnd~ f~ ~e carbon ~r m~e~N. ~ ca~on
N~r ~ p~raNy ground baked b~que~e ma~M, wh~h
N made by ~n~ng a ~Nent numb~ of sMd ba~d
b~que~es at ~ m~ ~~ to a pa~e ~ze
~ ~74 ~e~ ~ ~ss. ~e c~bon N~r.m~e6N
thus conN~s ~S~ of d~N ca~on wNch has
¯ e hard and ~e ca~on ~ru~ure.

~e baked bNque~es may comp6~ ~ lea~ 40% by
b~h wNgN and voNme ~ ~e ~od~rm~g m~s
and of ~e fiNshed baked ~e~rod~ p~rab~ at least
50% by b~h wNght and vNum~ and up to 80-90% by
b~h wN~ and vNum~ ~ ~e ~~ m~s
and ~ ~e fiNshed baked ~e~m~.

The ~ ~ ~mc~ ~n the baked b6-
~ and the carbon ~er N an ~po~t ~u~ of
the i~

As one ~ation, ~e.tmM N~r mNe6N b~ween ~e
~-m~ ~n~t, ~ ~% ofsNd gr~nd ~d. b~

8
queue m~ial, and 20% of sMd ~£duM p~r~eum Ntch.

Hence, ~ one illustration, be electrod~forming mass
may conN~ of 40 parts of pr~baked b~qu~ 48 par~
of carbon N~r and 12 pa~s of Nnde~ sMd propo~ions

5 bNng by wNght.
As ano~ illustration, ~e electrode-form~g mass may

conN~ of 50 pa~s of pr~baked b~quett~, 40 p~ts of
carbon filleg and 10 pa~s of Nnder, sMd proportio~
bNng by we~ht.

10 As anther ~us~ation, ~e eleclrcd~form~g ma~s may
con~st of at lea~ 80 par~ of p~aked briquette, in
wNch case sNd mass will have 16 pa~s of carbon filler
and 4 pa~s of Nnd~, sNd proportions being by weight.

The proportion cf ~r ma~riM will depend upon ~e
15 s.h~p~ of be bfiquett~ and ~e vNum~ cf ~e vNds b~

twin sa~ briquettes ~ ~e electrode-forming m~s or
composition or m~. Thee vN~ are p~mNy of
~du~ minimum v~ume and of ~1 minimum vN-
ume.

20 Als~ ~e propo~ion cf Hnd~ ~ ~e ~r mNefiM may
be k~ than 20% of sNd ~r m~e~M, thus fur~er re-
duNng ~e p~ce~age of Nnd~ in ~e electrode-form~g
mass or m~mre or comp~itiom

The ~ound briquette m~eNM and ~e Nnder are made
25 into a u~form ~m~eNM mixtur~ p~mb~ u~ng

¯ e same above-mentioned pmcedu~ wNch ~ used ~
make ~e briquette-form~g m~m~. In this ~ation,
the filler ma~N N a paste. The filler m~e~N may be
a powd~y m~s, ~ above d~c~beC H ~eN~r mNe~N

30 k a paste, it may be ground to a partMe s~e of 0.42
mi~meter.

In one embo~ment, the pr~baked b~qu~s are m~ed
with the N~r m~e~M mi~ur~ ~ order to make aung
form ele~mde-form~g mass er composition or mixture

c5 wNch k used to make be ~e~rodm Thus, ~e pr~baked
b6quett~ and the N~r m~e~M m~ may be ~p~
rN~y he~ed to a ~mp~u~ of 149 ° C. to 204° C., and
the pr~baked b~qu~tes and the N~r m~e~M may be
mixed ~ tNs ~mp~u~ range in a ~nk, wi~ op~cnM

40 ~gorous miMnN so ~at the fiHebm~e~M coaN the pr~
baked briqnett~ and fills the spaces betw~n sMd b~-
queues. As an M~rnNN~ ~e electrod~rm~g mN-
~ may be made ~ a ~w~ ~mp~ure, wh~h is ~ cr
above ~e so~eNng ~mpera~ of ~e b~er ~ be N~r

45 m~e~M, but b~ow the melting pN~ of ~e N~r Nnde~
Also, ~e mNmre may be made at 20° C.-25° C.

~f ~t is desked to make a pre~aked electrode, this
electrod~form~g m~s or composition or mNm~ is
forced ~to a metN mNd under any sde~ed p~u~.

50 R h NgNy p~raNe ~o form an ~ec~od~rm~g m~s
~ sMd rand ~ wh~h the p~aked b~qu~s ab~ each
other at substantial pa~s of thNr p~he~, Nrough-
out the en~re mas~ ~ ord~ ~ form a skY,on of abu~
ring pr~baked b~qu~s, and m embed sMd p~aked

55 b~quett~ ~ a matrix of the pre~ed N~r m~e~N, wh~h
Nh the spaces b~ween sMd b~quett~. It h Mso Ngh~
p~raNe ~ make such an de~rode-~rm~g m~s in
which par~ of the peripheN~ of those pre~aked b~-
queues which are a~ace~ the ~ner wMl of sMd metM

60 mNd are exp~ed ~ the p~h~y of the pre~ed e~c-
trode-~rm~g mass, to contact sNd ~ner wall ~ spaced
pN~s or areas of sa~ ~ner wM~ substantially a~ng
sNd entire inner ~all. By uNng a ram under su~able
pressure, the bNquett~ can he forced ~o thus contact

65 w~h each other ~n the mN~ or to be very dose to each
~he~ even ~ bey do not ab~ each o~e~

Al~ough ~e pre~aked b~quet~s a~ of ~w or mo~
erNe b~mM conducti~ ~ tNs example, such ~ermM
conduc~vky is supe~or to that of the inifiM pa~e wNch

70 has been made a~or~ng to ~he old m~ho& Hen~,
~ t~s preferred as~mN~ ~e pr~baked briquett~ form
a continuous skd~on wNch.~ansmits the ex~rnM bak-
~g he~ ~roughout the ~e~rode~orm~g mas~ thus
produdng a m~haNcN s~u~ure of ~perior uniformity,

7~ and a~ng~ in be ~nal-baked electrod~ w~h minimum
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vo~ ~e b~g and ~g p~od are ~eafly re-

~e eomp~ed de~o&-~rm~g mass or bl~ can
be baked ~ ~e mo~ with ~e exelu~on of ~, eider
~th or without app~ed me~anic~ ~ess~e d~ng ~e
ba~n~ ~ ~d pre~ure is used du~ng ~e b~g,
a~ s~e~ed ~p~d ~s~e can be u~& Some ga~s
or v~ors are evoNed ~om ~e ~r ~er during ~e
ba~ng, and ~ are ~owed ~ ~c~

~e ele~rode-forming ~mpressed ma~ m~ be ~rmed
to ~e ~s~d ~e by e~m~on or moM~g under pre~
sure, and ~e resuRant compressed a~ ~ed mass can
be b~e~ with ~e exclusion ~ ~ without using a mold.
In such eas~ ~e pre~ed br~ettes Mso prefer~
form a cont~uous ~ng skdeto~ as ~ove &se~beC

The electrode-foxing mass ~ baked ~ a eo~nuous
proe~ure, which m~ ~ d~d i~o ~a~s as ~ows:

First ~tage.~2 hou~ ~ ~16° ~ ~ 1094° ~
Second sta~ne ~on~ ~u.r at 1094 ° ~ to

1204" ~
ThUd s~ge.--35 ~nutes more at 1204° ~ to 1260° C.
Four~ stage.~5 ~utes more ~ 1~* ~ to 1315°

~, ~th a m~imum temperat~e ~ 1288" ~ d~g s~-
~anti~y ~e entire period of ~s .four~ stag~ ~s
m~ temperat~e m~ be 13~ ° ~ ~is ba~ng
period and the neee~a~ cooing perod ~H d~e~ on
~e s~e of the dectr~ but ~e b~g period can be
g~y re~ced over ~e ~d methoC

As an ~rn~N~ ~e ~e~a~d b~ettes can be as-
~m~ed in a met~ room ~ ~u~g ~o~ ~ provide
an assembled col~n or ~d~on of short ~n~. ~e
~r m~e~ is then pre~ed i~o ~e v~& of ~ skele-
ton. More ~e~ed br~ettes are ~en added to ~e
ske~to~ ~n order ~ ~crease ~e ~ng~ ~ ~e skeleton
and more filler m~er~ ~s ~en pressed i~o ~e vows
betw~n ~e a~ briqu~tes, ~ order ~ ~ ~e voi&.
By u~ng t~s procedure, co,act b~ween ~e ~e~ed
breezes t~ougho~ ~e fin~ eleetrode-formi~ mass ~
~su~d; and ~e vows ~tween ~e non-~u~ parts of
¯ e bri~ebtes .are filled ~th a matr~ ~ compressed ~ler
m~e~ ~n wh~h ~e br~ett~ are embedd~, save
where ~e br~ettes co~a~ ~ ea~ o~er.

~e ~ove me~ods can be ~sed ~r ~g the me~
~ of a s~f-baking ~ee~ode of ~e ~erg type
~th ~e electr~e-form~g mas~ so ~ ~e pre~aked
bri~ett~ will form a con~uous pre~ked ~t~g
~on ~ san m~ ~e~.

~e it ~s ~ prefe~ed to provide a ~eton of
pre~aked briquettes which ~ ea~ other ~ pa~s of
~dr ~herie~ ~e ~vention a~so inelu~s an de~ro&-
~i~ mass .~ wM~ the ~e~ed b~qu~s ~ n~
conm~ ~ ea~ other ~ one or more pa~s ~ ~e
electrode-fo~i~ mas~ or in ~hi~ the pre~ed br-
eezes are even ~aeed from each o~er ~ou~o~ sMd

closemass" ~lne~ehSU~oN~Case’~epartsPre~edof ~e~bri~e~tes~h~es.~e vew~e

pre-baked bNque~es aM ~e pre~ed c~bon N~ have
a thegn conductivity w~ ~ mu~ ~ea~er than ~at of
the i~ti~ pas~ whi~ is now used ~ the o~ me~oC

The ~vention ~ of ~c~ar u~W ~ m~ng a sel~
b~ed dectro~ ~ ~e m~M shell of a So~erg dec-
trod~ because ~e o~g~ de~ric~ co~u~ of ~e
i~ti~ elector-forming mass w~ is ~Hed i~o s~d
~ prior to ~e bak~ of ~e ~er ~ said mass, is
mu~ sup~or~ ~ of the in~ pas~ whi~ is now
used in ~e old me~od. ~so, the he~ is connoted
¯ rectly ~om ~e met~ she~ to ~e b~queR~ w~
ab~ said m~M she~ and from ~e ~e~ ca~on
de,rode ~ to the bfi~ettes whi~ ~ s~d t~ and
said he~ is ~ansmitted u~r~y ~ ~e pre~aked
bri~e~ a~ ~e matr~ ~ whi~ they ~e wh0Hy or
part~ em~ed wit~n s~d metal ~. Even ~
the pre-baked briquettes are ~aeed ~om ea~ o~er ~-
in sMd m~al ~ a s~e~r eteetrode-fo~g mass is
~e&

As a much less pre~ed ~ernat~, unbaked b~

10
quettes may be reed ~ ~e~ embodime~ ~ead o~ pit-
baked briquette. In such c~ ~e briquett~ ~e baked
simultaneously wi~ ~e ~ler m~ed~. The unbaked
briquett~ are ~so ~eferably in abating rdation.

Instead of u~ng the coarse and crude oil carbon black
as the body material, which ~ the greatly preferred

10 body material, I can use other carbon materials whi~
have been and are used in making carbon electrodes, as
disclosed in said textbook by MantelL or other carbon
body material. Thus, I can use pre-caldned cok~ such
as pre-calcined pe~oleum cok~ which has a maximum

15 of 0.5% of volatile ma~er and htfle or no wate~ Other
alternative body materials are exemplified by pkch coke,
tar coke, retort carbon, graphit~ lampblack and carbon
black of any type. The selection of these body ma-
terials depends upon thor cost and the intended use of

20 the finished baked electrode.
The coarse and crude carbon black may be calcined

or baked in powder form according to the above-de-
scribed procedure for baking the b~queues, for use as
carbon filler material, or for use in making the bfi-

25 que~e~ Howeve~ the previously disclosed procedure ~
greatly preferred. A mixture of coke or other a~ernafive
carbon material may be mixed with binder and baked
or calcined in powder form as above described, in order
to create or improve original cry~al structure.

30 Also, the pre-baked or unbaked briquettes may be
mixed only wi~h a binder to form the electrode-forming
mass, thus eliminating the carbon filler in said electrode-
forming mass. if this is don~ it is preferred to use
pre-baked briquettes which have small intermediate

35 spaces or voids.
The finished baked electrode preferably has a maxi-

mum volume refistivity of 0~08 ohm cm2, and the
above-mentioned small proportions of sulfur and ash,
and it preferably consists of at ~ast 85% or 90% of

40 elemental carbon. By u~ng the preferred materiah and
procedure, the entire fin~hed electrode may confist of
fine bonded particles whose fize is 200 to 275 miHim~
cron~ or with a maximum particle size of one micron.
The finished electrode may thus have said hard and crys-
talline carbon structure, and it may have substantially45
the same properties as the pre-baked briquettes. The
briquettes are integrally bonded in the fin~hed electrode
with the matrix, wh~h confi~s either of binder residue
alone or of binder residue and carbon fille~

50 [ can use the various binders which are disclosed in
said textbook by MantelL The invention also includes
any binder wh~h can fulfill the function of the carbo-
naceous binders disclosed or referred to her~n, and any
bi=der wh~h can fulfill such function ~ included h~ the

55 menti°ned"discl°sure and claims, whenever a carbonaceous binder is

However, it ~ highly preferred to use a petroleum
pitch which is a residue of asphalt-base pe~oleum, in
combination with the crude and coarse oil black.

60 Many changes and omissions and additions and sub-
~itutions can be made in the above-mentioned d~closure,
without departing from the scope of the invention. The
invention is further disclosed and defined in the ap-
pended claim~

65 It is noted that the hard and cry~alline structure o~ the
briquettes is a hard and cry~alHne carbon structure.
The b~que~es and ~he finished electrod~ in th~ example,
have a very small perceutage (~ any) of the oxides
which form the ash. These oxides are oxides of silicon,

70 ~on and other metals. Even ~ the silicon oxide is con-
verted to quartz during the bakin~ the percentage of
quartz is too small to provide the hard and cry~alline
~ructure which ~ formed her~ Caldned pe~oleum
coke may be abrasiv~ due to the formation of some

75 silicon carbide in the caldnafion proces~ but this ~ en-
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firely different from the formation of a hard and crystal-
line carbon structure from carbon wh~h has an ori~nN
structure which ~ only slightly abras~ or which has
an ori~nM hardness in me Moh scMe which ~ ~ than
N~ 6 or N~ 7. 5

Like,vise, certain types of carbon black are abra~v~
because they conta~ a subs~nfi~ proportion of siliceous
impurit~

I d~m:
1. A combination dec~od~form~g mass which con- 10

s~ts subs~ntially of prmc~dned bfiqueaes and carbon
fil~r and unc~dned carbonaceous ~ndeE the wright o~
s~d briquett~ bring in a range of subs~ntially 23 grams

t° subs~ntiallYstantially whollyll6ofgram~dementMSMd bfiquett~carbon, theC°nsistingnon-carbonsub" 15
ingred~nts bNng subs~nfially ~mRed to less than one
per cent of sulfur and ~ss than one per cent of ash, sNd
b~que~es substantially abutting each o~her ~ said mass,
san mass having spaces of kreguNr shape b~ween sNd
briquets, san spaces bNng subs~ntially filled with sMd ~0
carbon filled and sMd Nnde~ sNd brique~es ha~ng a
m~imum speNfic gravity of 1.34 and a maMmum re-
sistivity of 0.00615 ohm cm.L

2. A mass according to clNm 1 in which said ~emen-
tal carbon of sa~ briquett~ is crystalline and suffic~nfly 2~
hard to scratch window glass.

3. A mass accor~ng to ~Nm 1 in which sNd bN-
qu~s have a real speNfic gravRy of subs~ntially 2.02
to 2.08 and a maMmum resistivity of 0.0055 ohm cm2

4. A mass accor~ng to clMm 1, in which sNd briquettes ~0
are at ~ast subs~ntially 40% by wMght of sMd mass, the
dementM carbon of said briquett~ ~ cry~alline and
suffiNent~ hard to scratch window Nass, sNd briquN~s
have a real speNfic gravity of subs~ntially 2.02 to 2.08
and a ma~mum res~t~ity of 0.0055 ohm cm.L 35

5. A mass according to dNm ~ in which the m~efiM
of sNd carbon filler ~ subs~nfially identical wRh the m>
regal of sNd briqueaes.

6. A mass accor~ng to dNm 1, in wh~h the maeriM
of sNd carbon filer h subsmntiNly identical with the 40
ma~M of sMd briquettes.

7. A method of maNng an de,rod< which con~s
in making a m~ed mass of pre-cMdned briqu~tes and
carbon fil~r and uncMdned carbonaceous Nnde~ the
wright of sMd brique~es bring subs~ntiMly 23 grams to 45
subs~ntially 116 gramg sNd briqu~tes conN~ing sub-
s~ntially whdD of dement~ carbon, sNd briqueRes hav-
ing a m~imum apparent spedfic gravity of 1.34 and a
maMmum redstMty of 0.00615 ohm cm2, enough b~-
quettes bdng included in sMd mNed mass to substantiND 50

abut each other in sNd m~ed mass, sMd m~ed mass
having kregular spaces between sMd briquettes which are
subs~ntially fired by the mixed carbon filler and uncab

Nnedto cMNneCarb°nace°nssNd binderNnde~andandto ~2ffmtin~ SMdbakedmNede~rodemaSs ~5

whi~ mMntMNng san b~quett~ in substanfia~y abutting
r~afiom

8. A method according to dairn 7, in which the ma-
teriM of sMd filler N snb~anfiNly the same as the m~e~N 60
of sNd briquette.

9. A method accorNng to clNm 7, in which the ele-
mental carbon of sNd bNquett~ ~ crystalline and suffi-
Nently hard to scratch window gl~s.

10. A m~hod accor~ng to dMm 7, in which sMd bri- 65
queaes comprise sub~anfially 40% to 90% by wNght
of sNd mNed mass, the e~mentN carbon of sMd briquets
is suffiNenfly hard to scratch window Nass, and the non-
carbon ingred~n~ of sMd briquettes are ~m~ed to less 70
than one per cent of su~ur and ~ss than one per cent of
ash, the real speNfic gravity of sNd bNquettes N sub-
stantiN~ 2.02 to 2.08, and the maximum reN~Mty of
said briquettes N 0.0055 ohm cm3.

11. A method accor~ng to ~Mm 7, in which the ma- 75

12
tefiM of sMd ca~on N~r is ~ntially ~e~me as me
ma~riM of sNd b~quett~.

12. A me~od ~ maNng a s~bak~g ~e~rode in a
lonNm~n~ m~M ~ell, wNch cons~ in filling san
~ell with a mNed mass, sMd tuned mass fill~g consNfing
of pre-cMNned b~qu~tes and carbon N~r and uncN-
Nned carbonaceous Nnde~ the wNg~ of sNd b~que~es
bNng ~ntially 23 grams to 116 g~m~ sNd briquett~
b~ng sub~anfi~ uN~rm~ Nstribu~d thmughont sMd
filling and con~sfing ~bstantially wholly of ~eme~al
carbon and ha~ng a mi~mum appa~ ~eNfic gravity
of 1.34 and a maximum ~sNfi~ty of 0.00615 ohm cmY,
enough briquettes bNng in~uded in sNd m~ed mass Nb

ingformlyt° ~ntially~mugho~ sNdabutm~edeaChmass°therfill~g,~ntially~u~ngUn~the
face of sNd m~ed mass fill~g wNch is ~cfly a~a~m
the inner surface of sMd metN shell, and ap~ng heat
to sNd fill~g to form a sel~baked electrode in sNd shell,
the spaces b~ween sMd b6quett~ in said m~ed mass
fill~g bNng i~egM~ and bNng filed by sNd N~r m~ed
wi~ sNd b~d~.

13. A mmhod accorNng to ~Mm 12 in wNch me d~
me~M carbon of sNd brique~es N ~talline and hard

2.08, ~e maMmum ~sNfi~ty of said brique~ N 0.0055
ohm cm.a, sMd briquet~s compri~s ~m~ntially 40%
to 90% by wNght of sam mNed mass fillinN and the
nomc~bon ing~en~ ~ said briquett~ are su~iM~
fimited to ~ss than one per cent of sulNr and ~ss than
one per cent of ash.

14. A m~hod a~or~ng to dNm 13 in wMch ~e ma-
~rial of sMd carbon N~r is ~Nmntially ~e same as
the m~eNM ~ sNd bNquett~.

15. A s~gbaNng electrode wNch has a metal shall
and a fill~g in sNd shell, sMd filling consNting substan-
~ally ~ pr~cNNned briquett~ and ca~on N~r and um
cNNned ~on~eo~ Nnde~ ~e wNght of sMd bNquett~
bNng in a range ~ substantially 23 ~ams to ~n~ally
116 ~am~ said briquett~ co~isting ~N~ntiN~ of de-
me~M carbo~ the noon,on in~e~en~ of sMd bN-
quotes bNng subs~ntiN~ ~mited to less ~an one per
cent of sulNr and ~ss than one per cent of ash, sNd
briquett~ ~ntially abutt~g each other ~ sMd fill~g
and.Mso ~ntially abutt~g ~e ~n~ ~ of sMd metal
shell Moug the per~he~ ~ sMd fillNN sMd fill~g having
spaces of ~gM~ ~ape between sNd bNquett~, sMd
spaces being substantiaRy fired wi~ sMd ~on fiH~ and
sNd Nnde~ said bNquett~ ha~ng a miNmum spine
graviW of 1.34 and a maMmum ~sN~ty of ~00615
ohm cm.L

16. A s~gbaMng ~e~rode according to clNm 1L in
wNch sMd bNquett~ are at least 40% by wNght of sMd
fillin~ the NementN ca~on of sMd briquett~ ~ c~stal-
~ne and ~ciently hard to ~tch window. Na~, san
briquett~ have a real speNfic gravity of su~ntially
2.02 to 2.08 and have a maximum ~sistivity of 0.0055
ohm cmA
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SELF.BAKING ELECTRODE
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~u~num & C~micM ~orafio~ ~an#, C~
a ~orafion ~ D elawa~

App~on ~ptemb~ 1~ 193L SedM N~ 24%146 :

7 ~alms. (CI.313--3~7)

This invention relates to electric furnaces employing
electrcdes of the continuous or self-baking type, and more
.particularly relates to an improved suspension means for
a continuc us electrode employed in an electric furnace for
use in the electrolytic production of aluminum from
alt m?na.

Heretofore continuous electrodes employed in electric
furnaces have been suspended ~y means of contact-plates
exerting sufficient pressure on the sides of lhe dectrode to
support the weight thereof, and later ~y means of contact
studs inserted ~nlo the electrode m~ss either vertically or
horizontally, the contact studs serving the dual function
o~ supporting the electrode by connection ef suitable sus-
pension means to the contact studs, and further serving
to conduct electrical current to the baked electrode mass.
In the so-called horizontal contact-stud type of suspension
it is necessary to insert the contact stud into the upper
portion of the electrode mass which .is yet unbaked by the
heat of the furnace. According to prior practice, a sub-
stantial portion of the stud is left outside the electrode
mass so that the necessary connections for subsequent
electrode suspensmn and electrical current conduction
may be accomplished. As the lower portion of.the elec-
trode is consumed in operation of the furnace, ft becomes
necessary to successively lower the continuous electrode
with its contained protruding contact studs. Accordingly,
complex suspension means ~o allow successive movement
of the electrode have been devised, such as the open
framework structure formed of alternating beams-as dis-
closed in Torchet Patent No..2~073,356, which ~ezm s~r~ c-
~rre is constructed to allow successive removal of the
lowermost row of alternating beams and for the replace-
ment thereof in superimposed position on the open-frame
structure after additional comact studs have been inserted
in the unbaked portion of the electrode mass. Ithas also
been proposed to eliminate the open-frame structure and
replace the beams by channels contiguously arranged as
disclosed .in Legeron Patent No. 2,169,563. The contigu-
ous arrangement of such channels as disclosed in said
Patent 2,169,563 was made possible by the placement of
suitable h~les in the ch~nne?s for insertion of the ccntact
studs therethrough. In the suspension means of both
Patent No. 2,073,356 and P~tent No. 2,169,563, the elec-
lrode is supported through the contact studs which ~n~tura

~neS~urnOnsuspendt edhe beam Orfrom suitable suspension means moCh untedannel’ the beam or channel being

cn the furnace frame. To accomplish the successive low-
ering of the electrode with either suspension -and electrode
encompassing means, ct fs necessary to remove the lower-
most row of beams or channels and replace said row in
upper position in the frame structure. Another attempt
to simplify the suspension means for the so-called hori-
zontaI contact stud system is disclosed inSem Patent No.
2,159,183 wherein a stationary mold or casing is provided
for the continuous electrode, the vertical movement ef
the contact studs being provided for by vertically arranged
slots in the stationary casing. Aside from structural

~~ i~re~ in such a No~ed a~angeme~, the
~M~ f~ ~e unbaked po~ ~ the ~e~m~ to de-
~ and emrnde thmu~ the do~ ~c~a~s the ~e
~ a ~y ~ ~ner caNng m~aNe ~th the ~ec-

~ lrod~ Other a~m~ known ~ the art embody a
.~e~.c~ ~ the ~e~w~ ~th a ~m p~
~ ~ ~r ~ ~d m~t ~ the c~ sm~
such ~ ~ ~s~o~d ~ ~~ Patent ~.
L33%23~ and British Patent N~ 608,475. These ar-

10 .mn~me~ embod~ng a s~i~y ~si~ ~th N~e ~
~ p~ h~M~ ~ the e~m ~ a
~htNe~ thi~ m~aNe inner caNng to r~ist e~rnsion
and ~m~ of the unbaked po~ ~ the ~m

It ~ an oNe~ ~ ~s i~e~ ~ present an ~p~ed
1~ .~n~mem ~ c~ing and ~e~n me~s ~r ~nfin~

-~s de~od~-emp~d in ~e~fic Nm~.

p~ in ~ c~ s~ds for use ~th c~u-

£0 °u~t~od~d~a N~r oNe~ ofelectri~Ns i~rn~to pin,de an

¯ ~pm~d a~angement ~ eM~c contact studs in a con-
.ti~s eMctrode by use ~ w~ch the e~M~ ~ a
~mng s~t~n~y c~g ~d the ~n~ ~ ~rm~
~on and e~ms~n of the unbaked ~on of the co~

It h~ been ~und th~ the eM~c contact studs utg
~ed ~ the-s~c~ ~ ~ ~em may ~
se~nal~ed so as ~ ~move the necess~y for a movaNe
beam or channel s~u~ure and ~move the n~si~ ~r
emp~y~g sM~ed ~ ~e curet ~ ~ ~ ~afio~
a~ cuing. ~~ the ~tr~ comet stu~ a~
~n~d ~ th~ the in~r end posen wM~ N m
be baked ~ the ~trode m~s m~ be in~r~d ~ a p~m

85 ~N~Y M~ ~ the ~b~ posen ~ the ~e~rode
_m~s ~ that the lateral pressure of said ~ p~
~ r~Ne~ smN1. By such ~r~mem, ~ ~ ~
t~ ~ lhe electric ~tact stud b~ng baked in posen
~ng downward tr~el of the d~trode ~ ~

40 w~ ~tNn the ~N~ ~n~ The ~y ~v
-~.c~~ ~mN~ unbm~n in ~e~ ~ ffs surface
~ a rd~Ne~ Ngh I~N pressure ~ ~e~rode.m~s
~ ~~ ~ to tNs ~e~ the ~afion-

-~y ~N~.c~ ~main ~ N~g ~e ~e ~ c~
stud inner secfi~ tr~el fr~ Ng below the pNnt o~

~.N~n ~ ~e ~m~t stud in~r ~ ~ a pNm
where ~ elec~ode ~ f~y baked and the ~m~t stud
in~r ~c~n ~y~d the~m Un~r ~ c~-
.~ d~d m~em~t ~ the ~e~rode m~s ~
¯ cause:a row ~ b~ stud ~s to em~ge bd~

gO the ~an~t ~ing a ~e~ N~an~ ~ th~ the c~-
~ond~g om~ ~ction ~ the ~u~ may be connoted
ther~ ~ turn maMng it p~NNe to reconnect the bus
bars to the new ~ ~ ~u~ wh~eon ~e ~t m

-~ stu~ are Nm~ed in the c~i~M manneL
~ A~de ff~ the advantages of a ~r s~

casing of N~Mr coustrn~on. ~d the greatly reduced
~ndency for the .~c~ mass to deem ~g ~

~0 ~n~me~een that substan~a~mbodN~ng%he presen~n ma~NM~nvenfi°n~ecessar~H~e
. eMcMc ~mact stud and ~am ~ ~n~ c~n ~e
~~. The s~ng ~ amoum of m~eNM n~ded
~r c~m~ studs aNses f~ the fact that ~ t~ ro~
.ofom~ stud ~s per Nm~e are necessary wheN~

6~ by the.~ Na~ com#~e studs were requked for
e~h mm W~ b~ms ~ ~annds h~e ~ p~s~
emN~e~ op~nM ad~a~s ~ the ~rm ~ ~duced
~~ time ~e ~d g~e the ~s~y ~ ham

10 ~ ~n order td ~ustr~~eams ~ channds i~pe~fic ~a~ of the i~e~
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which are s~nematic in character and pa~ly in section,
with va~ous details of the furnace which are known to
the art omitted for the sake of ~arity of illustration.

Figure 1 N a ~de elevationN view of a portion of
an dearie furnace utiH~ng a s~f-baking de,rode and 5
embodying an exemplary form of the invention. The
view of Figure 1 N taken generMly on line 1--1 of Fig-
ure 2 with various pa~s shown ~ sectiom

Figure 2 ~ an end devationN v~w of the partiN
furnace construction fllu~rated in Figure l, generally 10
Mong the Hne ~--~ .of Figure 1 wRh va~ous pa~s shown
in section.

Figure 3 ~ an e~panded side vfew partially in section
of one form of sectionN contact stud employed, wherein
the connection means b~ween the inner and outer con- 15
tact ~ud sections constitute thread means and locking
nut-therefo~

Figures ~ 5 and 6 i~ustrate another form of connec-
tion means b~ween the inner and outer ~ud sections
wherNn the connection means ~ of-the bayonet or key ~0
typ~ Figure 4 bNng an expanded ~de view pa~ia~y in
section, Figure 5 bNng an end view of the outer section
connection means, and Figure 6 bNng an end view of
the inner section connection means.

Figure 7 N an expanded Nde v~w partiNly in section g~
of yet another form of sectionaHzed Ne~Nc contact stud
wh~h may be employed in the practice of this inven-

fiom -The connection means fllu~rated in Figure 7
embodies a femNe portion ~ the inner stud section and
an expandab~ mNe portion wh~h ~ expandable by ad- ~
~ment from the outer end of the contact stud outer
secfiom

Figure 8 is an expanded Nde v~w partiMly in section
of still anaother form of contact stud employing expand-
able connection means Nmfiar to that Hlu~rated in Fig- ~5
gre 7, but embodying Nanting contact faces on the re-
spe~Ne sections so that the face of the inner contact
stud section may be flush to the st~nary electrode
caNng when the inner section ~ imbedded in the ~e~
~ode masL 40

Figures 9, 10 and 11 fllu~rNe an expanded Nde ~iew
pa~ially ~ section and end v~ws of the respective stud
sections of still another form of secfionN contact stud
which may be employed in the practice of this inven-
tion. The connection means illuarated in Figures ~ 4g
10 and 11 contemplates the placement of the inner stud
sections in the ~e~rode mass in a sub~anfiagy horb
zontal position so that any ~ndency for the contact stud
sections to separate while ~ operative relation N re-
move~ 50

Referring agNn in Figures 1 and ~ the ~ectrode mass
10 ~ supplied at the top of the ~earode and N con-
tained in a stationary cas~g 11 as the lower portion
of the ~e~rode N consumed and the ~e~rode ma~ 1~
~ successively ~were& The ~afionary caNng 11 is ~
provided with a flange means 1~ which serves to sus-
pend the ~ationary caNng 11 from the framework 1~,
the flange 1~ resting on a suitable sandlock 14. A suit-
able inner- casing 15, such as Muminum foil, may be pro-
vided b~ween the electrode mass and the stationary g0
ca~ng to facflRate freedom of movement thereb~ween
by reduNng the tendency for the dec~ode ma~ 10 to
adhere to the ~ationary caNng 11. Inner casing 1~ may
be omitte~ howeve~ ~ deNre& Contact stud inner
sections lg which have been provided with suitable con- 6a
necfion means 17 are countersunk into the unbaked
portion of the electrode mass 10. Th~ countersunk
arrangement may be accomplished by plaNng the inner
sections lg in position at the top of the ~e~rode mass
10, thus ~iminNing the nece~ity of having any openings 7~
whatsoever in the Ndes of ~afionary casing 11~ or by
inserting the inner sections 1~ through suRable ape~ures
18 provided in the ~ationary caNng 11 at points where
the l~eral pre~ure of lhe unbaked mass ~ relatN~y low.

. During operation of the electric furnace and as. th~ ele~

4
trc contact ~ud inner sections 16 progress downwardly’
as a result of movement of the ~e~rode mass 10 and~
become baked in the electrode mass 10 by heat rreased
in the lower portion of the ~e~rode, the row of conta~
stud inner sections 16 emerge bdow the permanent car
ing 11. The contact aud inner seaions 16 may be ad-
vantageouNy provided with a removable or de~rucfibM
shielding means 19, such as an Numinum foil cap, in
order to protect the connection means from any tendency
of the unbaked potion of the electrode mass 10 to ex-
~ude into the connection means 17 whi~ the conta~ ~ud
inner section 16 ~ bNng baked, in position. Such shMd
means ,may take the form of an Muminum foil cap or an
Muminum d~c with an upset portion to contact the
Ndes of the ~mMe portion of the inner section to 10ck
the shMd means in plac~ Ce~Mn types of asphalt~
pastes having the prope~y of low volatility at high tem-
peratures ~ie fikewise availabM to shield the connecting
portion of the inner section. Similarly a plug potion
made from suitabM mate~M, such as metal or woo~
could be util~ed. Moreover, the plug means could
embody a Noping face to rest flush with the opposing
stationary casing surface in much the same manner
as does the ~oping face 53 of inner section 44 as illus-
trated in Figure 8.

When the contact stud inner sections 16 emerge be-
low the permanent casing 11, the shMding means 19
may be removed or des~oyed and conta~ Nud outer
sections 20 connected to the contact stud inner sections
16 which have become baked in the electrode mass I0.

During the downwzrd ~av~ of the ~¢c~ode the lower-
most row of contact studs become supported by aux-
iliary suspenNon means preferably depen~ng from the
~afionary casin~ such as a plurality oi chMn means 21,
only one of which ~ Hluarated on Figure 1 for the sake
of clafit~ When not in use as auxiliary suspen~on
means, the chNn means 21 may be removed from the
operating area of the furnac~ as by securing the flee
end of the chMn means 21 to a suitable holding de~ce
mounted on the aationary caNnN such as eye 22. With
the lowermo~ row cf conta~ studs supposed by the
auxilNry suspension means, the bus bars 23 may be de-
tached from the lowermost row of contact studs and
moved to new positicn a~acent the ~ewly prepared row
of ~ud~ as by vertical a~ustment of the maser bus
bar 24 as ind~ed at 25. On arrival in new posifio~
the bus bars 23 may be conne~ed to the new row o~
contact studs and the ~ectrode we~ht re~an~erred te
the mMn suspension means oper~ing through bus bar~
23. Slight upward movement of the mMn suspensMn
means will then release the auixilary suspenNon means
21 which N then removed from the operating area as
by securing the flee end of chain means 21 to eye 22
as previously explained, at wh~h time the lowermost
row of studs are removed in the usuM mannen

T~e masmr bus bar 24 and thesuspens~n bus bsr ~3 are
vertically a~ustable as indicted at 25 by suitabie means
such as a ~cking sy~em (not shown) Nmilar to that
dNclosed in connection wRh Legeron Patent No.
2,169,563. Addition~ furnace features necessary for
effluent operation ef the ~ec~ic furnac~ such as heod
means 26 and gas collecting and exhansfing duds (not
shown), are well known in the art and have been omitted
for the purpose of simpliNty of Hlustration.

The connection means nece~ary b~ween the comact
stud inner sections-16 and the contact stud outer sec-
tions 20 may be of any suitable type wh~h will impa~
suffic~nt ~rength and de~ficN conductiv~y properties
to the resulting conne~n. As an example of a suitable
connection means havin~ the requisite s~en~h and de~
tricN prope~ies, Figure 3 illustrates a threaded connec-
firn whereby the. contact stud in~ecfion 30 ~ provided
witha female thread port~n 31 and the contact stud outer

" ~ection 32’~ provided with a threaded male portion 33 and
7N -a ~uitable bus bar connection means 34 which .may be



in the. form o fan aperture or projecting bar-likeportions.
Though not essentiN, nut 35 may b~ utilized as at 36
to lock the: threaded sections together ~ any dented
rdative rotationM position to allow the bus bar connect-
ing portion 34 to be in vertical position for connection fi
with bus ba~ 23 irr~pective of the rdative romtionN
position of the con~ ~rd inner ~cfion 30, while N
the same time maintNn~g a pressure contact b~ween
1he threaded port~ns 31 and 33 to ensure agood condu~
five contact through the connection. 10

Figure.% 5 and 6 illustrate another form of su~taMe
con~ stud connection means wherNn inner section 37
~ provided with a ferule bayonet, portion 38 which ~-
eludes a s~p ~dge 39. and a locking cam surface 40
The outer contact ~ud section 41 h provNed with a lfi
bayon~ type male section 42, ha~ng a widened end
portion and a suitab~ bus bgr connecting portion 43
for connection of the contact stud to bus bars 23. Fi~
ure ~ fl~s~ an end view of the outer contact stud
section 41 shown in Figure 4, showing the widened male 20
end portion 42 of the connection means. Figure 6 illu~
~ates an end New of the contact ~ud inner section 37
showing the widened hollov¢ porticn 43 ~ui~ble for in-
sertion of the key portion 42 and showing in do~ed
fine the ~mNe bayonet section 38 and ~op means 39. g6
In use th~ form of connection means will require the
placement of the ~ng NmenNon of opeNng 43 in h0~-
zontal position when the con~ stud inner section 37
N countersunk in the ~e~rode ma~. Connection ~ a~
corNnNy accomplished by insertion of key portion 42 g0
through ape~ure 43 followed by r~afion of the ou~r
con~ ~ud section 41 through 90° to place the ou~r
con~ ~ud section in lock position and to N~w the
bus bars 23 to be connected to the outer contact stud
~ction 41 as ~ 43. 35

Figure 7 fi~r~ yet another form of connection
means wherNn contact stud inner section 44 N prodded
with a recess 45 of preferably conical cros~secfion. The
contact stud outer section 46 ~dud~ a mNe connection
portion 47 made np of expandaNe ~ctions 48 w~ch when 40
in connecting position are expanded agNn~ the Mdes of
recess.45 of the Nner section 44by suitable means such as
bNt 49 acting through boR head50 by pr~sure exceed as
by fighte~ng nut 51. SuRab~ connection means 52 are
prodded on ~e outer section 46 to allow connection of 45
the ontersection te suspension bars 23.

Figure 8 illu~r~ a form of sectional contact ~ud
Nmiiar~ to that illus~ed in Figure 7 in that a male ex-
pandaNe section h used to connect the outer section 46
to the inner se~n 44. Like pa~s in Figur~ 7 and 8 50
are numbered ident~Nl~ The form of contact ~ud ~
Fig~xre 8 ~ffers mNnly from that shown in Figure 7
by Utilization of a roped contact face b~ween the inner
section 44 and the ou~r section 46. Such ~oNng su~
face ~ advantageous in that the Nop~g face 53 of ~ner 55
Section 44 may be arranged to be sub~antiM~ flush with
the surface of ~ationary caNng 11 whik the inner se~
tions are enclosed therdn so as to prevent any ~ndency
for the unbaked pas~ to flow ~om the ~e~rode ma~
into the connection means 45. roping faNng surface 60
54 on the stud outer ~ction 46 when ~ connecting posi-
tion will become flush with the roping fa~ng surface
53 of the cenm~ ~ud inner section 4~ The arrang~
m~nt of Figure 8 Nso ~ffe~ ~om th~ shown in Fignre 7
by ufi5zafion of another type of s~Ne suspension bar 65
conne~g means as ~Nc~ed at 55.

Figur~ 9, 10 and 11 illustrate yet another type ol
~ectioned contact ~ud wherNn the inner section 56 ~
provided with a ~mNe portion 57 of polygonN cros~
section and the outer ~ion 58 ~ prodded wRh s~ble 70
suspeus~n bar connection means 59 and the mNe porticn
60/of m~ch.ing pNygon~ cross-section. Use of tNs Wpe
of se~ionN stud contemplates the ho~zontN placement
of inner section ~6 in the de.rode ma~ so as to obese
any ~ndency for the sections to separ~e when in opera- 75

tive arrangement, Figure. 10 N ~ cross secfionN vlew
Mong the fine 10~10 of the outer end so.ion illus~a~d
in Figme 9, showing ~n exemplary polygonN Cro~e~
~on of the rune portion 60. Figure 11 illus~ates an end
view Nong the fine 11--11 of contact ~ud inne~ section
~6 ~lustrated in Figure 9 and illustrates an exemplary
polygonN cross-section of the femNe member g~

Accor~ng lo conventionN practice for the so-eNid
hofizont~ stud arrangement, the con~ ~uds are pos~
tioned in the electrode mass at an anne on the order
o~ 20° wifia respe~ to the horizontN NmenNon as illu~
~a~d in Figures 1 and 2. Such downward Nsposition
of the contact studs has been adopted so as to minimize
the power loss in the electrode mass by redudng the
di~ance b~ween the inner end of the contact stud and
the ~wer surface of the de.rodin However, such Nant-
ing d~posRion Nves ~se to a tendency for the contact
stud to be forced lamrNly away from the ~ectrode mass
by the action of the we~ht of the ~e~rode mass. Place-
ment o~ the contact studs in a ~uly ho~zontal position
serves to remove the tendency for the contact sud to be
forced lamraliy away from the de.rode mass so that
the s~uctnre of the contact stud sections may beNmplified
since they need not be locked agNn~ lonNtudinN sop-
arran when supporting the we~ht of the ~ec~ode mas~
Such hofizont~ placement, moreove~ need not ma~fiNly
increase, the power loss in the electrode mass Nnce the
minimum average N~ance perm~gble b~ween the su~
face of the con~ stud and the lower surface of the
elec~ode mass may be rdafiv~y reduced as a resuR of
such placement.

R wi~ be ob~ous that the various features and arrange-
meats of sectionM studs, ~ationary ca~ng and suspension
means disclosed are susceptible of wide application in the
arL Though the electrode cross-sectionM shape illus-
~ed in Figures 1 and 2 N re.angular, R will be apparent
such cross-section may be Nther drcular or of other
oblong configurafiom A fewer or greater numbe~ of
rows of countersunk inner contact stud sections than the
five illu~rated in Figures 1 and 2 may be utilized depend-
ing on the ~e~rode hNght degred and the r~atNe posi-
tion of the unbaked portion of the ~ec~ode mas~ Mor~
ove~ although the studs are shown in ve~ic~ alignment,
the stud sections could be arranged as w~l in a ~aggered
or aRernafing pattern. Similarly, other forms of suspen-
sion which operate directly from the flame ~tructure may
be utifized in ~eu of or in coNun~n with the auxiliary
suspenNon chNn means 21 and mNn suspension bars
23 wRhout depa~ing ~om the scope of this invention.
Moreove~ the bus bar connection means at the outer end
of the outer section may take various forms other than
those ~sdosed in Figures 3, 7 and 8 for exampl~ such
as protru~ng bars on the outer section cooperable with
hook means on the suspension bars 23 or a surroun~ng
~eeve arrangement mounted on the suspension bars to
enNrde the ou~r end section. Such surrounNng ~eeve
connection means between the outer section and suspen-
~on bar would be particulady clearable in the stud form
disclosed in Figures 9, 10 and 11 where the stud ~ ar-
ranged snb~anti~ly perpen~cular to the suspension ba~
Nnce such arrangement would have an inherent gmplMty
of con~ruction and ease of man~ulation.

Although as shown in Figure Z aperture 18, for the
in~rtion of the contact stud inner sections into the Ne~
trode mass has an axis perpen~cular to the ~ationary
ca~n~ R wi~ be apparent th~ such aperture 18 may have
roping Mdes to fadfitate conta~ stud inner section inser-
tion ff de,red. Moreove~ the contact ~ud inner section
16 may be placed in position at the top of the de.rode
mass r~h¢r than bNng inse~ed into the Ndes thereoL thus
eliminating the necessity of having any break whatsoever
in the ~ationary ca~ng Nd~ ff deske~ thus fu~her re-
dudng the hNght and wNght of the de.rode mass.

R w~l be further apparent that due to the unbroken
nature of the sides o£ the stationary casin~ such casing



m~ be ~em~y ~bbed ~ a~ mann~ de.red ~ con-
sMe~o~ of w~g~ and ~gth ~ ~n~ ~
s~po~ ~.

~at I cla~ ~:
1. ~e comb~n of a s~ba~ng electrode mass 5

~ an ~per ~a~c or unbaked po~on and a
lower baked po~o~ a stationary ca~ng su~oun~ng s~d
de~rod~ s~d c~g berg prodded ~th a row of ~aced
~e~ ~ that zone of the ca~ng where the lateral
p~u~ of the ~ec~ode mass is r~N~y ~w, s~d ~er- 10
tures added to ~Ne ~ner contact stud sections there-
throug~ ~mova~e ~ner sections of tw~p~t contact
studs ~ed throu~ said ~en~ and embedded
~n the ~e~rode mass ~ such mann~ ~ ~ pro~de
successive ho~zontal rows of ~ ~ud sections 15
~ong the v~tic~ a~s of s~d ~e~rod~ the outer ends of
s~d ~ner contact stud sections berg ~t~n ~d ~o~
a~ caring b~ ~o~y a~t thew~ the~o~ each row
of emb~ded ~m~t stud sec~ons b~ng s~y ~
ther~n as ~e ~ode m~s passes do~ ~ugh 20
said ~y ca~ng and ~ p~es~v~y baked, and
~th the outer ~s of the ~o~t contact studs
ada~ed to be condu~N~y connected to the outer end of
the embedded ~ner stud ~s as each row of said
embedded stud sections em~g~ from the boaom of the 25
~ationa~ c~n~

~ ~e com~n~n as ~ ~m 1 ~e~ pdma~
~en~on m~ are prodded for detachable connection
~ the outer end po~on of the outer sections of the
tw~pa~ contact studs and auxiliary ~on means ~0
are prodded for detachable connection ~th the outer
~ of ~e tw~pa~ contact studs at such time when
¯ e pr~a~ ~en~on mea~ ~ b~ng detached from the
~w~m~t row of contact studs and connected to the
outer section of the co~a~ studs ~ the ne~ ~gh~ row 8fi
~h has eme~ ~om the bosom of ~e ~y
ca~n~

3. ~e comb~ation as ~ cl~m 1 ~er~n the outer
end of the ~ner ~ ~ the ~pa~ contact studs are
~M~ ~th means for connection ~ the outer see- 40
fio~ s~d means b~ng ~ the ~ of recesse~ s~d ~n~
stud sections b~ng prodded ~ shielding memb~s
~d to cover said recesses and to prevent any of the
unbaked ~e~rode m~ed~ ~om ex~u~ng ~to s~d re-
ce~ during pa~age of ~e ~e~mde mass and embedd~ 45
s~d ~ctio~ ~~ ~rou~ the stationary ca~n~

C ~e comNn~n of a sd~baNng ~e~rode mass
having an ~per Na~c or unbaked po~on and a lower
baked po~o~ a ~ona~ c~ng su~oun~ng sMd elec-
trod~ said caNng ha~ng a NurMi~ of spaced ~er~res 50
around the peNphe~ ~ereof in a Nane pe~en~cNar ~
Ne vertical axis of said ~e~rode and bNng ~ that area
of the c~ng where the ~e~rode mass is Nasfic or un-
bake~ sNd ~er~res added to rec~ve Nner co,act
stud sections ~ere~roug~ removaNe ~ner ~ons of 5b
~o~a~ contact studs ~se~ throu~ said ape~ures
and embedded ~ the ~ode mass ~ such manner as
to pro~de succe~Ne hoNzontal rows of embedd~ stud
se~ns a~ng the yemen ~is of the ~e~rod~ the outer
ends of said embed~d stud sec~ons bNng flush ~ ~e 60
inner surface of said c~n~ each row of emb~d stud
sections bNng secur~y fixed in the ~ec~ode mass as it
passes downwardly throu~ said casing and ~ bake~ and
~th the outer sections of the tw~pa~ contact studs
added to be connected ~ current carr~ng mann~ with 65
¯ e outer end of ~e embed~d ~ner stud ~ons as each
row of sNd ~ner stud sec~ons emer~s ~om ~e b~m
of the ~ona~ ca~n~

5. The combin~on as ~ clNm 4 wh~ein p~mary sus-
~nsion means are wovided for detachable connection with 70
¯ e outer end po~on of ~e outer ~ons of ~e two-
pa~ contact studs and shM~ng means are proNded on
¯ e ou~r en~ ~ ~e ~ner em~ stud ~ctions d~ing
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passage of the de.rode mass through sMd ea~ng to pre-
vent adherence of de.rode m~erN1 over sMd outer ends
and thus ~sure good conductive connection b~ween the
inner and outer contact stud sections.

6. The combination of a s~baking e~c~ode compfi~
~g an upper plastic or unbaked portion and a lower
baked portion, a stat~nary caNng su~ound~g said elec-
trode, a plurafity of removable inner sections of two-
part contact studs embedded within the ~e~rode N such
manner as to proNde succ~sNe horizontal rows of em-
bedded stud sections Nong the verticN axN of sNd elec-
trod~ ~e outer ends of said inner contact stud sections
within sNd ~ationary ca~ng bNng dos~y a~acent the
inner wN1 thereoL each row of embedded contact stud
~ctions adapted to be securely fixed within the de.rode
as the electrode mass passes downwar~y through sam st~
fionary caNng and ~ progr~siv~y baked, and a plura~ty
of outer sections of the two-part conta~ ~uds adap~d
to be conduc~vdy connected to the outer end of the
embedded ~ner stud serious as each row of sMd em-
bedded stud sections emerges from ~e bosom of the
~afionary c~in~

7. The combination of a sel~baMng de.rode compfi~
ing an upper plastic or unbaked portion and a lower baked
portion, a stationary caNng su~ound~g said ~ectrode
with sMd lower baked portion exten~ng below the bottom
of sNd caNn~ sNd casing hav~g a plurality of spaced
apertures in that zone of the casing where the ~ec~ode is
plastic or unbaked, sMd ape~ur~ adap~d to receNe inner
con~ stud sec~ons therethrough, removaNe inner sec-
tions of tw~pa~ contact studs ~ed through sMd
apertures and embedded with~ the ~ec~ode in such
manner as to pro~de succes~ve hofiznntM rows of em-
bedded stud sections ~ong the verticN axN of sMd elec-
trod~ the outer ends of sNd ~ner contact stud sections
with~ said s~tionary casing bNng a~acent the inner
wall thereo~ each row of embedded cnn~ stud sections
adapted to be secur~y fixed within the electrode as the
dec~ode mass passes downwar~y through sam s~fionary
caNng and is progressN~y bake~ and a plurality of
outer sections of the two-part conm~ studs conductiv~y
connected to the outer end of the embedded inner stud
sections as each row of said embedded stud sections
emerg~ ~om the bosom of the ~ationary caMng.
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~ROCE~3 FO~ T~ ~~ ~ E~C~C
~~ BY ~ OF ~N~NUO~
E~C~OD~

F~edbe~ ~e~ Bu~mf uber Ko~e~ ~
as~gnor to ~~m Ak~~h~
~ near CMogn% G~m~ a corporation of

FJed ~ ~ 1~% ~e~ N~ 851~13
C~m~ p~o~ ~c~ ~y N~. ~ 19~

~e ~t in~enfion ~dates to a p~ ~r ~e
~on ~ ~ec~ ~ by means of ~s
electrodes prov~ed ~th a met~ shall and a ~M1 ~ein-
~em~ sa~ ~od~ b~ng ~a~ ~ ~e ~a~ ~
whi~ ~ey are u~. Said process consists ~ ~fing
~e b~m edges o{ the current ~p~ in t~ u~
pa~ o~ ~e ~e~rodes abo~t 1 to 5, p~s~ a~o 2, cr 3,
or 4 m~s ~ove the ~p~ e~ ~ the baked part ~f ~e
~e~rod~, M ~nd~fing ~e cu~nt o~y ~u# ~e
m~ shall and ~e met~ r~cem~t to the baked
~art of the electrodes, and ~ mMn~ ~ these metal
~ a ~r~m d~y ~t ~e~ 2.5 amp~/mmF
of the cro~s~ection ~ ~ m~, {or exa~ the c~ss-
section ~ ~on. ~e process ~r~mo~ ~m~s ~ that
an ~ec~ode is used of w~ch the m~M ~ and the
metal ~~t h~ a cross6ection w~ depend-
Mg ~ ~e c~m ~n~L ~ ~ p~m ~e m~l
p~ ~om ~ ~oaer than +500° C. in the coupe
~f ~e op~M~n when ~e ~e~ p~s~ ~ ~em.
In addition, ~e spe~fic current ~ ex~d on the ~tM
~e~rode does not exceed 4 amp~/cm~ of the cros~
sectio~ o~ the ~ode.

~e denim makeup of a ~mace and ~t~de av
s~y which ~st~s ~e state o~ ~e prior a~ but
not t~ ~em~t as ~nd in ~e present i~n ~
disclosed ~ U.S. Patent 1,440,724 ~su~ to S~e~

~ has ~ready been p~p~ to fit the cu~e~ ~p~
in the unbaked p~t of the continuous ~ec~od~, and ff

m~ shall ~d ~e m~al r~n~eme~ of c~
Cee~d~ for the current sup~y ~om ~e unbaked pa~
to the ba~d pa~ ~ ~e Me~rod~ hew~. up m ~ow

supNy ~as been m~ on that part of the ~c~
fl~at had already been baked. It ~as ~s ~p~d to
keep ~e passage ~om ~e ~e~rode ~pp~ to ~ l~
e~d of the ~e as short as p~Nb~ and, in order to
attNn thN o~e~ electrode ~ppw~ prNec~ng Nto the
Nr~ were used ~ ~h the ~ent s~ply was fitted
in ~e ~osed furnace beneath the co~r o~ ~e Nrn~

No% I h~e ~ ~ it N p~s~ to ~ ~
suc~ ~ec~de suppo~s pr~ec~ng into ~e furnace and
m ~st~l ~e ~t ~p~ f~ ~ove the upp~ end
of the ~akeg part ~ con~nuous de~rodes by mN~a~-
ing in ~e metal shell and Ne metal ~c~t a cur-
ren~ denny not ex~e~ng 2.5 am~mm~ ~f the
cross~ec~on ~ the me~, for ~amNe Ne ~~
of kon.

By g~ng the current ~ad, it ~ ~e ~ ~n~
the total current supplied ~mu~ the metM she~ a~ ~e
meal ~eme~ m ~e ~aked p~t ~ ~e ~ode

2
~ ~ m~e~ ~e m~m ~ mM~Mn~g
~ ~fi~ ~ t~ m~M shell ~d the metM ~-
~c~ ~ that ~ese metal parts do not beco~
~ ~ +500° C. ~en the current passes ~mugh

5 ~ ~ ~ co~e of the operation.
When ~ current denMty ~ ~#er than about 2.5

a~s~ of ~e ~v~n ~ the roaM, f~ ex-
a~le 4 ~ 5 amp~/mm3 ~ ~e cross-section ~ the
metM, ~ m~M sh~l and ~e m~M ~c~t be-

10 come so hot ~e to ~e ~r~m p~g ~rou# ~em
and due to ~e heat pas~ng up ~om the ~e that
~r b~aMng ~ng~ is ~M~ so ~at ff occurs that
¯ e ~e~rode brews ~ ~e ~y ~ ~e ~aMng zone
due to its o~n w~t.

15 ~ ~~ ~e cross-section og the met~ shall
and ~e metal ~i~o~em~t ~eat eno~ that both
metal parts do not become unduly hot ~ ~ the case
~ a ~t d~y ~ ~r ~am~ 4 to 5 amp~, ~e
~>secfion ~ ~e s~ll and ~e ~eme~ wo~d,

gO ~ the case og u~ng ~on, b~ome so large ~at ~ mu~
i~ wo~d ~t ~ ~e malt ~ ~e de~fic ~m~e w~ch
would rend~ ~ i~ to work in an econom~
mann~.

~g ~ to ~e invenfioa, ~e cros>section of
25 ~e m~N shell and ~e me~ ~~ ~k~

smMg k ne~ oNy ~e ~ch N~ a ~nt denny not
~c~ 2.5 amp~/mm~ of the cross-section o{ ~
met~ for exa~ Ne cross-section of kon, does not
c~se an un~e he~n~

30 ~e ~p~fic cu~nt ~ad ~r ~e tot~ dectrode must
not exceed 3 to 4 ~~z ~ the cros~secfion ~
the ~tm~ ~ ~er ~at ~e baMng zone ~ as close as
posNNe to the I~ end of ~e ~ec~ode, i~. that ~
~k~ p~to~ ~e~c~ N ~L W~n ~a

35 N~ current ~n~ for ex~Ne 6 to 7 ~m~
of Ne cros~secfion ~ ~ e~c~od~ ~e ~o~ ~
~ any case ~e b~d Ng~ into Ne zone of the cu~ent

~~ has s~wn that continuous ~e~rodes can
40 oNy ~e ~p~a~d ~ a ~tiffacmry man,when the baked

p~ ~ ~e de~mde ~ ~o~ i.~ ~ ~ ~ ~ ~t
~ ~ ~e diam~ of the electrode. Wh~ a
longer section of the electrode has been b~, tNs ~nN
baked trunk ~ not oNy ~p~ to an ~s~ extent

45 to me~N ~ansverse forces ~uL due to ~s Ngher
we~ ~ too ~ of a load ~ ~e dearode shall and
Rs i~ ~n~m~t ~om wNch the baked ~unk is
suspended whey or to a c~d~mNe extenL

In compafimn ~th the d~tm~ suppor~ pr~ec~ng
g0 ~to ~e ~urnace ~i~ h~ ~een used hi~e~o, the

process according ~ the invention has ~e ~a~ ~
the c~~ co~ device bring ~M~d ~ clos~
¯ ~n~ be}ow Ne gurnace cov~ can ~e ~d ~
a~ that ~e ~ppo~ need no longer pr~e~ ~ dm~y as

g8 ~e N~ ~e N~e b~ ~ ~ ~ ~n be
fig~ as M~ up as p~siNe a Ne ~tm~.

~a~ ~m Ne gact that the current supplies ~ ~s
exposed to a lesser strNn by the ~m~e ~at and o~ng

60 ~e advantage that the ~ent supplies need oNy ~e M-
just~ at ~g in--Ms because, the loner the d~tance
from Ne c~er of Ne f~ to the current su~ the

~c~ h~ ~ be a~us~d. ~e ~r~ ~PNY on
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the ~e~mde can thus travel .dowrc¢¢ard with the ~e~rode
~ the same mann~ as before for a co~ably Nnger
~ance ~efore i ~becom~ necessary to pull the cu~ent
~pNy up agNn ~ecause it has arrived at the bosom of
~e ~rnace cove.

A ~urther mo~ficafion of Ne Nvenfion consists ~n uNng
~ation~y cu~em suppli~ and supporting, gfting and
lowering de~ces engaNng at the upper ends of Ne
elec~ode~

In tNs mann~ ~e advantage is gNned that ~e cu~ent
supples need no longer be adjured at NI because they
no longer travN downw~d with the ~e~rod~ and are
then pulled up agNn but a~, ~or example, fixed opp~te
the cover o{ the Nrnace.

When worNng accorNng to tNs modNcation, the cur-
~nt ~pp~es are suita~b~ oNy used in tMs capacit~
The ~ppo~inN ~fting and lowe~ng of the ~e~rode N
effected by de~s engaNng at Ne upper end of the elec-
~od~, for example at the top section of the electrode
she~.

For the op~ation of furnaces by mea~ of continuous
Ne~rod~ acc~d~g to the invention it ~ furthermore,
of con~d~aNe ad~¢antage that a~enfion need not ~e pMd
to the state of ba~ng of the N~odes. The baNng zone
~ ~e ~e~mde m~q .of course, ~em~n ~ene~h ~e cover
~f the furnac~

It was ~ be exposed N~ a cu~e~ condensadon to
the ou~ide would occur ~ the electrodes so that ~e
cross-section of the ~on shell and Ne ~on reinforcement
would not su~ce to conduct the cu~e~ from the current
supp~ to ½e %aked part of the electrode without an
exc~sNe headng of the kon par~ occurring

It was N1 ~e more surpris~g that, ~ spi~ of Ne
sNn effe~, such a p~ge of cur~nt ~ po~N~ without
~easing Ne N~e th~kn~s of ~e electrode she~ even
when ~e cross-secti.on of Ne met~ shell and the metal
reinforcement is .on~ as large as pe;mitting a load of at
most 2.5 ampereffm,m.~ of the ~o~4~tion of the m~N.

The inNe FIGURE of the draw~g is an 4ovation
partly ~ section .s~owing ~e apparams of ~e invention.

The follow~g examNe s~ves to ~us~e the inven-
tion, but it is not intended to Hmit it N~o:

Examp~

{n a Hosed ~tNc Nrnace for the preparation of
ph~phorus, three continuous ~ec~odes 1 (oNy one ~ing
sho~vn) of each 1350 mm. cross-secdon are a~anged at
the corners of an eqNlat~M triangle wh~eby the distance
~ween the aNs of the ~ec~od~ is about 3000 mm.

The ~teNor of the furnace is sealed agNn~ the out-
Nde atm~phe~ by a furnace Hd Z and by sm~ng ~ngs
3 ~ranged around the e~c~odes. The electrodes have
an iron iack~ 5 .of 2 mm. N~kn~s of the she~ and have
a totN kon ~o~ection toge~ of about 220 cm.~.

The ~e~rodes extend downwar~y ~om the fnrnace
I~ about 3500 mm. average into the furnace ~r~r
(a pNs b). The combustion zone in wNch the electrode
sub~an~ is baked ~ the i~eNor ~ the ~ec~odes has is
upp~ end ’about 500 ram. below the surNce ef the fur-
nace Bd b. The ~ec~ode potion ~ below this combus-
tion zone is soli~ ,but portion 7 above tl~s combustion
zone ~ n~ baked and is somewh~ soft.

The socket of the electrodes carrNng the curre~ con-
~isting o~ i.~ of a ~ng of ~n comact ~Nes 8 preset by
a Nrnst collar 9 each of a lenNh of 120 cm. e is ar-
ranged so that ~ is above the furnace H% name~ with ~s
bosom edge ,about 1 to 5 m. above Ne upper end of ~e
~nrned pa~ ~ that g .about ~5 ~ <5 .m. above the ~pp~
sur~ce of the furnace 1~ c.

The ft~nace N now charged with the composition
known for the manufacture of phosphorus and consi.sdng
of crnde pho~h~% carbon and silicic ac~ raw mate~al
and wi~ ~n ~ect~c current of about 55,000 .amperes per
~e~rode. The vNmge changes with ~e furnace e~:
~ency desired ~ each case and amoun~ *o severn 100

volts. In the course of this op~ation, the ~e~rod~ do
not become exc~sN~y overheated. The furnac~ can be
opera~d ~ the usu~ manne~

It ,should be noted N tNs connec~on that the ~assage
of the cu~en~ need by no means s~y ~ring ~bout the
heating but that the highe~ mmp~ure occurs in the
~ciniy of the baNng zon% i.e. with~ a zone ~ v/a~h
the furnace heat pa~ing up is Nso effective.

The novN pl"oc~s offe~ the advantage that the elec-
10 trode supports propcting ito the furnace and thNr com-

plica~d cooling dev~es can ~e dispensed with, ~at the
electrode supports suppling the current need oNy be
a~u~ed at longer intervals than usual Nthe~o or need
nc{ ~e a~u~ed at .all at the Ne~rod~, furthermore the

15 cons~uction o{ the de~ce serving to ~sphce the ~ec-
trode can be more ~mple and the ~ec~ode opera~d
sM~y according to opera~ona] requirements, wkhout
ha~ng regard to i~ state of baMng.

In the process of the invention, the gaked ~unk of ~he

20 electrode shall not exceed a ~ngh of about dou,b~ the
~am~er of the ~e~rode and thus not exceed a wNght
of, for exa,mple, 6 tons.

In a certain zone of the ~ec~od% i.e. where the sup-
porHng fun~n ~ ~an~e~ed from the ~on shell to the

~5 sNNNed ~e~rod% the ~e~rod% the kon sh~l and the
kon rinforcement are when mNntaiNng the aforesaN
weight--just about in a position to suppo¢~ ~e baked
trunk of the electrode with safety.

The cmxent load of the cros~sec~on of the metN shell
~0 muss therefor% be kept ~elow the aforesNd limi ~

order that the ~on of the shell, in the c~cal range ~u~
above the baMng zon% does not become ho~er than ~
necessary to ~ng about the s~NificN~n ef the ~ec~ode
mass. Thus a norm~ electrode sh~l will not be heated

85 ~o a subsmntiN degree upon the passage of 2.5 am-
peres/mm.~. Only in the viNnity of a ~mper~ure of
+500° C. would a cu~ent denNty Ngher than 2.5
amperes/ram,x endanger the solidity of the kon.

The total load of the electrode may no{ exceed 3 to 4
&q amperes/cm.~ Nnc% otherwise, there would ~e baked too

long and too heavy a part of the electrode so thaL ac-
coring to experience, the ~ffNH~ of the con~nuous
~e~rode would be impaired.

The process for the operation of ~ectric furnaces 5y
4~ means ef continuous e~rodes equipped with a m~i

shell and a m~al reinforcement, sid ~ec~odes bNng
baked in the furnace in which they are utilized, is thus
charac~zed according to the present invention by the
~oHowing features:

~0 (a) The current supplies are fit~d in the unbN(ed part
of the electrodes in a manner such that thNr lower edge
is about 1 to 5 meters above the upper end of the baked
part of the ~e~rod~;

(b) The cu~ent is only conduced through the metal
55 iack~ and the metal rNnforcement to the baked pm’t of

the ~ec~od~;
(c) The current densRy in the metal sh~l and the

~metal reinforcement is a~us~d such that i does not ex-
ceed Z5 amper~/mm&

60 (d) The propo~n of the cros~se~n o~ the metM
sh~l and the m~al rNnforcement to the cross-section of
the totN ~ec~ode i a~usted such that the spe~fic cur-
rent load exer~d on the total Nec~ode does not exceed
4 amperes/cmA

65 Finall~ there are used ~N~nary current suppli~ as
w~l as supponin.g, Hftin~ and lowering de~ces wNch
engage the electrodes at thNr upper ends.

I dNm:
In a proems ,for operating ~e~c furnaces with per-

70 manent electrodes equ~ped with m~MHc r~nforcemen~,
sa~ ~e~rod~ bNng baked in the furnace in which they
are used, wherein cu~ent ~ suppled to the unbaked pa~
of the elec~odes at a spaced di~ance Ubove the upper
end of the ~aked pan of the electrodes and wherNn sNd

7~ current ~ conduced only through the m~Nl~ ¢einforc~
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menu to the baked pa~ of the ~ec~ode while m~n-
t~ng the cu.rrent density in the m~all~ reinforcemen~
up m 4 amperes per mm.~ the improvement ~h~h com-
prises supplying the current to the ~nbaked part of the
electrodes at a distance of abeut 1 to 5 ,meters ~bove the g
upper end of the baked part of the ~ec~odes, ,mNnt~n-
ing the current densi~ in the metall~ reinforcements up
to at most Z5 amperes per mm.z, and proportioning the
cross-sections of the m~allic reinforcemen~ to the cross-
section of the generN electrodes so that the speNfic load 10

~f the entire ~e~rode does not exceed the value of 4
amp~es per cm.~.
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4 C~im~ (CL ~3--~-~

T~e present invention r~ates ~o electNc furnace proc- 10
esses which employ sol,baking electrodes. More par~cu-
la~y, the present in~ention relates to a method for mini-
mizing delays in elee~ic furnace precedes which occur
due to .breakage of sei~baking electrodes duNng operation.

Self-baking e~c~odes of .the type disclosed in United 15
States Patent 1,44~7~24 to Sbderberg are employed in
vaNous operations in the electric furnace indu~ry. I~ is
a characteNstic of these electrodes, commonly called
"Sgderberg" electrodes, that only the baked lower end
portion ~ electrically conductive to ,any appreciable exmm 20
wRh the upper portion of the s~f-b,aking electrode com-
prising a metal-sheathed highly viscous, plastic mixture
of carbonaceous .mater w~h a ,binder s~eh as pitch or tar.
Under operating conditions, elect~cally conductive clamps
are arranged in contact with the metal sheath for the pu~ 2~
pose of supplying elect~cal energy to the electrode. The
metal sheath serves as the mNn conductor of e~c~ic cub
rent in the electrode :olumn .above the fully-baked portion
of the elec~od~ whioh portion extends down~zard from
ju~ below or slightly within the contact clamp~ ~0

As the lowermost po~ion of the electrode N gradually
consumed .in the elec~’ic furnac~ the electrode column ~
progressively towered into the furnace through the clamp~
additional mix bNng added at the top of the elect-ode
cohunn for the pnrpose ,of maintaining continuous furnace ~5
operation. As a result of loweNng the electrode ~arough
the ~amp~ additional unbaked mix material is exposed
to the heat dev~oped in the furnace and ~n the sheath.
ThN mix ma.teNal is consequently baked and becomes

40bonded to and integral with the Mready baked lower por-
6on o~ the elec~ode. In order to achieve continuous fur-
nace operation, R is necessary that an effective bond exit
throughout the baked portion of ~he eleo~ode. Since the
mate~als in the ~ectrode mix, coal, pitch and the lik~ are
natural unrefined substances and therefore ~ariable in 45
characteristics, satisfactory bonding N not always achieved.
As a consequence, when a poorly bonded zone is presene
below the eleotrode clamp~ e break sometimes occnrs,
resulting in a so-cNled stub, and ~ becomes nece~ary to
shaft-down the furnacm Under these ckcum~ances, the ~0
wesently known practice N to break up the stub, by blast-
ing or ether means, so that it can be removed from the
furnace. A~er removal of the stub, asteel plate ~ welded
over Che lower end of the elec~ode colunm to preven~ i~
possibl~ loss of the plastic mix above ~hebreak. The con- 65
ventionN procedure for starting ~ new eleotrode ~ then
followed in order to produce a suffic~nfly extended new
baked portion below flae electrode clamps which can be
satisfactorily employed in the furnac~ ~qa~ entke opera-
tion, i.e. removal of the stub and generation of a new 60
baked portion, generally requires b,tween Nx and eight
days, depen’d~ng on the Nz~ i.e. diamete~ of the electrode,
and accordingly a severe economic penalty ~ placed upon

theIt isfurnace eperati°n’therefore an object of the present invention to pro- 65

vide a method for redoing an elec~ic furnace to full

operation with a mininmm of d~ay .afar the occu~ence
of a stub-forming break in a sel~f-baking ~e~rode em-
ployed in the furnace.

Other obje~s will be apparent ~om the following de-
scription and dNms ~aken in coNun~ion with the draw-
ing in which:

FIGURE I shows, somewhat schemN~alI~ an eleva-
tion view of a sel~baking elec~ode which has expeNenced
a stub-forming break,

FIGURE 2 shows the e~rode column of FIGURE 1
lowered in pos.i~tion to establish a forcible m,ating contact
with the stun and

FIGURE 3 shows a ~amp for engaNng the ~ec~ode
column and stub which can be used in lhese instances
when a sat~factory close fitting conta~ between the elec-
trode column and stu,b cannot be acla~ve~

In accordance with the present inven’tio~ a method for
repairing a sel~baking ~ec~ode which has expe~enced
a ~ub~orming break in an electric furnace compr~es
b6nNng the ma~ng surfaces of the severed por~ons of
the ~ectrode into forcible conta~; and supplying b~ween
about V4 and ~ normN operating po~er ~o ~e dectrode
un~l additional electrode material ~ baked which is suf-
ficient to permR normal furnace ope~a~on to ~e resu.meC

With reference to the drawinN FIGURE 1 shows a
s~baking electrode 1 ~aving an upper unbaked section
3, e~dosed by a m~al sheath L and a lower baked sec-
tion 7. Electrically conductNe ~amps 9 are mxanged ~o
contact sheath 5 and condnctor 11 ~ prov~ed to supply
electrical energy to the electrode from a suRable source
(not shown). A portion of the baked se~ion of ,the elec-
trod~ stub 13, ~as broken away from the ~ec~ode column
and settled slightly into the surrounding furnace charge
15 requiring shut-down of the ~urnace operation.

In accordance with the present invention, and as Hlus-
~ated in FIGURE ~ ~he upper column of the electrode
is lowered and thereby brough~ into close ma~ng contact
with stub 13, the stub being arr~aged in axial alignment
with the electrode c~umn. When the mating surfaces
of the stub and e~rode cNumn are aligned and in
contacL a forc~ contact N provided by cauNng a por-
tion of the we~ht of the electrode column to be sup-
po~ed by the stub.

Un’der most circumstance~ when repairing a 42 inch
diameter ~e~rod~ a force of about 2 to about 6 pounds
per in~ between the electrode column and ~ub N su~
fiNen~

A~ter forcible contact is establishe~ e~ctfical energy
is once again suppled to the electrode through ~amps
9. Howeve~ the v’alue of the power input is r~d
tob~weenabout ~/4 aad V3 normal oper~ing valu~ The
amount of heat developed in the furnace by the reduced
power input w~l result in sati~actory con~nued baking
of the plastic mix wlfi~ ,a~ ~he same time cau~ng the
lmvermost portion of the ~ec~ode to be gradually con-
sumed in the furnac~ A higher power ~put, o~ the
other han~ ~vi~ ~nd to di~upt the forcible suppo~g
contact betwen the ~ec~ode column and stub and also

creasedprevent amountC°nsumpti°nof heat and°f the :~;~ut~gnao~e~aTft~eil~:
~v~y high ~e~Ncal resNtance comact between the stub
and dec~ode columm Lower values of power input
have not been found suffiNent to provide sa~actory bak-

theing of additionalelectrode, mix to compensa~ for consumption of

Normal operating power values for ele~ric furnace



op~ations vary depen~ng on the ~am~ of the par-
ticular ~e~rode and to some extent ou ~e pa~:icuI~
mix employed. In general, howeve~ norm~ operatNg
power ranges between 12 megaw~ and 25 megawatts
for ~ec~odes having ~ame~ between 42 and 50
inches. Accor~nNE the ~duced power ~put values em-
ployed ~ the m~hod of fhe pr~ent ~venfion will mo~
o~en range baween about 3 row. and 8 mw.

In the pra~e of the present ~ve~bE the ~duced
dec~ode poweL i.e. baween V4 and Va normN vMue,
is applied con~nuous~, except for shoA interruptions
about every three or ~ur hem’s to permff safe ob~rva
fion of the contact b~ween the decaode cNumn and
Sub. As prev~u~y mentioned, the ~wermost portion of
the stub N gradually consumed in the wac~ce of ~e
pr~ent ~vention and accorNnNy the de,rode cNumn g
~w~e~ i.e. ~ed m the ~me ex~nk As a ~uR of
the slipping, additionM dec~ode mN ~ exp~ed to Ngh
temp~ures and ~ consequently baked ~d bonded ~o
the eMsting baked portion of the eMc~ode.

During ~e period when the ~e~rode power input ~
between ¼ and V3 normM, ~e Nec~ode is p~mNy
opera~d in a carbon defic~nt furnace so th~ the contact
between 6ae eM~rode co~mn and Sub can be conven~nt-
~ N~e~ed. in the case of a calcium carbMe furnac~
tlae su~ound~g charge durMg th~ period wo.uld ~e p~-
dominantly gme.

Under most drcum~m~ce~ wi~ ~l.f-bak~g dec~od~
of the type usually emNoye& the baMng of a new port~n
of de~l’ode mN suffident D p~mit normN furnace oper~
ton will be comNeted ~ about 40 to 48 hours. Mo~
ofmn the ~ec~ode ~ub w~l have been sub~antiaHy con-
sumed ~ the same amount cf tim~ ~ the s~b has n~
b~n comee~ consumed by tNs time, the .applic~n of
~c~ed power D the e~rode wH accomplish thN ~-
~g in a very sho~ perle& In comparison with the 40
to 48 hours ~ctuired N the pre~nt invention, mhen ~ng
previously known ~chniqu~ ~r the same purp~ b~
tween six and Nght days were ~qu~ed before normal
Nrnnace operation coNd be ~sume&

It ~mefim~ happens th~ a close fitting of die stub
an’d dec~ode column ca,mot be achieved over a mNor
person of the iNnt. Und~ these circumstance~ thee N
a very substanti~ d~tricN red,once ~ the contacting
surfaces and the consequent iSR generation of heat ~
consider~ble and cauls ~x~Ne evolut~n of gas from
the mix b~der wNch ~n~ *o digupt the supporting con-
tact between the stub and electrode cotumn and Nso re-
duces consumption .of the stub. In order to reduce the
ex~Ne and nndeNrabM generation of heat witNn the
i~nt, an de~rically condu~Ne path N provNed between
the aNacent p~h~M su~ac~ of die cdumn and stub
and shunting the into. in tlis manna, die amount of
he~ at the vM~ of the jNnt ~ to!erabie while the cur-
rent M the lower baked porgon ~f die de,rode ~ sub-
dent ~ pro~de the ke~ nec~l’y for s~gN~ol’y baking
of ad~fionM mN as the ~ec~ode N slipped, and for con-
sumpfion of the stub. Xn a p~ged embo~meng the
shunting ele~rically conductixe path ~ in the form of a
meial damp of the ~pe Hlustra~d in FXGURE 3. The
damp of FXGURE 3 N sN~b~ formed .of s~ #~e and
N seen ¢o be constructed in two se~tion~ ~7 and ~ M-
though more than two sections can be employed when
de,red.

When assembMd, die dsmp ~ cyl~drical ~ form having
a ~ardaeter co~pondNg to th~ of the dec~ode to be
~p±~ The damp mn~ be M~g enough tO enclose the
ioint ~nd provide an effe~ive Contact be~veen ~e ele~
trode col.umn and stub. it N also of adva~age to make
the ~amp sn~ciently Mug to ,asM~ in mechanically
stren~heNng the iNnt.

As shown ~ ~XGURE 3, each ~ction cf the damp ~
provNed with drilMd flanges 21 and 23 through wNch
bN~ may be fastened to secure the damps abou* the
~nt (not shown).

sec~on ~ prodded with ~ubs 25 for the purpose of pony
~a~g ~e ~e~rode to th~eby ensure good electrical con-
~ct and mechan~M ~ngthen~g of ~e jo~t by ~duNng
the possibility of r~afive movement between the ~e~rode

~ cNumn and the ~ub.
The f~Mwing examNes are provNed to more deafly

~lustrate the present invention:

E~a.mp~ I

10 A th~ph~e ~e~fic furnace emNo~ng 42 ~ch dg
ameer SSderberg ~e~rodes was in op~ation for the
manufacture of cNdum carbN~ A break occur~d ~
one of the ~e~rodes at .between 6 and 14 Nches below
the contact #Nes ~ an anne og about 10 degrees from

i5 hormonal The ~sMt~g stub, about 75 ~ch~ in Mngth,
seeded ~veral ~ches ~to ~e su~oun~ng furnace charge
and N~d slightly from ~erficM The ~ec~ical power
input m the furnace was ~on~nued when Ne b~ak w~
de~c~

20 The ~ub was returned to aMM ali~nment widi the dev
trode column wNch was then low~ed into mating comact
with ~e s~b. in order to ensure improved condu~ivi~
across the break, a steel damp of the .type fllus~a~d w~
arranged around the iMnt b~ween the ~e~rode ooNmn

25 and stub. ~e ~amp was made from ~/s inch N~e
having ~uds located on about 3 ~ch centerm The Mn,gth
of ~e cJamp was 20 inch,.

After the damp was ~ ~ace, about Va normN ep~a*-
~g power w~ applied to the de~rod~ At about three-

30 hour int~vals the pow~ was shut eft for a few m~m~

to perm~ safe inspection of the ioi~. As the lower end
cf the stub w~ consumed and baMng of the mN pro-
gr~ the eM~rode ~as Mwered further ~to ~e furnace
and the fovNNe contact between the ~ub and ~e~rode

35 column was mN~Mned.
AR~ the ~apse of 40 hours, 70 ~ches ef new ~ectrode

had been baked wh~h was suNNent to permit n~mal
4urnace opera,on. Ad~onMlL at the end of the smme
period the ~ub had been s~b~antNgy consumed. The

40 ~ectrode pow~ ~put w~ th~ore gradually ~ea~d

to the normN vMre ~ this time and full op~Mn cf the
furnace was ~sumed.

Examp~ H

~5 In another furnace of the same ~pe an dec~ode break
oceu~ed and e~enfiaHy die same procedure w~ ~Howed
except th~ a damp w~ n~ employed since an Nmo~
t~al dose mating contact ~as achieved between the ser-
ved portions of the eMc~ode. Full operation o~ the fur

50 nace was resumed witNn 40 honr~
R can be ~en from the ~bove d~on th~ the present

invention consfi~s a ~benefiNN contribution io the ~t
by pro~zN~g a method for ~or~g an ~e~fic furnace ~
fuli op~ation in a r~NN~y sko~ pe~od of time afar die

55 occur~nce of breakage of a self-baking electrode ~ the
f~rnac~

What ~ rimmed ~:
1. A method for minimizing the delay ~ norton opera-

tion of a s~baMng ~ecWode wh~h resulB from a ~ub-
60 formNg break ~ the baked portion of the ~ee~ode, sNd

m~hod comprising bfinNng the oppoM~ surfaces of the
severed por~ons of the eM~rode into fordNe co~ac~
supNNng between about V4 and ~A normM op~N~’g
pow~ *o the ~e~mde and pro~d~g a cont~uous ~PNY

65 of unbaked ~ec~ode mN and prog~ssN~y ~w~Ng the
~ec~ode until suNcbnt de,rode mN mNerN1 N baked
|o permit r~ump~o~ cf normN electrode operation.

2. A method ~ accordance .wi.th dNm I wh~Nn ~he
s~b cf the ~ec~ode ~ cau~d lo suppcrt a substanfiM

70 poAion of the dectmde we~ht to thereby provide a forc-
~M conta~ between the s~v~ed portions of the e~rode.

3. A method in accordance with claim 1 wh~ein an
de~ricaHy condn~Ne path N pr.ovNed ~etween the ~
r~h~M ~ffac~ of the severed portions of ~e dee~ode
*o reduce the generation of he~ at the contacting ~odeThe inner surface of each clamp 7g



surfaces and ~e~by avoid ~srupfion of Ne fo~N~ con-
tact thereb~ween.

& A me~od in accordance with dNm 1 where~ an
Ne~Ncagy condu~e p~h N provided between the p~
r~h~N ~ffac~ of ~e severed portions of the electrode g
~ reduce the generation of he~ ~ the con~ting ~e~ede
suffa~s and ~eby avid disrup~on of ~he ~orNb~ con-
m~ N~ebetw~n, sMd ~e~NcN~ condu~Ne pa~ b~ng

6
~ ~e ~rm ~ a m~N ~amp engaNng ~e s~ p~-
fiens of the e~c~ofle.

Re~ ~ ~ ~e ~e ~ ~ p~e~

UNITED STATES PATENTS
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~64~860 H~s ................. June L 1953
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ABSTRAC~ OF THE DISCLOSURE

An improved electrode for an electric furnace ha~ing 10
an ~ectrically conductive outer ca~n~ and electrically
conductive, tubular shell positioned inside the casing to
form an annular space between the shell and the casin~

andsh~lelectricaliYand ca~nNc°nductiVea heat insulatingSUpp°rtmateNalmeans c°nnectingfil~ng the an-the 16

nular space between the sh~l and cuing and an electrical-
ly and therma~y conducive, thermally sensitive carbon-
forming composition inside said tubular shell.

This invention relates to improved novel electrodes for
electNc furnaces and to processes uti~Nng them. More spe-
cificNly, R rel0Xes to an imNoved novel ~ectrode for

~ f~e:n~t~z~gwC~abt~i~:Cwtr~i~s ~et~e~2~[~; 2~

reduce&
There are a large number of processes wh~h use elec-

tric furnaces such as processes for the produc~on of ~e-
mental phosphorus, kon. and aluminum from ores con-
taiNng thNr respective oxides. Other wNl known proc-
esses are those ~ which alloys of various metals are pro-
duced such as alloys of silicon, chromium, manganese,
cobalt and the Hke and for the production of certain
chem~aNThe electrodesSUCh as calciummost commonlycarbide, aluminaused in andelectricthe like’fur- g5

naces are carbon electrodem These electrodes are con-
tinuously consumed during normal operations because of
the extrem~y high heat and the corro~ve gas produced
from raw materials. The pre-baked solid carbon ~ectrode
N one of th’e types that has generalIy been used heretofore
and is fabricated as a unit prior to insertion into the fur-
nace. As the electrode N consumed, continuous columns
are bu~t by using various connecting means to 3oin Ne

excess of about 4 fee~ the connecting means is o~en in-
adequate and oRen resul~ in a portion of the ~artially
consumed electrode dropping into the furnace. The ele~
trode "breakage’ resuks in high e~ctrode consumption g0
and unsatisfactory furnace operation.

Aa additional type of electrode has been used in some
instances and is referred to herNn as the ’°sdgbakin~’
type of electrode. This electrode counts of an ~ectrically
.conductive cagng and fins extending inwardly for sup- 65
porting a paste which is elecMcagy and thermally con-
ductive but which ~ thermal!y sensitive and pa~ially
decomposes to form carbon. The paste congas of rNa-
tively small carbon granules and hydrocarbons. This m~-tureN placedis relativelYinto thePlastiCelectrodeat thewhichtemperatureSgenerally atareWhiChin theR 60

range of from about 0° to about 200° C. The higher
temperatures which exist ingde the ~urnace cause the
hydrocarbons to vaporize and to decompose to carbon.
The vapoNzed mateNal escapes downwardly, the hydro- 6g
carbons are decomposed to carbon due to the high tem-
perature and the carbon deposits in the voids between
the carbon granules. A carbon tip is thereby produced
which is extremely reN~ant to the high temperatures and
corrosive gases inMde the furnace. The gases inside the 70
furnace are quite corrosive upon most mateNals from
which the caMngs are .made, particnlafly at the high tem-

2
peratures that exist ~ the furnaces, therefore, holes tend
to be corroded in the casing. The vaFofized hydrocarbons
and the hydrogen which evolves during decomposition of
the hydrocarbons escapes through the ho~s in the cuing
and nor downwardly through the tip of the e~c~od~
The escape of eRher the vaporized hydrocarbons or the
hydrogen in th~ manner resuRs in a carbon which N ~ss
re~stive to the hot gases and high temperature~ The
e~ctrodes are consumed more readily and in some in-

toryStanceSfurnacethe l°Weroperation.P°rti°nThebreakSselgbakingresultingelectrodesin unsafisfac’also
may be constructed in a continuous manner by building
additional columns of the casing and fins and then filling
the columns with the electrode paste.

The prob~ms with electrode breakage and electrode
consumption become more acute wRh both types of dec-
trodes as the diame~r of the electrode increases because
current density at the tip of the electrode increases as
the dNmeter increases. It has been reported that electrode
burn-off increases approximatdy as the ratio of the square
of the current density after an optimum current density N
reached. The optimum current densRy will depend upon
the particular furnace deign and the particular process
employed. Electrode "brea.kage," that is, the dropping

higher temperatures created by the higher curNut dens~
ties.

The present invention overcomes many of the difficu~
t~s heretofore encountered by the previous ~ectrodes by
insuring that the carbon which ~ formed upon the de-
composition o~ the hydrocarbons ~ deposited in the voids
between the carbon granules in the pa~e.

The improved self-baking electrode of this inven~on

haSand anan °uter~ectrically anthermally conductiveand thermally conducfiVetubularCaMng,shell
poNtioned ~side the caMng to form an annular space
between the sh~l and the ca~n~ These elements wi~
gener~ly be round in shap~ howeve~ other geomet~c
figure~ such as ovals, hexagons, octagons and the like
can be used w~h satisfactory resuRs. The casing and
the shell are connected and h~d in thor relative poMtions
to each other by e!e~rically and thermally conductive
support mean~ which can b~ in general, any shape such asfin~ ~ud~the casing andfibs theand she~the like’is filledThe ~i~I~r~2[~nbs~tl~t~

material. Typ~al heat insulating mateNals include the
cements used in furnace mortar and bNck work which
will be descr}bed more in detag her~nafte~ The space
inside the sh~l ~ filled with an elect~ca~y and thermally
conductive, thermally sensitiv~ carbon-forming compos~
tion or paste. Typical examples include the e~ctrode pastaa
normally employed in sdf baking types of Cectrode~
which Nso w~l be described in more detail hereinafte~

The ea~ngs wh~h can be con~ructed from non-metal~c
mateNNs of construction such as electrically conductive
re~n~ ~ructural carbon and graphite, fused silica and the
like or metalfic mate~als wh~h are either ferrous mate-
rials such as carbon ~eel, cast kon, the vaNous ~ainless
sted~ eoppe~coated ~eel, alloys of iron and aluminum
and the Hke as w~l as the non-ferrous mateNals such as
nickel, various nickel alloys of nickel and fin, alloys of
nickel and coppe~ titanium, and the fike. In most in-
~ance~ metallic materials wi~ be preferred. In most
processe~ ferrous mateHals will be satisfactory ~nce they
are relatively inexpensive and are electrically and the~
molly conductive. Of the ferrous ~mate~als, carbon ~eel N
espe~ally preferred. In some in~anee~ howeve~ when
the temperatures inNde the furnaces are relatively high,
such as in the production of elemental phos~horn~ R is
preferred to construct the caMng pHmafily from carbon
steel and use a relatively thin layer of a highly electrically
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conduaNe m~efiN such as coppe5 Numinum and various
h~hly ~e~ricNly conductive alloys. ThN preferred em-
bodiment enab~s a redu~ion in the ogeraing temper~ure
of the caNng by redu~ng the ~eaficN reNOunce and
retains a relativ~y low cost caNng. In most instances
copper will be the preferred m~er~l for plating the
carbon steel. The thickness of the layer of the highly con-
ductive materiN will be dependent upon the particular
~e~rode and the thickness of the caNnN In most in-
aances the Nyer will be from about 1.0% to about 25%
of the totM th~kness of the ca~n~

The shell and support means can generally be con-
aruaed of carbon ~eel, howeveE any of the mNefiNs
which are suRable for the caNng can be used for ~ther
the shell or the suppog means.

The heat insulNing materN1 can b~ in general, any
m~elNl which is thermMly and e~ricNly stable up to
about 700° C. and has a thermN conductivity coeffMent
of b~ow about 12 B.Lm/hE/s% ft./° F./in. at about 500°
F. In mo~ ~aances ~ N prefe~ed to use an insulating
maerial w~i¢h will ~ndergo a hydraulic ~et at ~mperb
rares as ~w as about 25 ° C. and will undergo a thermN
set at ~mperatures of abont 600° C. Su{tab~ materials
include those wh~h have thermM and ~e~ficN ~ab~ky
equNNent to the various reffa~ory matefiMs such as a
high alumina content cemenL cements prepared from
bauxite ~aE chrome brick, fire~ay brick and the Hke.
EspeNaHy preferred are the high Numina content cemems
that have a thermM conductivity coeffic~nt of about 2
to5 Bmu./hm/s% fL/° F.~n. zt about 500° F.

The pa~e which ~ thermally and ~e~ricMly condu~
five and which N pa~Ily decomposed to form solid
carbon is ~picNly a blend of carbon granules and a high
mmperaure pitch such as that obtMned from paro~um
and coal tar distillation. The carbon granules are generally
smN~r than about aA of an inch and generally constitute
from about 75% to about 83% by wNght of the mixtur~
wilh the pith constituting the ~mMnder of the mNeriN.
Suitable mNeriMs include those known in the art used
in the ~aditionM sN~baking e~rodem

E~rode breakage is significantly reduced in the
electrode of thN invention because "wea~Npots are not
dev~oped in the carbon and mechanicN ~nkages are not
employed ~ the carbon portion of the de,rode. The
invention therefore enab~s the use of larger electrodes
wRh appreNab~ less electrode consumption. The dec-
trodes of th~ invention can Nso be continuous ~ea~odeE
that iE columns can be bulk contNning the casinN suppo~
means and sh~l upon the parfiNly consumed electrode
and then the cement and pas~ pours into place.

E~c~odes for ~e~fic furnaces can be Nther solid
or ’~ollowY The solid elec~ode ~ utilized on furnaces
where the furnace burden N fed to the fnrnace externally
to the de,rodin "Hollow" ~earodes have one or more
passages running the ~ngth of the dec~ode and thereby
enable the burden to be fed through the ~e~rode to the
furnace heath. "Hollow" electrodes are also used to
provide a pa~age for removN of the gases which are pro-
duced in the furnac~ The electrode of thN invention can
be either the solid type or the hollow type as de,red for
the particular use. In the hollow ~e~rode of thN in-
vention at ~a~ one tubular member runs inNde the pa~e
the ~ngth of the electrode. This member can be con-
s~uc~d from any of the m~efiMs used for the ca~nN
howeveE in mog inaances h w~l be made of carbon
aeel ~nce the mmperaures inNde the passage w~l nob
really not be as high as those outNde the electrode, Nnce
lhe tubular member will not generally carry the de~fic
currenL In mog inaances the tubular member will be
round in shap~ howeveE other shapes can be used ~
de,red. In most in~ances only one tubular member ~
necessarE howeveE ff de,red a plurality of members can
be used.

Two spedfic embodiments of "he invention will now
be described wkh reference ~o the ac¢ompany~g drawings

4
in which FIGURES 1, 2 and 3 refer ~ a solid electrode
and FIGURES < 5 and 6 refer to a hollow electrode.

FIGURE 1 ~ a longitudinN se~ionN v~w of a pho~
phorous furnace equipped with a sofid e~rode of this

5 invention.
FIGURE 2 N an enlarged v~w of a horizontN seg-

ment taken Mong fine 2--2 in the ~ectrode of FIGURE 1.
FIGURE 3 N an enlarged longkudinN sectionN v~w

of a segment of the lower portion of the ~e~rode of

10 FIGURE 1.
FIGURE 4 is a longitudinN secfionN v~w of an elec-

tric furnace equipped wRh a hollow electrode of thN
invention.

FIGURE 5 is an enlarged v~w of hofizontO segment
15 taken Nong fine 4--4 in the elec~ode of FIGURE 4

FIGURE 6 is an enlarged ionNtudinN secfionN view
of a segment of the lower portion of the electrode of
FIGURE ¯

WRh particular reference to FIGURE 1, a phosphorous
20 furnace I0 is provided wkh a solid ~e~rode I1. During

operatio~ a burden ~ supplied to the furnace through
a convention~ means 12 and an e~c~ic current N sup-
plied to the e~rode 11 through a conduR ~3. The carbon
steel cas~g 1~ receives the curent and ~ansmRs R

25 through the carbon ~e~ suppo~ means 15 (shown in
FIGURF 2 which are fins extending the ~ngth of the
~e~rode) and the carbon steel tubular shell 1~ to an elec-
trically and thermally conductiv~ thermNly decomposab~
pasta 17. During operation the temperature of the lower

30 portion of the de,rode 1~ N about 2000° C. This resuRs
in the dectrode bNng graduN~ consumed. The ~mper~
ture outNde the furnace houNng above the sealing means
18 will generally approach the mmper~ure of the M~
howeve~ due to the conduction of heat ~om infide the

35 furnac~ the pa~e ~7 will be at about 200° C. At thN
mmpermure the pasta is in a mol~n state but the hydro-
carbons contained therein have not reached their de-
composition mmper~ure. The ~earode page 17 N a
typicN pa~e used in a s~gbaking dec~ode and contNns

40 carbon granules of a r~ativ~y smM1 Nz~ th~ is, smN~r
than about 3/s" diamNer and contMns about 17% by
wNght of a high mmper~ure pitch derNed ~om the
dRfiHafion of co~ ta~ As the dec~ode 1~ ~ consumed
and moves down into the furnac~ the temperature of the

45 ~s[~2n~2~;~ rangein s~de thf eromfUrnaCa eboutth4e00~mperatUc, reat the

upper portion iu~ in,de the furnace 10 to about 2000°
C. at the lower portion. The hydrocarbons in the paste
17 decomposes to form hydrogen and carbon ~t temper~

fi0 tures of ~om about 400° C. to 600° C. The hydrogen
escapes downwardly through the dectrode tip ~nce the
tubular member 16 is protec~d from the heat and hot
gases by a ~ffactoty cement 19 and therefore is not
corroded. The carbon deposits in the voids b~ween the

55 carbon granules.
The cas~g 14, the suppo~ means 15 and the tubular

member 16 are each con~ructed of carbon ste~. The heat
insulating mNeri~ 19 ~ a high Mumina content refrac-
tory cement having a thermN conducfi~ty coeffi~ent of

60 about 3 and undergoes a hydraulic set out,de the furnace
hou~ng and a cemm~ set ~s~e the furnace when the
mmper~ure of the cement reaches about 700° C.

Referring to FIGURE 3, the ca~ng 14 N the fi~t of
the members to be consumed ~nce k N ~uNe~ed to lhe

65 hot gases in,de the furnace throughout the peNod of
time wh~h requkes for the ~e~mde to be completely
consumed and carries a Large portion of the ~e~ric
current. The heat insulating m~eriN 19 is l~er consumed
because it ~ more stable to the Ngher mmperatures than

70 is carbon steel and does not carry the electric cu~ent. The
carbon aeel tubular shell ~6 is consumed a~er R ~ d~
rectly exposed to the high ~mperatures by the consump-
tion of the heat insnlafing m~eriN 1~ The pa~e 17 wh~h
has pa~iaHy thermM~ decompo~d forms a carbon which

75 ~ extrem~y reNgant to the h~h ~mperatures and to the



cormNve gases contained wRhin the furnace 10. An in-
creased de,rode fife over any de,rode heretofore known
N achieve& For exampl~ an dec~ode having an outNde
¯ am~er of about 70 inches and operating at a current
den~Ry of ~om about 2 to 4 amperes per square centi-
meter ~ consumed at the rate of about ½ inch per hour
in a phosphorus furnace in which the ~mperature cf the
de,rode tip ~ about 2000° C.

In particular reference to FIGURE 4 an de~fic fu~
nace 20 ~ prodded wRh a hollow de,rode 21. A c~bon
~eel inner tubnlar member 22 (shown in FIGURE 5)
[,ro~des a passage 23 throughout the ~ngth cf the ~e~
trode 21 for the in~oduction of a burden to the furnac~
During oper~ion an dectric cu~ent ~ snpplied to the
dearode 21 through conduit 2~ The other Nemen~ of
the e~rode 21, that ~ the casing 25, the ,support means
26 @hown in FIGURE 5), the tubular sh~l 2~ the re-
~a~ory cement 28 and the pa~e 29 are each congru~ed
from the same m~eriMs and each function in the manner
as described in reference to FIGURES 1, 2 and 3.

The de,rode N seNed in the furnace by a conven-
tional sealing means 30. The burden supplied to the fur-
nace ~ about 150° F., thus the ~mperNure of the carbon
~eel inner tubular member 22 thereby ~ b~ow about
1200° C. for the m~or potion of the de,rode 21. At
the temper~ure no appreNable corr,oNon of the carbon
aed inner tubular member occur.

The Nze of the ~ec~ode, the th~kne~ of the caNnN
shell and tubular membe~ if a hollow electrode is des~ed
will be dependent upon the particular furnace des~n and
can be d~ermined from enNneefing guMelines established
for e~fic furnace~ Addit~nMly, the width of the space
betwee~ the caNng and the shall will be dependent upon
lhe ~mperature out,de the de~rod~ the heat insulating
material used and the m~e~iNs of cons~ucfion used for
the shell. These factors, of course, w~I be dependent upon
the particular furnace and dec~ode deNgn and the
process in wl~ich the ~e~fic furnace ~ bNng used. For
exampl~ in the production of ~ementM phosphorus, s~-
faaory operation N achieved u~ng an e~rode ha~ng
a tubular carbon steel caNn~ having a Nam~er of about
6 fe~ and a thickness of about 0.2 to about ~3 inch, and
a space of from about 2.2 to about 3.0 inches between
the caNng and a carbon s~el sh~l (hating a th~khe~ of
from about 0.08 inch to about ~12 inch), wh~h
space N fil~d wilh a high Mumina conmnt re~a~cry
cement ha~ng a thermN condu~ivity coeffMent cf about
2 B.Cu./h~/s% ~./° F./in. at about 500° F.

What is dNmed ~:
1. An dectrode for an ~e~dc furnace comprising (a)

an de~ficaHy conductive cas~ (b) an de~dcN~ and
thermally condu~Ne tubular shall positioned inNde sMd

5 casing to form an annnlar space b~ween sNd sh~l and
said ca~ng (c) e~ricN~ and thermN~ conductive
support means conne~g said caNng and sNd shell, (d)
a he~ insul~g m~e~ fill~g sNd space b~ween sMd
shell and san c~g and (e) an ele~rically and thermN~

10 co~ducfiv~ therm~ ~nsitiv~ carbon4orming p~ in-
side said tubMar shell.

2. An e~rode accor~ng to ~Nm 1 where sNd caNnN
sNd shell and sNd suppo~ means are each m~all~ ma-
terials.

15 3. An ~e~rode accor~ng to ~Nm 2 where sMd m~a~
tic m~efials are ~ous m~N~

4. An electrode accor~ng to ~Nm 1 wherNn sMd sup-
port means are fins extenNng radially ~om sNd ca~ng
to sNd sheg and extend the ~n~h of said electrode.

g0 g. An ~e~rode accord~g to ~Nm 4 wherNn sNd
caNnN said shell and said support means are each con-
~rn~ed ~om a ~ous m~N.

~ An ~e~rode according to ~aim g wherein said shell
and sMd suppo~ means are each carbon s~e~

~fi 7. An ~e~rode accor~ng to ~Mm ~ wherNn sNd
caMng ~ carbon stee2

8. An ~e~rode accorNng to ~aim 7 wherNn san
casing contNns a rel~Ne~ th~ layer of coppe~

~. An ~e~rode accor~ng to clNm 2 whe~ ~ lea~
~0 one inner tubnlar member ex~nds the ~n~h of sNd p~s~

to thereby pro~de a passage extenNng the ~n~h of sNd
electrode.

1~ An ~ec~ode accord~g to ~Nm ~ wherNn sMd
caNnN sNd shell, said support means and said ~ner

~5 tubNar member are each cons~ucted ~om carbon s~el.
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ABSTRACT OF THE DISCLOSURE

A ~lf-ba~ng ~e~rode for e~ctfic furnace~ ~dud-
~g a c~dficM metal casing ex~n~ng ~to an dectric
furnace with means supporting the ~afing with ffs lower
end loca~d well above the furnace charge. A metal sup-
porting tube extends downward concentricM~ through
the cylindricM cas~g with coa~ deep scow threads
upon its lower po~m Means, such as m~orMfiven
gearM~ is op~ativdy connected to the upper por-
tion of the tube for r~afing ff reMfive to the c~dricM
cas~ A contact ~amp ~ damped upon the lower end
of the c~d~cM ca~ng and connected by condutors
to a 1Mn transformer or other conventionM source of
electric powe~ A bM1 and socket r~ating contact and
non~ating contact a~emMy is prodded ~ the upper
end of the tube and is connected by conductors with
the eM~c power sourc~ or to power factor cor~
fional de~ces ff defi~& Carbon paste ~ ~ed ~to
the open tops of the cylinder and tube and as the pas~
descends ~to the heat zone of the furnace ff fi~t be-
comes #ast~ and comp~tely fills the c~der and tube,
and then undergose a coMng or baMng process and
becom~ hard carbom From time ~ tim~ as the lower
end o the hard carbon dec~ode is burned away ~
the furnace charge, the tube may be rota~d within
the hard carbon elec~ode caufing ff ~ slide downward
through the c~g ~ the furnace charge.

BACKGROUND OF THE INVENTION

Field of the invention

The invention relays to the construction and use of
s~Lbaking Nectrodes in eMctric arc furnaces and to a 45
novN method of produdng such dec~ode~ and more
particularly to an improvement in the art of making
and u~ng se~-baking dectrodes in wh~h virtually no
metal is introduced into the furnace charge by the dec-
trod~ 50

Desc~pfion of the prior art

Under present practic~ self-baking or Soderberg-type
dectrodes are produced in electric furnaces by suspend-
ing in the furnace cylindrical steel ca~ngs of the dP 55
am~er of the de,red electrode.

These casings are hdd in the support damps and
de~r~M power damps ordinarily used to suppo~ elec-
trodes in de,fie furnaces and to conduct eM~ric power
theret~ and they ex~nd ~om the crurble of the furnace 60
upward to an area above the furnac~ pas~ng through
hoods or covers and having thor upper open ends in
an area wherein men may work.

Each casing ~ prodded with a number of in~rn~
reinforcing fins equally spaced around the in,de perim- 65
e~r of the casing and extending radiMly toward the
ax~ thereof. These fins not only reinforce the eM~rode
in its form~ive ~age but Mso serve to conduct ~ec-
trical current from the eMc~ic conta~ damps to the
cured or hardened portions of the de,rode, and further
serve the purpose of conducing heat from the cured or
hardened portions of the ~e~rode to those portions

2
thereof that are in the process of curing and for wh~h
purpose much heat ~ required.

These c~ings are filMd from above with carbon pang
which is a m~ture of powdered anthracffe coM, pow-
dered coke and pitch. As this carbon pa~e descends
into the heat zone of the furnace, ff first becom~ plastic
and comp~tely fil~ the cafin~ afar which it under
goes a coking or ba~ng process and becom~ hard car-
bon before it finally descends into the cruc~ zone

10 of the furnace.
As an decWode ~ consumed, new sections of metal

ca~ng are w~ded to the top thereoL at both the jun~
tu~s of the caring sections and the reinfo~ing fins
therr~ to make a continuous unit of uniform ~rength

15 and conductivity.
As the lower portion of an electrode ~ consumed the

~amps are opera~d in conventionM manner to lower
the sel~baked decWod~ including the steel caring in
wh~h ff ~ endose~ thus introdurng the steal ca~ng,

20 with the steel reinforcing fins therei~ into the furnace
charge.

The ~on conta~ed in the cas~g and fins ~ consumed
by the furnace and enters into the product b~ng made
in the furnace. Since iron cannot be tolerated in some

25 produ~ k has not heretofore been posfible to use se~-
baMng eM~rodes in furnaces maMng such produ~s.

In an effort to overcome this problem, the ou~r casing
has been consWu~ed separatdy from a centrM~ McMed
reinforcing lattice or "Chfi~mas t~e" of ~ain~ ~eel

30 imbedded in the electrode and supposing the wrght of
the same.

The dectrode ~ formed of carbon pa~e which is
hardened in the manner above de~ribed and the hard
carbon portion thereof ~ progre~ed into the furnace at

35 the required rMe, whim the outer Casing is progres~d
through the hMders at the mi~mum rate possUM, re-
sul~ng in a ~fferential ra~ of progr~sinn b~ween the
electrode and the outer steel casing thereoL

Although t~s construction reduces to some degree the
40 amount of kon carried into the furnace by the steel

casing of the eM~rod~ ff has serious disadvantages as
follows:

Firs~ the metal contMned in the cen~M suppo~ ]att~e
or "ChH~mas tred’ ~ carried into the furnace charge.
For th~ reason the ~ttice or "Chfi~mas treC’ must be of
very Hght construction to Hmit t~s contamin~n of the
product with ~on.

Secon~ the nece~a~ly Hght construction of the cen-
tral support ~tt~e or "Christmas t~e" renders ff ineffec-
tive for the purpose of ~ducting heat from the cured or
hardened carbon portion of the electrode to the #astic
portions thereof.

Th~dly, ~nce the central support ~ttice or "Christmas
tree" ~ not attached to the c~indricM steel casin~ no
electrical power ~ made to flow into the central portions
of the electrode such as is the case when reinforcing fins
are a~ached to the in.Hot of the casin~

Thus, the heating and curing effe~ of the de~cM cur-
rent ~ ~cMng in the centrM portions of such de~rode~
thus Hmiting the pos~Me ~am~er of any de.rode thus
produced. In actual pra~ such ~e~rodes hav~ as of
the present, been Hmffed to approxima~ly 40 inches in
diame~L

SUMMARY OF THE INVENTION

In generM term~ the invention may be briefly described
as induing a cylindricM metal casing ex~nding into the
top of an de~ric furnac~ ca~ng support damp means
around an inMrme~e posen of the casing and suspend-

70 ing ff from a support header by means of hydraulic c~in-
ders, contact damps around the lower end portion of the
casing and conne~ed by conductors to a source of elec-
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trical power such as a transformer. The contact clamps ale
¢arried ty a support nructure to which the support header
h a~ached. This suppo~ ~ructure extends upwardly and
h supposed by hydraul~ cylinders wh~h may be actu-
~ed to move the entire elec~ode c~umn verticaUy in
~ther ~ction r~ative to 1he furnac~

The suppo~ ~ructure carries a nonrotating contact
spaced above the top of the ca~ng and concentric there-
wRh. Flexible condu~o~ connect the nonrotating con-
tact to the power source or to power factor co~ection~
devices as defire& A rotating contact ~ journ~d in the
nonrotating contact or bea~ng in the form of a ball and
sock~ joint.

Th~ rotating contact h fixed to the upper end of a m~
tube suspended a~ally within the ca~ng and extending
some dinance b~ow the ~ame. The lower end of thh
metal tube has coarse deep screw threads formed upon
Rs ex~o~ Any sui~ble m~hod of ro~tion of the tube
28 may be pro~de&

The upper end for the dec~ode ca~ng ~ open and ex-
tends upward through various hoods above the furnace in
a conventional manner to an area sui~ble for workmen
to occupy to add carbon pa~e to the casing as needed, and
to w~d ca~ng sections upon the top of the ca~ng ff and
when the ~ame tory be nece~ary.

The upper end of the metal tube h aho open so that
chunks of carbon pa~e may be added thereto as needed.
The rotetab~ ~ube together with Rs rotating contact cr
journ~ and nonrotating contact or bea~ng are ~1 con-
~ruc~d of a sukab~ ~rong and conductive metal.

As the carbon pa~e descends ~to the hot zone of the
furnace ~ fr~ becom~ ~astic and com~etely fills the
ca~n~ after which R undergoes a cok~g or ba~ng proc-
ess and becomes hard carbon. From time to tim~ as
nece~ar~ the suppo~ tube ~ rotate~ un~rewing the
hard carbon ~e~rode therefrom and fee~ng R down
out of the ca£ng into the furnace charge.

As the chunks of carbon pas~ descend in the tub~ the
carbon pa~e becomes plastic and entir~y fil~ the open-
ing in the hard carbon electrode formed by the screw
threads on the lower end cf the tub~ afar which ~ ~
aho cured or baked to become hard carbom

It ~, therefore, an o~e~ of the invention to provide a
~lf-bak~g dearode for de~c furnaces wh~h eHmi-
n~es ~ually ~I m~ ~om entering the furnace from
~ther ca~ng or central reinforcing structure.

Another o~e~ of the invention h ~o ~ro~ge a sd~
baking de.rode of the charac~r re~rred to which pro-
vides means whereby he~ h effectiv~y conduced from
the hardened portions of the e~rode to the plastic
portions thereoL

A further o~e~ of the invention h to pro~de such
a s~bak~g e~c~ode wh~h pro~des means whereby
de~r~M curren~ are caused to flow through the cen~al
portions of the de.rode in the cuing zon~

A still fu~her o~ect of the invent~n is to pro~de
a self-baking elec~ode of this type which ~ so connruc~d
that ff pro~d~ an improved d~t~bufion of de~ric~
current in the ~e~rode.

Another o~ect of the invention ~ *o ~ro~de a s~
bak~g de.rode of the character referred to wh~h
greatly reduce~ and in fact nearly dimples, the ca~ng
used and thereby reduces electrode coam

A further o~e~ cf the invention ~ ~o pro~de such
a s~baking 6ec~ode with improved means for prog~-
ing an eM~rode or ca~n~en~o~d dec~ode through the
caMng suppo~ damps and conta~ damps and into the
furnace as require&

A still further oMea of the invention ~ ~o pro~de a
s~f~aking eM~rode of th~ type ha~ng means for sup-
porting and progres~ng the hardened dec~ode indepen~
ently of the ca~ng snpport damps and conta~ ~amp~

Another o~ect of the invention is to pro~de a self-
baMng eMarode of the charac~r r~erred to wffh means

4
for conducting dectric~ current to the central portions
of the dec~ode independently of the contact damps.

A further o~ea of the invention ~ ~o ~ro~de ~uch
a ~-ba~ng electrode with means for supporting and,~feeP ~rogres~no gcrew" the ~earode on an a~ally d~posed verfic~

A still further o~e~ of the invention ~ to pro~de a
s~fibaking dearode of th~ type with means for cau~ng
e~c~ cu~en~ to flow to the central portions of the

10 e~arode by way of said axially disposed feed screw.
Another o~ea ef lhe invent~n ~ to pro~de a sel~

baking dec~ode of the charac~r refe~ed to with means
for connecting power factor co~ecfion~ and con~ol
devices to the ~ec~ode by way of s~d axially disposed

15 feed ~rew.
It ~ also an objea of the invention to pro~de such

a sel~baking dearode with a non-progr~ng a~ly ~w
posed feed screw connecting the hardened portions of the
electrode to a support and feed screw drive mechan~m.

20 A further objea of the invention ~ to pro~de a s~f-
baking e~c~ode cf th~ type in wh~h lhe a~ally ~spo~d
feed ~rew ~ h~low.

A still further o~ea of the invention ~ to pro~de a
~lgba~ng e~arode of the character refe~ed to having

2~ means for introdu~ng carbon pane to the electrode bak-
ing zone by way of the h~low a~ally ~spo~d feed screw.

~ ~ another o~ea of the invention to pro~de a sel~
baking e~rode of the chara~er refe~ed to in which the
hallow feed screw is fl~d cooled or hea~&

~0 And finall~ k ~ an o~ea of the invention to pro~de
such a s~gba~ng e~c~ode with means for conducting
de~fic~ cu~ent b~ween rotating and nonrot~hg paas
of the feed ~rew mechan~m.

These and other o~e~ apparent from the drawings
85 and f~wing d~c~pfio~ may be aa~ned, the above-

described difficulties overcome and the advantages and
resuRs obt~ne~ by the appar~u~ construction, arrange-
ment, and comb~ation~ subcom~n~ns and pa~ and
methods, ~ep~ procedure~ and modes of operatio~

40 which compfi~ the present invent~ a prefe~ed em-
bo~ment of whick fllu~rafive of the beR mode in wh~h
applicants have conmmpl~ed app~ing the prin~ple, b~ng
sa forth in devil in the follow~g description and illuw
trated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a verficM ~ctionM ~ew through sel~baking
dearode mechanism embodying the invent~n; and

FIG. 2 h a diagrammatic v~w showing the connection
of the three ~earod~ of an ~earic furnace to a power

~0 factor co~e~nM and control de~ce induing a deR~
delta arrangement of transformers with means for con-
necting the same to capa6to~.

DESCRIPTION OF THE PREFERRED

55 EMBODIMENT

Refer~ng now mo~e particCafly to the embodiment
~lunrmed, the upper portion of a furnace charge ~ indi-
cted at 1. The furnace ffsdf ~ not fl~nra~d in the
drawings. As in usual practice, there are various hoods

60 located above the furnac~ one of which is ind~ed in
FIG. 1 at 2.

Each s~Gbak~g de.rode ~ formed within a vertical-
ly ~spo~ cylindrical, m~ casing ~ the lower end of
which extends into the furnace and ~rm~ates above the

65 furnace charge while the upper end of the caMng ~ open
and ex~nds upward through the va6ous hoods such as
~ above the furnac~ to an area suitable for workmen to
occupy while ad~ng carbon pane to the cas~g as needed,
and while welding on a new ca~ng section ff and when

70 the same should ever become nece~ar~
One purpose of the metal caring 3 ~ to contMn and

g~e proper form and support to the carbon pa~e 4 after
ff becom~ plast~, as indicted at 4~ and until ~ has
been cured and hardened into a hard carbon de~rod~

7~ as ~en at 4~
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Another purpose of the metM casing 3 ~ to conduct
de~ficM power ~om the con~ damps 5 to the de~
trode 4b. Still another purpose of t~s m~O ca~ng ~ to
conduct he~ ~om the furnace charge 1 and the e~c~ode
4b ~ the carbon pas~ 4 and 4~

The con~ damps 5 con~ cf a fle~b~ intimate
envdope ~ within a fi~d met~ ring 7 wh~h may cause
the m~ dam~ng memb~s 5 to gr~ the casing 3 when
the flexible envdope 6 ~ ~u~e~ed ~ ~n~ fl~d p~
su~ w~ch may be either gas or fiquid.

The damping members $ are conne~ed to conductor
support memb~s 9 as by the depend~g conductors 1~
and the conduc~r .supports 9 are connec~d, by flexible
conduaors 11 ~ the main pcw~ supp~ transform~ and
associated de~fic~ equipment (not shown) that con-
vention~ sup~y de~ficM pow~ to the de~rod~ of
an e~c arc furnac~

In ad~fion to b~ng suppor~d by the contact damps
~ the c~d~cM m~O ca~ng 3 ~ Mso supported by a
pressure dam~ ~c~ed gen~M~ at 1~ wh~h ~dudes
a flexiN~ infl~ab~ memb~ 13 wi~ a ~d ~ng 1~
and which may be made to tight~ gr~ the ca~ng 3 when
the fle~Ne member 13 ~ succeed ~ an ~ternal pressure
o£ fl~d ~ the form of ~ther gas or Hqu~ ~ any con-
ventionM mann~.

This type of e~rode and casing suppo~ ~ conven-
tionM ~ sd~bak~g electrode furnaces and the con~ruc-
tion and op~ation are wall known and understood by
those versed ~ the art. The pressure damp ~m~y 1~
is aRached to a support header 15 by means of hydraul~
cylind~s 16 and coop~ating pis~n rods 1~ As ~ com-
mon practic~ when the pr~su~ damp ~mNy 12 is
moved downw~d by the hydraulic cylind~s la whfl~ at
the same time the pr~su~ damp ~ made to gr~ the
cylind~cal c~g 3, the c~g will be slidably moved
downw~d through the conta~ ~amps &

And conve~d% when the p~u~ damp ~semNy 12
~ rdea~d until k no ~nger gr~s the casing 3, ~ may
be moved upward rd~Ne to the ca~n~ thereby prepar-
~g for fu~her downward movement of the casin~ ff and
~hen nece~ary.

The support header 15 ~ ~ched to a ~ruc~ ~-
clud~g the rods 1~ connected at thdr ~wer ends to the
condu~or snppo~ membe~ ~ as indicated ~ 1~ and ~
thor upper ends to the hydraul~ cylind~s 2~ as ~-
cared at 21. The pis~n rods 22 of the c~d~s 26 are
conne~ed ~ a s~Ne suppo~ 23 as indica~d at 23’.
The hydraulic cylinders 20 and piston rods 22 thereo~
may be ac~ed ~ move the enti~ de,rode c~umn up
or down rd~Ne to the furnace as de,red.

The horizontal suppo~ memb~ 24 ~ car~ed by the
upper potions of the rods 1~ and forms a part of the
~ruc~ su~ended ~om the hydm~ c~d~s 20. A
nonrotat~g con~ and bea~ng 2~ ha~ng a partially
sphefic~ ce~rM socket 2~ is moused upon the hor~
zoOM support member 24.

A compa~on r~ .semispheric~ contact and jou~
hal 27 is rotatab~ wk~n the socket 26 of the nonrota~
~g co,act and be~g 25. The r~ating con~ and ~ur-
nM 27 are ri~y ~ched to the ex~rior of the upper
end portion of a m~ ~be 28.

The m~M ~be 28 ~ su~ended ~om the rotating con-
tact and ~urn~ 27 and ex~nds downward~ therefrom
concenff~ to the axis of the c~dricM casing 3, and
~rm~ates ~ a proper ~stance below the b~m of the
co,act damps ~

A s~tab~ section of the tube 2~ preferably the ~w~
end portion the~of as shown in FIG. 1, ~ threaded on
the exterior with a coars~ deep screw thread as ~-
cared at 29. The w~l of the tube 28 ~ formed of a
double shell having a space 30 therebetween whereby ~
may be fl~d cooled or he~ed by any conventionM means,
tither fiquid or gas.

The entire tube 28, ~c~d~g the threads 29 th~eo~
the r~ating con~ and ~urnM 27, and ~he nonr~ating

contact and bea~ng 25 are aH ~rmed of a sui~Ny s~ong
and conductive m~N. The bearing surface b~ween the
r~ating contact and ~urnM 27 and the nonro~ting con-
tact and beadng 25 ~ made ~ such manner as ~ carry5 tdch MeaVYcu~enW tsNg~ anw~’fle~r~atint ghe sameastimwe’eH c°nduca ts wN~heavst Yationarel y.ec"

SuitaNy Mzed fle~Ne condu~or canes 31 ~e con-
nec~d at one end to the nonr~ating contact and beab
~g 2~ the oth~ ends the~of bNng adaNed to be co~

l0 nected to var~us ~e~6cN apparatus as herNnaffer de-
scribed.

For the pu~e of r~ating the tube 28 when deN~
a r~afionM power unk ~ pro~deC For the pu~e of
fl~mtion o~y th~ ~ ~d~a~d as a motor 32 c~ed

15 by the horizontal support memb~ 2~ a bevd NNon 33
upon the shaft of the motor and a bevel gear 34 fixed
upon the exterior of the tube 38 and m~Nng win the
~on 33. Any convenfion~ de~fic ~uk may be pro-
vided ~r the motor 32 with conventionM switch means

20 the~ ~r doting the Nrc~t to the motor when deNred.
The h~e~be~ described r~afing robe with screw

threads th~eo~ with ks r~ating contact and journN and
ks ~afion~y co~t and beaNng and suppo~ structures,
~g~hff with means ~r r~ating such tube as deN~

25 and Mso with means for conduc~ng dect~cal currents to
and Nmugh sMd ~be compri~ a pa~ of tNs ~vention
wh~h func~ons u~fully with other pa~s hffNnaRer de-
~fibe&

One method whereby the b~nefits of ~is ~vention m~y
30 be attained could be acNeved by connecting the conduc~

~g s~m 2~ 28, 2~ 25 and 31 m the same m~n ~ans-
~rmer or de~ricN pow~ source conventionally con-
nec~d to the fle~Ne condu~or 11, th~eby cauNng a
portion of the elect~cal pow~ of the furnace to e~er

35 the electrode at Rs ce~eq at the area of 2% and genem~
~g heat in the ~ml portion of the electrode 4b.

An~h~ arrangement of ~e ~venfion is flN~ra~d ~
FIG. L ~ wh~h N s~n a th~e~h~e transformer with
~s low voltage windings 35 connected ~ the dec~odes

40 4b by the flexi,ble cab~s 31, the conta~s 25 and 2~ and
the tube assemb~ 28 and 29. The Mgh vokage win~ngs
36 of the ~ans~rm~ a~ connec~d ~ capacitors 37 by
conductors 38.

Circu~ breake~ 39 are located in the drcuR for con-
~5 nectkg the Ngh voltage w~Nn~ 36 ~ the capackors 3~

or ~onne~g them the~from, or ~r chanNng the
amou~ o~ capackance conne~ed to the Ngh voltage
win~ng~

Although the pu~ of the invention may he achieved
50 hy any one of several po~ configurations of the wind-

~ of the ~ans~rme~ a ddt~ddm arrangement ~ ~hown
~ FIG. 2 for ~mp~cit~ Conventional means is ~agram-
m~ ~ca~d at 40 for chan~ng the number of
turns of the ~ghwoltage win~ngs 26 whereby the ratio

~5 b~ween the ~w~oltage and ~g~voltage wind~ of

theTht~a~rm~ er~fior ofmat Yhe tubb ee changed2 "8 is ken supplied with carbo~
pas~, ~hich may be ~ the ~rm of chunks as ~d~Ned
at 41 ~ ~IG. 1. The ca~on paste de~ends ~ the tube

60 5y ~avit~ or by reason of a gas pr~sure wNch may
be ma~ed above ~ to comple~ N1 the ca~ leR
as the electrode 4b is forced downw~d by the scow 29.

OPERATION

65 In the op~ation of an ~e~ric furnace equipped with
the s~baNng d~tmd~ embodying the ~vention, the
c~d~cM caNng 3, suppor~d by the p~s~ damps
14 and contact damps ~ ~ a~us~d to the prop~ posi-
tion ~ the furnace by the hydraulic c~de~ 16 and 2~

70 E~Nc power is furNshed to the cylindficM ca~ng 3
through the co,act damps ~ depend~g conductors 10,
conductor suppo~s 9 and fle~Ne cab~s 11 ~adNg to
the mNn pow~ ~pNy ~a~rm~ (n~ shown).

The suppo~ tube 28 may be conne~ed through the
75 ro~fing contact and ~m’nal 2~ ~ationary co~a~ and
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bea~ng 25 and flex~ conduc~ 31 dther with the
mNn pow~ supply ~ansformer or with power factor cor-
iectional devices as Nagrammatic~ shown ~ FIG. 2
and above describe&

Carbon pas~ 4 h continually suppled to the N~g~
of the cylind~ 3 through the open upper end ~eof and
the same ~ heated by the ~ectfic current pa~ed there-
throug~ becoming Nast~ and emkdy N~ng the ~wer
portion of the cylindeg as ~d~a~d ~ 4~ and then bNng
baked or cured and becoming a hard canon decgod~ as
in,card ~ 4b.

..Whenever ~e lower portion of the hard carbon de~
trode 4b ~ suffi~e~ burned awa~ the motor 32 may
be opff~ed to rotate the tube 28 in proper d~ecfion so
th~ the scow threads 29 th~eon wi~ force 1he elec~ode
furth~ down through the cagng 3 ~lo ~e furnace
charge 1.

Workmen a~ also contlnu~ supNNng carbon paste
to the ~rior of the t~be 28 as ind~ed at 41, and the
same becom~ Nasfic, as ~c~ed ~ 41~ entke~ fill~g
the ope~ng formed ~ the cen~r of the hard ca.rbon e~
trode 4b by the scow th~aded ~w~ end 29 of the tube 28.

It wi~ thus be seen that nNther the metal cygndric~
casing 3 nor the metal supporting ~be 28 ~ fed into the
furnace cha.rg~ only the hard carbon ~e~rode 4b b~ng
slidab~ moved downw~d o~ of the low~ end of the
c~dricM cagng 3 by ro~fion of the threaded ~wer end
29 of the tube 28.

From the above ~ will be e~dent th~ the ~senfi~
feature of the ~venfion ~ Ne ce~mlly located tubular
support 28 ~rminating ~ its low~ end ~ the coa~e s~ew
29 embedded ~ the hardened portion 4b of the dec~od~
with means 3L 33, 34 for gow~ turning the ~w 2.9 so ~
to force the elctrode down as through the ca~ng 3 as
needed.

It will Mso be seen Nat until and u~ess the pressure
damp ~mb~ 12 h rdea~ the hard carbon de,rode
4b ~ extruded ~om the b~m of the caNng 3 by proper
rotation of the screw 29. It will also be e~dent th~ oNy
ff the Ned ~rew 29 h r~a~d with Ne pr~ damp
.assemb~ 12 r~ea~ wi~ the cagng 3 be ca~ied down-
w~rd through lhe comact damp 5 Nong with the e~
trode. This inm~s that ~e use of the cas~g 3 in the
furnace charge may be ~mi~d to that amount ~ad-
recently binned awry ~ lhe pNnt whe~ the lower end
th~eof em~ges ~om the b~m cf the co,act damps ~.

It will also be seen thag by reason of the ~ansformeb
capa~r comNnafion of FIG. 2 conne~ed to the tub~ar
coNmn 2~ very heavy ~e~fic~ cur~nts may be made
to flow ~ the t~bul~ c~umn 2~ the ~rew 29 and the
cen~al portions of the electrode 4b immediate~ around
and be~w the ~ed screw. The heating effe~ of these cur
re~ tog~h~ with the heabconducfing effect of the
s~ew, h most benefi~M to the proper curing of the
e~c~od~

Fu~h~mor~ ~ should be understod that the tubular
support coNmn 28 and ~rew 29 may be flu~ cooed or
heated by any sukable fiquid or gas to any necessary
degree. The outer surface of the screw 29 should be kept
~ ~mp~atu~s consN~nt with coNng of the dec~ode,
whi:e the ~mrior surface of the s~ew and tubular column
shou~ be ken ~ ~mperatur~ cons~tent with a plastic
state of carbon p~te.

~ wi~ furth~ be ob~ous th~ by keeNng the inte6or
of the tube 28 supplied with carbon pa~e which descends
by gravit~ or by reason of a gas p~s~re mainlined
abov~ it will completely N1 the ca~ left as the elec-
trode h forced downward by roOf on of the screw, thus
forming a m~ homogeneous carbon dec~ode wNch N
inserted into the furnace charge without Nther an ou~
fide m~M casing or N~rior m~ rNnforNnN

1t will aho be ~en that a deskab~ Na~ of the im
vent~n ~ that the electrical cu~e~s asso~a~d with
~active-ki~volt-amp~e component of the pow~ m~y
be kept from flowing through the mNn power supp~

8
~a~rm~ and the ~N~ed e~ricM e@~e~ ~
~e~a~ ~p~y e~ ~w~ m the e~ ~
way of ~ fle~Ne condu~o~ ~t~ ~ 11. In,cad,
the c~ a~oNa~d with ~e ~a~~amp~e
~ of the ~wer m~ be made to flow to power

fi ffac~r correc~onal dev~ ~p~y ~e~d ~
the e~c~ode as shown in FI~ 2 and ~o~e de-
zcribed.

~ shoNd be p~ed out that Nth~gh the p6nNple of

I0 l~c ge°nne~g p°we~tructur~aCt°2a~°~ec~°nel NecMc ~m~P~unc~on~° th?o

as~st in cu6ng and ~r~M~ a ~aN~ e~md~ R
~uld be understood that thN ~i~e meth~ of co~
~g pow~ racer on an ~e~r~ furnace is not ~ted to

15 ~e~fic ~ w~ ~ng ~e~ Pow~ ~
~r~M e~e~ connected ~ ~e ~ aM
il~ra~d ~ ~ 2 i~ro~ the op~afion of a~ ~c-
~c Nm~e in that R r~ the mMn ~y trans-
~ers and asso~ated d~cM e@~e~ of a con-

20 sN~Ne ~ ~ the N~, na~ th~ pm~n ~ the
~ ~N~ed with ~tNe pow~ wN~ N ~s~ by
~t~n ~ c~ ~pa~ as ~o~ d~e&

~ shoMd Mso be und~s~od th~ ~u~ the ~g~
ment described an igustrated here~ shows dM~c or

25 aafic ~s as the power racer co~ecfionN e~
m~ ~N N ~ w~ ~ Nm~c~ ~ ~ ~ ~d
other s~b~ power factor co~ecfionN deles su~ as
m~ ~nd~ ~ the ~e ~e e~y ~eN1 ~r ~s
purpose.

~0 The benefi~ of the wese~ ~ve~n m~ be re~d
wi~ut recou~e to de~ricM app~N~ of any de~
fi~ bNng ~n~a~ to the ~rN~ loca~d tube 28 or
Ned screw 29. N such c~ the metal mass of t~ ~ed
~ ~ ~ ~~ ~ ~ ~ndu~a~c pm~

~5 ~s ~ ~n~d th~ R will ~ ~ ~ ~rn~Y N~
cM~ng cu~s a~Nng ~om and ~ced by dec~o-
m~c ~duc~on ~om de~ricN cu~enN flo~ng i~o
the de~ro~ by way ~ the co~t ~amN 4. Such indue-
t~m~ng e~ m~ be ~eafly e~ced by ~mtrnc~

~ ~g the ~ ~ ~ m~ h~g m~fic Wope~.
We dNm:

p~ng a ~c~y ~ed metal c~ means ~r su~

45 Rs lower end ~aced able the Nmace charg~ a metal

~rnN screw threads on sNd ~ the ~per e~ of the
c~g ~ng ~n so that carbon pa~e may be raced
th~N~ means ~r ~n~ng t~ cas~g to a source of

g0 ~N po~r ~ th~ the ~ ~ ~ the c~g wi~
~ b~ome N~fic ~d th~ ~ baked ~ a ha~ ~on
de~ro~, ~d me~s for ~ng the ~e so that the
scow th~ads th~n wi~ force t~ hard c~ ~o~
downw~d out of the ~e and ~ the Nm~e cha~.

55 2. A sd~baNng ~tro~ as d~ned ~ dNm 1 ~
wN~ the upper end of the ~e ~ open so that ca~on
pa~e m~ be raced th~N~ and in ~i~ Ne ca~on
pa~e in the ~be ~ N~ a~ ~s the c~ ~R
~ the center of ~ h~d ca~on de~ro~ ~ ~ ~ ~rced

60 d~ard by the sc~.
3. A s~g electrode as ~ed ~ clMm 1 ~

~i~ ~ lower scow th~a~d end of t~ ~be extends
~w~d ~ ~ ~ ~r ~d ~ the ~ng ~ the u~

~~Pe~th~n~as~f the tu~ ~n~ ~ward a~ the upper end65

& A sNgba~ng dec~ode as defined ~ ~a~ 1 in
~i~ there is ~ans ~r ~e~ the robe to a source
of ~e~ric powe~

70 ~ A ~baN~ ~c~ ~ d~d ~ dNm 4 ~
~ich the cagng and the t~e are both ~ ~ the
same source of e~ctNc po~

& A sdf~aNng dec~ode as ~fined ~ dNm 1 in
wNch there N means ~r ~n~ng the tube to p~er

75 N~ co~e~nN e~me~
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L A self-baNng electrode as defined ~ ~aim 1 in

wMch a tube is conne~ed ~ the ~w voltage windNgs
of a ~ans~rmer and the Ngh voRage win~n~ of the
transform~ are conne~ed to power factor co~ectionM
equipment.

& A sdf~aNng de.rode as define ~ ~Nm 7 in
wh~h the powff fac~r co~ecfional equ~ment compri~s
capacitor.

~ A ~-baMng eM~rode as defined ~ ~Mm 7 ~
w~ch ~rcu~ breake~ a~ located between the ~gh volV
age win6ngs and the power factor co~e~MnM equip-
menL

1~ A sd~baMng de~rode as defined in ~Mm 4 in
which ~e~ ~ a rotating contact and journM fixed upon
the ex~rior of the tube r~Mab~ supposed ~ a no~
r~ating contact and beafin~

1L A ~lf-baking dectrode as defined ~ 6Mm 1 ~
which the means for connecting the casing to a source of
de,fie power M~ud~ contact ~amp means upon the ex-
terior of the ca~n~ a supporting ~ru~ure from whkh
the comact damp means is suspended, pre~u~ ~amp
means on the ex~6or of the casing and a~ustably sup-
pored from said supporting s~ucmr~ and means for
a~u~ab~ supposing sMd snpporting ~rucmre.

12. A self-bak~g dectrode as defined ~ claim 11 ~-
cluing a hofizomM support member ~ sMd supporting
stru~ur~ a nonr~ating contact and bearing moun~d upon

10
sa~ horizo~M s~p~t membeg a~ a r~ng contact
and ~urnM fixed upon the ex~fior of the ~be and ro-
t~aNy mou~d in sNd m~mt~ co~a~ and bea~

13. A sd~bak~g d~tm~ as defined ~ dMm 12 ~
~h the means f~ r~ng the tube ~u~s a moor
and gearing ~~ connecting the motor and the
tube.

1~ A ~M~ ~e~rode as defined in ~Mm 1 ~

10 ~i~ the walls of the m~ ~m~ spaced shNN hav~g
a ~e ~eb~w~n wh~y the tube may be fl~d ~-
p~u~ regu~d.
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SEL~BAKING ELECTRODES FOR ELECTRIC ARC
FURNACES

The p~sefif ~vention q~ genera~y re~ ~ ane~ctrode
and more speofically to a self-ba~ng or S~derberg-~pe e~
~ode for electric arc furnaces, part~arly for submerged arc
~maces.

~ose foT rhe kn°Wel nectfielceC~°des Submerge° df thae~tyPfuernacr ese%~ed t°fo ’r ~e P~ficularlp Yroducfion

of ~rroalloy~ cMoum carb~e~ sil~on, eM~ro~d o~de~
~p~ally confiM of a m~M~c fleeve, such as a e~MdricM
fleeve, which ~ ~led wAh a crude or green carbonaceous
elec~ode mass. These de~rodes are verficfl~ pofit~ned
above the cruc~M of ~e furnace proper and their Mwer pov
tions are e~ posed ~ the h~h ~mper~u~ wren the cruoMe.
Becau~ of ~ ~gh ~mpermure, ~e green de,rode m~s m
su~e~ed to a ba~ng process w~ch ~ansforms s~d green
mass ~ a sofid carbonaceous body wh~h~ Mg~y ~acm~
and has a relative~ Mgh eMctricM conductivit~ The baked
potion of ~e dec~ode mass acqm~s the shape of the shall.
whe~as ~e Mt~r ~ continuously m~ting away owing ~ ~e
high temperatures ~ the baking region of the electrode.

In a ~lf-bak~g eMc~ode there are consequenfl~ as seen
~om the~ boRom end upward, a s~ portion with a rdw
five~ h~h eM~ficM eonductifi~ and having ~mperatures
ran~ng between over 2~00° C. and about 800° C.; th~ s~M
portion b~ng fol~wed at i~ upper end by a ba~ng zone ~
w~ch ~e ba~ng proce~ ~ tak~g #ac~ i.~ M w~ch ~e eM~
~ode m~s ~ semiflu~ and, ~e~re, a poor conduc~L ~e
~mpermums M ~ baking zone ranging from approMmmely
800° C. to 30~ C. ~ ~e zone above s~d bak~g zone there ~
a zone ~ w~ch ~e eM~rode m~s ~ flu~, sMd zone hav~g
mmper~u~s mn#ng from about 300° C. to I00° C., and ~
w~ch ~e elec~ode ma~ does not condu~ dectrio~.

~nMl~ ~ lhe uppermo~ potion of ~e deetrode ~e~ is a
zone ~ wh~h the dec~ode m~s ~ particulate and has ~m-
pemm~s below about 100° C. and M wMeh, of coupe, the
~ec~ode mass ~ not a conductor of eMctdc energ~

The sup#y of de~fiO~ to the electrode ~ effe~ed by
m~M~c condu~o~ such as bus bars w~ch contact ~e e~c-
~ode shell between the solid zone or potion and the bak~g
zone of the eMc~ode. These conductors generally cons~t of
buses of copper or bronze hating a large conm~ sur~ce and
are generally ~oroug~y cooled ~ order m wAhsmnd the h~h
~mpermu~s ~ t~s ~one. Because of th~ thorough co~g of
the buses and of the~ con~ surfaces respe~ely, the eMc-
~ode ~mpermu~ ~ the contact zone ~ Mso fim~e& and con-
sequenfly ~e ba~ng zone of the eM~rode ~ prevented from
pa~g the conm~ zone.

HoweveL the me~ fleece and the eMc~ode mass be~g

ththeere~° ,n~ c°mp°nent tSo be rNn~e° df the~Nde e~r°t dehe Neev~ eSemb~b ’y snpportisa ngme has,

~ru~ur~ memb~ In N~, ~e we~ht of ~e s~ baked po~
fion of the dee~ode and of the e~cwode mass lying on ~ may
not be ~t~ly supposed by the buses and. ̄ no other support-
ing means are prov~e~ the sd~ portion and the e~c~ode
ma~ ~g on it often ~H by ~r own we~ht ~ ~e c~uo~e
of ~e ~rnac~

The present ~venfion w~ be described hereinafter ~ con-
ne~n wi~ ~e accompan~ng d~wing ~ wh~h:

~G. 1 is a parti~ se~n~ view ~ken axially ~ong ~e
len~h of a prior aa dec~ode wi~ ~e dec~ode m~s hav~g
been om~d ~r ~e purpose of dafiff;

FIG. 2 ~ a cros~section~ flew ~ken ~ong hne H~l of FIG.
1;

FIG. 3 shows a pa~i~ ~ction~ flew ~ken a~ along the
len~h of an electrode, the elecWode mass hav~g been
omitted ~rd~ity, embod~ng ~e novel features of the inve~
fion:and

FIG. 4 ~ a cro~eetion~ fie~ ~ken ~ong ~e line IV~V
of FIG. 3.
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Accor~ng to a known practice, the suppo~g ~ru~ur~
membe~ ~de ~e s~eve cons~t ~ m~ ~fi~ orvanes 2
wh~h ~e we~ed to the ~de w~ of the ~eev~ 1 in ~di~
po~on as shown ~ HGS. I and 2 of the &~ These

5 s~ ~ ~n~ 2 ~mp~e o~n~ 3 ~ ~s 4 ~r ~ori~

the baked elec~ode mass. The~,~he weig~ of the baked
~ ~ ~ ~ ~e m~ ~ onit ~ supposed
by these ~dps or win~ 2, wh~h Wans~r the we~ ~ the
m~c ~, Wh~h ~ ~ ~ c~r~d by s~b~ c~mg ~

10 suppo~g mean~

There are several patents describing ~cu~r des~ns of
~ppo~ ~ru~ur~ membe~ ~r sd~ba~ng elec~odes.
Some of thee known deigns are pa~dy ada~ed ~r
ele~rodes ~r the p~ of ~um~um: the e~c~ode

15 we~ht is carried by met~ ba~ embedded in the de~de,
s~d ba~ ~so ~rving ~ supp~ ele~c powe~ This known
deign ~ ~ ~ ~ ~ ~ ~ electric arc
~rn~s because of ~e ~m ~ cond~o~ (such

20 ~ ~mp~u~s, ~e~ den~ of e~ric eu~en~ power
~n~y) ~d ~ b~ause d~c ~c ~m~ ~ ~e~e
on AC power and the ~n~h of the embedded ba~ world
cause ~ underfed and h~m~l ~e~e of dec~ode im-
pedance.

25 ¯ ~r ~own ~ show pa~r shapes of the shell or
of ~e ~ur~ membe~ ~d~ed ~e~wRh, but ~e
~ h~e ~r ~ ~ ~e ~e ~t ~.

During Rs ~ in the ~e, the electrode is con-
sume~ ~. more speofic~ ~ consumed ~ ~s ~wermo~ po~

30 t~n. R is ~e~m ne~y ~ ~wer ~fiod~ ~e dec-
~ode~ to ~e buses to m~n the d~tmde len~h
bdow the zone of contact of s~d bdsem As s~d abo~, the
buses are connected to the dec~odes between the baked zone
(i.e. conducting zone) and bak~g zone (i.e. nonconducting

35 zone) of the. dec~ode m~ When ~e dec~ode is ap-
~ ~d ~lafive ~ ~e bus~ ~ compe~e ~r we~
by consumpfio~ ~ may occur that ~e ~w~ed e~rode mass
is not yet a conductor or ~ a po~ conducm~ ~ such cases,
the m~or posen of the power supped to the e~c~ode by

40 the buses has to p~s ~e m~c ~eeve, ~om w~ch ~ passes
to the ~rucmr~ memb~s (w~ch consfi~ the supporting
dement), and fin~ly pasts from ~e ~ur~ memb~s 
the baked zone of the e~c~ode, ff now the ~ru~ur~ mem-
be~ do not have a ~O~fly ~e cro~ecfion~ area to

45 suppo~ ~e ~g~c~ denfiti~, ~ w~ become red hot
because of the Joule e~cL thus ~ng ~eir mechan~
~n~h and becom~g una~e m ~ppo~ any ~ng~ ~e de~
~ode w~ghL and consequently cau~ng breakage or ~e of
¯ e de~mdm

50 ~e ~ ~ ~e d~cribed ~ a ffequem o~u~en~ ~ the
practlc~ use of ~a~ d~tmd~, because, ~ ~cL the
~cfion~ a~a of ~e ~ mem~ ~ nm ~c~m
~ ~ ~e d~ode ~t. ~e~y, ~ d~ode ~v-

usu~ made of sun by reason of mechan~N s~ess, woMd
have to be des~ned to have a torn cro~4e~ionN area of
abo~ 2~00 cm~ ~e w~e m ~ ~o~ ~nN ~

60 rent ~a~n~ thus occupying about one,bird of the whole
electrode cross section.

In order to mi~m~e ~e risk of ~e~rode ~e~ of ~e

be~w the contact su~ce ~ very smNl ~eps, ~Nc~y some

65 centim~s ~ a fim~ in order to ensure that the ~wer pa~ of
the bus ~ ~ Mw~s ~a~ p~ ~ ~e baked zone of the
~e~rode.

Of course, such ~equent and smMl ~m~s a~ very
d~me~M ~ e~Ne~ ~ ~t~ N~e w~e ~ do

M~eo~, ~ occurs ~e~uengy ~ the Ne~rode N con-
sumed ~p~ly which resu~s ~ a too shoa overNI e~c~ode

merit ~ not posNMe by the danger of e~c~ode b~akage as
75 deser~ed above. In ~ch c~, ~e ~w~mo~ tip o[~e~o
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Rode will be too~r away ~om the cm~e boaom, the cu~
rent gans~ed M~e~ by the de.rode decrease~ thus cau~
ing a decrease of the production r~e of Me furnace.

R is, Me~, an o~e~ ofthe p~nt ~vention ~ provide
an de.rode of Me type ~ed to in w~ch Me drawbacks
de~fibed ~e sub~anti~ eliminated.

W~h th~ and other o~ec~ in m~d, Me ~vention provides
in a ~lf-bak~g e~rode for de~fic a~ ~rnaces, particulady
for submerged a~ ~maces, ~ dectrode having a m~c
sleeve and ~rn~ s~uctural member means affixed to s~d
m~l~ ~eeve, the improvement of an electric insulation
means ~sulating Me ~rn~ ~ru~ur~ memb~ means form
Me m~l~ ~eeve.

In this way, the ~ternN ~ru~urM membe~ suppo~ the
wNght of the baked portion of the de.rode and of the elec-
Rode ma~ ovedying ~. These ~ru~urN membe~ bong ag
fixed m the ~eeve~ans~r by Me e~ric ~sMation means Me
electrode wNg~ to the me~ll~ she~ as ~ the known ele~
trodes, but Me insdation means b~ween Me ~ru~urM mem-
be~ and Me Neeve p~ven~ ~ any c~e Me ~ruc~l support-
ing member ~om b~ng ~ec~N~ ovedoaded and, con-
sequentl~ ~om bNng overheated to such an extent so as to
~se Me mecha~cM chara~efistics.

~ t~s way the danger of electrode b~akage N complete~
dimpled.

Wren an elec~ode N a~uaed ~ ~n~h for compen~fing its
wear by consumption, it m~ht occur that the power supN~ng
bus bars ~e connected to a zone of the e~rode wh~h N stiH
a goor e~mricN condu~or: ~ MN c~e, Me ~rnN ~ru~urN
members are net affec~d because Mey are pro~c~d by Meir
dectricN insMafion. In the zone ofMe e~rode hav~g a poor
dectficN condu~N~y a higher vN~ge drop occu~ than in
cther zon~ of the e~rode, and, because of M~ vM~ge drep
and of the cu~enL a con~derab~ quanti~ of heat is
devdoped cauNng, ~ sho~ time, thN zone of the elec~ode
con~ed by the bus bars to be comN~dy baked. Th~ posm-
Nli~ of rand baNng N~ws ~r a~usting mo~ ~equen~y and
by ~nger ~eps the dec~ode ~n~h and p~ven~, Me~fo~,
Me fi~k ofNrnace operat~n wiM excessively ~ho~ e~c~ode~
thus allowing a ~rnace operation ~ higher power rating.

It has been found, byway of examN~ M~ app~g the in-
vention to e~c~odes hav~g a ~am~er of about 1~00 mm.
a~u~men~ in ~n~h may be safely carded out twice ~
~equenfly and by tw~e the amount wiMout any dsk of e~
trode breakage.

Mo~over, R has been found M~ with Me ~ventive conceN
R~ pos~b~ to conNderaMy decrease (by about hag with
~spe~ to the conventionM e~rodes) the totN cros~sec-
tionN area of the ~rnN structurN member, such ~ of the
~nps constit~ing ~uch members: ~is was ~ be expec~d
because of Me N~ that in no case these ~ructurN membe~
are su~e~ed ~ Me p~sage cf e~fic cu~ent and ~e, ther~
fore, ~ no case overheated to such an extent that M~r phy~-
cN ~n~h N ~m~N~ ed.

AccordiON ~h~ been found, ~r examNe, M~ ~ an elec-

4
trode hating a ~am~er of 1~00 mm. ~ ~ posNMe to ~duce
the numb~ of radial ~dps ~rm~g the ~rnN structural
memt e~ ~om e~M strips m ~ur wiMout ~curdng any risk of
e~rode breakage.

5 An embo~ment Hlu~rafive ~r the ~vention is shown ~
FIGS. 3 and 4.

~ F1GS. 3 and 4Me ou~r m~Nfic ~eeve N ~d~ed by the
numeral ~ In the interior of s~eve 5 ~ur radial fibs 6 (only
M~e ~hown) a~ attached such ~ by wdd~g Me exmnd Nong

10 MewhNe ~n~h of Me s~eve 5. Toeach ofM~e ribs 6 ~e~
N affixed a s~7 of an ~sulating m~eriN such as wood, card-
board, fiber or m~an~e. These ~dps may be affixed by any
su~aMe mean~ such as by bond~gwi~ an adhesNe.

To each of the ~fips 7 there N affixed another ~r~ 8. the
15 strips 8 ~rmingthe ~mrnN ~ru~urN memb~

As in the conventional dec~ode~ the ~nps 8 have ~rmed
therein ape~ures 9 (NG. 4) or beads 10 which serve 
anchodng means of Me ~nps $ in the carbonaceous elec~ode
ma~(not shown).

20 It N undersmod that ~smad of~ur fibs 6 and ~ur ~fips 8
Mere may be prov~ed a h~her or ~wer number accord~g m
Me ~rnM ~ of the Neeve and/or accor~ng ~ ~e phys~N
~n~h of Me ~sul~g ~dps 7 and of Me adhe~ve jNnts.

Moreove~ each of Me ~rips 8 may be affixed to the fibs by

25 means of a p~r ofinsulating strips 7 bonded or ~ued to eRher
Nde of the ~fips 8 and of the fibs 6. The ~r~s 8 may be
N~ened to the Neeve 5 by means of Me profit, such as a T-
prone of an ele~rically insulating maledM.

NnN~, Me ~rnM ~ru~urN membe~ need not necessari-
30 ly be ~ the form of s ~fips 8 as shown, The ~rnN ~ru~urN

memb~s may be formed by a wire mesh e~her shaped as
~n~hwis~runNng dbbons or as concentric ~ner tube con-
nec~d wiM and ~sulated by any s~Ne means ~ Me ou~r
m~l~ Neeve.

35 What I claim N:
1. A self-baking e~ctrode for electr~ Nrnac~ compdNng a

m~fic ou~r ~eeve comN~ng an e~rode mNm~, ~ruc-
turn membe~ w~hin sNd Neev~ and insulating means
secured to the ~ner Nde of sNd s~eve and to sNd structural

40 memb~s ~r e~ctricM~ ~sulating sNd memb~s ~om sNd
Neeve.

2. The e~rode of d~m 1 in wh~h the ~rnN ~ructurN
membe~ are affixed Nong Me~ whMe ~n~h to Me outer
m~c Neeve.

45 3. The e~c~ode of claim 2 ~ wNch the ~rnN ~ru~urN
memb~s ~re ~rmed of m~N~c ~d~s, sNd ~d~s being
d~posed in~de sNd ~eeve, sNd insulating means compd~s
strips of an insulating material and ~ wNch sNd m~N~c ~rips
are affixed to the outer Neeve by means of s~d strips of an

50 electrically insulating material.
4. The e~ode of dNm 3 ~ wh~h Me ou~r m~N~c

Neeve ~ a cy~nder or prismatic tube ca~y~g sNd m~Ngc
strips, s~d m~Nl~ ~r~s being d~posed ~dN~y and having
affixed Me r~o sNd ~fips of e~ctricN~ insulating m~edN.
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CONTINUOUS METAL MELTING METHOD AND
FURNACE THEREFOR

This ~vention rehtes to a metal~rgical method ~r stem
melting and m an ~ectrical furnace which u~es said
method.

According m known metalhirocal teclm~ue~ the stem ~
produced ~ electric arc furnac~ where~ unheated ~rap iron
~ ~term~enOy and sub~quenfly he~ed up to i~ melting
~mper~ure by an e~ric a~ which ~ ~ck and m~ntained
between special ele~rodes made of carbonaceous material.

Th~ method, wid~y emp~yed, h~ the di~dvantage of
being con~dera~y expens~e due to the su~tantial use of
~ectric cu~ent ~r melting the scrap iron, the con~dem~e
therm~ Io~es through the h~e ape~ures where the furnace
~ open to the atmosphere and, finally ~e consumption and
wear of elec~ode~ all of which facto~ affe~ considerably the
production cost.

Furthermore, the known ~rnaces are usually of comOex
and expen~ve construction construction m~y becau~ ~ey
require tiit~g mean~

The consum~n of ~ec~ enemy may be reduced by
the pro~on of a nonelectric p~heating of the scra~ such ~
~r ~stance by u~ng fu~ oil ofg~ burne~ bu~ he~tofore, no
praodc~ ~marka~e ~suk h~ been obtained ~ this way due
to the ~ct the, in o~er ~ obta~ tano~e saving, ~id pre-
heating must ~ach at ~t ~veral hundred deg~es Cen-
t~d~ Serious probkms ari~ ~ the handling of the scra~
with ensuing ~erm~ ~sses during the ope~tion of char~ng
~e scrap m the ~ectric furnac~

dim~ation of the carbonaceous e~rodes, the continuous
charging of the scrap ~ the dectric furnace a~er a p~heating
¯ e~OfcontinuouslyWith burne~off

of the mdten metalt° more than 1 ~00" C.,witho~andmo~ng the fu~the drawing
nace.

Briefly stated, the method acco~g to the ~vention com-
prises the compre~ion of the ~p stem ~ ~rm at ~t two
packs having an elongated shape and a su~tanti~ cons~
cross section, the ~e~ng of ~ two packs toward one
another w~h a continuous movemen~ the preheating the~of
w~h gas or oil burne~ m about 1,000~1,20~ C., the stri~ng
and m~ntai~ng of an e~ric arc between the hong ex~emi-
t~s of sa~ pac~ m obt~n thor fufion and the c~cfion and
conveyance by grafi~ into a spedal container of the m~ten
m~ so o~a~e~

The invent~n ~ ~so concerned with an e~ctdc arc furnace
without e~rodes, suita~e to ca~y out the method briefly
de~ribed above.

In a fi~t embodiment of the~vention the furnace com-
prises an ebng~e chambe~ hating a substantially circular
cro~ section, hermetical~ sealed and thermally ~s~ated,
The chamber h~ ~ Rs two e~m~es two cylindric~ throa~
ex~n~ng within the chamber to ~rm a pa~ of satires or
~micyl~drical g~des intended ~r the g~ded complain of
the scrap, and two ~c~rocating compre~ing p~mns movab~
with~ the throa~ ~r the compact~n of the scra~ The cen~
section of the chamber h prov~ed ~ i¢ bot~m with a collec-
tor chann~ ~r the m~ten metal and, at i~ upper part, with a
carbone~rode wh~h may be ~sOaced ve~.

In a second embo~menL the chamber ~ prov~ed with
three c~drical thro~L ~mihr m those de.fiber above. At
the ends of each throat the~ occu~ the compre~n of the
scra~ the ~troduction thereof into the furnace, the ~ed~g of
the compre~ed ~rap packs being effe~ed ~dependently ~r
each of the three thro~s of the same chamber end.

For a better unde~tan~ng of the ~vem~n red.rice ~
made to ~e accompan~ng drawin~ in which:

HG. 1 ~ a ~hematic e~vation flew with pa~i~ ~ction of
an e~ctrical furnace us~g a finO~ph~e e~rical ~e~ng

HG. 2 h a schem~ ~an v~w of a thre~ph~e furnace and
the ~ed~g e~rical circuit;

HG. 3 ~ an ex~oded penpective flew ofa d~ail of riGS I
and 2.

2
Referring to FIG. 1, the electric furnace according to the in-

vention is substantially formed by an elongated chamber 1
having a substantially circular cross section, which is stationa-
ry, hermetically sealed and thermally insulated; chamber I has

5 at its ends two cylindrical steel throats or tubes 4, which ex-
tend outwardly from the chamber for a considerable length
and extend inwardly within the chamber as saddles or
semicylindrical guides 14. Said cylindrical throats 4 within
which may slide a piston 7, are open on the upper part at their

10 ends and are in communication with hoppers 6 which are pro-

vided with a mobile bottom 31 to discharge the scrap metal $.
The central section of chamber 1 presents an upper bell-

shaped part 2 wherein an electrode 11 may move vertically,

15
and a bottom transversal sloping recess or channel 3 to collect
and convey the molten metal. A number of burners 8 is
represented along chamber 1.

An electrical source 13 is electrically connected by means
of conductors 20 and 21 to cylindrical throats 4. Furthermore,

20 a vat or collecting chamber 12 for the molten metal and a pair
of cyfindrical, compressed scrap metal packs $’ and $"
complete the device illustrated.

The operation of the described electric arc furnace ~s as fol-
lows:

25 Scrap material $ is charged in bulk to a hopper 6 and, when
the bottom door 31 of the hopper is opened, the scrap falls
unto the cylindrical throat end 4 which is provided with an
upper semicylindricai overturning cover 32. Then, the cover is
closed and piston 7, hydraulically actuated, compresses the30 diaphragmSCrap within33" When pistontube 4 against a7 has achieved the compressionretaining means such as a metaiof

the scrap, the diaphragm is removed and the piston pushes
toward the center of the furnace the compressed scrap 5°

35 the throatul:~n guideSis 14again openedand then moVeSand anotherbaCk; tbeamoumUpper coVerof scrap32is abOf

lowed to fall in bulk within tube 4.
The same occurs in the cylindrical throat located at the op-

posite extremity of chamber 1. Two cylindrical packs S’ and
5" of compressed scrap are thus obtained which are pushed

40 towards the central section of chamber I, sliding on saddle
guides 14 formed by the extension of the cylindrical throats 4.
While traveling towards the central section of chamber !, the
compressed bulks $’ and 5" are heated by the burners 8.

45 tWachtenwit~eoen~edSan°ofththeer,t~h°e Pe~eCcktsri$c’ aarncdfuS~’naacree ~mre°~ntoC~.n~~

itiate the melting operation. The electrode 11 is lowered and
voltage is applied to the two scrap packs by means of electrical
connections 20, 21 and tubes 4. When the arc is struck, the

50
electrode 11 is again raised and the arc is maintained, by the
surrounding ionized air, between the ends of the packs $’ and
$°’. Due to the heat of the arc, the scrap which was already
heated to more than 1,000° C., is further heated and melts,
and drops in channel 3 whence it passes by gravity into the

55 collecting vat 12 where it may be drawn offby known means.
The molten metal path is shown by the arrows f, f. The cylin-
drical packs $’ and 5" are continuously consumed but the
distance between their opposite facing ends remains substan-
tially constant due to compressing of material at the inlet ends

60 and by the continuous feeding of new scrap packs.
In this way, a practically continuous charging of scrap is ob-

tained and molten metal may be drawn off from the collecting
vat 12. Input tube 4 may extend for a considerable length
within chamber 1 in order to reduce the surface oxidation of

65 the material protecting it against a too direct action of burners
8.

Current is carried by shells 4, 14 against which the material
is pressed and this presents a further advantage in that it
avoids local welding effects between the scrap and slide guides

70 14. The carbon electrode 11 is used only sparingly for striking
the arc, and hence its consumption is reduced considerably.

In a modification of the furnace described hereabove, elec-
trode 11 is not necessary, and arc striking between the ends of
the two scrap packs may be obtained for instance by introduc-

75 mg ionized air in that central region. The furnace described



3,622,141
3

may o~ eiMer ~M ~rect cu~ent or ~ma~ ~n~
p~, asc ~rl"ent.

For consi~rab~ l~ge ins~llations, a Mree-phase electrical
~ed~ ~ ~own ~G. 2, m~ ~n~ouMy ~ ~e& ~
t~t case, Me ~m~e ~ pmv~ed, ~M~ a fin~e chamb~ 1,
~M~e d~fin~ p~ ~ com~e~on and g~de demen~
~r Me ~m~ ~own ~e~Ne~ ~ 4a, 4b and 4c. Each p~r ~
~d Mrough dectdc~ ~ads ~’, bb’, ~’, by three ~pam~
secondary ~n~n~ of a ~ans~rmer 16 hating a M~ph~e
pdma~ winding ABC.

h ~G. 3 Me~ ~ ~own ~ g~ detail one of c~indfic~
thma~ ~ ~bes 4 ~ comp~ and advance Me ~p. A ~on
7 ~ shown w~ch ~ ~da~y fiu~ ~Min the tu~ and com-
pfi~sa comp~g d~k or head 9. Numeral 10 ~d~ Me
mo~e cover ofMe ex~emi~ whe~ Me ~mp ~ cha~ed ~
bulk and 15 ~ Me mdde gu~e wh~h e~en~ wiM~ chamb~
1. Tu~ 4 h~ ~ ~p~n~d ~ ha~ng a ~d~ c~ ~
fion but i~ cro~ ~cfion may be ~apezo~ or ~c~ngd~ or
Melee depen~ng on Me con~en~ of co~t~cfion.

~ anoM~ mod~fion, ch~ 14 have thor ~es
~d~ down~a~ ~ ~c~ ~e uavity ~g ~ ~p
~ong Mem.

The in~ntion h~ ~ ~fi~d ~M ~e ~ ~ral
pa~u~r embodiment, ~l of w~ch show the follo~ng ~-
venfive ~mu~m

T~p ~ ~t~d~¢d ~ Me ~m~e afi~ a p~ating
~ a ~m~ratu~ ~abo~ 1~00°~;

T~ ~p ~ ~mpmssed ~ ~nmem ~M Me ~m~e
throat and Men p~hed ~to Me ~ed channel, provided ~M
heating mean~

35
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ELECTRICSMELTING FURNACE ELECTRODE
HAVING A WOODEN CORE

BACKGROUND OF THE INVENTION

One of ~e m~or di~dvanmges of la~e d~me~r
~baking e~ctrod~ wh~h carry heavy ~mating
cu~en~ ~ ~mo~ of the cu~ent is conducted in the
pefiphe~i layer owing to the so~d skin effect
which is inhe~m in ~m~g cu~ent conducto~.
The cen~ m~on or co~ of an e~rode conduc~ l~-
fie current, if any. Neve~he~, ithadbeen ~e cu~om
to make the cen~fl ~g~n of bo~ prebaked and sel~

~ak~g e~md~ of the sam e qu~i~ pa~e as that used
m ~e ou~r more conductive peripheral layer This is

afgrminO ~bfioufln Yas~.~effioent use of the costly electrode

The amount of electrode m~erifl consumed in an
e~ctfic ~rnace represen~ a fignificant portion of the
cost ofma~nga ton of s~d. A~fl~d ~mace deserter
wi~ defign a furnace sys~m ~ minim~e e~c~ode con-
sumption or, at ~a~, to mi~m~e the tot~ cost of ~e
de,redes consumed. The lea~ expens~e de~de
~rming p~ ~ th~ w~ch h~ a h~h nomgraph~c
carbon content and, of course, the mo~ expenfive ~

¯ ~wh~h has a h~h content ofcarbon which is in the
mo~ high~ condu~e and mo~ ~erm~ly ~a~e g~-
p~t~ ~rm. In any evenL the least expenfive grade of
e~c~ode m~ed~ that will ~tisfy ~e operating condi-
t~ns in the ~rnace reasonab~ well ~ usually chosen
but in most cases ~wo~d be adva~ageous ~ use the
ma~fi~ wi~ ~gh ~aphi~ centre ~ ~ were not so ex-
penfive.

Pre~ntly, e~c~ode p~s ~e made by c~c~g
P~um or ~ph~tcokes ~ ~er a fossil ~el find
kiln or an e~ctric ~fistive hem~g ~mace at below

Thil s500°essentiailC y. where ung~p~fizegr dap~tization ~ans~rmatic Onomm~ed ealcineb degin~
c~bon ~mi~ed with bond~g m~edfls such as pith or
tar in a he~ed ~e or is ~d di~cilyin~ the electrode
c~umns. The lea~amount of bonding ma~fi~ is u~d
so that the e~c~ode has the h~he~ c~bo~ content
poss~ consistem with strength.

~ o~er ~ ~ans~rm mo~ of ~e carbon to grap~
andthereby secure a higher quali~pa~e, ~e c~on~g
process mu~ be carded out ~ ~mper~ur~ well above

~gei hned amhmcite wh~l h500~ade electrode past~e madC e" ~r an extendehdasPedOb deen ealcineO dfofe~ctricalti lymelnGen~allt y,he ~mc-al"

perature ~nge where grapMtization takes ~ace. The
hrge amount of electric energy used for obtaining gra-
ph~zed C~bon resui~ in a cosily p~ but which has
high electr~ conduetifi~ and mechan~ stren~h.

SUMMARY OF THE INVENTION

An o~ect of the present invention is to reduce the
cost of electrodes by filling ~eir non~onductive center
po~ns with fig~but non~onductive m~ed~ such as
wood ~gs.

Another o~e~ of th~ invention ~ to reduce the
we~ht of electrodes w~hout ~cfifie~g ~ng~ or

~°ndueti~~n tY~ecen~r portion of ~e e~c~odbY ~~bstituting wood ~r h~her eo~ p~

How ~e ~regoing and other mo~ specific o~ec~
~thee ac~evedw~i appear ~Oco mu~e of a de~fiption oft~nme~ustrative embo~ di.time ~mugho~

her~na~em ~ent of the invention which will be set ~ah
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Briefly s~d, ~e invention is mo~ advan~geous~
used in connection with sel~baking dec~ode~ The
dectrode paste is ~d into a casing which is supposed
above an electric furnace and is open ~ i~ upper end.

5 The pa~e is usu~ in the form of sofidified blocks

which melt and eventu~ bake and s~i~ into a
c~ddc~ form as the pa~e advances toward the hot
furnace, h accordance with the ~vention, one or more
c~ddc~ wooden bgs are inserted axially into the

10 open end of the cas~g so that the pa~e will fuse around
the logs and form an outer conductive sheath. The
wood cha~ as it nea~ the furnace and reduces the
overall weght of the e~c~ode because the den~ of
the wood a~er it has become cha~ed ~ ~than that of

15 the baked paste. Thermal cracking of the hydrocarbons

provides addition~ carbon in the ~fices of theab
ready baked elec~odes ~suR~g in greater e~c~
conductifi~ and compre~ive ~ngth.

An embodiment of the ~vention will now be
20 described ~ re~rence to the drawings.

DESCRIPTION OF THE DRAWINGS

FIG. I shows an elevation v~w of a sd~baking dec-

25 ~ode forming casing associated with a schematical~
rep~sen~d ffagmentof an e~ctdc furnace;

FIG. 2 is a top flew of the electrode forming casing
shown in FIG. 1;

FIG. 3 ~ a ve~ cro~ section of an elecWode haw
30 ing a cen~ re,on comprised of a ~n~e wooden ~

and
FIG. 4 is a vertic~ cross section of an electrodeha~

ing a cen~ re,on compdsed of several wooden ~gg;
FIG. 5 is a pe~pective view of a bun~e of logs

35 adapted for ~sertion in the electrode.

DESCRIPTION OF A PR EFERRED EMBODIMENT

In FIG. 1 the schemaficMly repre~n~d electric fu~
nace is generally des~na~d by the re~rence numerM

40 10. The interior furnace bo~om 11, the ~de wM~ 12

and the top 13 were made out of the cu~om ary re~a~
to~ matefiMs.

One elec~ode forming de~ce, generMly des~nmed
by the numer~ 14, ~ shown asso~ated with the furnace

45 for the sake of Hius~ating the ~vention. T~s elecWode

forming dev~e has been w~ely used and ~ suffic~nt~
wd! known to obese descdMng ff M detail. HoweveL
the formMg device has several coa~M e~indfic~ see-

50 ~oduceti d°ns I~’a~h2ntdopl~f the de~c~ ewh~h becomes progre~ivet -he pa~e that is in-

lyhoaer as it approaches the furnace and bakes out or
solidifie~ A solid cyl~dric~ electrode 18 so formed ex-
~nds into the furnace in a welt known manner as
~hown.

At the top end ofelecwode formhg device 14 are a
pair of holding bands 19 and 20 which are coaxiaHy a~
ranged and ~rconnec~d with several hydra~
cy~nde~ 21. The chmps ena~e lowering of the elec-
~ode as it is consumed in the furnace. Clamp 2~ for
exam~e, opens and moves upwar~y to ~s do~ed line
portion 20’ while the e~ctrode is he~ by i~ main
clamp 19. When chmp 2~ has reached i~ uppermost
portion k c~ses and clamp 19 opens. Then the ~ec-
trode ~ lowered by the hydraulic cylinder 21 and the
h~ng clamp .19 closes a~er the ~ipp~g band has
reached i~ o~n~ portion. For present purposes, it is
suffic~nt to observe that uncured blocks of pa~e are
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introduced into ~e ~p end of elec~ode forming device
14 and that a soli~fied baked elec~ode 18 emerg~
from the boRom. The host w~ch hand,s the pa~e
m~erifl at the upper end of form~g device 14 is not
shown because it is conventionfl The same hoi~ may
be used to handle and inse~ the wooden cores into the
center of the elec~ode in accordance with the inven-
tion.

FIG. 2 shows a top v~w of the e~rode Arming
dev~e 14. ~ comprises a hd~w casing 26 ~om wh~h a
~urali~ of fins 27 project ra~ally ~ward~. By way cf
exam~e, the radial dimenfion of these fins may be
about 10 ~ches and ~r afifl ~ng~ may be about 6%
~et ~ a device that ~ adapted for form~g electrodes
having nom~fl 45 inch outride d~m~e~ There may
be 10 such fins eq~angularly spaced wh~h means that
they would be about 36° aparL The b~cks of uncured
e~c~ode pa~e are dropped into c~g 26 ~ the ~
spaces 28 between succesfive fins 27. As the pa~e
m~efifl absorbs he~ ~ melts and fii~ ~e existing cavi-
ties. Of cou~e, as the paste progresses downw~d~, it
absorbs heat in wh~h case the paste in annular ~g~n
29 and the fin ~paces 28 me~e into a homogen~
ous v~cous ma~. In accordance with one aspect of the
invention, a wooden ~g such as 30 is in~oduced
¯ rough. ~e top of casing 26 and b~cks of pa~e are
depofi~d around the log. The m~n pa~e in the cas-
ing and the me~ng blocks of pa~e even~ encase
the log. Thus, c~dfic~ wooden log 30 constitutes a
core wh~h fills a space that would normfl~ be occu-
pied by electrode paste. As the paste d~cends ~ elec-
trode ~rm~g de~ce 1~ add~on~ blocks of pas~ and

ous cen~al core surrounded by a sheath of ca~
bonaceous e~c~ode m~efifl.

The verticfl section~ v~w of an de,rode made in
accordance with the new m~hod maybe ~en ~ FIG. 3
wh~h ~us~es how ~e cen~ wooden core 30 is su~
rounded by a homogeneous annular she~h of condu c-
five pa~e which ~ marked 31.

For a sm~i fize self-bak~g de,rode, such as is
shown ~ FIG. 3, it is ~le to use sing~ cyfindfic~
wooden logs 30 because logs of adequ~e fize are com-
me~iai~ av~e. For ~ance, in an e~c~ode ha~
ing an outride d~m~er of about 50 ~ches a cen~fl
wooden core 30 of about twen~ inches in d~m~er is
satisfactory becauge that will leave a cylindriefl sheath
of conductive e~c~ode m~efifl 31 about fiReen
inches ~ick surrounding the wooden core 30. A sheath
of this ~kne~ is adequ~e for ca~ng the e~ctric
current which ordinari~ prev~ ~ electrodes of ~
size regardless of the skin effect. Thus, in FIG. 3, the
tin,bed dec~ode has a tingle wooden core 30 su~
rounded by an electrode she~h 31 whose ~kne~ is
about equ~ to the d~m~er of wooden core 30.

For la~er ~lf-bak~g e~c~odes such as those hav-
ing outride d~m~e~ of up to 75 inches a cen~
wooden core having a d~m~er of about 40 inches may
be used. This leaves a conductive paste annulus of
about 17 inchesin ~ ~kness w~eh ~ adequ~e to
conduct the maximum eu~ent ~ an electrode of this
s~e. However, wooden ~gs ha~ng a ~ame~r of about
40 inches are not ~a~ availab~ and, ̄  ~ey were,
wou~ be ex~eme~ expenfive, Consequenfl~ for la~e

4
size e~ctrodes, the use of a ~urality of smear diame-
ter wooden logs is recommended. Thus, relative~ low
cost logs of smear diamete~ such as about 6 inches
may be bundled or grouped as in FIG. 5 to produce a

5 composRe core which may be eafiiy handled and in-

serted in the central region of the e~c~ode. The.sho~
logs may ~so be in~oduced ~d~u~ to form a
group at the same level wRh~ the electrode forming
dev~e. FIG. ~ shows a bundle of logs 33, which may or

10 may not be of equ~ diame~ bound together wi~
metal ~raps 34. The ~ngths of the various logs need
not be exactly the same. Bund~s such as this are
depofited endw~e into the upper open end of electrode

15 form~g device 14 and consecutively to form a wooden
core that is continuous over the ~ngth of the e~c~ode.
A fragmentary section of an elec~ode core formed
wRh bund~s of logs 33 is shown ~ FIG. 4 where one
may ~so see that the ~gs are su~ounded by a conduc-

20 tive sheath ofe~c~ode matefi~ 35.
For the small size sel~baking elec~odes which are

commonO used, that is, for e~c~odes which have an
out, de ~ameter of about four ~et, the use of cen~al
wooden cores permitsa sating of 15 percent or more of

25 electrode form~g pasle. In large size dectrodes, such
as ~ose hating outride diamete~ of about 75 inches, a
sav~g ofdectrode pa~e on the order of 30 percent can
be obt~ned. The co~ of the logs h very small com-
pared with the co~ of the e~c~ode form~g pas~ even

30 ff the ~rge~ ~ze logs are used. HoweveL conMderab~

economy can be effected by using bundles of smear
logs or bund~s of rectanguhr or square or otherwise
cro~ sect~n~ shaped long wooden p~ces in place of

35 l°gSu "s~gThel eongateb daNc concept of thw eooden pieces singl~ yVenti°onr i~ fulfil~b dundles obr y

groups as a core for an e~c~ode made of ca~
bonaceous pa~e which cases the core and bonds with
it.

40 Those sk~led in the a~ w~l appredate that the prin-
ciples of the invention may be app~ed to mak~g
prebaked e~c~odes as well as to self-baking dec~odes
and that in connection w~h making prebaked elec-
~odes the wooden membe~ may be inse~ed in the

45 mo~ form concu~ent~ w~h the in~oduction of
meRed e~c~ode pa~e a~er wh~h the plhb~ pas~
cy~nder may be removed ~om the mold in the cu~o-
mary fashion and baked.

Although embodimen~ of the ~vention have been
50 described in consecrate deta~, such description is to

be confidered illu~rafive rather than fimitin~ for the
invention may be varioufly embod~d and is to be
lim~ed only by interpretation of the d~ms which fol-
low.

55 I clam:
1. h apparatus of the class wher~n an elec~ode is

formed in a casing having upper and lower end
openings and which exlends toward an e~ctric arc fu~
nace so that electrode paste introduced into the upper

60 open~g mel~ in a region intermediate the ope~ngs

and bakes and cures to form hardened elec~ode
materiM near the lower open~g due to heat conducted
~om that portion of the e~e~ode wh~h emerges ~om
sa~ cas~g ~to s~d furnace, the combination wRh sa~

65
elec~ode of a wooden core extending sub~antifl~
cen~ of said casing through s~d paste in the re~ons
where s~d pa~e ~ in~oduced and where R is moken
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and where it emerges ~om said casing and enters said
~rnace.

Z The~vention ~t fo~h ~ d~m I wher~n:
a. said wooden core is comprised ofa ser~s of sin~e

e~nga~d wooden e~men~ d~posed axi~ of 5
eachothe~

3. Theinvention set fo~h ~ clam 1 wher~n:
a. s~d wooden core is comprised Of groups of

wooden ~emen~ which groups a~ ~sposed axi-
~ly of each other. 10

4. A me~od of forming a self:bak~g arc furnace
dec~ode compiling:

a. introduc~g unbaked electrode forming paste inlo
the in~r~r penpher~ region of the upper end of
an electrode form~g dev~e ~omwhose lower end 15
an electrode e~ends into a ~rnace.and

b. ~serting wooden e~men~ aridly of each other
into ~e cen~fl re,on of the said upper end so that

when the pas~ melts due to heat derived ~om the
~e s~d p~ flows ~ound each wooden ele-
ment and encases it.

5. The m~hod ~t ~h ~ d~m 4 wh~n:
a. s~d dec~ode is continuously advanced toward

~ ~mace to absorb ~de~ he~ ~r cha~ing
s~d wooden demen~ consecutively be~re ~ey
enter the ~mace.

6. The m~hod ~t ~h ~ d~m 4 wher~n:
a. the wooden demen~ are ~bstantial~ the same

~ng~ and are inserted to ~rm groups which are
¯ ~ed in end-to-end ~n in the central re-
,on ofthe e~rode.

7. The ~venfion se~ ~h in ~m4 whe~:
a. ~e de~de ~rming p~ ~ ~ the ~rm of ~lid

~oc~ when berg in~oduced into the upper end
of the electrode ~rming device.
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[ 57 ] ABSTRACT

This invention relates to brushes ~r eM~dcM appara-
tus and to m~hods for manuhc~fing same.

Carbon and eMc~ograph~zed brushes ~r de~ficM
apparatus ~dude, according to the invention, finely
dN~ed abrafive additions uniform~ d~tfibuted
~roughout the whom v~ume of the brushes, mMn~; in
the form of siIMon ~oxMe, and film-form~g o~an~
p~yme~, such as cobaR I~deMe or polyimMe resins,
in a p~ymefized sta~.

The me~od for manuh~ufing sam brushes con~Ms in
that brush blanks are su~ec~d to comMnm~n
~e~mem, for which purpose into the blanks are
introduced uniformly ~roughout the whole volume
~ereof findy divided abrasive add~on~ mMMy, in the
form of fi~con ~oxMe, whereupon the brush Manks
are impregn~ed w~h solutions of film-~rming o~anm
pdymers wffh subsequent thermM ~emment until ~11
po~merization of the impregnating composition.

4 Ciaim~ 1 Draw~g Figure
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BRUSHES FOR ELECTRICAL APPARATUS AND
METHODS FOR THEIR MANUFACTURE

REFERENCES

This ap~ation Is a continuation-~-pa~ of U.S. Pat. 5
appfic~n Ser. No. 749,390, fi~d on Aug. 1, 1968,
now abandoned.

INTRODUCTION

The present ~venfion relates to heav~cu~ent e~ 10
tric~ en~neefing and, more parficuhfly, it relates to
carbon and e~ctrographitized brushes Daturing h~h
wear reliance and commutat~g power and deigned
for use in e~ctfic~ mac~nes operating under stressed
commutat~g condR~ns, capab~ of operation both ~ 15
a norm~ atmosphere and in an ~omsphe~ contain~g
volatile organosil~on compound~ as well as to a
m~hod of manufacturing s~d brushes.

STATE OF ART 20

Aaemp~ at ~c~asmg the refiab~ky and pro~n~ng
the serv~e lid of the e~ctric~ appar~us under heavy
operating condition~ with a fimuRaneous reduction of
their we~ht, have brought about the deve~pment and 25
use ~n e~romecha~c~ eng~eedng of heat-resistant
insulation compris~g organo~licon po~mers (sili-
cones).

However, as shown by the practice of manufacturing

~U~hu~r~u~l~ha~l~r~lrit~ when~SUNti°nheated~atufingin the 30

course of operation, evolves voMtiM compounds wh~h
affet adve~e~ the ~ing contacL th~ resulting ~ the
disruption of the commutation and a marked ~crease
in the wear of the brushe~ espedM~ so ~ cMsed de~ 35
tficM apparatus.

The devMopment of special types of eM~dcM
brushes presen~d one of the so~tions to this proMem.
In part~dar, ff has been found that coppevconm~g
brushes do not react to the presence of ill,on vapors 40
in the atmosphe~.

However, such brushes Dmure a con~deraMy de-
creased contact res~tance and, ~e~fo~, are only su~-
able ~r use in apparatus w~h more favoraMe commu-
~ting condition~ 45

For use under stressed commutating con~tions, A
has been propo~d to use carbon and de~rograp~
ized brushes without add~ons of copper and other
me~, howeveL contain~g up to 1 percent sil~on di-
oxide. 50

However, the introduction of fi~con d~xMe into
brushes, whose pro~cfive a~n is based on the pdncV
ple of fine p~hMg of the coBector contact surfaces,

and e~ctfic~ characterizes of the fl~g conta~.
Thus, whi~ the filicon d~x~e con~nt ~ the brushes

~creases, their wear resistance ~kew~e increases and
reaches the ma~mum when the we~ht of the sil~on

60
dioxide addR~n is about 0.8 percent.

HoweveL as the fiHcon d~x~e content in the brush
~creases, in the course of the req~red high-
~mper~ure ~e~ment, espedaily in the ~mperature
range of from 1~00° ~ 1 ~00°C, there occurs a reac- 65
t~n of the formation in the brush of silicon carbides
which have an adverse effect on the con~ct surface of
the c~or in the course of the brush operation.

2
~ order to avoid the formation of si~con carb~es,

the therm~ ~e~ment of the brushes is carried out in
a pro~e ~mosphe~ and the maximum ~mpera-
ture is brought down to 1A00°C; neve~he~, even in
case s~d conditions are observed, the presence in the
brush of more than 0.5 percent fil~on dioxide, al-
though mak~g for a ~nger ser~ce lid of the brushes,
cauls ~ the same time an increased wear of the collec-
tor plates.

For example, ~ the m~eri~s submk~d to the 3 rd
Sc~ntific U~. Con~rence on E~ctfic lnsu~fion, held
in Ch~ago ~ 1960, W.H.FiDr of the U.S. Bureau of
Sh~ B~g pointed out that, desp~e the progress
made, in deaficfl apparatus D~udng organos~con
~su~tion the reduction of the number of cases of ~su-
lation damages was coun~rbflanced by a certain in-
crease in the brush wear. In units in which h~h res~-
tance of m~or ~su~tion shodd be m~nt~ned wRhout
inspection for a pro~nged period of time no s~ght tn-
crease of the brush wear cou~ be tderated and, the~-
fore, the use of any organo-silicon materi~s should be
av~ded.

There are known a number of impregnating compofi-
tions based on diverse organ~ m~efi~s and defigned
to improve the brush operation.

However, w~le increafing under norm~ con~tions
the wear ~fis~nce of the fl~g contacL s~d compos~
fions do not profide an adequatdy reHab~ oper~n
of the brushes m an atmosphere con~i~ng s~icon va-
pors.

For ~ance, one of the novel impregnating com-
pounds based on ~all~ phth~e and on all~ and di~-
lyl ~cohd~ tested under normfl condition~ made for
the brush operat~n with a wear of no more than 0.3
mm per 100 hour, whereas ~ an ~mosphere conmm~
nated w~h silicon compounds the brushes tested on the
same stands fe~ured a wear of up to 0.5 mm per 100
hours, w~ch means an ~crease of the wear by 1.67
times.

It ~ an o~ect.of the present ~vention to deve~p
compositions and methods for manufacturing carbon
and electrographitized brushes, th~ would make for an
equally good operat~n of the brushes both ~ an ~mo-
ditions,Sphe~ contNNngwouN causeSilicOnno vapors andincreased wearUnder normN cOn-of the cM~c-

tors and pro~de for a h~her sur~ce re,stance of insu-
lation of the e~ric~ apparatus wind~gs.

~ the accom~hment of s~d o~ect of the ~ven-

tr~Mti°n’ inapparatus,Carb°n andaccord~g to thee~r°grapNtiZedpresentbrushes fo theelec-

matefiN of the brushes cont~ns fin~y ~v~ed abra~ve
cond~ons uniform~ ~ributed throughout the who~
vo~me thereo~ m~y, ~ the form of ill,on ~o~de,

~adtefi~f~;~:~i:~7~z:~ cobflt finO-state, while
the m~hod of manufacturing the carbon and e~ro-
graphitized brushes confists in that brush blanks are
succeed to eomb~ation ~e~menL for wh~h purpose
there are ~oduced uniform~ throughout the who~
v~ume of the ~anks findy divided abrafive additions,
m~y, ~ the form of sil~on diox~e, whereupon the
brush b~nks are impregnated with solutions of film-
form~g orga~c pdyme~ wRh a subsequent thermal
~eatment until comple~ po~mefization of the impreg-
nating composition takes ~ace.

The treatment of brushes prov~ed by the present in-
vention with s~d organic pdymers ~compati~e with
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organ.silken p~yme~ makes for imparting the fo~ow-
ing properties to the brushes.

1. Improvement of the slid~g con~fions of the
brushes owing to the reduction of the frict~n coeffi-
cient and accderafion of the formation of a stab~ layer
of perish on the coHecto~

2. Increased cementing of the brush ma~d~ in the
coupe of p~ymerization of the impregnating tempta-
tion.

3. Reduction of the brush du~ adhe~on to the insu-
lting sur~ces inside the de~r~ apparatus.

4. Adequa~ therm~ s~fi~ ~q~red to ~sure the
prese~ation of properties impaled to the brush as a
result of the com~nafion t~ment throughout the
whole service life of the brush at the ma~mum perm~-
s~le working ~mperatures.

The ~qui~men~ set can be be~ met at prolonged
~mperatu~s of up Io 156°C by organ~ fiim-form~g
compos~ons based on drying vege~e oils with the
add~n of metfl execs, that are capab~ of assum~g
cu~en~conducting properties under lhe effect of elec-
tric currenL

In the p~n~and-varnhh manu~ure it has been well
known to use vege~e otis with the addition of dive~e
ficcatives such as metal o~des for a more rapid and
comp~ dry~g.

For exam~e, it has been known to use a com~nation
siccative in the form of cobaR and lead naphthenates
for the promotion of carbon electrodes ~om destruc-
t~n, which is well justified for the o~ect ~eL

However, in accordance with the present ~vention,
much beret resuRs are attained through the use of
~n~e~es ~ur~g an ~creased meal contenL in pa~
ticu~L up to 15 percent cobflt ,fide, as ag~n~ the use
of naphthen~es.

FoHow~g the imp~gnation and therm~ ~e~menL
the retaking ~nole~e in the brush contorts up to 30
percent oxygen, which has a favora~e effect upon the
formation on the co~ector of a ~ab~ ~yer of polish.

Of particular fignificance to the accom~hment of
~vorable resfl~ are both the choice of the impregnat-
ing compos~on and of correct concen~ation thereof
for in the oppofi~ case totally different properties may
be attained. Thus, with an increase in the brush body
aRer the po~merization of the amount of the impreg-
nating compos~on leR the eommutat~g power of ~e
brush ~ures an initial marked increase whereupon it
goes down rather rapid~ and spark~g occur.

Prior to the beg~n~g of spark~ the wear refis-
tance increases monet,hourly.

Therefor, depend~g upon the operating cond~ions
of the brushes, for each specific impregnating eomposi-

tiOtr natiotnheri~ exist tshe brusha ,ce~Ns naid optimum VMUo eptimum vMueOf ib tSein~Oncenin -~e

range of appro~m~y i .0 to 5.0 percent by we~ht of
the brushes.

A~o an e~enti~ d~finguish~g ~a~re of the present

inventi°t nhe brushe~ thd eeNgnei dmpregn~fo nr operat~W nith PM~m~a et ~mperaturer sesins °off

~om 150" to 300"C.
The imp~gnation with these reins, ~ eombinat~n

with abrasive additions, impar~ v~uab~ properties to
the brushes an~ogous to those imparted as a result of
imp~gnation with cobaR l~deme, howeveL unlike the
~t~r, ~ a~o imparts to the brushes a ~gh therm~ na-
bili~ owing to wh~h the brushes can w~h~and pro-

4
longed work~g ~mper~u~s of up lo 300°C and sho~-
duration work~g ~mper~u~s of up to 400~500°C.

For a better unders~nd~g of the present ~vention,
sever~ exam~es are p~sen~d he~be~w with due

5 ~nce to the accompany~g draw~g which illus-
trams d~grammatic~ ~e method of manu~c~dng
brushes according to the invention, said examples
being presented for the purpo~ of fl~ration and not
by way of ~m~ation.

10
EXAMPLE 1

Brushes for dectric~ appar~us with stressed corn-
mutating cond~on~ des~ned for ,perSon in a no~
m~ ~mosphere and ~ the presence of silicon vapors

15 at a pro~nged work~g ~mper~u~ of the brushes up
to 150°C.

B~nks of carbon and e~c~og~phR~ed brushes, in
accordance w~h the appended d~w~ are su~ec~d
to the fol~w~g com~n~n ~e~ment.

20 The blanks are fi~t dried at a ~mpe~ of

110"-120"C for 1.5-2 hou~ until a com~e~ ~mov~
of m~u~, whereupon they are cooled down to a ~m-
per~u~ ~f 60~70°C, at wh~h ~mperatu~ they a~
imme~e~ without the u~ of p~u~ or vacuum, in a

25 b~h con~i~ng pdymeth~ siloxane m~n in a s~n

of to~ene or ~h~ Cd~sdve.
The fi~ofi~ of the impregnating composition ~ se-

~cted depend~g upon the porosity of the brush ~anks
so that the ~crease ~ we~ht after the ~gh-

30 ~mperature ~e~ment wffi be w~n the ~nge ~f ~om

0.2 to 0.5 percent by we~ht of the b~nks a~er mo~-
ture has been ~moved ~om the iaue~

Therm~ ~e~ment ~ carried out in an argon or h~
drogen ~mosphere with a two- or thee-stage ~mper~

35 ~ ~c~ase ~om 600* to I~00*C, in the coupe of

w~ch findy ~v~ed silicon ~ox~e (~O~) ~ deposed
uniform~ throughout the whale vdume of the blanks.

Seconda~ impregnation of the brush ~anks, in ac-
cordance wRh the draw~ is carried out an~ognufly

40 wRh the ~iti~ one, but ufing cob~t i~e~e ,brined

~om l~ed ~1 by the dry, ~fion or deposition tech-
n~ue~ wRb the tobit ox~e eon~nt ~ the prepared
l~de~e of up to 15 percent by we~ht of the ~aer.

The impregnating temptation ~ brought to working
45 v~eo~ with the ~d of wood turpentine prdim~arily

kept in the l~ht in the open air for 1-2 days, w~h a
v~w to ob~g a~er the sub~quent ~conda~ the~
m~ ~e~ment a g~n in the we~ht of the brush ~anks
in the range of ~om two to five pe~ent by we~ht a~er

50 the primary therm~ t~ment.

The secondary therm~ ~e~ment, fol~w~g the ~-
mov~ from the imp~gn~ed ~anks of excess imp~
hating compound, ~ carried out ~ an atmosphe~ of ~r

55 ~v~h.~ ~epW~u entil fuH~mper~Urp eo~merizatii~nC~aofSethc~ imp~gnati~ ngOm 120° m

composition.
The optimum eon~nt ~ the brushes of fifteen d~x-

~e and eob~t fin~e~e ~ de~rm~ed for each new

typs epe~fiOcf brushee S~ctdc~0ampparatu~t s.and ~sting~ ~ ap~ation to

EXAMPLE 2

Brushes for e~ctdc~ appar~us w~h moder~e com-

65
mutating con~tions, deigned for operation ~ a nor-
m~ ~mosphere and ~ the p~nce of sil~on vapon
in s~d ~mosphe~, ~ a pro~nged work~g ~mger~
ture of the brushes up to 150°C.
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The introduction into the brush blanks of abrasive
additions does not differ from that described in Exam-
ple 1.

The secondary impregnation in accordance with the
drawing is effected analogously but with natural drying
oil (boiled linseed oil) using a cobalt or some other sic-
cative, dissolved to a working viscosity in wood turpen-
tine, with a subseuqent thermal treatment as described
in Example I.

EXAMPLE 3

Brushes for electrical apparatus featuring prolonged
’ working temperatures of from 150° to 300°C, designed

for operation in a normal atmosphere and in the pres-
ence of silicon vapors in said atmosphere.

The primary impregnation and thermal treatment do
not differ from those described in Examples 1 and 2.

The secondary impregnation, in accordance with the
drawing, is effected with a solution of polyimide resin
in dimethyl formamide, with a subsequent thermal
treatment of the blanks st a smooth temperature in-
crease of from 100° to 250°C, until complete polymer-
ization of the impregnating composition.

As distinct from the preceding Examples, the impreg-
nation with polyimide resin can be carried out in an au-
toclave, using vacuum and excessive pressure.

All variants of the brushes have been tested under
laboratory conditions and in closed electrical apparatus
with an output of from 1.0 to 9.000 kw, featuring or-
ganic and organosilicon insulation. The apparatus were
tested on a stand under the harde.,t possible working
conditions.

Presented hereinbeiow by way of illustration are
some characteristic data obtained from testing the most
extensively used electrographitized types of brushes.

Table 1 contains the data on comparative tests of d.c.
electrical apparatus with a collector peripheral speed
of 20 m per see., at an average current density in the
brush of 10 amp. per sq.cm.

TABLE 1

Comparative testings of brushes in apparatus at a stand

organosilicon orgamc
wear,eoramuta- wear,¢ommuta-
ram/ tion, ram/ tion,

No. Type of brush 1000 hr cony. 1000 hr cony.
valve valve

1,294
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1.4 9n 1.4 9n

No~: The conventonal value of coraraumfion w~ ~und ~om the

m~fi~fion ~ add~nal pd~.

5 - -Tab~ 2 p~n~ ~e ~lts of comp~ative ~stin~

of ~e main varia~s acco~g ~ Ta~e 4 (Varian~ 1 
2 and 4) under actu~ wo~g cond~o~, the b~
b~ng u~d ~ c~d h~h~peed e~ctric~ app~a~s
w~h Mre~ed comm~ating conditions, with the coHec-
~r pefiph~ speed of 50 m per sec., average current
density under the brushes of 10 amp. p~q~m, spe-
cie p~u~ of~e spr~ of 30 gram-force per ~m,
and the collec~r work~g ~mpe~ of 120°C.

15 TABLE 2

Testing ~e brushes ~ operation ~ c~sed de~ric~
appa~ms wi~ organo~ficon ~s~n

Total ~s~mnce of cu~
No. A~r~e ~nt~onducti~ p~ ~

20 nora
T~- Type of ~e ~e ~ ~ megohms
~ 1 b~sh fi~, ~

m~l,~0 ~ ~tal ~er a~r
I,~0 ~ 2~00 hr

10

25

30

35

40

45

I. ~Uogaph~d
brushe~ n~dd~on~ ~e~rae~

15.5 4.0 3.0 10n 50
2. Variant 1, wRh ~e

inwoducfion of 0.8
pe~x~%ent ~l~on 2.0 8n 2n 8n

3. V~nt I,

per cent ga~ in
we~hO 4.5 7n 2n I~0

4. Variant 1, wi~ ~e

cem cobalt I~Ne~e 1.0 IOn In IOn 60
5. Varhnt I, wi~ ~e

inuodu~n ~ 0.5
per cent ill,on
d~x~e and 4~ per
~m bo~d fin~ed
oil 1.3 8n 1.3 8n

6. Variant 1, wi~ ~e 65
inuoducfion of 0.5
per cent sfl~on
d~x~e ~d 2~ ~r
cem pdy~e ~fin

30.0 50.0 0.1 0.05

4.0 50.0 5.0 4.0

2.5 50n 25.0 20n
No~: After e~g ~e w~d~, ~e ~fis~n~ of ~e app~ ~sm
lation w~ r~r~ ~ a value do~ ~ ~e initial one.

Laboratory investigations have flso shown that the
coeffi~ent of friction of the brushes su~ec~d to com-
bination ~eatment is 1.4-1.6 times ~wer than that of
the brushes cont~n~g on~ ill,on d~fide, which
makes for the reduction of meean~fl friction ~es
during the fl~g of the brushes on the cd~ctor and
for an ~crease of the serv~e fi~ cfthe collector ~a~s.

~ ~ c~ar ~om the aboved~d ~sting resu~s that
n~ther untreated brushes nor any of the afore-
described ingred~n~ ~oduced to the brush sepa-
rately can ful~ salve the pro~em of normflizing the
operation of the brush con~ct ~ an atomsphere con-

tai~nT ~he--herein°a proposedVap°~" ue~ment base~" d~°n on the effect of

cum~ative ~eatment wRh silicon ~ofide and film-
form~g orga~c pdymers he~s ful~ efim~e the
harmful effect of sil~on vapo~ upon the tiding con-
tact and makes for a rap~ formation on the collector
of a sta~e layer of pol~h acquiring a characteristic
glow. The brush dust from such brushes ~atures re-
duced adhefion and adheres to the win~ngs ~ a con-
fidera~y ~sser degree, which he~s m~ntain the ~su-
lation ~sistance ~ a h~her ~vd ~ the coupe ~f oper-
ation, thus ob~g the neeesfity of mak~g regular
~ops for the purpose of c~an~g the appar~us, even
the h~h-vd~ge apparatum

The wear refistanee and eommutating power of the

~ ~ ~ ~ ~ r~o ~ rue :~tr i:: erich t~ :t~: ~h ~
conditions and ~ the presence of silicon vapors ~ the
atmosphere. Characmristics of the novel brushes pro-
posed hcre~ are superior to those of the brushes con-
t~ng on~ sil~on diofide.

What ~ d~med ~:
1. A method for manufacturing carbon and e~ro-

graphitized brushes for electrical apparatus wh~h corn-
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prises firm imp~gnating a brush blank wRh a so~tion
of an organo~con resin ~ such an amount that after
therm~ ~e~ment at 600° to 1400°C. the brush b~nk
will con~in, uniform~ d~tfibu~d over the entire vob
ume ~e~oL finely divided ill,on d~x~e ~ an
amount of 0.2 to 0.5 percent by w~ght of the b~nk,
heating said impregn~ed blank at a ~mperature of
600° to 1400°C. until the blank cont~ns sa~ 0.2 to 0.5
percent be we~ht of fine~ divided fi~con d~x~e, se-
condly impregn~g the b~nk wRh a solution of cobaR
linoleate cont~n~g up to 15 percent by we~ht of co-
balt oxide based on the we~ht of ~n~e~e, in such an
amount th~ a~er therm~ ~e~ment at 120° to 180°C.
the secondly impregn~ed blank will cont~n 2.0 to 5.0
percent by we~ht of s~d second impregnating compo-
sRion based on the w~ght of the blank, and heating
said secondly impregnated blank to a ~mperatu~ of
120° and 180°C. until com~e~ p~ymerization of the
second impregnating composition occur.

2. A method for manufacturing carbon and elec~o-

8
gmph~d b~ ~r e~fic~ app~us w~ch com-
prises ̄ ~fibut~g finely divided silicon dioxide
~mugho~ ~e entire v~ume of a brush blank, subse-
quently imp~gnating said blank wRh a solution of a

5 ~m-form~g o~an~ p~ymer and su~ecting said im-
p~gn~ed brush blank to ~erm~ ~e~ment until com-
ple~ po~merization ef ~e p~ymer ~ effe~ed.

3. A m~hod acco~g ~ cl~m 2 where~ the ther-
mal ~e~ment takes place at 120° to 180°C. and the

I0 film ~rming p~ymer ~ n~ur~ boiled linseed oil in
such an amount that afer ~erm~ ~e~ment ~e blank
will cont~n 2.0 to 5.0 percent by w~ght of p~ymev
ized finseed oil based on the weig~ of the blank.

4. A m~hod acco~g to claim 2 wherein the ther-
15 m~ ~e~ment takes p~ce at 100° to 250°C. and the

~m ~rm~g po~mer is a p~m~e resin ~ such an
amount th~ after therm~ ge~ment ~e blank wiH con-

tain 1.0 to 4.0 percent by we~ht of polyim~e resin
based on the we~ht of the ~ank.

20
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[ 57 ] ABSTRACT

A sd~bak~g e~ctrode for an electric furnace com-
prises a permanent tubular c~s~g wh~h extends be-
neath the furnace hood toward the furnace charge. A
ram located over the top end of the casing can be re-
tracted for inse~g elec~ode paste and can be ad-
vanced for compacting the pas~ and extrud~g the
baked potion of the elec~ode ~om the lower end of
the casing The lower end ~ a~ated in a region
which is engaged by dectrode contact plates that
exe~ a pre~ure on the caring and the baked e~c~ode
to permR ex~ufion at a con~ol~d rate. The casing ~
su~ounded by a mantle wh~h ~ insula~d and defines
an anndar gap around the cas~ Hot gas ~ forced
a~ through the gap of the cas~g to melt and pre-
cure the dectrode pas~ prior to the paste pass~g
through the re,on of exit and elec~ode contact. The
usu~ apparatus for advanc~g and re~acting the
whole dectrode formhg apparatus and elec~ode with
respect to the furnace charge ~ ~so profide&

37
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BACKGROUND OF THE INVENTION

This invention rdm~ to a method and app~atus for
mak~g self-baking electrodes ~r use wire e~ctric ~r-
nace~

Convention~ sel~bak~g dectrode ma~ng app~
tus compris~ a venic~ ~spo~d c~dric~ c~ing
the ~wer end of wh~h extends into the ~e~ric ~
nace. The upper end of the ca~ng ~ open to permit
workmen to ~sen chunks of c~bonaceous p~ w~ch
mel~ and ~tim~e~ cu~s ~ a s~ ~e ~ a ~s~t of
hem wh~h is conduced upwar~y ~om the cured po~
t~n of~e e~rode ~ eme~ ~om b~mm comact
~mes in~ the ~mac~ The c~dric~ ~ctions ~om
which the caring ~ made have sever~ ~w~y di-
rected fins to wh~h the pa~e ~s ne~ the ~pm en&
The fi~ prov~e ~r engagement b~ween ~e c~g
and the uncured and cured portions of the ~ec~ode
therein and the fins ~fo~e the ~ec~ode, conduct
electric current ~om the contact damps to the cured
pon~ns of the electrode and contribute toward con-
duction of hem ~om the cured potion to potions
which are unde~ng curing by heat.

Because the ~wer end of the ca~ng ~om w~ch the
elec~ode em~ges is normally ~ ~e hot en~ronmem
of the ~mace, the casing h consumed and new ~ctions
mu~ be added m the ~p end. T~s ~ done by workmen
on a floor above the ~mace wh~e ~ey ~e protected.
Convention~, the e~c~ode ~amps ~e ~ed ~
permR ~wer~g of ~e ~baked e~rode and the su~
rounding ~ed c~g. Means a~ prov~ed ~ a~u~ ~e
~stance of ~e casing and e~rode with ~spect ~ ~e
~mace ~ m~n a prop~ ~c ~n~h with respect to
the cha~e in the ~mace.

Consum pt~n of the caring and the fins ~n resuR
¯ iron berg in~oduced imo the malt wren me ~
nace. ln~oducfion of iron ~ undefira~e when such
produc~ as high purity ~l~on and ~um~um ill,on
are being refined in the ~ace. To avid in~oducfion
of~on in~ the mall it h~ been c~mma~ ~ ~vo~ u~
of ~ba~ng electrodes and to use, ~ea& preformed
or p~baked s~ de~rod~. The latter, of coupe, are
much more expensNe than ~ba~ng e~c~odes and
they ~qui~ ca~l cou~g of addifion~ sections to
make up ~r consumption of the e~c~ode at the ~wer
end.

One m~hod of pa~ial~ ov~com~g me in~oducfion
of ~ous metal ~ ~e ~mace ~ ~ substitu~ ~r ~e
usu~ radia~y inw~d~ ~ed r~n~g fins a l~ht-
we~ht meal ~amewo~ wh~h becom~ embedded in
the pa~e and ri~fies the dectrod~ The framewo~
m ~ee of the c~g ~us ma~ng ~ posfib~ to advance
¯ e ~e~ode m a ~omewh~ ~gh~ rme than ~e c~ing
is advanced ~ w~ch c~e consumpt~n of the ca~ng ~
reduced. Howeve~ ff the ~amewo~ cont~ns ~rrous
met~ as usu~, the melt in me ~mace may still be

s°mewhth man with mCe°n~m~medm ’~hod fi~tNm°ugd h~cu~ed~°ona e~eo rf th~egrep eroN
lems wire th~ cons~uction ~ th~ me framewoN mu~
be ~ IN~ ~s ~os~i~le m minimi~ iron comamination
in wh~h c~em~e may not be su~e~ ~n~h ~ ~-

an unduly ~ow m~ wh~h ~sd~ ~ ~ of ele~rode
~n~h ~he~ Keme~ from me con~ ~m~. The

2

d~c cu~em ~ n~ conduced ~cfly from ~e de~
t~e c~ dam~ ~ ~e ~ ~ ~ ~ d~
t~e ~d to the cu~d ~on. The ~du~d being

5 and curing e~ ~ ~e de~ric cu~em ~ ~e cenU~
po~on of the dec~odes compds de~rod~ of re-
duced ̄ amem~

S~Y ~ ~ ~NT~N

t~e ~rm~g app~ w~ch m~imkes in~oduct~n
~ me~ out ~ w~ch the ~ ~ c~ in~
~ ~l~n ch~e ~n a ~m~e ~m w~h ~ d~

t 5 A ~ o~ ~ m~ ~ ~ ~ ~e ~
ratus w~ch uses no fins, ~~ or ~her condu~
ti~ ~ ~~ ~m~ in ~e p~e ~ ~e c~
ing and yet pro~des ~r ~od ~m~ precuring and
curing of the d~tmde pa~e be~ it em~s as a

20 cured e~ ~m be~w ~e contact ~es.
A ~h~ o~e~ ~ ~ ~o~de sd~ba~ng el~ode

~rming app~ in w~ch the de.rode m~ be
~ed ~mom ~e of any fins, r~n~g ffamewo~
~ ~h~ ~mcmr~ demem ~ condor ~m ~d dec~c

25 current ~ the de.rode, th~ o~e~ being ac~eved
by pro~ng de~ric contact memb~s which engage
the ~rming c~ng near i~ lower end in such manner
as to have a circuk that ~ directed from the e~rode
contac~ m the ca~ng and to the s~ed de.rode.

30 A s~ ~r o~e~ ~ m ~o~de ~r p~curing ~ me

a mantle that defines a concentric gap mrough which
hot ~r or g~ ~r curing may be d~dmed whereby
conduction of hem from the ~rn~e mrough the elec-

35 ~e i~e~need not be rdied upon exclusively to cure
the electrode.

Still another o~ect of th~ ~vention ~s to prov~e ~r
~n~ the d~trode with nomm~l~ membe~
such as wooden co~s w~ch ~tmdu~ no ~go~ con-

40 ~ ~ the ~ma~ but w~ch are conveaed ~
charco~ and have their pores filed ~y ~th car
bon derived ~m the pa~e and ~m the hy&oc~bom
~ting from t~ cur~g pro~ ~ th~ the entire
cross ~n~ ~am~r ~ ~ is conductive.

45

In generM ~rm~ the invention ~ charac~dzed by an
ele~rode ~rming c~dficM c~ing which h~ a flee
bore. A p~te compacting and dectrode ex~u~ng ram
~ rimmed above the upper open end of the c~ Re-

50 ~act~n of the ram permi~ workmen ~ ~se~ elec-

trode p~ into the c~ing and downward advancement
of the ~m ex~ud~ the cured electrode from the bo~
tom end thereo~ The b~m end of the ca~ng ~ pro-
~ded wi~ ~n~n~ly ~sposed ovedap~ng j~ms ~

55 make ~ somewhat inward~ ~silient. The sli~ ~ea~d
by ~e overlaps a~ in mm cove~d wire ad~t~n~ m~
~ri~ m p~em ~akage of pas~ and mi~m~e ~akage
of hydroc~bon g~. There a~ de~dc contact Nines

60 su~ound~g ~e ~d end of me camng The contact
~mes are under su~c~ pressure to support the cas-
ing and ~e dec~ode me.in but the pressure is not so
~e~ ~ to p~vem ~e e~rode being advanced under
the influence of the ram at the ~p end ~ it becom~65 ~n reC~t rYh~ whichr th~consumed at ~el seC~°d~ ~ be e~endelo dwer end~ make up

The substanti~ly ~m~n~y c~ing ~ surrounded ~
concentric spaced relation by a mantle. Hot air or g~
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~ ~mc~ed ~mugh ~is ~e ~ hem ~chan~ relation
~ ~e c~i~g ~ mdtand ~ebake ~e d~tmde p~
which ~ finny baked ~ cured ~ ~e morn ~me
heat w~ch is conducted from ~e am ~ the ~m~e
through the d~ode.

How ~e abo~-mentioned o~ec~ and o~ morn
spec~c o~e~s of the hvention are acMeved wiB ap-
pe~ M ~e emu~g mo~ detailed de~fiption ~ a p~-
~ed embo~mem of ~e new sd~bak~g ele~rode
app~us w~ch ~11 be set ~rth ~ m~nce ~ the
&a~ng ~o~y herein~teL

DESCRIPTION OF THE DRAWING

HG. 1 is a verficM devafion of the new ~bak~g
eMcUode apparatus ~th pa~s in ~n and other
pans in ~mirection;

HG. 2 h a ~ansverse section taken on a line corre-
spon~ng ~ 2--2 ~ HG. 1;

HG. 3 ~ a paniM section taken on a line c~m~on&
ing ~th 3--3 M ~G. 1; and

HG. 4 is a ~ansverse section taken on a line co~e-
sponding ~ 4--4 ~ HG. 1.

DESC~PTION OF A PREFERRED EMBODIMENT

Re~rring ~ HG. 1, one may ~e ~ pa~ of~e de~
trode ~rm~g apparatus is above a floor 10 and an-
ther part is brow ~e floo~ A m~on far brow floor
10 R occu~ed by an e~ctfic ~mace w~ch ~ not
shown but the upper sur~ce of the charge within the
~mace is ~c~ed by the m~mnce num~ 11 near
the b~m of HG. 1. One cf ~e hoods 12 cf ~e ~
nace is shown ffagme~y and ~ seen to be pos~
t~ned imme~dy beneath floor 1~

The electrode forming apparatus ~ ~G. 1 compr~
a c~dric~ metal c~ing 12 in wh~h carbonaceous
pas~ may be introduced ~r being baked in~ sd~
electrode. The ca~ng may be made up of a numb~ of
curved sections we~ed mg~h~. The interior of c~ing
12 is smoo~ and does not have ~e usu~ radial~ ~-
wanly ex~n~ng elec~ode supposing fins nor any
other m~l~ min~memem ~r the de~mde that ~
~rmed ~em~. The ~rmed, cured and sd~ed dec-
trode posen 13 eme~ from the bosom end of c~-
ing 12 under the influence of a ~m head 14 at the mp
of the c~ Ram head 14 may be m~ac~d from
within the caring m permit woNmen on floor 10 to ~-

tr°dUCh eead 14chunkis Sdrive~f e~r°db ey the connectinP g~ into C~ir ngod 15 oflaZ Raft mu~
operated cyl~der 1~ C~der 16 can be pressurized to
effemua~ ex~uNon of de~mde 13 ~om the boaom
end of ~e c~ing. A mechan~ally operated ~m coMd
be sub~i~d ~r ~e flu~ op~ed ram ff de~red.

As shown in HGS. 1 and ~ the ~wer end of dec-
tm~e ~rm~g c~g 12 is provided with Omum~mm
tially spaced afiN~ e~enNng ovedapNng jNn~ 17
which make the end of the cas~g somewh~ refil~nt

1o~ of hydroc~bon ga~s and prov~e a large dectric
contact interface with exterior of c~ing 1~ Oveda~
ping join~ 17 and caNng 12 constim~ an articd~ed
stratum wh~h permi~ application cf a gripNng fore
by ~e c~ing on the e~c~ode 13. Other re~l~nt or a~
ticM~ed damNng mechan~ms cord be substituted
~r the one ju~ described.
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The lower end of the c~ing R su~ounded by a plur~-
Ry of ele~rode comact membe~ 20. Con~ membe~
20 ~e carried on a p~ure ring 21. Each co~a~ ~ ~-
~oc~d wi~ a defice 22 ~r ap~ng pm~um m ~e

5 conm~ 20. The pre~u~ apply~g de¼ces 22 may com-
p~se a houfing 23 and a ~ung~ 24 su~ounded by a
shoddemd fleeve 25. A spring 26 reac~ ag~n~ the
sho~d~ and forces the ~ung~ 24 ag~n~ i~ ~so-
ciated electrode contact 20. A ~maded c~l~r 27 pe~

10 mi~ ~djustment cf spring pr~sum. The ~tal force of
¯ e various ~unge~ ag~na ~e co,act 20 R adequate
~ bring abo~ a dam~ng action by ~e ~grnen~ 19 of
c~ing 12 ag~n~ the e~c~ode 1~ The ~e ~ ~e~
enough ~ suppo~ the baked de~mde 13 and the ca~

15~g 12 and to prevent thor ~adve~e~ movemem
towa~ the ~rnace. The electrode 13 R actu~ re-
ar,ned from ~adve~e~ ve~ic~ mo~emems by fri~
t~n~ ~e of ~e articled c~irg b~mm. When ~
N defired to ~ed morn baked dec~ode into the fu~

20 nace m make up ~r th~ wNch may be consumed ~
the de~fic ~c, a ~me N applied m ram head 14 at the
upper end of ~e c~ing and ~e frictionN ~me at the
~wer end m ovemome ~ wNch c~e the soi~ cured
end 13 of the dectrode ~ caused to ex~ude ~om the

25 ~wer end of c~ing 12.
For self-baked dec~ode having a Nam~ of abom

35 ~chem ~ h~ been ~und that a hNNng ~rce of
about 30 ~ 40 pounds per square inch on dec~ode
contac~ 20 N sutfic~nt ~ prevent ~ippage of the dec-

30 ~ode from the c~ing except when a pmdom~g
fore g apN~d by means of mm 14.

The de,rode co~ac~ 20 am conne~ed ~ a power
distribution bus ring 30 by means of a plurality of tubm
lar conductive membe~ 31. Power ~str~ution ring 30

35 may be profided wi~ co,ant fl~d p~ges such ~ 32

and 33 wh~h are ~ fluid commuNcation wi~ the in-
terior of conductor tubes 31 to pmfide coNam m the
hN~wed out electrode coma~ e~men~ 20 if defired.
Power N~fibufion ring 30 N connec~d by any sukab~

40 means to a NurNi~ of conductor tubes 34 which are
~ turn ~ dectficN continuity with a bus 35 to wh~h
a N~e number of parNleled flefiNe conducto~ 36 am
connected. The flefiNe conducto~ 36 lead back to a
b~ ~rmin~ 37, shown ~ pa~, wh~h connec~ to a te~

45 minfl of a power transformer, not shown. The dectric

ci~t~y inte~en~g between ~e dec~ode comac~ 20
and ~e power trans~rmer ~ sub~anfially convem~nN
and need not be described ~ grea~r d~Nl.

50 ¯ C~ing 12 ~, of course, not ~d ~to the Nmace dur-
Ing operation ~eof nor during ~rm~g an dectrode
¯ em~. The oNy time c~ing 12 moves ~ when R ~ ad-
vanced jo~tly wi~ ~e dectrode ~r the purpose of e~
~N~Nr g ~e pos~n cf~e ~e~mde tip ~ w~ be de-

55 scribed subsequently.
C~ing 12 ~ su~ounded by a cg~dricN mantle 40

wNch ~ moved t odily wi~ ~e c~ing m a~ust ~e ~o-
~fion of the tip of the baked elec~ode 13 witNn N~
nace charge 11. Sections taken ~rough the mantle 4060 om~ c~indricm ~ay be ~en in NGSs .hel124~nd 3an.d an ~ner c~dficM ~antic 40 compr~ as nhdI

42 ~ concentric spaced relationsNp ~ewi~. There
are Nye~ of ~errn~ insulation 43 and 43’ on the ins~e
surface of inner shall 42 and ~e outer surface of the

65 upper c~ing 12 section. The two layers of therm~ ~-
sulation am radially spaced so ~ ~ define a concen~ic
gap 44 ~ound ~e c~i~g ~ can be ~en ~ NGS. 1-3.
lnsd~g Nyers 43 and 43’ ~rrn~a~ near the ~wer
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ca~ng 12 section and the mantle 42 and casing 12 then
form an u~ns~ated gap 44’ W~ch ~ continuous with
gap 4~ Hot ~r or other hot gas ~ forced downward~
through gap or duct 44, 44’ from an encoding ~enum
45 w~ch is supplied with pressurized hot ~r through a
duct 46 Lading to a Mower 47. By means of a conduk
48, the ~take ~de of Mower 47 ~ connec~d to a
source of hot ~r, such source not berg shown. The
source may be an or~nary hot ~r furnace ~ w~ch fur
~ burned in a combustion chamber that ~ ~ heat ex-
change reht~n with air drc~ating over k. The hot ~r
is drawn ~to the sy~em by fan 47 and forced through
duct 44 ~ he~ exchange relat~ns~p with casing 12 at
the ~wer end portion of the mantle 40 o~y so that the
e~cVode pa~e w~hin the casing ~ the ~wer end po~
tion ~ su~ec~d to heat for precuring The ~mperature
of the air ~ suffic~nt to bake the cont~ned pa~e at
about 450°C. The hot ~r en~ duct 44 through annu-
lar gap 49 at the top thereof and the hot ~r exi~ from
the du~ ~ the lower end 50 ~de of the furnace hood.
Because the hot gases emerge under the furnace hood,
it is ~so po~i~e to use rather com~e~ly o~zed hot
gases of combustion di~ct~ for heating lhe ~wer pa~
of e~cVode casing 12 in~ead of heating ~r by pas~ng
k over a combustion chambe~

The mantle 40 is suppor~d at ~s upper end by a ring
50 which connec~ to the outer shell 41 of the mantle
by means of several gusset ~ates 51 wh~h may be
we~ed to shell 41 and ring 50. Ring 50 ~ ~ turn ca~
r~d by a ~ame 52 wh~h ~ supposed on an e~c~ode
e~vating and lowering hydrad~ c~de~ 53, one of
which ~ riffle ~ FIG. 1. T~s c~der may ~so be of
the pneum~ type. In any event, by means wh~h are
not shown, the c~der 53 may be actuated to r~se or
rower ring 50 and thereby r~se and ~wer elec~ode
casing 12, the dec~ode 13 and su~ound~g mantle 40
jointly with ca~ng 12. These components are j~nfly
ra~ed or lowered ~ accordance with the need for ad-jU~o gr decreas~C gU~en~hfleOW~ngtt hO theo~Urnace charge by ~creasit nghe arc between the tip of

the elec~ode 13 and charge 11 or by adjusting the &~
tance in which the dec~ode pr~ec~ into the charge or
a flag hyer thereon ffthe furnace is of the therm~ con-

ducfivt eem for ~Ps eensinrgathev rNmgt ehan ad nroparC furnaCa the arT~c ~nd actuaS t-erv° sy~
ing electrode positioning cylinder ~ accorNnNy ~ not
shown since this sy~em may be convenfionN and is
well known to those sN~ed in the art.

When casing ~ and mantle 4~ are rNsed or ~wered
together there ~ no Nippage between e~c~ode 13 and
the ~amNng a~angement at the ~wer end of casing
IZ Under these Nrcum~ances the e~ctrode contact
~emen~ ~ are Nso ra~ed and ~wered w~h the cas~g
and mantle as are the conducto~ 34 and flexible con-
ducto~ 3~ by vi~ue of the la~er berg supposed on a
post ~4 wh~h ~ connected to ~ame $~ through floor
1~ A set of N~um~rential~ spaced gu~e roile~ ~
are journNed for rotation on assocN~d g~nary

brackem tSent of mantl~ e~" RN~4 rs~ wheSn$ gu~it e~ undergoa ingnd mNnt~b~Nrecfiont Nhe N~n-
ve~N movemen~ ~ response to NgnNs that ~Ncate
the need for a change in the arc ~ngth. Rollers ~g fide
on hardened bearing ~rips ~7 wh~h may be weNed on
the ex~rnal surface of the outer mantle shell 41.
Bracke~ $6 are supposed on. a base $$ wNch is
mounted on furnace hood 1~ Nthough it co~d be
moun~d on any ~nary ~ru~urN member of suffi-

6
~ ~ Bene~ m~e~ 55 ~ a duct 59 w~ch ~
m~n~d at ~ve pressure and which has an ~r
~t p~e~y ~ ~ ~e ~ ~ ~~ ~s
~om the ~mace ~ng to ~e space a~ve floor 1~

5 Th~ ~ mem~ ~em~y s~ a ~rna~ ~me ~ ~n
t~e a varify of ~ as ~ kno~ ~ ~e s~ed ~
the an.

~e~rode ca~ng 12 and the ~baked d~e 13
theron ~ in~c~ed m be ~mp~ of sever~ re~ons

l0 w~ch ~ in various states of cur~g The ~ons a~
indicated by ~. The m~on emb~ced by ~we~
most bracket 1~ ~ that ~ wh~h the de,rode ~ sub-
~y ~y cured and hardened ~ro~ho~. In re-
,on 13b, the ~e paste ~ ~ a ~b~a~y un-

15 baked state near ~e ~p and a ~a~y flu~ state
near the b~m. ~e~e p~e ad~fions am m~e ~
re,on 13c.

~e~n of the electrode ~ing apparatus is as
~ws. A~ume th~ the ~rnace ~ operming and that

20 e~r~e ex~ witch ca~ng 12 ~ various sta~s of
curing. A~ume ~ so much of ~e ~wer t~ of de~
trode 13 has been consumed as to make k de~raNe to
extend the electrode ~h~ in~ the ~rn~e. This is
done by ac~g c~d~ 16 to cause ram head 14 to

25 ~e ~e e~rode ~wn~ ~r g~ eme~en~
~om casing 12. The ~ ~rce need on~ be su~
fide~ ~ com~n~n wi~ ~e we~ of ~e e~c~ode
~ ov~come ~e M~n~ h~ng ~e aphid by ~e
p~ufized contact ~a~s 20 ~g on the articulated

30 or ~o~ed ~r ~d ~c~ 12. ~en the baked dec-
~ode extends ~ffic~ntly ~r from the cas~g 1~ ram
head 14 is m~a~ed ~ as ~ ~p~e ~e ~y in the ~p
pa~ of ca~ng 12 which has been created by e~rus~n
of e~c~ode from ~e bm~m paa. W~km~ on floor

35 I0 may ~en ~oduce more e~rode pas~ into the
~p ~rior vo~ in c~ing 12. Al~ough n~ ~efiou~y
d~cussed in de~l, there are ~so prov~ed wooden
core ~ns 61 w~ch are connected ~ e~h ~h~ by

40 th~toW°~met nhe top o~fi°~n~ ~°ducfi°l n2. Pa~e is ~oduce° df adNfi°n~roun~a~e

the core. The cores may be connected by means of
¯ ~M~ N~e~s on one being received in the op-
posse end of the next consecutive ~n or the

45 woodewi nth ~e~°re~ooden Num gay be conneCtee dxtenNon~Ytha~ro¼Nn~Ns~r~hema

~~Ny ~pe~d h~e in an ~acem section.
Any m~hod of conne~n ~ do~ not u~ ~ous el-
ements m~ be used. The pa~e ~ po~on 13c of the
~e ~b~que~ m~ due ~ the he~ ~m the

50 hot Nr ~ duct 44 defined by mantle 4~ and the pa~e

Nses around the ~den core to ~rm a ~y
baked ma~ ~ po~on 13 a. As the pa~e g ex~uded
~~y ~ casing 1~ ~ ge~ ho~er and ho~er as a

55 continuer ses~t of hea~sN~an~ndW~h that the sam~°t N~m~dUC#he vNaN~and

~~ are li~m~& The vNati~ hydrocarbons
a~ ~Ned off ~N~ ~ ex~ by ~e mNten pa~e
so ~ey ~e ~med ~ into the pores of the ~ec-
t~e ~ a ~Non b~ow ~e ~m~t N~ wh~e ~e
e~r~e g more ~rou~y cured and hardened but
~ro~ ~ to ~cept the hydroc~bon gas~. Even-
m~y, these ~es ~come ~Ne~ heated by con-
ducfion ~m ~e ~m~e up the elec~ode to ~tiom

65 a~ and produce c~n wi~ ~po~s ~ the pores of
the more comNe~ly cured po~o~ of the ~e~rode.
~N ~ ~e~Nc condu~i~ of ~e exi~d sN~-
fled and cured e~rode po~on b~ow the contact
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~es w~ch d~tmde mw ~n a ~mp~u~ ~
~out 1,10~C w~ ~ ~ffidem m cm~ He g~ ~d
dep~k carbon. Even be~re the ~e m~efi~
reaches ~ mmp~e, the wooden ~ugs 61 become
carbon~ed and porous and capa~e of reco~ng g~es
which ffactionate and depo~ carbon ~ thdr pores.
T~s ~h~ contribu~s to the d~c~ conductififf
of the elec~ode~

Continuous a~u~mem of the elec~ode tip portion
~ response to current and v~e ~n~fi~ ~s, n~
shown, is o~ned, as ~d ~r~y a~ve, by
mofing mantle 40, the cas~g 1~ the electric contact
e~men~ 20, He ~n 47, i~ ~o~ed duct work ~d
~ ~~ ~ ~ ~ ~ ~ ve~ ~rection
or another by actuation of flu~ op~ed c~der 53.
These movemen~ are rather sm~l amNkude and do
not resu~ ~ mo~ng c~ing 12 ~a~y closer to
~ ~n~ ~d p~ of ~ ~m~e ~e~ ~
thereof m~ o~ ~ ~ to introduce ~ous ~
nants into the melt.

Good ~ectric~ contact ~ m~n~d b~ween the
c~ing and e~rode at ~1 times ~du~ng ~e times
when elecgode ~ berg ~rced out of ca~ng 12 in op-
p~ifion ~ the M~n~ h~d~g ~e wh~h e~s b~
tween the bosom articulated pa~ of He c~ing and the
e~c~ode.

Akhough a p~ed em~d~t of the invention
has been d~cfibed ~ con~d~a~e d~l, ~ch d~cri~
t~n is ~ be cons~e~d fl~rative rather than 1~,
~r the invention may be v~u~y embod~d and ~ to
be fimi~d on~ by ~e~n of the clams w~ch
~l~w.

I d~m:
1. S~ba~ng ~t~de apparatus ~r use ~th an

e~ctric ~ma~, s~d apparatus com~n~
a. a met~ c~g hav~g an open~g in one end ~r

electrode exR and an ope~ng ~m~e ~e~om ~r
~~ of e~ct~de ~rm~g m~efi~ ~m
~ c~ing w~ch m~eri~ fir~ becom~ ~tic and
is then successively baked to a hardened ~ate in
which it em~g~ ~om said one end,

b. means ~r ~ppo~ng s~d ca~ng rd~e to s~d
~ace,

c. mea~ ~r ~r~n~g s~d d~tmde ag~n~ ~
~ant~ eme~ence ~om s~d c~ng, and

d. me~s ~r ap~fing a ~e on s~d e~ ~-
~ m~ ~n s~d c~ng ~ ~e~by o~ome
s~d ~r~m of s~d de,rode and cause R m
eme~e ~om s~d ~fing.

2. The app~mus ~t ~h in clam 1 wher~
a. sa~ c~i~ h~ a ~b~ ~ c~ ~

tion~ shape and a ~b~a~ smo~h and de~
interior over ~s entire ~n~h.

3. The invention set ~h in clam 1 indu~n~
a. ~e~r~ contact means engaged ~th s~d c~ng,
b. s~d ~s~ng m~ ~ch~ng a~c~ed me~s

su~ ~d ~d ~ a ~~ ~
ified po~on of s~d de~de, sa~ articula~d
means being ~oo~d between s~d comet
means and s~d ~t~de and sa~ a~ed
means berg ada~ed m field ~w~d the center of
s~d e~de under the ~fluence of ~rce ap~ed
¯ ~ ~ agency of s~d co~a~ meam.

~ The ~vention s~ ~h ~ d~m 1 whe~:
a. ~e~ ~e a ~u~ff of ~fime~ ~s~d ~

~ e~en~ng oveflap~ng j~med ~ means
in s~d one end ~0n of s~d c~, ~d se~nt

8
me~s ~g ~e~a~e ~w~d He ~e ~ s~d
c~.

5. ~e ~m~n ~t ~h ~ d~m 1 ~du~ng
a. me~s defi~ng a duct ~r ~u~ hot g~ ~

5 he~ ~ ~lafions~p ~th s~d c~n~ s~d
duct su~ounding at ~t the ~wer end po~on of
s~d c~ng, s~d hot g~ e~ p~k~g ~ ~d
d~e m~fi~.

6. ~e ~vention set ~h ~ clam 5 wher~n:
~0 a. s~d c~ is ~n~ ~d s~d c~g ~p~g

me~s ~so ~p~ ~ ~ means, said suppor~
~g means b~ng con~ructed ~d ~nged ~r exe-
c~ b~~ ~ mo~mems m ~eby
~y m~e ~d ~, ~ ~d e~e ~ ~1~

15 t~n to a ~m~e, and
b. me~s ~r mo~ng s~d supposing mean~
7. ~e invention set ~rth ~ d~m 6 ~du~n~
a. ~ow~ mea~ ~r ~g he~ed g~ ~r~

~~y ~ong s~d c~ng me~s.
~ 8. ~e in~nfi~ ~t ~h ~ d~m 1 ~d~ff

~ ~ ~ a ~ ~~ ~d c~g o~r
a sub~anti~ pa~ of i~ ~nph,

b. ~m~ ~sdation ~rpo~d b~ween s~d du~
and s~d c~g h the upper p~n ~eo~ He

25 ~r po~on of said caring berg u~nsdmed so
~ hm g~ conduced by s~d duct w~ p~cu~ the
electrode in the ~wer po~on of s~d cas~g

~ ~e h~ set ~h ~ d~m 1 including:
a. a mam~ ~oun~ng s~d c~ing ~ ~ed ~1~

30 t~ns~p ~ define a ~e ~r heated gas, s~d
m~fle e~en~ng a sub~anfi~ ~smnce over the
l~ph ~ ~ c~g,

b. s~d mantle ha~ng an i~et ~r admiu~g heated
g~ to one end of s~d passage and an exit ~mme

35 ~e~ffom, and
c. me~s ~ ~u~ a ~ ~hm g~ m s~d ~let.

1~ ~e in~nti~ ~t ~h in d~m 9 ~du~n~
a. ~m~ ~d~n in ~d p~s~e ~xt ~ ~d c~-

40 ing and ~ed to ~b~ limk he~ng of
the p~e ~ ~d c~ ~em ~ ~e one end po~
tion thereo£

11. ~e hvenfion sm ~h ~ d~m 9 wher~m
a. s~d mantle is ~ppoaed ~i~ wRh s~d c~g by

45 S~d suppo~g mean~ s~d suppo~g means

b~ng con~ructed and arranged ~r mo~ng b~-
~a~n~ly ve~c~ly ~ ~eby ena~e j~ mov~
ment of s~d m~fle, caring ~d dec~ode ~ re-
s~ ~ a ~m~ ~d50 b. means ~r mo~ng s~d suppo~g mean~

1~ ~e ~vention ~t ~h ~ d~m 11 ~du~ng:
a. ~ow~ meam ~ppoaed ~r mo~ng ~y wRh

s~d mantle ~r ~o~ng s~d h~ g~ downw~d~-
~g ~d c~n~55 13. ~e hvention ~t ~nh ~ d~m 1 wher~m

~ s~d me~s ~r ap~y~g ~e on s~d e~amde
~ing mmefi~ compri~s mm ~s ~ m
re~er in s~d mmom opening of s~d caring, and

~ ~a~ op~i~ cou~ed ~ s~d mm me~s
~r ~ing s~d r~ meam ~n~ s~d d~tmde
m~ri~ m ex~ s~d d~e from s~d c~ing
and to re~act s~d mm meam ~ ~w ~odu~n

65 1~f de’indUe ~~ng~%~efi~dN~d c~n~3 wheel:

~ s~d ~t n~ed couNed me~s is a pre~ure ope~
~ed cy~nde~
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15. Sd~ba~ng d~tmde apparat~ for ~e wi~ an
e~c~c ~mac~ said apparat~ compris~ff

a. a ~c~y dispmed m~ casing hating a ~wer
open end and an ope~ng ~ ~ upp~ end ~r ~
ducfion of dec~ode ~rming m~efi~ w~ch b~
comes pl~tic and ~ succe~Ndy baked to a hard-
ened ~ate ~ w~ch R em~g~ from s~d ~wer end,

b. suppo~ means for supposing s~d casing with i~
lower end positioned for cooperation with s~d fu~ 10
nace,

c. clamp means constructed and arranged to bear
ag~nst s~d elec~ode in ks region of emergence
where it is ~ a sub~anti~ hardened ~ate,

d. fi~t means for apply~g a force on s~d damp 15
means to chmp s~d e~ctrode agmn~ descending
from said casing under the influence of gravit~ and

e. second means for ap~fing suffident force to s~d
electrode ~rough said upper open~g ~ s~d casing 20
~ oxercome the dam~ng force on s~d clamp
means so as to cause s~d de,rode to emerge fu~
lher from s~d cas~g.

16. The ~vent~n set fo~h ~ d~m 15 wher~n:
a. sa~ clamp means include a ~urali~ of pefimet- 25

rally d~pcsed axially ex~n~ng ~gments near the
lower end of said casin~ s~d segmen~ berg fidd-
able toward s~d e~ctrode for ff~t~n~ engage-
ment ¯ erewi~.

17. The invent~n ~t fo~h ~ clam 15 ~du~n~ 30
a. means defin~g with s~d casing a passage extend-

ing a~ng s~d caring over a sub~anti~ portion of
its len~h, said pa~age berg for conducting he~ed
gas along the out, de of s~d cas~g to prebake s~d
elec~ode m~efi~ ~e~, a potion of s~d pa~ 35
sage being in ~tim~e heat exchange rdafion with
a lower end potion of said caring, and

b. means for admitt~g heard gas to s~d pa~age.
18. The ~ve~n set fo~h in claim 17 where,:
a. said passage defin~g means has an open~g near 40

the lower end of s~d casing for permitting gas to
exit from said passage.

19. The invention set fo~h in claim 17 ~du~n~
a. means for mofing s~d suppo~ means ~ oppofi~

vertic~ directions, 45

b. said pa~age defining means being supposed by
said suppo~ means and s~d caring berg suppoaed
from said passage defining means whereby s~d
~ec~°ds eaid ~rnace to ~m raY be a~us~th de d~nce b~ween s~d deV c-e~ with respect to 50

trode and conten~ of said ~rnace while s~d de~
~ode ~m~ns damped to s~d casing.

20. The invention s~ forth in claim 15 ~du~ng

a.mena tsNUra~fi tYrmin~f ovedapNnt g,he ~wer endaXiNo iYf sN~end~c ga~ng, N~s eeg- 55
means disposed over the join~ between the seg-
men~ of s~d cas~

b. dectric contact means p~ed ag~n~ s~d ~a~
meanm 60c. s~d fi~t force ap~fing means acting on s~d
contact mean~

21. The invention set fo~h in clam 20 ~clu~ng:
a. means conne~ed with sa~ contact means for con-

necting s~d conta~ means to a source of dectfi~ 65
i~.

22. Sd~ba~ng dectrode appar~us for use with an
dectric ~rnace, s~d apparatus compfis~ff

10
& a vertic~ly ~spo~d tubdar met~ c~ing sup-

po~ed with i~ ~wer end ~ cooperative portion
rdative to s~d ~rnac~

b. the upper end of s~d casing profi&ng access ~r
introducing dectmde ~rming m~efi~ ~ s~d
casin~ s~d m~efi~ bring charac~fized by berg
in a ~ast~ ~a~ when ~ a ce~n ~mp~u~
range and by being cu~d ~ a hardened state ~hen
~ a ce~n ~l~Ne~ ~gher ~mper~um ~e, s~d
electrode ex~n~ng from s~d ~wer end of sa~
casing ~ a substanti~ hardened ~ate.

c. means ~r fri~n~ engaging a portion of s~d
electrode m a re, on where k ~ hardened substan-
fi~ near the ~wer end of s~d ca~ng whe~by to
restrain s~d electrode selectivdy ~ationa~y ~
s~d casing in oppo~tion to the ~rce of ~avity on
said electrode, and

d. means ~r ap~fing su~de~ ~e ~ s~d ele~
~ode ~rming m~efi~ ~ ~e upp~ end ofs~d ca~
~g ~ ov~come s~d fri~n~ ~e and e~end
s~d e~c~ode ~her from s~d casing.

2~ The invention set ~h ~ ~l~m 22 whe~:
a. s~d casing ~dud~ means defining at ~a~ one

overlap~ng joim ~ ~e lower end thereof to enable
s~d casing ~ ~dd ~ward s~d de,rode ~r s~d
ffiction~ engagemenL

b. means con~rm~g substantial~ to the concur of
s~d casing and dispo~d ov~ said joi~ mea~,

c. de~ric coma~ means ~ dectric cu~ent exchange
relation wi~ s~d con~rm~g means,

d. means ~r ap~fing a ~rce on s~d contact means
wh~h ~ ~ansmi~ed by ~e ~me ~ s~d ~e
means ~r cau~ng s~d ca~ng means to y~ld and
effect s~d friction~ engagemenL

24. The ~vention set ~h in d~m 23 wherdn:
’ a. said last named force applying means includes rigid

ring means surmun~ng s~d contact means,
b. ~unger means supposed on s~d ring means and

projecting ag~n~ s~d ~e~fic co~a~ mean~ and

c. spring means ~asing s~d ~unger means reward
s~d contact means.

2L The ~vention set fo~h ~ d~m 22 ~du~ng:
a. a mantle ex~nd~g a subs~nti~ ~ance oxer s~d

casing and bong ~ spaced rel~n therewith to de-
fine a gas flow passage,

b. means for forcing he~ed gas ~rough said passage
~n~n~ cf s~d cas~g to thereby sup~y ad~-
fion~ he~ to s~d e~rode m~efi~ for prebaking
the same.

26. A m~hod of mak~g and using a self-bak~g dec-
trode ~ a~oom~n with an dectric furnace, compfi~
ing:

a. in~oduc~g unbaked carbonaceous m~efi~ into
the upper end of a ve~ ~sposed tubdar cas-
~g who~ ~wer end coopera~s wilh a furnace ~nd
~om wh~h ~wer end a baked and hardened po~
tion of s~d dectrode e~end~

b. ~cting he~ed gas over the exterior surface of
s~d casing to prebake and cure s~d mated~ near
said lower end posen while ~ the same time ~ent-
~g s~d ~wer hardened portion by conducting cur-
rent ther~hrough and by radiation and conduction
of he~ res~t~g ~om de~ric activity in s~d fu~
nace,

c. applying sufficient compresfive force 1o a portion
of said casing ~ the ~wer end thereof where s~d



electrode ~ ~ a ~mntiflly h~dened sm~ m ~
fionally ~grfin sfid ele~rode aga~ emergence
~om said c~ing under ~e ~fluence of ~avit~ and

d. period~flly applying a ~cally ~ed ~e en
¯ e m~efi~ ~ ~e upper end ofsaid c~ing m ove~
come ~ ~n~ ~str~m and ca~e said ~wer
hardened ~tmde po~on ~ ex~nd ~h~ from
~ ca~n~

27. The me~od ~t ~h ~ claim 26 ~du~nff
a. ~ng wood core sections in sequence ~m~

ti~ly ~mr~ly of s~d c~ing at the upper end
thereof to prov~e a wooden s~ne ~ugh s~d
electrode for ~n~he~ng ~e same, s~d unbaked
carbonaceous m~efi~ being in~ed ~ the upper 15
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[57 ] ABSTRACT

A carbon electrode for use in an arc lamp uscd for
dc~rmining I~ht fastness which has a central core of
light emi~g matefi~ combined with ~abil~crs and
graphkc su~oundcd by a fi~t coating of low refinance
c~ctdc~ conductive matefi~, prcfcra~y copper or
~uminum. The thu~coatcd core ~ fu~hcr coated with
a second coating of graphite and adhesive and inserted
into a c~dfic~ carbon tube. The tube, except for thc
top and bottom potions ~ coated around the outside
with a third protectNe coat,g, and the base and bot-
tom potions of the tube are coated with a metaH~
coating e~ctfic~ connected a~ the fi~t coating of
low res~tance matefi~ spaced from the third coating.
The third and fou~h coatings may be joined togcthe~
provided that the res~tance of these two coat~gs ~
greater than the res~tance of the first coating.
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COATED CARBON ELECTRODE HAVING AN
INNER COATING OF LOW RE.STANCE

MATERIAL

The ~v~e ~ ~ W~t ~~ ~ ~d ~ ~
con~rucfion of a carbon elec~ode that is to be used ~
a carbon arc lamp used ~ fig~ ~n~s ~e~. In t~s
new dev~e, a met~ coating ~ prodded between the
cen~ core and a ~rmun~ng carbon hy~ so ~ ~e 10
1~ d~charge ~11 be very ~a~e ~ comp~on to
convenfion~ carbon ~tmd~.

BACKGROUND OFTHE INVEN~ON

At the present time, convenfion~ arc lamps are pro- 15
~d~g the 1~ source ~r 1~ ~n~s testers are
con~ruc~d ~ shown ~ FIG. 1. The lower ~ec~ode
h~d~g pa~ 1 has ~ur carbon elec~odes moused
thereon, and an upper elecffode ho~ng pa~ ~e~
h~ ~ur carbon elec~odes moun~d thereon ~ed 20
downwa~ toward the carbon ~e~rodes moun~d on
the lower hoM~g pa~ 1. ~g~ d~charge between the
upper and lower e~c~odes occu~ when the ~ance
b~ween ~e ~o ~M~g ~ ~ a~om~y a~u~ed
by means of a ~o moor ~ a chin 3 and a gear 4. A 25
spedmen to be ~ed ~r 1~ ~n~s ~ ~aced ~ the
v~iff of the lamp.

Convention~ carbon elec~odes used ~ the above
described arc lamp gener~ have a l~ht e~ffing ma-
teri~ or a cen~ core wh~h.~ su~ounded by carbon 30

m~eri~. The carbon m~eri~ is, ~sd~ coated ~ a
copper ~ ~nd the ~des and acro~ the b~m.
The tip of the convention~ elec~ode ~ not coppe~
coated. 35

The pm~em ~th these conventional carbon elec-
~odes ~ that they have a ~l~Ne~ sho~ bum~g 1~,
and mo~ impo~anfly, ~ey do not h~e su~ab~ ~able
I~ em~ng qu~. As the carbon tube m~eri~ of
¯ ese convention~ de~rodes ~ consumed during ~
charge between the elec~ode~ the d~charge e~ng
the fight moves ~om the outer carbon toward the cen-
~ core, thus chan~ng the ~cation of the bright spot
offfie embed l~hL As the bri~t spot move, ~e prop-
e~es of the embed I~ ~ ~~ 45

SUMMARY OF THE INVENTION

R is the o~ect of the p~nt ~venfion to p~de a
carbon elec~ode in w~ch the l~ht e~ffing core and
the carbon ~e~~g burn u~r~y to pro- 50
duce a stable, unvarying lighL and wh~h has a gre~y
ex~nded bum~g time in comparison to convention~
carbon elec~ode~

To meet th~ o~e~, the carbon electrode of the
p~nt ~vention ~ prodded ~th a round; ba~shaped 55
cen~ core ~ e~ m~eri~, a ~ ~ ~
~w ~e~ric~ ~s~nce m~ covering ~ ~1
core, a tubular carbon cylinder ~to w~ch ~e cen~
core and the fi~t co~ng are ~se~ed, and fin~, an
ad~tion~ co~ng of m~ or m~n covering the s~es 60
of the carbon c~der and ~ dectric~ contact wRh the
fi~t m~ co~ng ~ the carbon c~de~ The tip,
howeve~ is ~ uncoated by t~s ad~t~n~ ~.
S~ce the fir~ co~ng has the ~we~ e~ctric~ re~
~nce, the bfig~ spot of the arc between two of these 65
~ecvodes ~H ~ ther~nbetween and rem~n there,
thus co~um~g the de~o~ ~ly and producing
a s~e l~ht.

BRIEF DESCRIPTION OF THE DRAWINGS

Further objects and ~atures of ~e present ~vention
will be apparent from the following description taken
with the accompanfing drawing, wher~n:

FIG. 1 shows a convention~ carbon arc lamp for
l~ht fastness testers.

FIG. 2 shows a cro~ecfionN ~ew of a convenfionN
carbon de,rode used ~ l~ht fatness testers.

FIG. 3 N a cros~secfional ~ew of a carbon demrode
accor~ng to the present ~vention.

FIG. 4 is a p~n ~ew of the carbon ~ectrode accord-
~g to the present ~vention.

~IG. 5 is a ~agram showing the ~schar~ng ~te of
the carbon de,rode of the present invention.

FIG. 6 is a ~agram showing the ~schar~ng ~ate of
the conventionN carbon de,rode.

FIG. 7 is a diagram showing res~tances in the direc-
tion of the Nam~er of the carbon elec~ode of the
present ~vention.

FIG. 8 N a Nagram of re~ances in the direction of
the ~ameter of a conventionM carbon elec~ode.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

The conventionM carbon ~e~rode N shown ~ FIG.
2. In that ~ec~ode, a core 8 of l~ht emitting m~eriN
g su~ounded by carbon m~eriM 7. Around both the
Ndes and the bosom of thN carbon m~erNl 7 and core
8 ~ a copper coating 6. The coating 6 does not, how-
ever, extend to cover the ~e~rode tip 20.

In comparison to the conventionN elec~ode of FIG.
2 is the carbon dec~ode of the present ~vention dN-
~osed in FIG. ~ The cen~N core portion 9 of the
present ~vention ~ a ~ound bar formed from a mNture
of sukable light emitting m~eriM, such as cerium fluo-
ride, with a stab~izer materiN, such as pom~m sug
fa~, and graphite. ThN mi~ure N cMc~ed ~ a ~mpeb
ature of 500° - I000° C. Covering the Ndes of the cen-
~N core potion 9 ~ a fir~ coating 10 of low dectricM
reliance dec~M~ conductive materiM, such as
copper or Mum~um. TMs fi~t coating 10 ~ prov~ed
by sMtaMe coating methods such as ~e~ro~ating or
evaporation coating. A second coating 11 contNn~g
an dectricM~ conductive adheNve, such as a phenM
reNn, mNed w~h graphke cove~ the fir~ coating 10 of
e~ctricM~ conductive materiN. A c~dricM tube 12

~ formed and cNNned ~om carbon m~eriN, such as
carbon black. The pre~ouMy formed cen~M core 9
coated wRh the fi~t and second coatings 10 and 11 ~
forceaNy ~se~ed ~to the c~dricN tube 12 and,
then, ~ dried and adhered thereto. A tNrd coating of
metN, such as copper, Num~um or any other m~N, or
reNn 13 cove~ the Ndes of the dec~ode su~ounding
the cylindricM tube 1~ The reNnous coat~g 13 may be
of reins such as phen~ reins. The tip 14 is not coated
wilh a third coating 13 Io allow for easy NscharNng
FinMl~ a fou~h coating 1S of conduc~ve metM~c
materi~, such as copper or Numinum, covers the ~wer
potion of elec~ode w~ch will be he~ with~ an dec-
tric hdder 13. TNs fourth coating 15 N Mso dectricN~
connected to the fir~ coating 10 of the core potion at
th6 bottom 16, ~ a manner such ~s e~ctroNating.

The fou~h coating 15 N elec~Mly separated from
the third coating 13 by a sMtaMe dNtance 17 ff the
cen~M core 9 and the cylindricN tube 12 are made of
the same m~eriN, and when the tNrd and fou~h coa~
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ings are of the same met~l~ materi~ (copper or ~um~
num) the space is ~so necessary..

However, when the third and fou~h coatings 13, 15
are of different met~l~ materi~s (the third coating 13
being anyth~g but copper or ~uminum) the space
~between is unnece~ary, but, an adjuNment in the
thickness of the third coating 13 may be necessary,
because the refinance of the third coating 13 muN be
greater than that of the first coating 10. If the third
coating ~ not a met~l~ materi~, but is a heat res~tive
refin, the sparing between the third and fou~h coatings
~ ~so unnecessary.

By conNructing the elec~ode according to this a~
rangement and wRh these materi~s, the reliance and
hence the dectric~ flow through the e~ctrode ~ ~-
lered ~om the e~ctric~ flow found in the convention~
elec~odes. Even when grap~te having good dectric~
conductivRy is used to form the cen~ core portion 9,
the mk~g of the l~ht emitting matefi~, such as cer~m
fluoride, therewRh great~ increases the e~ctric~ re~
tance in the cen~ core portion 9. In fact, a cen~
core posen 9 of approximat~y 30 cenfimete~ will
have the resiNance of sever~ ohms. At the same time,
the c~dric~ tube 12 of carbon ~ack will have a
relative~ sm~l resistance, proba~y less than 0.5 ohm.
Mo~ fignificant, however, is the effect to the re~Nance
of the elec~ode by employing the fi~t coating 10. The
res~tance between the fir~ coating l0 and the cen~
core portion 9 and the res~tance between the carbon
tube 12 and the fi~t coating 10 are both gener~ly le~
than 0.2 ohm.

The relationships of the re,Nantes across the length
of the electrode of the present invention are shown in
FIG. Z The symbol "A" represen~ the outside of the
carbon tube 12, "B" represen~ the fi~t coating 10 on
the boundary between the cen~ core portion 9 and
the carbon tube 12, "C" ~ at the cen~ pa~ of the
cen~ core portion 9, "D" ~ at the boundary symmet-
ric~ wRh "B" and "E" ~ at the ouler pa~ symmetfic~
to "A’\ As is apparent ~om the diagram, the reliance
is sm~N at the boundary pa~s B and D, the fi~t
coating 10.

WRh reference to the relationship of the re,Nantes
of the convention~ carbon elec~odes, reference ~
made to FIG. 8. The convention~ carbon dectrodes
wh~h do not have the fi~t coating 10 of copper or
~uminum around the cen~ core potion therein have
a greater contact resistance between the cen~ core
portion 8 and the cen~ tube 7, and the refinance of
the cen~ core portion Rsdf ~ds to increase the re~
tance at the core pa~s B, C and D as shown ~ FIG. 8.

When actu~ discharged, the carbon Oec~ode of
the present de~ce assumes the state as shown ~ FIG. 5.
That is, since the fi~t coating 10 surround~g the cen-
~ core portion 9 has the sm~N dectr~ xesi~ance,
the bright point of the arc ~evRa~y developes at th~
boundary po~t, and the d~charge is su~ned at the
boundary part. Therefore, the l~ht emitting materi~ cf
the cen~ core portion and the c~indric~ tube 12
burn uniformS, produce a very Nable light, and extend
the burning time of the electrode as compared to the
conventional elec~ode counterpart.

The discharging ~ate of the convention~ carbon
~ec~odes is shown in FIG. 7. Since the lowe~ re~
tance through the convenfion~ e~c~ode ~ through
the carbon tube 7, the carbon tube is worn down in use
due to large quantities of discharge between the carbon
tubes. During the burning proces~ d~charge moves

from the out,de toward the cen~al core 8, thereby
relocating the bright po~t of the a~ con~derab~. Fu~
thermore, the properties of l~ht ~ffer spec~ de-
pending upon the location of the bright p~nt in rela-

5 fion to the cen~ core pa~ 8 and the carbon tube ~
HoweveL as mentioned above, by u~ng an elec~ode

of the present type having an area of reduced dectric~
res~tance between the core portion and the surround-
~g carbon potion, the bright p~nt of the arc rem~ns

10 ~ationary and the light emitted ~ very s~e. In ~ct, it
is pos~e to obt~n a definke quantity of l~ht within
an accuracy of 1% at a d~charge of 50 voRs, 60 amps
as specified by the Japanese ~duNri~ Standardm
When the carbon electrode of the present invention is

15 used in an arc lamp for a co~r ~Nness testeL it ~
pos~ble to qu~e accuratOy d~erm~e the c~or faN-
hess of o~ec~ p~ced in the v~ky thereoL

It will be apparent that various modifications may be
made to the above specific~ described ~ructur~

20 a~angements without departing from the scope of th~
~vention.

What is d~med is:
1. A carbon e~rode for use ~ an arc lamp used for

determin~g hght fanned, s~d carbon elec~ode com-
25 pfi~n~

a round cen~ core portion ~omprised of a m~ture
o~
l~ht emitting materials,
Na~l~er materi~, and

30 graphRe;
a fi~t coating of ~w res~tance Oectric~ conduc-

tive materi~ covering the ou~ide, but not the ends,
of s~d cen~ core portiom

a second coating of adhe~ve and graphite surround-
35 ~g sa~ fi~t coating;

a c~dric~ carbon tube with s~d fi~t and second
coated cen~ potion inse~ed, dried, and adhered
thereinto;

a t~rd pro~ctNe coating surround~g the out,de of
40 s~d c~dric~ carbon c~der above the bottom

of s~d carbon c~der and beneath the top end of
s~d carbon c~de~ and

a fou~h metall~ coating covering the bottom end of
s~d fi~t and second coated cen~ core and s~d

45 carbon tube and surroun~ng the out,de base of
s~d c~dric~ carbon tub~ spaced ~om s~d thkd
coating, dectricaIly connected to s~d fi~t coating
and hating a h~her dectric~ res~tance than s~d
first coating.

50 2. A carbon dectrode as O~med ~ d~m 1, wt ere~:
s~d l~ht emitting materi~ ~ cerium fluoride;
s~d ~abifizer ~ potas~um sulfate; and
s~d mkture of I~ht emitting m~eri~, Na~lker and

graphRe ~ c~c~ed at a ~mperature of 500° to
55 1000° C.

3.A carbon electrode as d~med in d~m 1, where~
s~d fi~t coating ~ selected ~om the group con~sting
of copper and ~uminum.

4. A carbon dectrode as d~med in clam 1 where~
60 s~d c~dric~ carbon tube ~ comprised of carbon

~ack.
5. A carbon e~ctrode as d~med ~ d~m 1 where~

s~d t~rd coating ~ comprised of a rein.
6. A carbon elec~ode as d~med in clam 1 wheron

65 s~d third coating ~ comprised cf a metal.
7. A carbon dectrode as claimed in d~m 6, wherein

s~d t~rd coating ~ selected ~om the group of metes
con~sting of copper and ~uminum.
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8. A carbon dec~ode as dMmed in clMm 1 wherMn

sMd f ouch coating ~ selecled ~om the group con~sV
ing of Muminum and coppeL

9. A carbon electrode as dMmed in claim 1 wherein
sMd third and f ouCh coatings are compdsed of differ
ent metM matedM, are joined together to form one
continuous coating dectrically connected to sMd fi~st
coating, said combined third and f ouch coatings hav-

~g an ~e~dcN reN~ance grea~r than the reN~ance
of sNd fi~t coating.

1~ A carbon e~c~ode as dNmed in clNm 1 wher~n
sNd tNrd coating is a reNn; sNd ~u~h coating N a
metN; and sNd tNrd and ~u~h coatin~ are j~ned
~g~h~, whereby a continuous coating e~ctdcM~
connected to sNd fi~t coating ~ ~rmed.
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[ 57 ] ABSTRACT

A carbon electrode ~r a ~on arc hmp ~r e~ng
~ght fimihr ~ suns~ne ~r use as a ~g~ souse ~
~gh~n~s ~d weathering te~s. The carbon e~c-
~ode ~ compo~d of carbon w~ch ~ homogeneou~y
raked ~th an am~ ~ ~ ~candescent m~ed~ ~ a
p~po~on ~ 6 ~ 12 we~ pe~e~ ~ ~e ~I we~
of the carbon and ~cand~cent ma~d~ ~g~h~, and
~en mdded ~ the shape of the e~de. The su~
~ce of the carbon de.rode, exclu~ve of the top
¯ ~eo~ ~ p~fided ~th a copper or other m~ coa~
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CARBON ELECTRODE FOR EMITTINGLIGHT
SIMILAR TO SUNSHINE FORLIGHT,FASTNESS

TESTING -
This ~vention rda~s to decwodes for carbon arc

lamps; and more partieu~fly~to ~ectr0des’for such
lampswhich can be used ~ light-fastness and weather-
~g ~ apparatus and wh~h emit light ~milar ~o sun-
~ghL

BACKGROUND OF THE INVENTION AND PRIOR
ART

A carbon arc ~mp ~ o~en used as a i~ht source in
we~hering and Hgh~ness ~s~. Both upper and
~wer convention~ carbon e~rode~ for exam~e,
those used ~ tes~ accor&ng to Japanese Indu~ri~
Standards (J~) or the~rn~n~ Organization for
Standard,arch (ISO) (~ TC 61: P~stic) have had 
core ~ructure. The upper c~rbon elec~ode has had a
hrge &ameer, for examp~ 23ram and the ~wer de~
trode has had a sm~l ~ameteL 13mm for examp~.
Both carbon electrodes are he~ in suitable h~de~ and
~re automatically ~nited by a sy~em hating a ~a~-
Hzed power source, a detector c~cuR forde~cfing the
&scharge cu~ent, and a servo mecha~sm for automa~
~aily a~usting the decWodes to compens~e for 1o~ of
dec~ode m~eri~, so that Hght ~ confinuou~y emR-
ted. ~ ’- ~ ~ ........ -

FIGS. 1 and 2.showthe s~ucture of a- convention~
upper:carbone~ctrode described above andFlGS. 3
and~ show the~ructure:of ~ower carbon dectrode.
Both the upper and ~wer-dectrodes have a ~wer
~ructutes except for the dhme~ A core ~ prov~ed
in the e~c~odes and has a cross section. ~ a .shape
~m~ar to a gea~ and~ an ~candescent m~eri~. The
matefi~ around lhe co~e ~ m~y carbon for combus-
tion during ~scharge ~f the lamp and cont~ns no ~-
candescent material. The outer surface of the e~c~ode
~ covered wRh a eoppe~met~ coating,exclusive of the
top of the e~ctrode. When cu~ent ~ d~charged be-
tween two of these e~c~rodes an arc occu~ as shown ~
FIGS. 9 and 1~ In FIG. 9 the d~charge ~ shown as
~k~g p~ce between the cores of the ~candescent
materi~ and ~ FIG. 10 the ~scharge ~ shown as ta~ng
place between the posen of the e~ctrodes con~g
no ~candescent ma~ri~, i.e. the portions radial~ oub
wardy of the core. When a continuous d~charge takes
~ace, ff the discharge ~ ~a~ed ~om core to core, as
seen ~ FIG. ~ the ~candescent materi~ cont~ned ~
the core ~ consumed gradu~ as combustion occur,
and a depre~n ~ formed ~ the ends of the dec-
~odes. Then the arc moves and occurs between the
carbon portions surround~g the cores and further
moves to the outer tides of the dectrodes, as seen ~
FIG. 1~ As the outer carbon potions are then con-
sume& the d~charge ag~n returns to the torero-core
d~charge position. Such mov~g of the d~charge posi-
tion ~ ~regular and the d~charge voRage and current
vary with th~ mo~n~ Accord~y, the ~n~ of
l~ht changes as the waRage equ~ to the voltage times
the current changes. FIG. 15 shows an exam~e of such
a vari~n of the vdtage and current over the course of
time.

~ the ~ght emR~d by t~s arc ~ measured u~ng a
spectrophotome~r for obt~n~g a spec~ composi-
tion, continuous curves con~in~g the photoem~on
spec~a of the two types of ~scharge,are obt~ned as
seen ~ FIGS. 13 and 14. The spec~a of the ~cande~

~00L325
2

ce~ m~ri~, su~ asa cerium compound, ~r exam-
~ ~ ~ ~o~ ~G. 13 ~r the core~o-core d~-
charge. T~s I~ht cont~ns a large amou~ of v~ble
~ ~m~. In contrast to ~s, the spe~rum ~f

5 the ~ht ~om ~h~ ~n ~e o~er ~o~, ~
shown ~ FIG. 14, cont~ns on~ a sm~l amou~ of
~e I~ component, m~n~ a cyan band spe~rum
due to pho~em~fion of the carbon and the nRrogen
gas ~ the ~mosph~e.

IO ~ Because ~ghb~ne~ and ~h~ ~t apparatus
~ ~ ~r a~y c~g ~domtion ~ m~eri~
wRh ~iation wh~h ~ s~r ~ ~n~e ~ a n~ur~
en~mnme~, ~e~ comp~on of the lig~ used
~rt~s irradiation must be the same as or fimflar to

15 suns~ne, ha~ng uRrav~t and v~ble 1~ compo-
nent. h ~ ~e~ de~rab~ that the I~ emR~d
from the carbon elec~odes have a spec~ comp~on

~mx~ the sunsh~e, as shown in ~G. 13, and
~h~th~ a ~a~e I~ ~n~y ~ ~ov~ed.

OBJECTS AND BRIEF SUMMARY OF THE
INVENTION

An o~e~ of t~s ~venfion h ~ provide a carbon
electrode ~r em~ng I~ ~th a spec~um ~mHar to

¯ 25 ~ns~ne and w~ch produces an e~me~ stable d~-
charge wRh respect to both the spec~ compodt~n
and ~nfi~ of the ~ght emi~d from the d~charge
arc.

These o~ec~ are achieved accord~g to the inven-
30 tion by a carbon de,rode ~ w~ch c~bon ~ homog~

neou~y raked wRh an amou~ of an ~cande~ent m~
~ teri~ ~ a propo~ion of 6 to 12 w~g~ percent of the
tot~ we~-of both s~d carbon and s~d ~cand~ce~
m~eri~, and the mk~ ~ mo~ed ~to the defired

35 dec~ode shoe. A copper m~-coafing ~ prodded
ove~ the de,rode, exdu~ve of the,~p of the elec-
~de. No co~ ~ ~e~ ~ the e~c~ode. The, i~
c~. be obeyed w~ch ~ e~me~ ~able ~ b~h Rs
spe~r~ compo~tion and Rs ~n~- du~ng continu-

40 ous.~h~ge by the photoem~s~n ~om ~e ~cand~-
ce~ m~eri~ w~ch ~ p~nt throughout the e~c~ode
d~ any vari~n ~ the portion of the d~charge
arc between the e~c~odes of the present invention.

B~EF D~C~N OF THE DRAW~GS45
The ~vention ~H now be described ~ connection

wRh the ~mp~ drawings, ~ w~ch:
~G. 1 ~ a ~n~ e~vation ~ew of a prior a~

carbon e~c~ode ~r produ~ng ~g~ ~mu~fing sun-
50 shoe used ~ the upper section of a convention~ arc

~p;
FIG. 2 ~ a transverse secfion~ v~w of the carbon

electrode of ~G. 1;
~G. 3 ~ a ~ction~ devation ~ew of a prior a~

-55 carbon electrode ~mflar ~ th~ of ~G. 1, used ~ the
~wer section of a convention~ arc hmp;

FIG. 4 h a transverse sectional ~ew of the carbon
elec~ode of FIG. 3;

FIG. 5 ~ a section~ e~vation v~w of a carbon e~c-
60 ~ode ~mflar to that of ~G. 1 but accor~ng ~ t~s

~vention;
~G. a ~ a transverse sectional ~ew of the carbon

electrode of FIG. 5i
FIG. 7 ~ a section~ e~v~ ~ew of a carbon elec-

65 ~ode ~mflar ~ th~ of FIG. 3 but ~co~g ~ t~s
~vention;

FIG. 8 ~ a ~ansve~e sectional ~ew of the carbon
electrode of FIG. 5;
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~G. 9 ~ an e~v~n v~w ~o~ng the a~ between
Me cores of convenfiona car~n electrodes of HGS.
14;

FIG. 10 ~ an devation v~w ~o~the arc ~n
the outer sections of the conventiona car~n e~c-
trodes of ~GS. 14;

FIG. 11 ~ an dev~n v~w show~g the a~ between
~ ou~r po~ ~ Me c~n ~t~d~ ~ng
to tMs invention;

FIG. 12 ~ an eMvation v~w show~g the a~ ~t~
Me tips of the car~n dec~odes according m M~ ~-
vention;

~G. 13 ~ a g~ph of Me I~M ~e~m ~a M~
cent manila used ~ conventiona carbon eM~md~;

~G. 14 ~ a graph of the I~M spe~rum of the a~

d~t~d~;
~G. 15 ~ a ~h ~r~n~lm~ varim~n during

¯ ~ha~e of an a~ ~n Me convent~na cain
eMc~ode~ and

~G. 16 ~ a ~ ~c~t~ ~ri~ ~ri~
¯ ~ha~e of an ~c ~n c~n ~ ~-
~g to t~s ~venfion.

DETAILED D~C~N OF THE INVEN~ON

Re~rring ~ ~GS. $ through ~ M~e ~ow Me struc-
ture ~ ca~on dec~odes ~ ~ M~ inven~on,
~GS, $ and 6 s~ ~ up~r cain dec~e ~d
~GS. 7 ~d 8 ~o~ a lo~r ~r~n e~. ~e
~ructure of the up~r and ~wer ~r~ ~ ~en~ca,
except ~r the~ ~am~e~. A cop~r or ~ ~
~ I ~ p~v~d ~ Me o~e ~ a c~n m~-
ria 2 w~eh ~ ~m~d ~r~n ~r comb~fion ~d
an incandescent .m~ri~. The car~n ~ ~m~-
~ m~ w~ s~ ~~t m~a ~
m~ded ~ the de~d sha~. ~e ~candescent m~eo
ria ~ p~ ~ a p~ ~ 6 ~ 12 we~ pe~e~
~ Me ~l w~ of ~M ~ ~n and ~ ~c~-
descent m~eria. ~ M~o figu~ Me d~d po~o~
show the m~tu~ ~ud~g Me incandescent m~ria.
The car~n ~r ~m~n c~ ~ car~n ~k,
graphic, or ~o~ ~r~ ~r exam~ ~d Me

4
~candescent m~eria can be cerium fluoride, ~r ex-
am~e. F~Mermo~, a trace of ~abfl~er can be ~-
duded, ff nec~.

if a carbon d~t~de m~e ~ described above ~
5 ~n~ed and the spe~ra competition ~ observed, the

fig~ ~ awa~ ~und ~ ~dude fig~ ~om the incande~
ce~ ma~ria, even ff the arc moves ~ any p~ on the
electrode~ ~ shown ~ FIGS. 11 ~d 1~ ~d fight ~
~ e~mdy ~a~e ~a ~mpo~tion ~ cb~.

I0 The variation ~ ~n~ of M~ 5~t ~ a~ ex-
tremely sm~, ~ ~own ~ ~G. 1~ ~g ~ Man hal
M~ ~ Me pri~ a~ ~rbon d~t~d~ ~ HG. 14-4.

Because a ~a~e li~t ~ obtai~d, a ~ducfion of 10%
~ the amount of carbon consumed ~ ach~ved in com-

15 parian ~M ~e prior a~ de~d~.
What ~ darned ~
1. A ~rbon ele~rode assem~y ~r a ~rbon a~ ~mp

u~d ~r s~dati~ ~nl~ ~ I~h~sm~s ~d we~
¢ring ~o~, ~id assembly compri~n~

20 a fi~t elongat~ upper dec~ode demem fi~ed ~
one end ~ sad a~ lamp;

an dongated second ~wer d~t~de demem fi~ed
~ one ~d ~ said a~ lam~ Me free ~d M~f
~ing cpposite Me free end ~ ~id fi~t dectrode

25 ~d ~ ~e~from;
one ~ ~id fi~t ~d second d~t~d~ ~g sma~r

~ ~ame~r Man Me oMer elee~od~ ~d
sad up~r ~d ~wer ele~rod~ each ~ing eom-

pried ~ a homogeneo~ m~ ~ c~bon ~d an
inc~t materia, ~ inc~t ma~eria
~ing p~m ~ ~ amoum from 6 m 12 ~t by
geiOt ~ ~e ~tal weight ~ ~e c~bon ~d i~c~-
de~e~ mate~, and a copper meal coa~ng ~
~und~g Me ounce ~ said ele~rod~ oM~ Man

35 ~ ~e end ~ereof which ~ ~aced ~om ~d oppo-
~ the ~r ele~rod~

~ A ~rbon ~t~de ~ ~amed ~ ~am 1 ~ w~ch
~e c~bon ~ t~ from Me ~oup ~csi~ ~on
~k, graphite ~d amo~ho~ c~bon.

~ ~ A ~rbon electro~ ~ ~am~ ~ ~m 1 ~ w~
Me ~c~t mate~a ~ cecum fluoride.

5O
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[ 571 ABSTRACT

Upper and lower carbon e~c~odes for an uRra~o~t
arc lamp used for l~ht-fastness testing. The upper elec-
~ode is in the shape of an e~ngated cyfinder, the cros~
section of wh~h has an exter~r annular potion con-
sisting of a carbonaceous matefi~ and an ~ter~r core
portion consisting of a m~ture of a carbonaceous ma-
terial and potasfium sulfate. The upper elec~ode has
d~pe~ed therethrough potassium chloridc as a ~abri~-
ing agent. The lower electrode is in the shape of an
dongated c~indfic~ tube having a horiow inter~r and
~ of a carbonaceous matefi~ having a h~h e~ctric~
conductivity and has dispersed therethrough potassium
chloride as a ~ab~izing agent. When the upper and
~wer dectrodes are placed with their ends opposed to
each other and an ~rnat~g current at 135V and 16A
~ d~charged thereacro~, a ~ab~ I~ht ~ continuoufly
produced.

2 Claims, 14 Draw~g ~gu~s
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CARBON ELECTRODES FOR AN ULTRAVIOLET
ARC LAMP FOR USE IN A LIGHT-FASTNESS

TESTER

T~s ~vention ~s to an improvement in carbon
~ecUodes for an ~ua~et arc hmp for use ~ a l~h~
~ness tester.

BACKGROUND OF THE INVENTION AND PRIOR
ART

A ~c~ ~ructure of a convention~ carbon arc hmp
~ ~u~ra~d ~ FIG. 1. As shown, two carbon e~c-
trodes are secured to a ~wer ~e~rode h~der, and one
carbon elec~ode ~ secured to an upper elec~ode
h~der mova~e in a vertic~ dkection infide the ~
tight hmp houfing con~sting of a l~h~ansmRting
~ass ~ove 1 and a substrate board 2. The upper e~c-
~ode can be ignRed and con~ol~d by an kon core
infide an e~c~omagnetic c~l 3 and a carbon suspen-
fion member 4 ~o~ed wRh s~d kon core.

Gener~, the upper carbon e~c~ode has a ~n~h of
about 305ram and a dhm~er of about 13mm, and ~
eRher a core type or a core~ ~pe. To make ~e ~wer
carbon ~ectrodes, a 305mm ~ng carbon ~ec~ode,
such as ~ used for the upper carbon elec~ode, has two
lengths of 100mm cut the~ffom, and the two thus
formed electrodes are used as the ~wer carbon e~c-

to 22 hours.
As shown ~ the section~ v~ws of FIGS. 2 and 3, the

convention~ carbon e~c~ode has been ~ther a core-
l~s ~pe (FIG. 2) or a core type (FIG. 3). The corde~
~pe e~c~ode ~ made predom~antly of an amorphous
carbonaceous m~eri~, such ~ carbon ~ack or the
l~e, whereas the core type e~c~ode uses the above-
mentioned amorphous carbonaceous m~eri~ for the
exterior c~dric~ section and a m~ture of a ~abfl~-
~g agenL such as potass~m phosph~e and the amo~
phous carbonaceous m~ed~ for the ~rior core sec-
tion.

A ~ece of m~eri~ to be teaed ~ moun~d on a
~ame which ro~s ~owly around the arc lamp, and
the ~ece of m~eri~ ~ continuously i~adiated by ultr~
fi~et rays ~om the ~mp over a period of sever~ hun-
d~d hou~ to d~erm~e the l~hbfa~ne~ thereo~

S~ce the convention~ carbon de.rode has a life of
only about 20-22 hou~ for continuous lighting, R
wou~ be desirable to extend t~s life to at ~ast twice
th~ time.

R ~ e~dent that ~ the len~h or the d~m~er of the
carbon e~c~odes was ~c~ased, the combustion time
couM n~urally be ex~nded. An ~crease ~ lhe ~ngth
of the carbon de~rodes, howeve~ ~ not econom~
because ~ ~so ~creases the overall ~men~on of the
~mp apparatu~ Although an increase ~ the ~am~er
of the carbon de~rodes does not cause any sub~anti~
change ~ the over~l ~men~ons of the apparatus,
smbil~ed l~ht cannot be obt~ned ~ the ~am~er of
the convention~ carbon e~rodes ~ ~creased un~
the m~eri~ ~ ~so changed~ As shown ~ FIG. 4, for
exam~e, carbon dectrodes hav~g such an en~rged
d~m~er do not ~ways d~charge ~om the tip thereoL
but ~ead may d~charge ~om the pefipher~ portion
spaced from the tip. Likew~e, the wear~g of the ca~
bon ele~rodes ~ not ~ways u~form.

4,006,379
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In the 1~ of the ~ach~gs of my copend~g U.S.
p~e~ ~~ ~r. No. 598~76 fi~d Ju~ 22, 1975,
one ~ o~a~ ~1 in the ~t wou~ pe~a~ ~mpt
to replace the carbon d~t~d~ of the convention~

5 lamp ~th upper and lower carbon ~tmd~ which
~corpor~e a m~ of a carbonaceous m~eri~ and
an ~u~n~ agent as the core. When such carbon
electrodes are used in p~cfice ~ an d~a~ arc
~mp, howe~r, d~ch~ is e~c~d ~om poin~

10 ~ed ~om the tip ~ the upper d~t~de as shown in
~G. 5. Thus, the d~ch~ge of th~ ~pe of arc lamp has
been ~und to be very un~a~e ~ ~a~.

P~suma~y ~s an~ resuks from the ~ct that
because the carbon ~ s~d d~tmd~ ~ s~d copend~g

15 ap~n ~ ~r ~e ~ an ~c lamp ~r wodu~ng i~

s~Har to sunsh~e, and the carbon ~ burned in an
~m~phe~ wher~n oxygen ~ presen~ the carbon in
the electrodes of the present invention ~ ~r use in an
arc lamp ~r p~ ~v~ 1~, and hence, the

2o combustion ~k~ ~ace in the absence or sub~anti~

comp~ absence of oxygen.

OBJECTS AND BRIEF SUMMARY OF THE
INVEN~ON

25 The pfima~ o~e~ of the present ~vention is to
~a~l~e the d~charge of carbon e~c~odes ~ a 1~
~n~s tester and ~ease the combustion time of the
dec~odes ~ at ~ast t~ce the 1~ of conventional
de~des.

30 Ano~er o~t ~ the p~ ~ntion ~ ~ ~w~e

the 1~ of the ~e~d~ by add~g a ~cd~ type of
~a~ and d~po~ng a h~ow core section at the
~n~ po~on of the ~wer e~c~ode such th~ evap~
ration of the ~a~ causes convection resulting in

35
~abH~ation of the ~h~ge of the e~c~ode.

These o~ec~ ac~eved ~ accordance ~th the pre-
sent ~vention by ~we~ and d~per~ng a ~abg
fi~ng agent ~ both the upper and ~wer carbon elec-

4o ~ode~ The upper carbon de,rode hav~g the ~ab~
l~er ~p~ and d~persed the~ has a core
section w~e the ~wer carbon d~t~de ~so hav~g
the ~a~l~er ~w~n~ and ~sp~d the~ has a
h~ow hole ~ong the ~n~ ax~ thereo~ The

45 ~r electro~ ha~ng the core section and the ~wer
~ec~ode h~g the ho~ cause the stabifizer ~ exh~
~s action mo~ e~ and a~rd a ~a~ d~-
charge, and hence ~a~ rad~fion ~r a ~nger
period of time than w~h convention~ dec~odes.

5O BRIEF DESC~P~ON OF THE ~GURES

The invention ~ now be de~r~ed ~ grea~r det~
~ connection ~th the accompany~g d~w~, ~
which:

55 FIG. 1 ~ a ~hematic ~evation ~ew of a conven-
fion~ uRm~o~t ~c lamp ~r ~e in a l~h~n~s
tester;

FIGS. 2 and 3 are seetion~ fiews of convention~
prior a~ carbon electrodes;

~ FIG. 4 ~ a ~m~ view sto~ the ~
between convenfion~ prior a~ carbon e~c~odes;

~G. 5 ~ a ~hemafic v~w showing the ~ha~e
b~ween prior a~ carbon dec~odes ~r ~odudng ra~-
~on fim~ ~;

65 FIG. 6a ~ a lon~d~ secfion~ flew of an upper
carbon elec~ode ~ accordance ~th the present hven-
fion;

FIG. 6b ~ a transverse sea,nil v~w ~eo~



3
4~0~379

4
FIG. 7a ~ a ~ngAudMM sectionM v~w of a Mwer

carbon eMctrode in accordance with the present ~ven-
lion;

FIG. 7b ~ a ~ansverse sectional ~ew thereo~
FIGS. 8 and 9 are schematic v~ws show~g the d~-

charge between the carbon eMc~odes of the present
~vention;

FIG. 10 ~ a schematic pe~pective v~w showing the
end of the ~wer electrode of the present invention;

FIG. 11 ~ a graph show~g d~charge voRages of the
carbon dectrodes of the present ~vention; and

FIG. 12 ~ a graph showing d~charge v~tages of
conventional carbon dectrodes.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 6a, 6b, 7a and 7b Hlustrate the structure of the
carbon eMctrodes in accordance wffh the present ~-
vention.

FIGS. 6a and 6b ~lu~rate the upper elec~ode. The
exterior carbonaceous c~dricM potion $ ~ made of
a carbonaceous mMeriM such as, for exam~ carbon
Mack, and has a predeterm~ed ~ze, e.g. an outer diam-
e~r of 23mm, while the interior core potion 6 has a
gear-like cros~secfionM shape. A~er the ex~rior po~
lion 5 of the upper dec~ode ~ shaped by bak~g so as
to have a h~Mw core, a core matedM consisting of a
mi~ure of the abovementioned carbonaceous matedM,
e.g. carbon Mack, and potasfium sulfa~ ~ poured ~to
the holMw core, and the elec~ode ~ agMn baked to
form the core potion 6 wren the ex~rior potion 5,
Subsequently, a po~m c~odde aqueous sdufion
(hating a concentration of 10 g/l ~ impregnated ~to
the electrode to act as a ~abil~ing agent, and the dec-
trode ~ then baked once agMn ~ order to ~spe~e the
staMl~er throughout the elec~ode. As a resdt of tMs
process, a ty~cM upper dectrode accor~ng to the
~vention has about 61 gm. carbonaceous materiM and
~om 0.18 to 0. l 0 gm of potasfium cMoride, or about
0.32 to 0.06% by w~ght potasfium c~oride.

FIGS. 7a and 7b show the ~wer eMctrode which ~
formed by sha#ng a carbonaceous matedM hating a
good eMctdc conductivity, such as graphit~ ~to a
c~dricM member 8 and then bak~g the same. There-
aRer, the eMc~ode ~ imme~ed ~ a potasfium cModde
aqueous solution (hating a concen~at~n of 15 g/l ) 
a stabilizing agent until the ~ab~er disperses suffi-
c~nfly ~de the eMc~ode. As a resdt of t~s proces~
a ~#cM ~wer dectrode accord~g to the invention has
about 42 gm carbonaceous matefiM and ~om 0.13 to
0.07 gm. of potasfium c~odd~ or about 0.32 to 0.06%
by we~ht potasfium c~odde. The dectrode h~s an
outer d~meter of about 18.5mm, and a hd~w core 7
hav~g a d~meter of about 1-2ram. The tips 5’ and 8’
of the eMc~odes are tapered ~ order to fadlitate the
discharge at the ~itiM stage, but the tip need not M-
ways be tapereC

One each of the abovementioned Mwer and upper
eMctrodes are moun~d ~ the Mmp defice shown ~
FIG. 1. S~ce the ~ameter of the carbon dectrodes and
the number cf eMctrodes used ~ the present ~venfion
are ~fferent from the conventionM defice, the ho~er
section ~ modified M the present ~vention to accept
the abovementioned upper and Mwer dectrodes.

FIG~ $ and 9 ~lu~rate the discharge produced ’w~h
the eMc~odes of the present dev~e. In FIG. 8, the
¯ scharge ~ shown as berg produced between the core
section of the upper ~ec~ode and the hollow core of
the ~wer electrode to thereby produce a ~ab~ized

¯ umMafion which varies hatd~ at all. As the dec-
~odes are consumed graduM~, the upper electrode
still keeps discharging from the core section, wMM the
dischmge ~om the ~wer eMc~ode shifts from the cen-

5 ~r to the periphery, as shown ~ FIG. 9, smoot~y and
produc~g a ~abflized d~charge ~ the same manner as
when the ~harge ~ at the cen~r. Therea~eL the
discharge from the Mwer eM~rode moves back to the
cen~M position from the periphery. T~s procedure ~

10 ~pea~d confinuou~y.
As shown ~ FIG. 1~ the lower dec~ode has ex~rior

pedpherM portions 9 and 12 and M~dor peripheral
potions 10 and 11 M~ned ~ the ~ansverse direction
thereof (~d~med by the arrow). In compar~on w~h

15 the conventionM s~ lower dectrode hav~g o~y two
per~herM portions, the Mwer de,rode ~ accordance
with the present invention has four peripherM portions,
as described above. For t~s reason, wearing of the
elec~ode at o~y one peripheral portion or abnormM

20 wearing can be dimM~ed effectively by the present
de,rode.

The operation of the dectrodes ~ accordance w~h
the present invention was compared w~h conventional
dectrodes by effecting ~scharge ~ a p~d~erm~ed

25 current of 16A, and the changes ~ the ~scharge vd~
age we~ measured. The res~ of the experimen~ are
shown ~ FIGS. 11 and 12. FIG. 11 shows the voltage
change observed with the present dec~odes. As~an be
seen, the dec~odes of th~ ~venticn produce a flU~U~

30 lion ~ voRage ofo~y about 1% at a re~nce voltage
of 135V. In contra~ therewffh, the convenfionM dec-
trodes produce a flu~uation of severM percent.

The reason the ~scharge ~ the present defice ~
e~reme~ staMe ~ not ful~ understoo& HoweveL lhe

35 ~ventor believes that the ~ability can perhaps be ex-
#Mned by the fact that the stab~izer impregna~d~to
and d~persed ~ the elec~ode evaporates and changes
to a gas ~ a ~gh ~mperature~ and creates an Mmo-
sphere cf the gas thus formed, ~ wMch the ~scharge ~

40 effe~ed. Likewise, the flow of the stabfl~er gas pasting
through the hollow core of the ~wer electrode ac~
~voraMy for the d~charge.

Thu~ wffh eM~rodes ~ accordance with the present
~vention, a well ~aMl~ed discharge ~umMation can

45 be produced confinuou~y over a period of 50 hou~ by
the use of carbon electrodes which ~ ~rms of size have
o~y an e~arged ou~r ~ame~r compared with the
outer ~am~er of conventionM carbon dectrodes in
generM.

50 Wh~ ~ rimmed is:
1. Carbon eM~rodes for an ukrav~Mt arc Mmp used

for light-fastness ~sting, sMd deW, odes compdfing:
an upper electrode ~ the shape of an dongmed cyl~-

der about 23 mm. ~ ~am~er, the cro~ecfion of
55 w~ch has an exterior annular portion consisting of

a carbonaceous m~edM and an ~dor core pov
lion confisting of a m~ture of a carbonaceous
m~eriM and pota~m sd~, the upper electrode
hating d~pe~ed therethrough potassium c~odde

~0 as a staMl~g agent;and
a Mwer electrode ~ the shape of an e~ng~ed cy~n-

drical tube about 18.5 mm. ~ ~am~er and hav~g
a h~Mw ~dor about 1-2 mm. ~ ~ame~r and
berg of a carbonaceous ma~dM having a h~h

65 dec~ conductivity and ha~ng ~spe~ed there-
through potas~um c~oride as a ~aMl~g agen~

whereby when the upper and ~wer elec~odes are
placed wffh thor ends opposed to each other and
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an alt~nating cu~ent ~ 135V and 16A ~ d~- 2. C~bon e~c~od~ ~ d~med ~ c~iml ~ wh~h
ch~d thereacross, the d~cha~e can be m~n- p~um ch~fide R present ~ an amount of from
t~ned ~a~y ~r more than 50 hours and a~a~e 0.32 to 0.06% by wog~ of the carbonaceous m~ed~.
l~continuouslyproduced. * * * * *
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~e m~h~ ~ ~g a ~g electrode consists

of ffll~g an electrode mass under pre~ure into a perma-
nent current-carr~ng shell during malting ~ an dectfic
furnac~ The dectrode mass ~ ~ according to the

~vention, ~ compliance with d~a obtMned by continu-
ous measuring of the ~mperMure of the de.rode b~ng
formed m severM p~nts ~ong ffs h~ght and ~ ffs cro~-
sectio~ ~ a rate which ~ propo~ionM to th~ of the
de.rode cokin~ shifting and burning-off.

The de~ce for reM~ing sMd m~ho~ comprises a
charge-loading p~sage which ~ made ~ the form of a
pip~ a permanent current-carry~g mo~d communicat-
~g with a mass-feed~g passage ha~ng presses fi~ed
over it, an dec~ode drive mechan~m and thermoelv
men~ for measuring the ~mperature of an dectrode
berg shaped. Aceord~g to the ~venfio~ the mass-
feed~g passage ~ formed by pipes arranged around sMd
chargedoa~ng p~e and secured to sMd dec~ode drive
mechanism, sMd mass-feed~g pipes each accommod~-
~g an ~dividuM pres~

8 Ciaims, 9 Drawing Fi~
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METHOD OF AND DEVICE FOR FORMING
SELF-BAKING ELECTRODE

FIELD OF THE INVENTION

The present ~vention rd~es to dectrothermics an~
more part~arl~ to a method of forming a self-ba~ng
electrode and a de~ce for effecting same It h most
advantageous ~ ~rrous and nonferrous m~lurg~
chemistry and other ~dugdes us~g dectrc furnaces
with self-baking ele~rodes.

Fu~her progre~ of ore de~rothermics ~ dosdy
~sociated with the protein of devdo~ng advanced
types of dectrc furnace equ~ment and ~m~mneou~y
improved m~hods of operation thereo~ w~ch ~sure
~gher productivit~ cut down the net cog and improve
the occupation~ heMth conditions of service personnel.

DESCRIPTION OF THE PRIOR ART

Known ~ the prior art h a method of forming a
cont~uous self-baking solid- or hollow S~lerberg dec-
~od~ where~ an dec~ode m~s ~ ffl~d ~to a m~l~
c~g where R undergoes a process of gradufl ~ansfo~
mation ~to four aggregate s~tes as the ele~rode ~
berg baked. 25

Thu~ ~ the top part of the de.rode the charged
de.rode mass (at a temperature of ° to +7~ C.) ~
present ~ the form of separate soHd ~mps or aggre-
g~e~ In the undedy~g layer (at a ~mperature of from
+7~ C.’ to +360~ C.) the electrode mass changes grad- 30
ual~ ~to the ne~ aggreg~e g~e and becomes past~
Next ~ the entry of and ~ the electdc~onm~ u~t zone
proper (at a ~mperature varying within +360%+400°
C.), the decffode mass changes ~om a Hq~d s~te ~to
a non-plast~ state ~ coking zone). Further o~ ~ the 35
~wer part of the electric-contact u~t (at a ~mperature
of~om +400° to +500° C.~ the mass reaches its baking
s~ge and changes ~to a sol~ and forms a solid de~
trode gru~ur~ Charac~dstic of the s~tered electrode
mass ~ a sharp reduction ~ de~dc~ resistance ~ong 40
with an abrupt ~c~ase ~ ~s de~dc conductivit~
With the roast~g process of the self-baking Sckierberg
dec~ode proceed~g norm~l~ mass ~ed~ required
for cont~uous forming of an dec~ode to compen~te
for its burning-off, ~ effec~d tog~her with the metallic 45
cas~g by means of spe~ dev~ h~d~g and s~R~g
the c~ing with the mass ~ the ele~rode ~ a wh~c).
These three proc~ses -- consuming ~urning-off),
roasting and s~ft~g of the ele~rodc to make up for Rs
burn~poff- arc carried out ~dependentl~ In the 50
~c~ case with the S¢~lerberg dc~rode MI the three
proc~ses must proceed at the same time and be stable.

Howeve~ ow~g to a number of causes pertaining to
variations (disturbances) ~ the course of the production
process and cau~ for cxamO~ by changes ~ the 55
composit~n of raw mater.s, by charge propo~io~ng
etc., by de~rc~ characm~stics of the furnace owin~
~, to fluctuations ~ bath resistance, variations ~ the
qualRy of an de.rode mass and Rs nonu~form struc-
ture 0.e., nonu~form dig~bution of Rs constituents), 60
impeffe~ design of an de~fic~onm~ u~t and de~ces
for mcchanic~ s~R~g of the de.rode, as wel!~ tho~
caused by the skin and "proximity" effects, when using
the now-existing m~hod of forming a self-ba~ng ele~
trod~ these process~ are not accomplished ~m~m- 65
neou~y and ~ck smb~t~ Various attemp¢ at improv-
~g the above-outlined method resul~ ~ best, ~ two of
the three processes berg effccted ~ the same fim~ ~,

~12~294
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th~ of ~n~off the de.rode and Rs ~wedng to
compens~e ~r ~s bur~n~o~ ~e roasting p~ not
bdn~ howeve~ accom~ fim~neoufly ~th the
~ove ~ocesse~

5 The asynchronous and ung~ nature of these pro-
cesses leads to the ~ng sedous ~vant~es pe-
c~r to ~e now~ng m~d ~ ~rm~g a continu-
ous ~~ S~e~erg dec~od~

If ~e ~npoff proce~ precedes ~e roast~g pro-
10 tess and ~ ~ gep ~ ~e ~ng of the dec~ode to

eompens~ ~r Rs ~rninpo~ the deetrode coEng
zone drops down bdow ~e ~vd.of ~e de~d~eo~a~
u~ jaws and an ele~ curre~ flows o~y ~rough ~e
me~c c~ng ~e ~d electrode mass bring a~u~

15 no~co~u~v~ ~th a q~e reM risk of ’~ef’ break-
~e ~ ~e deetro~ and ~ ~e dectro~ mass flo~ng
out thereo£

~ on ~e o~er han~ ~e burn~poff ~ ~e de.rode
~ocee~ ~ a ~wer rate than roast~ ~e proce~ of

20 s~ng ~e deetrode to make ~ ~r Rs ~rninpo~
carded o~ ~ gep with the ~g ~ocess, f~s to p~ve~
the dectrode eoEng zone ~om ~g ~ove Rs o~
mum ~vd or above ~e mp ~ ~ the ~e~e-contaet
u~t jaw~ As a rest, an over eoked pm of the elec-
trode will ernmble and a ’~r~’ ~eak~e will ~llow.

Wi~ ~e ~esem-m method ~ ~g an ~ctro~
a ee~n q~e poss~e comb~on of ~e ~ove pro-
c~ses may ~ to a ~u~on w~ dee~ode bu~np
off and Rs ro~t~g are e~emd suffide~y ~muR~
neou~ ~e ~oce~ of s~R~g ~e deetrode ~s bwe~
~g m o~ ~rninpo~ howeve~ ~ not aeeom~
~ gep.

The ~ove p~nomenon ~ eneoume~d rather ~-
que~ even now, both when u~ng W~s brakes
and now ~ use men.sins ~a~ed ~r h~ng and
~fi~g ~e deetro~ and eompr~ng two brake ~g~
and ~ ~e ~p~ng ~ de~rodes w~ ~ ~aee ~
prae~e regard~s ~ ~e ~ ~ ~d s~fi~g meeh~
~sm.

~ any ~ the above-outlined occasions the bre~ge
~ an ele~rode cauls a ~her eonsump~n ~ an dee-
trode mass and eleetre energ~ inere~s ~rnace ~wn-
time and ~wers ~rnaee effi~ene~

~own ~ w~ ~ the ~ ~ a number of de~e~ ~r
~g a s~ or h~ow ~ng dee~od~

Thu~ a pro~ de~ee ~r ~ng a ~~
deetrode eomp~s a ~arg~oa~ p~, a pe~ane~
eur~nt-ear~ mo~d of a h~ow ~ng de~
~od~ eommu~e~ ~th a m~e~ng passage fi~
ted over ~ p~s~ a~ an dee~ode d~ve meeh~
~sm.

The pe~anent eu~e~a~ng mo~d ~ a dou~
w~ ~e ~ an ope~ng facing ~e ~rnaee ~edo~
s~d d~ bring secured mg~h~ w~h a eur~ ~ to a
sup~ e~g w~eh ~ ~ ex~n~on of the de.rode
being ~ed and ~ eou~ed by Rs ~p pa~ ~th the
deetrode d~ve u~ To en~ continuous ~r~ng of
an dee~ode and ~s ~harge ~om ~e mo~ ~e ~p
pa~ of ~e pe~anent eu~en~ea~ng mo~d ~ fitted
~ ope~ngs ~r ~e~ng a t~n deetrode mass and
~th a ~k meam ~ ~e ~ of an ann~ar ~on
e~de~ To reduce the leng~ of the current ~ad a
eurrent-~on attae~d ~ ~e sup~ e~g ~
moun~d ~ove the ~anem eurrent-ea~ mo~d,

Howeve~ ~a~e~e ~ s~d de~ee ~r ~r~ng a
~~ deetrode ~ a ~ ~p~ated eonstrue-
fio~ a need ~r ~ng o~y a t~n mass w~eh ~ ~t~-
~eed ~ee@ ~o eurrent-earr~g mo~d. Moreove~



3
~12~294

4



~12~294

FIG 6 ~ a end ~ew of ~e de~ce shown ~ FIG 5
taken ~ ~e ~ction of ~row ~

FIG 7 ~ a ~n~md~ ~e~ ~ew ~ a

~g a ~b~g ~d de~md~ accor~ng ~ ~e ~vem

FIG 8 ~ a ~n~md~ p~ ~ ~0~ ~ew ~ ~e

#pc ~ ffs ~we~ ~ and
FIG. 9 ~ a ~n#u~n~ pa~y ~ ~ctiom flew ~ ~e

e~~ shown ~ FIG ~ ~en the ~opper ~ ~
con~t wi~ ~e b~mm edge of the mMd.

~e ~ ~ ~e ~. An de~mde m~s ~
~d ~ a m~s~e~ ~e ~d ~ ~ ~u~d
~m a ~e~ ~e~~ mo~ wh~dn ~e
dec~ode mass undergoes co~g and ~ ~m~
~to a sofid g~e under ~e e~ct of ~ de~dc
cu~e~ ~o~e hea0 ~d the he~ ~m~ ~ong the
dec~od~ due ~ ~s heat ~u~% ~om a ~mace
heave

~e m~s ~ ~t~n s~d c~n~c~r~ng
mo~d ~ devdope~ ~% o~ng m ~e rd~vdy
~g~e w~g~ ~ ~e m~s c~um~ ~ ~e m~s~-
~g p~ ~ ~con~ d~ ~ a ~nfi~r~ p~-
tiVe p~u~ exceed on ~e de,rode m~s by p~&
A~d~g m a w~-~own 1~ ~ ph~ ~e ~me
po~ve pressure ~ exe~ed on the dec~ode mass ~ a
co~g zone ~ ~1 the dkecfions ~t~n the ~t
~~ mo~d w~ ~ ~e ~e h~& ~
motes the production of a dense and quay de~rod~
~ ~ ~e o~ h~ ~ a m~ ~ ~ ~g ~e
~rdng ~ of s~d dec~ode out of ~e mouM ~ ~
~ berg co~d and bu~.

As to ~e ~ed~g of the electrode mass ~to the cur-
~~ ~, k ~ carrie& ~ accordance ~th data
~n~ ~ ~s m~me~ ~ ~e ~mp~
tu~ of the de,rode berg ~ed at seve~ p~s
flong ~ hdg~ ~d ~ the ~ction ~eo£ ~ a r~e
~h ~ ~opo~on~ ~ ~ of de~mde co~n~ s~ff-

~r u~ ba~ng of ~e m~s bo~ ~ong ~e de~
trode h~g~ ~d over ~s ~e~ at a ce~n ~-
s~L a ~ fignfl ~ ddNe~d ~ fim~mneoufly
sta~ fll ~ ~a~ ~e d~tm~ paste.

~ ~ ~ ~r ~g ~ m~ w~n ~
~~y~g mo~d ~ong ~e dec~ode h~g~ ~d
over ~s cro~ection, e.~, ~ a ~ph~e t~
trade sy~e~ w~ ~e dec~od~ berg ~c~ed ~ ~e
~exes of an ~fl ~ due to the sen and
~ofi~ e~ a ~ fign~ ~ gener~ed at a
~v~ mome~ ~r pu~ng ~v~ufl p~ ~ op~
tion ~ a s~ecfive mode.

W~h the ~o~ufl~ m~ho& ~oy ~d/or flu~
~g ~d~v~ c~ ~ ~~ ~mu~ ~e ~n~fl ~
of ~e de~mde b~ng ~ed. ~u~ m~ ~e ~d
~s ~fi~n~ ~ we~ ~ brining ~e ~e~cfl ~mpo~
tion of ~e ~s~mm produ~s to a p~t vflu~ can be
e~ s~~y ~ ~ m~ ~ m~fi~
~y ~ring a ~w~ ~u~n of ~e ~o~ng
~m~s ~ redudng ~r ~es by bum~

Indu~dfl e~~ of the pmpm~ m~hod ~
p~cond~oned by a need ~r ~m~d~ ~o ~y
dearie ~ ~m~d ~ dev~ ~r ~g
s~ ~d h~w-~e~md~ ~t c~g~ ~ a~
c~um ca~e ~ ~rm-~oy de,de ~m~ ~ w~
as those ada~ed ~r ~u~ processes where the
~n ~g ~ a ~~ ~a~g ~e ~1

damage the quality of a finM product, e.g., Mumi~um-
silico~ silico~ met~ mangan~ etc.

Accor~ng m ~e pre~rab~ embodiment of a de~ce
~r c~ry~g ~ effe~ ~e above~hned m~hod of

5 ~rm~g a self-baking de~rod~ shown ~ FIG. 1, ~e
de~ce compd~s a p~manent cu~e~a~ng mo~d 1
commu~cating wi~ a m~ed~g p~mge ~rmed by
~p~ 2. Depen~ng on the ~ze of the ~rmed electrode
3 ~re~ ~ur or mo~ ~p~ 2 may be ~e& In case three

~ ~p~ 2 ~e em~oye& ~ey a~ ~mnged ~ an an~e of
120° with ~ect to each other (at the apexes of an
equil~M trian~e); ff a ~uvp~e sy~em ~ u~ ~e
p~ 2 a~ ~c~ed ~ an an~e of 9~ (~ ~e apex~ of 
~u~. Simi~rly, other multipipe sy~ems have the

15 p~ equally ~aced. At ~r ~p ~e m~s-fee~ng
~p~ 2a~ coupled by means of e~dcM ~s~ation 5 m
a drive means 4 ~r s~fting an dec~ode 3. Fa~ened to
the top pa~ of each m~ed~g ~pe 2 are presses ~
each of w~ch hav~g a connecting rod 7 and a ~on 8.

20 The pre~es are cou~ed wi~ the m~e~ng ~pes 2
by means of ~ectdcM ~s~afion ¯ The cu~ent d~tdbm
fion ring 11 of a current ~ad 12 ~ cou~ed ~ ~e m~
~e~ng ~p~ 2 with ~e~dcM and he~ ~s~ation 1~
sMd ring 11 bdng connec~d by a w~evco~ed tub~ar

25 bu~ 13 ~ ~e cur~a~ng mo~d 1. The de~ce
Mso compd~s a ch~g~a~ng ~pe 14 around w~ch
¯ e m~e~ng p~es 2 a~ arranged and whose bob
tom part ~ ~ communication with ~e current-ca~ng
mo~d 1. At Ks ~p ~e ~pe 14 ~ ~ml~ed de~dcally

30 and secured to the drive means 4 ~r s~fting the elec-
~ode ~ ~ ~ Mso cou~ed with a hopper 1~ and fired
with a gas offtake 16.

To de~ea~ ~e~c ~ ~ ~e m~ ~ru~u~ ~e
~ctio~ of ~e m~e~ng ~p~ 2 and ~e ch~g~

35 ~ad~g p~e 14 p~oned ne~ ~e cu~e~r~ng
deme~ namdy ~e cu~e~ distrib~n ring 1L ~e
cu~e~ ~ad 12 and ~e w~oo~d tub~ bu~ 1~
~e made of m~eriMs with a ~w permeabi~ ~,
nonmagnetic ~ed.

~ The her~n-proposed device operates ~ the following
manneL

The dec~ode m~s (~ a solid or hq~d s~t~ ~ ~d
~rough branch ~p~ 17 of each press ~ ~ a known
mann~ (e.~, ~rough ~pehn~, v~ration hose~ by

45 ~w conveyor~ ~c0 from a ~e hopp~ ~ shown ~
¯ e draw~ fir~ into ~e m~ed~g ~p~ 2 and ~en
to ~e permanent cu~ent-ca~ng mould 1, where
under ~e effe~ of an de.fie current and he~ ~flow
from a ~rnace heath ~D ~e hollow dectrode 3 ~

50 ~rmed and baked. The de.fie current flows ~to ~e
cu~ent-ca~ng mo~d 1 ~rough the w~e~co~ed
tubular bu~s 13 from ~e cu~e~ ~r~ufion ring 11
of the current ~ad 1~ w~ch ~ cou~ed wi~ a ~rnace
pow~ sup~y ~ shown ~ ~e drawing.

55 Under the effect of comp~ed ~r or pressurized
hq~d ~e pre~ ~ acting ~multaneously cr ~d~
ally after a ce~ain period of time, compa~ ~e de.rode
m~ ~r~ng K gradually o~ cf ~e m~e~ng ~p~
2 ~ ~e permane~ cu~ent-c~ry~g mo~d 1. The

~ presses are co~r~d by a manu~ or an a~omatic
co~rol ~em. The constant pr~su~ of ~e e~c~ode
m~s ~ ~a~ed due ~ ~e h~g~ or amou~ of K ~ ~e
m~ed~g ~p~ 2. Und~ ~e p~re of ~e de~
~ode mass ~e baked hollow dec~ode 3 ~ ~queezed cut

~ cf s~d cu~ent-c~ry~g mo~d 1. Ch~ged pa~id~ 18
pass from ~e hopp~ 15 ~ong ~e ch~geqoad~g ~pe
14 into a ~rnace heath 19 ~ directly under ele~dc
~c~ that ~e ardng on the end ~ce of s~d hollow
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Aec~ode 3. A hot gas ~avAs up ~om the ~ace
heath 19 ~ong the chaunted ~pe 1~ ~s~ a
~~ pa~ of ~s heat to the charge 1~ and es-
capes ~mugh the gas offiake 1~

The ~s ~n flow ~ ~ oppose d~fion ~mugh ~e
same cha~a~ng ~pe 1~ ff ~ch ~ ~e c~ u~ may
be made of a g~ bang c~M~ed from ~e Aedile ~v
n~e ~., ~om ~e ~s o~e ~ a ~m~e moo or of
some ~h~ g~ ~r ~c~ n~M or ~e~ one~

The entire de~ce ~th the h~ow electrode 3 ~
~s~ under the e~ ~ ~ ~c ~r ~
tr~er ~ shown ~ FIG. ~ by means of the drive
means 4 ~r ~ng an Aec~ode & sMd drive means
b~ng ~ther of the hydra~ Os shown ~ ~e ~a~nD
o~ ~&, Ae~romecha~cM -- a ~w or a rope ~nch
-- ~ ~ ~me o~ ~. ~ ~r~ ~e e~m~ 3 ~e
~mp~u~ of ~e de~mde m~s ~t~n ~e c~n~
c~r~ng mo~d 1 ~ mo~ ~ ~m~~n~
Aeme~s or ~A~s ~ ~own ~ FIG. D.

An~h~ e~~ of the proposed de~c~ pres-
ented ~ FIG. ~ ~mp~ a ~t cu~en~ca~
~g mo~d 1 ~r ~oduc~g a h~w ~~ A~-
~ode ~ m~s~g ~pes 2 ha~ng ~wer po~s
~m~~ ~h s~d ~e~~ mo~d 1 ~d
top po~on ~~d ~th a d~ve means 4 ~r
s~ft~g an Ae~rode 3.

The ~p p~ ~ ~e m~e~ng ~p~ 2 h~ p~es ~
secured to ~.

A ch~g~a~ng ~pe 1~ ~r~ng an ~ner w~l of
¯ e c~r~ m~d 1, ~ ~d ~A~o ~
~ ~s~ ~c~ ~ s~ ~ ~ s~d ~e~~
mould 1.

Secured to the chargehoad~g ~pe 14 ~ong ~s ~

on ~ 21 and ~ged ~to the elec~ode co~ng
~ ~t~n ~e ~r~~ mo~d 1 ~ ~s~-
~g p~n~ ~ ~ ~v~ p~s ~ong ~e h~g~ and ~
the cros~section of the sambaing A~tmde 3 bang

~e top pan of s~d chargeqoad~g ~pe 14 passes
~mu~ ~ ~s~ g~de ~e ~ b~t ~ ~e drive
me~s 4 ~r s~ft~g ~ A~o~ 3 ~d ~ interconnected
¯ e~ by brack~s 25 by means of ~w jacks 2~

~~ on ~e ~d ~u~ proces~ ~ther
~ ~e ~~d~ ~ ~ ~ m~e ~ a ~
perature we~m~ m~eri~ such a~ ~ed, ~a~um,
eta, or o~y ~s b~m po~on ~oduced ~to the
c~r~ng mo~d 1 ~ ~d of s~d m~e~sl

In the l~r c~ ~e ~p po~on of s~d chargeqoad-
~g ~pe B ~ manu~u~d of ~ ad~ m~eri~ ~&,
~ ~. ~e ~m p~ ~ ~ ~~ ~e 14
may be a ~t~h~ w~e~coo~d ~ng body mad~
~r ~ of k~ ~ a c~n ~I c~.

At ~s top the ~pe 14 ~s ~th an Aectric~ly
~s~ed pacing 27 secured thereto ~d ~s~ a
se~ed ~c ~ti~ ~ the branch ~pe of a
~ad~g hopper 15.

~e numb~ of screw jacks 2a ~ ~ed by the ~-
men~ons of the ~g~ ~pe 14 o~ to be more
pre~ by those of the h~ow ~~ ~c~ ~
b~ ~ My ~ at ~ast two screw jacks 26 m~t be used.
The screw jacks 26 c~ be ~e~ ~r ~ h~d or
a~om~ ~ ~e ~d ~ a co~r~l~ dfi~ ~ch-
a~s~ ~b, by means of ~ Ae~fic m~or or a m~o~
~ed reduce~

As ~ ~e numb~ ~ ~m~~ Aeme~s
~ ~d ~r a~m~ ~e ~e ~r~d by ~e
~men~ons of the h~ow sambaing Aec~ode.
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~nt-c~rying mo~d 1 ~ ~veral p~ms ~ong ~e hdg~
and ~ the cross-section of the ~rmed sol~ self-baking
dec~ode 3 ~ ~s coEng zone.

The ~p pa~ of ~e p~e 14 p~s ~ugh an ~s~at-
5 ~g g~de sleeve 24 built ~ ~e drive means 4 for shi~ng

an elect~de 3 and ~ interconnected therewith by means
of brackeB 25 and ~w jac~ 2~

In t~s c~e ~e ~pe 14 ~ made of a ~w carbon alloy
~ed. A~ while ~wefing ~e de~d~ s~d ~pe 14 ads

10 ~ a pusher of b~h ~e dect~de u~t and ~s suppo~g
fi~e~ the b~m end of said ~pe 14 can be made of
~gh-temp~atu~ steal ~ enhance its reliabilit% since ~
~ imm~d i~o ~e deW, ode slightly bdow ils co.rig
zone ~ a 45& - 500* ~ ~mp~u~ rang~

15 For profi~ng reliab~ operat~n and ~ s~v~g cf
¯ e pr0p~ed de~c~ ~e bracke~ 21 on w~ch ~e tem-
peratu~ensitive clemens 22 are fixed as wall ~ the
b~ck~s 25 act~g ~ an interloc~ng deme~ b~w~n
¯ e ~w ~c~ 26 ~e insula~d from ~e p~e 14 wi~

~ heat-~sisting ~sulation.
The abov~ou~ned de~ce op~ ~ a manner ~mi-

~r ~ ~ of ~e de~ce ~own ~ FIG. 2.
The o~y ~ffe~nce con~s ~ ~ the ~pe 14 ~

employed ~r fill~g ~e cen~ part of ~e s~ sd~
25 baEng de.rode 3 wi~ either an dec~ode m~ ~mi~r

~ ~ ~ed by pr~s 6 into ~e m~s-fee~ng ~pes ~
or ~e ~ made of flu~ng or ~loy ad~fiv~ ~t~dueed
~ s~d ~pe 14 and baked ~ ~e dee~ode m~s encom-
p~s~g s~d sub~ance~ w~ch constituent the cen~

30 part of a solid self-ba~ng dee~ode and w~e~ as the
de.rode ~ b~ng bu~t, take pa~ ~ melting ~e charge
and obtai~ng the produ~ of a ~qdsite composition
and qualit~

Henc~ the present ~vention allows ~ization of
35 ad~fion~ ~ehn~o~e~ potentialities and ~g~y im-

po~ant advan~ges.
Accor~ng to the embodime~ ~own ~ FIG. ~ ~e

device compds~ a permanem c~rent-c~ry~g mould 1
secured to m~s-feed~g ~pes 2 adapted ~r ~rm~g a

~ ho~ow sdf-baking de.rode & At thor top the ma~-
~ed~g p~ 2 ~e f~ned ~ a drive m~m 4 ~r s~-
~g the de.rode 3. Presses ~ each of w~eh hating a
connecting rod 7 and a ~on E are secured to ~e ~p
part of s~d m~e~ng ~p~ Z

45 The cunent-~afibution ring 11 of a current ~ad 12
coupled through w~e~eoded tub~ bu~s 13 wi~
¯ e eu~ent-c~ry~g mo~d 1 ~ ~ ~ened ~ s~d
p~ Z

A cha~e-loa~ng p~e 14 h~ a bottom potion ¢om-
50 municat~g with ~e current-c~ry~g mo~d 1 and a ~p

potion secured to the drive means 4 ~r shi~ng the
dec~ode ~ The ~pe 14 ~ ~so ~ eommu~cation w~h
a hopper 15 and ~ fitted with a gas off~ke 1~

The above defiee embodiment ~ eq~pped with a
55 prog~mming or comrol ~stem comprising a follow-up

unit 28 ~d an actuating u~t 29. The inpm of the fol~w-
up u~t 28 ~ eouOed with ~mp~ature-sensitive d~
men~ 22 w~eh are ~¢t up and fixed wi~ heat-~sting
~s~ating pae~ngs 23 on ~e cu~ent-c~ry~g mo~d 1

~ and its o~p~ ~ coupled ~ugh ~e ac~g u~t 29
with the presses &

Fcr switching the ~dproeating rods 7 and ~¢ns 8
of ~e p~ ~ lim~ sw~eh~ 30 ~e mourned ~ ~e
ex~eme ~p and bosom p~o~ of s~d rods 7 and

65 ~s~ &
~ shoed be added ~ s~ce ~e presses 6 can be

made ~ eyl~ders us~g ~ comp~ed Mr or a p~
~zed ~q~d ~r ~w ~resses with electromecha~-
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cM dfive~ the a~uating u~ts 29 may constitute accord-
in~ ~&, a solen~d-oper~ed vMve or a ~Me vMve or
an appropri~e dectric~ apparatu~ such as a contactoL

As for the ~mper~ure~en~tive dements 2Z they are
in~M~d ~ severM p~nts Mong the ~rcum~rence and
in the cross-section of the hollow ~lGba~ng dec~ode
3 and may constitute, e.g., thermocou~es or re~ance
thermom~ers.

The follow-up u~t 28 can be buil~ for exam~ of
thyd~o~, or K can be a standard in~rument, ~g., a
point.meaL ~ee E N. Manailo% "He~ En~neefing
Measuremen~ and Automotion of Heat Engineering
Processe¢~ Moscow. "Energy" Publishers, 197~ p~ 32
-- 3~.

The herein-proposed de~ce functions in the foriow-
ing manneL

A charged particle 18 passes from a hopper 15 Mong
the charge~oa~ng pipe 14 into a furnace heath 19
(bah) ~rectly under electric arcs that are ardng on the
end ~ce of s~d hollow sdbba~ng electrode 3. A hot
gas rises from the furnace heath 19 through the charg~
~ading ~pe 14 and ~ansmi~ a considerab~ pa~ of Ks
heat to the charged particle 15 whereupon K ~ ~s-
charged through a gas offtake 1~

Gas flow in an opposi~ direction (downwards) ~ Mso
possible, the gas pas~ng in th~ case through the charg~
~a~ng ~pe 14 and charged panicle 18 which allows
util~ation of a cd~cted was~ furnace gas (e.g., drawn
~om the gas offtake in a furnace rooO or some other
gag for ins~nc~ a n~ur~ or inert one~

The dec~ode mas~ in a s~ or fiq~d stat~ ~ ~d
~om a hopper (not shown in FIG. 4) through branch
~pes of each pre~ ~ as shown by an arrow in the draw-
in~ by resoling to a known means (such as p~eline~
v~rat~n ho~ screw conveyors) fi~t into the mass-
feeding pipes 2 and then there~ong into the permanent
cu~ent~a~fing mould 1 where a horiow de.rode 3 ~
formed and baked under the effect of an electric current
flowing therdn through a current conductor 1~ cur-
rent-distribution ring 11 and tubdar busbars 1~ and by
the he~ of the furnace heath (bath).

The ~mperature-sensitive dements 22 are continu-
oufly measuring the ~mperatures ~ sever~ p~nts of
said hollow sdf-ba~ng electrode 3 0nduding its co~ng
zon~ and ddivedng ~gn~s to the follow-up u~t 28
which opera.s the presses 6 w~h the ~d of the actua~
ing u~t 29. Depen~ng on the command fign~ of the
follow-up un~ 2E the ~gn~ bring in ~rect relation to
the ~mper~ure v~ues and to the rea~ngs of the tem-
perature-sensitive dements 22 in~alled in ce~n loca-
tions (p~nts or section~ of a h~low self-ba~ng dec-
trode ~ the presses ~ acting fimdmneou~y or individu-
ally ~dectivdy) a~er ce~n periods of time (pr~
scribed by the program), compre~ the dec~ode mass
with the ~d of the rods 7 and ~ons 8 thus forong ~
gradually out of the p~es 2 into the current-carrying
mo~d 1. The baked hollow electrode 3 ~ squeezed
under the pressure of sam de.rode mass out of s~d
current-earring mo~d 1. As soon as the rods 7 of the
presses 6 are pressed into thor rimit extreme position~
the lim~ switches 30 assoo~ed with the programming
contrd sys~m send a ~gn~ for ra~d rifting of the
pistons 8 to be followed by thor lowering w~h a pres~
speed.

The rate of the entire process of baking an electrode
and ~s squee~ng out of the curren~carrfing modd to
compensa~ for its burning-off, as well as the burning-
off of s~d de~rod~ can be a~u~ed by means of the

follow-up u~t 2E the a~u~ing u~t 29 and by subse-
quent operation of the presses 6 wit~n program-pre-
scribed rimits thus ensuring automatically a continuous
and ~multaneous accom~ishment of all the above ope>

5 ationg and, thereby prodding the prereq~site for ob-
tai~ng a hollow sd~ba~ng de.rode 3 of adequ~e
quality.

Another embo~ment of the de~c~ presented in
FIG. ~ compris~ a cu~en>distdbution ring 11 fixed

10 with de~dc~ ins~afion 10 on mas~eding pipes 2
secured to a connecting ring 31.

The connecting ring 31 accommod~es an instating
g~de ~eeve 32 acting ~mul~neoudy as a pacing and
aligned in position by index ~ns 33 arranged ~ong Rs

15 drcum~rence and fixed on s~d ring 3L A charg~ad-
ing ~pe 14 passes through s~d g~de deeve 3Z Fixed
over the circumference of the ring 31 by means of a
ra~dly-demchab~ ~ck jdnt 34 (FIG. 6), such ag key
or screw jdnts or a tom.nation of said jdnts ~.&,

20 dowds and keyg dowds and nutg ~udg screws ~c0
are w~evcoded electric contact plies 35 (FIG. ~)
closed on themselve~ wRh ~1 the adjacent ~ates being
inmrconnected by a lock j~nt and the bottom pa~s of
s~d plaes 3~ bring ad~tionally secured to each other

25 by demchab~ jdntg m&, by screws 36 turned in thek
bodies. The dectdc contact plaes 3~ are made of cop-
per and alloys thereof and are either castings with spe-
d~ ducts for the passage of cooling water or ~amp~gs
with driRed ductm

30 The connecting ring 31 accommodaes instating
pac~ngs 37 tha are mounted a sever~ prints ~ong Rs
ckcumference and through which ~ders 311 are intro-
duced into the coEng zone of a hollow self-ba~ng
dec~ode 3.

35 To enab~ thdr interlocking witri the co~ng~ed
furnace dements, the top parts oftbe mass-feeding pipes
2 and chargedoa~ng ~pe 14 are fitted with flanges 39
and 40 accordingl~ Th~ assures reliable operation of
the proposed device and dimin~es dectdc~-shock

40 fatuities in servicing furnace ~rnctural elements mating
therewith.

A ~stinctive ~ure of the proposed dev~e confis~
in that Rs design permRs readjustment, modernizatio~
of operations and adequ~e qualRy of dec~odes 3 by

45 chan~ng thdr cros~seetion and by affecting the eoking
proce~ and electrode transfer for offsetting Rs burnin&
-- ~1 these measures being a function of the mehnologi-
c~ proce~ and de~de~ paramete~ of th~ furnacm

The chargedoading ~pe 14 and the hole for i~ pas-
S0 sage through the j~nt ring 31 are readily changeabl~ in

other word~ they may have vary~g (grea~r or
sm~le~ ~amete~ depending on the pec~iarities of the
~chndo~c~ process and Rs de~de~ ehara~edstieg
the other dements of the proposed de~ee being ~ th~

55 case unchange~
To make things dea~ R shoed be pointed out th~ a

need for readjustment or modernization of the proposed
device can arise o~y ff a new production process and
electdc~ param~ers of the furnace ~ffer considerably

60 from the prece~ng one~ In ~1 other eases the de~ee
does not req~re any modificationg ~so~r as the qual-
Ry of dec~odes can be assured by fimpler means envi~
aged by the inherent design of the dev~e which will be
dear from a description th~ follow~

65 To increase the effect of a charge-load~g ~pe 14 on
the coEng of a hollow decUode & R ~ not made of
he~mistant ~eel -- its usu~ m~edal, but, in~ea~ its
bottom pa~ ~ provided with a cooling sy~em and ~
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m~ ~r ~, of comm~dM or hea~fismnt kon
w~ a ~n ~ c~ Mo~ w~h w~, ~~

flowrme of sMd co.am b~ng ~~ a conven-
tion~ v~v~

Thee d~ ~ ~e e~de~ from ~e ~ove d~
¯ scdption, ~e not ~own ~ FIG. ~.

~e query of a h~ow ~~ d~tm~ 3 ~
mo~ ~ Me ~d~s ~ ~ ng~ ~v~ ~ a~
~ a proper m~ner the degree ~ ~p~ng of the dec-
trode to compens~e ~r ks bum~off ~ order to pre-
clude the ~e~ng ~ ~ u~ed elec~ode om of the
mofld, to.rig out of the dec~ode m~s or de.rode
Ne~

~e ~m~ ~e op~ ~ ~ ~ng
m~neL

~es 35 and Me ch~geqoa~ng ~pe 14 ~ ~o~d by a

shown ~ FIGS. $ and ~ but not shown ~ FIG. ~
w~ch ~ w~d ~ Me b~m ed~ ~ Me ch~g~a~
~g ~pe 14 to fit ti~fly ~m bene~ to the end ~ce
~es of s~d ~ectric ~n~t ~s 3~.

~e ~e~ m~s ~d ~r pn~e ~g Me m~s
~ed~g ~pes 2 ~s up the entre section of the ~ed
~a~g ~e~rode 3.

Ne~ Me ~ b~ch of charged ~de ~ of ~ectri-
c~y conductive m~eri~ such a~ cok~ ~ d~ivered
~ugh. Me ~g~d~g p~e l& ~e coke ~B up
Me boRom pa~ of s~d ch~geqoad~g ~pe 1~ d~ng
a ~rc~t ~r s~e~ passage of an ~ectric current
w~ w~ fiow e~ b~w~n Me h~w ~o~
berg ~ ~d ~ace heath or b~ween ~e~rod~
a~e~ to that b~ng ~e& F~o~ ~ water
~d pow~ ~p~ ~e ~ om Co,rig w~ flows
~ong Me ~ ~ 13 of the ~b~t~
ring 11 ~ Me electric ~ ~s 3~ and the ~e~
t~c cu~e~ s~s flow~g ~om Me s~d ring 11 ~ugh

m~hroom smpp~ ~d the coke ~ the thus defined

~e co~ Me mushroom ~opper and the ~ec~ode
m~s ~e ~ ~ a ns~, w~ ~u~y ~e~ Me

~g h~w ~ec~ode 3. As soon as a ~e~rode co~ng

m~ ~g ~m ~ ~e end ~ and e~en~
~g upw~ over ~s c~e~, undergoes a ~ans-
~on ~ ~ ~e ~ ~g a s~ ~ec~-
c~y conductive s~ucture. From that mome~ o~ the
~g ~ ~d ~t~de ~e ~ mo~nd ~ ~-
~r ~v~ ~ means of Me ~ers 35 ~ged ~ sev-
er~ p~s ~ the c~tion of the h~ow ~ec~ode
3.

~e mushroom stopper bu~s g~y ~d com-
pany ha~ng ~~ ~s ~nctio~.

~ a ~~ ~u~ proces~ the ~t~
mass ~ ~~ ~& coked ~d ~ out a ba~d
h~w ~ode 3 o~ng ~ bu~off ~ Me ~
nace hea~. The charge pa~d~ 15 of a ~c~
compo~tion are ~so ~p~ed ~ a continuous mod~

~e gas r~e~ed ~ Me ~e hearth rises ~ong the
ch~geqoa~ng ~pe 14 ~~g ~s heat to the
~d ~ ~, ~d ~ exhan~ed therea~e~ In ~s
c~e a downw~d g~ flow ~ ~ ~ Me g~ ~-
~g ~ugh Me cha~a~ng p~e B ~d Me ch~d
D~S~ 1~ t~s ~s Me use of ~ther a ~ace e~t

gas collected ~erefrom ~.g., ~awn offthrough the g~
: o~ake ~ the ~mace rooO or of rome o~er gas.

Indu~fi~ effectivene~ of the ~op~ed de~ce ~
de~rmined by Me ~ed ~r dectdc ~m~ wi~ de-

5 flees ~r ~rming self-baEng hollow de~md~ w~ho~
~ng~ w~ch ~e nq~nd pfima~y ~r ~oduong
~umi~um-silico~ silico~ m~ manganese, c~dum
carbid~ ~, when the kon ~ Me de~mde casing of a
convenfion~ self-baEng dec~ode ~ a harmful admi~

10 tun.
According ~ Me embodiment ~ho~n ~ FIG. 7 lhe

defice ~r ~rm~g a solid sel~ba~ng de~mde ~ ~mi-
~r to ~ pn~ed ~ FIG. 5 and compiles a cu~e~-
¯ sg~ution ring 11 fixed with de.fie ~s~ation 10 on

15 m~s-fee~ng p~es 2 secured to a connecting ring 31.
Tte connecting ring 31 ~commod~ an ~s~g

g~de reeve 32 act~g ~ a pacing and b~ng aligned ~
p~on by ~dex p~s 33 set up ~ong ~s d~um~nnce
and fixed on s~d ring 3L

~ A ch~ge-loeding ~pe ~ pass~ ~mugh Me g~de
reeve 32.

F~tened by means of a ~ck j~m ~ong Me pefiph~y
of s~d ring 31 are dectfic comet ~ 3~ each of
w~ch ~ ~docked wkh the a~e~ one by Me ~ck

25 jolt, Me b~m p~t of s~d ~es b~ng addit~n~ly
im~conne~ed by means of de~chable j~m~ such as
~nws 36 ~med ~ thor bo~e~

The de~ric contact ~ates 3~ ~e made of copp~ or
allo~ thereof and are ~er c~tings win conduits ~r

30 cooling water or ~ampin~ win d~d cond~.
The conne~g ring 31 ~co~ ~s~ating pac~

~gs 37 s~ up ~ severfl p~nts tong ~ ckcum~ren~
win ~s 38 p~ng ~mugh s~d pac~ngs 37 ~to Me
coking zone ~ said solid self-ba~ng d~tmde &

35 The ~ov~outl~ed de~ce ~nctiom ~ a manner
~mihr ~ ~ ~ Me defi~ ~own ~ FIG. ~ Me o~y
¯ ffennce being ~ ~ ~e cha~e-loa~ng pipe ~ ~
either em~oyed ~r ch~ng ~ Me cemr~ pa~ of the
solid self-ba~ng d~ode 3 an de~mde m~s fimilar ~

~ ~ mpplied ~ong m~e~ng p~ 2 or ~r ~a~ng
fluxing and alloy additives, which on being baked ~ the
m~ound~g dec~ode ma~ ~rm the ce~ml part ~ a
con -- ~ s~d solid self-baking d~lrode ~cmn ~d
an co~umed ~g~h~ win the dec~ode during ~s

~ bumin~o~ b~ng md~d ~ge~ with Me ch~ged
pa~id~ and co~fibuting ~ Me manufac~n ~ a fm~
produ~ of the nq~e compo~tion and qu~%

T~s ~ns ~dd~on~ ~t~ ~chn~o~c~ p~enti~i-
ties and advantages.

50 Wh~ we d~m ~:
~ A method ~ forming a self-baking electrod~ com-

pfi~ng ~e ~eps off ~e~ng an de~mde m~s ~ a
m~ed~g p~s~ge during melting ~ an d~c f~-
nac~ ch~ng s~d dec~ode m~ ~rdng s~d de~

55 ~ode mass o~ ~ said mass-feed~g pa~age and mp~
~g ~ ~ a permane~ current-c~rying mold, ~ ~cov
dance with d~a obtained by continuous me~ufing of
~mp~un of the de.rode b~ng ~rmed at sever~
p~ms ~ong ~s h~g~ and ~ ~s cross~ection, at a rate

~ w~ch ~ ~oportion~ ~ ~ of coEn~ shi~ng and
burnin~eff of s~d dec~od~ co~ng s~d d~tmde
ma~ ~d tram~rming ~ into a solid structur~ and
squeez~g the de.rode om of s~d m~d as k ~ b~ng
coked and burm.

65 ̄  A me~od ~ d~m L ~h~ comprising the step ~
~e~ng s~d e~c~ode mass ~to the co~ng zone by
~mating ~ operat~n mode ~ pnve~ i~egd~
roast~g of the dec~od~
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ABSTRACT

A carbon ~c~dc ~r an a~ hmp compr~ng a ~ur~-
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use of an adhc~vc compiling m~ or carbon powder
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CARBON ELECTRODE FOR ARC LAMP ~

BACKGROUND OF THE ~VEN~ON

T~s invention rd~es to an de,rode ~r an ~c hmp

~ka~ ~r ~am~ ~ a ~on de~mde ~r we~heb
~d ~~e ~n~

The convem~nM de~mde ~r ~c lam~ ~r wem~
eband ~g~mnce ~ting ~onaff~ ~m~y re-
.fred to as ~e "we~hering ~ ~ expenfive and ~
m#~y co~ume& Wh~ con~m~ b~ow a p~b
~ned Mn~ the ~ec~ode mu~ be discarded and re-
#aced by a flesh on~ In d~carding ~e ~ed de~md~
R m~t be ~e~ ~ ~gh ~mp~u~s ~ a combu~
fion ~e~mem w~ch m~ke~y damag~ ~e ~m~e ~
w~ch such ~eMment ~ p~rmed. Henc~ it ~ by no
means easy to d~pose of the used dec~ode.

In the case of an ord~y ~a~ wemherom~,
~r ~am~ two Mw~ de~d~ ~ch ha~ng a Mn~h
of 1~ mm ~e portioned to oppose an upper dec~ode
ha~ng a ~n~h ~ ~5 mm ~d ~e ~u~d ~ ~m~y
~h~ge ~d ~n~e ~e ~c. ~ ~e fin~e ~h~ge
~r 24 hour~ the ~n~h of the upper dectrode ~ re-
duced flom 305 mm to ~out 190 mm while that of the
~wer dec~odes ~ reduced from 1~ mm each to 76
mm. At t~s time ~ the de~rod~ mu~ of ~aced by
flesh decUode~ r~vd% In ~ in~anc~ the used
upp~ de~mde ha~ng the reduced len~h of 190 mm
may be cut to 1~ mm and used as one of ~e ~wer
de~md~ b~ ~e ~ mu~ be ~p~i~ afl~h. T~s ~ of
coupe very ~m~ ~o~c~y. M~eov~,
the used electrodes ha~ng the ~n~h of not g~
than I~ mm can ndther be ~h~ ~ed nor burnt at a 35
mmp~u~ brow ~° C. Henc~ thdr ~ ha~
to d~e, been another serious pm~em.

Des~e these pro~em~ ~ has never been convention-
~ly co~em~ed to use the used de~rodes ag~n by
j~ ~em ~g~h~. T~s ~ q~e ~d~d~ ~ ~
~ew of the ~ct that when the electrodes are ~m~y
j~d mg~h~, ~e ~e~r~ complain wo~d n~
r~y become ~ because the v~age used ~ so
~gh ~ the d~charge occurs at the j~ po~om

OBJECTS AND BRIEF SUMMARY OF THE
INVEN~ON

~ v~w ~ ~e ~g~n~ ~ ~ ~ o~t ~ ~ ~v~-
fion to prov~ ~ an econom~ manne~ an dec~ode
ha~ng a ~ ~t~ c~~ ~w ~um~
ratio and p~d ~e li~, by e~vdy ~fi~ng
a used dec~ode or an elec~ode of such sho~ len~h
that ~ wo~d convenfion~ly have been ~ded.

As a reset of inten~ve ~ud~ the present inventor
has surpfi~n~y ~und that when a ~ur~ of sho~
de~rodes ~e j~ned ~ge~, u~ng a spedfic adhefive
and ap~ed ~th an auxiliary ~ructure of a ~Ra~e
~n~h, there is obt~ned an electrode w~ch not o~y
~s a ~ ~ ~m~ ~t ~ a ~
co~umpfion r~ ~ ~harg~ ~eby ~on~ng ~s
~r~ce li~.

The p~ ~ve~n ~ b~ on ~e ~g~ng find-

B~EF DESCRIPTION OF THE DRAWINGS

FIG. 1 ~ a flont ~ew of an em~d~t of the pre~
ent ~venfion;

~24~833
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. FIG. 2 ~ a ~agmm ~ the ~o~p be-

~~~ ~ ~~ ~e v~ume
FIG. 3 ~ a ~agmm deputing the ~l~ns~p be-

~een the consumption of the U.V. carbon and the
~mpemm~ change ~ ~m.~

FIG. 4 ~ a ~agmm de~g the rd~ be-
tween the ~mp~u~ and the reliance change ratio
of the de.rode of the ~e~ invention versus the

10 convent~n~ carbon dec~od~ ’
FIGS. 5 and 7 a~ ~m~ each de~cfing ~e spec-

~ compo~fion of the convention~ dec~od~ and
FIGS. 6 and 8 are ~m~ each show~g the spec-

~ compo~tion of ~e de~mde of ~e present ~ven-
15 fion.

D~D DESCRIP~ON OF THE
INVEN~ON

The adheNve to be used ~ the proem ~vention N
20 obtNned by knead~g m~M pa~i~, carbon powd~ or

the fike wRh a reNn and a sMvem ~r the reNn.
When metN particles are use~ the p~ed exam-

Nes ~ude Nu~ ~ve~ coppe~ Nnc etc. ~-
~ough not re~ficted ~cMafl% ~e metNs are used

25 ~ the powd~ ~rm ha~ng a paa~ Nze of 2~ to 3~
mesh.

The ~n to be used ~ one wNch N bondab~ to cab
bon or a b~d~ of such Nnd. P~ed examN~ of the
reNn are an acr~c reNn, an epoxy reNn, a p~y~y~ne

~ ~ po~n~ ~ p~y~n~ ~coh~ ~c. How-
eve~ ~ ~ not pm~ed ~ use ~e compounds w~ch
~n~e c~orine g~ or o~ nox~ g~ ~ ~e time
of burn~&

As a s~ve~ ~r ~e ~ ~ ~ p~e ~ u~ ~d~y
s~vems ~ch ~ m~h~ ~h~ k~on~ ~h~ a~ ~
~h~ s~ve~s w~ch ~e ~ a t~nn~ ~r ~e ~n.

The rein and the ~Nem are used as the b~der ~so
when o~y the carbon powd~ is used wkho~ any
mete.

The m~o~ng adhe~ve ~ be used ~ the pre~
ent ~venfion ~ h~ed ~ove and the ca~on powd~ ~
added in t~s case to ~nction as a ~anc~a~u~ ~
¯ e time ~ ~e ~mp~u~ fi~. In o~ w~d~ ~
il~d ~ FIG. 2, the metM powd~s such as ~veL
coppe~ ~um~um, etc. ~c~e ~ reliance ~th the
~mp~u~ ri~ wh~e~ pure carbon decreases in re,s-
tance ~th an increa~ng ~mp~u~ as can be deafly
seen flora ~ of FIG. ̄ ~ ~ thus po~e to properly
a~u~ the inc~me~ of reliance of the metM by the

50 ad~fion of the c~bon powde~ Because of the presence
of such a j~ ~om the dec~ode of the invention
h~ ~ of a decrease in re,stance wRh ~e ~mp~e
rise and ~ consumpfio~ as a wh~e, ~ comp~on
w~h an decffode con~ng s~y ~ ~e p~e ca~on

55 ~o~ ~y j~m po~o~
The o~e~ of ~e invention can Mso be accom~hed

when the carbon powd~ cont~ns the adhe~v~ by
a~u~ng Rs query and mesh ~ze.

The j~m po~on in the present ~venfion can be
~ ~ ~ ~e ~w~g manne~ Namd% ~e edge ~c~

of the carbon de,rode rods 1, 1’ are j~ned ~g~h~
u~ng the adhe~ve-hy~ 2 ~ shown ~ FIG. 1~). Fu~
¯ er. a metM ring 3 may be fi~ed around the j~nt pob
t~n ~ ~own ~ FIG. ~. ~vdy, a ~ h~e ~

65 bored at the center offfiej~.~ce of~c~ ~ec~ode 1,
1’ and a metM core 4 such as a rod, a screw hav~g bo~
ends ~pped or a ~ud ~ fi~ed ~ ~e th~ ho~s ~r
j~ng the ~od~ ~ge~-~ shown in FIG. 1(C).
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The number of dec~odes to be j~ned may be greater
than 2 and thdr ~ngths may vary from each othe~ In
any cas~ the electrodes shoed be j~ned to pro~de a
req~red lengtE The pre~nt invention may be aphid
to electrodes wh~her they have a core or not, and of 5
course to a ~av~t carbon dec~ode and to a sun-
s~ne carbon electrode.

FIG. 3 ~ a dhgram showing the ~mper~ure change
at the j~nt portion when two used U.V. carbon de~
trode~ of 50 mm size are joined tog~her ~ accordance 10
wRh the present ~vent~n. When discharge ~ carried
out u~ng th~ j~ned dec~od~ the carbon ~ gradu~ly
consumed as the d~charge progresses and the tip of the
electrode gradu~ly approaches the j~nt portion w~
the ~mper~ure of the j~nt port~n gradu~ly dev~e~ 15

4
The action and effect of the present invention will be

expl~ned fu~her with re~rence to examples thereo£
Two used non-core carbon dectrodes, each having a

~ngth of 50 mm and a diameter of 13 mm, are joined
together u~ng each of the adhefive compofitions (1)
through ~) of the Table b~ow obt~ned by di~olving
an epoxy rein in a thinner and by a composition con~s~
~g of carbon powde~ the refin and the solven~ Dis-
charge tests are then performed on the electrodes thus
j~ned.

The refistance of the joined carbon ~ec~odes of the
present ~venfion before use and a~er 24 hours use
ffefismnce over 60 mm of refidu~ length) ~ ~lustrated
~ the Table. The difference ~ refinance before and
a~er such use for each mstp~ce ~ with~ 12 m~.

TABLE

resin
%

Ag pow- AI pow- C pow-
s~ve~ der der der

% % % %

Reliance

Be~ ~e ~0 mm After 24 hour~ use
of a 100 mm de~rod~ ~0 mm of ~du~ ~n~

m~ m~

(I) 10 30 60
(2) 10 29 58.5
(3) 20 60 --
(4) 20 58 --
(5) 9.5 27.5 55

~esh no joint (conventional
electrode electrode)

C powder
(6) 3.6 65.3 31.1

-- -- 42.29-44.58 3&22-32A8
-- 2.5 4Z44-44~9 3&33-3Z75

20 -- 5~56-5Z86 38A5-40.80
19.5 L5 5~78-5~11 3~65-41.00
¯ 5 3.5 4Z23-5~33 35~9-4129

sm~l
coating
amoum

53.1 -41.3

ReNduN ~ngth a~er Consumed length at Consumption
24 hourf use 24 hours ratio Spec~N

mm mm mm/hr dig~bufion

.(1) 80 20 ~83 equiv~ent to
prior art

(2) 81 19 ~79 eq~v~ent to
prior art

(3) 85 15 ff63 equiv~ent to
prior art

(4) 86 14 &58 eq~v~ent to
prior art

(5) 84 16 ff67 eq~v~ent ~o
prior art

~esh 76 24 1.00 --
electrode

(6) 82 18 ff75 eq~v~ent to
prior art

In th~ instance, the metal admixed in the adhe~ve also
causes the temperature to rise with consumption of the
electrode and ~s resistance also increases. This behavior
~ illustrated in FIG. 2. As the length of the electrode
decrease~ re,stance of the carbon electrode decreases.
On the other hand, the discharge section approaches the
joint portion to elevate the temperature at that portion.
Hence, reliance at the joint portion increase~ thereby
re~ficting the resistance drop of the electrode as a
whole. This also provides the effect of restricting the
change in re,stance occurring in the carbon dectrode
discharge circuit of the conventional electrod~ and
constantly ensures stable discharg~ Consequently, the
electrode of the invention ~ free from change in the
discharge current resulting from the change in re~w
tance wkh the passage of time of use of the electrode in
contrast to conventional electrode~ and hence, the
present electrode ~ free from change in spectral compo-
~fion. It ~ therefore possibl~ by the use of the electrode
of the present invention, to accurately carry out the
weathering test without adverse influence on the ac-
tions of fading and degradation of the testpiece.

During the discharg~ the temperature at the joint
portion increases wkh consumption of the carbon as
shown in FIG. 3. This makes up for the decrease in the

50 resistance due to the consumption of the carbon and
restricts the change in resistance during the time the
lamp ~ I~ so that ~ becomes pos~ble to re~e a ~ab~
discharg~ The r~afionship between the temperature
and re,stance of the met~ cont~ned in the adhe~ve ~

55 shown in FIG. Z It can be seen that the reliance of the
rein of the adhe~ve cooperates or compensates for the
decrease in the re,stance due to consumption of the
carbon. Accordingl~ the consumption can be re~ricmd
and the service life can be prolonged in comparison

60 w~h the convention~ dectrode con~sting of a ~ngle
dectrod~ In addition the spectr~ composition of each
te~p~c~ as one of the e~enti~ factor. ~ stable and ~
found to be per~ctly equ~ to the conventional dec-
trode at the inifi~ stage of hghtin&

65 FIG. 5 is a diagram of the spectr~ compo~tion of the
convention~ U.V. carbon and FIG. 6 ~ a d~gram of
the spec~ composition of the dectrode of the present
invenfio~
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Also wkh respe~ to the suns~ne carbon ~e~rod~
Me spectral composition of the pre~nt ~vention is
compara~e to th~ of the convenfionM deck,de by
comparing FIG. 8 ~he pre~nt de~rodQ wffh FIG. 7
~he convenfionM de~rodO.

FIG. 4 de~s the change ~ reliance wffh respe~
to the ~mper~ure rise b~ween the deck,de of the
pre~nt ~ve~n and the convenfionM deck,de. Elec-
t,des (~ through (3) are obtMned by j~ng carbon
de~rode~ each ha~ng a ~am~er of 13 mm, whereby
the adhe~ve for the deck,de (1) contMns a smM1
amount of C powder added to Ag powder (0.243 g), 
adhesive for the electrode (2) contains a ~rge amount 
C powder added to Ag powder (0.421 g) and the de~
trode (3) con~s of Ag powdeL A1 powder and 
powder (0.206 g). The deck,de (4) ~ a non~nt 
dec~od~ and the de~rode ~) ~ obtMned by knea~ng
C powder (0.007 g) with the ~eMn ~nd the s~ent. The
reliance me~uring gap ~ 100 mm for each deck,de.

As can be seen ~eafly ~om t~s graph, the conven-
fionM deck,de (4) decreases in reliance with ~mpev
ature rise where~ the electrodes OL (2) and (3) of 
pre~nt ~vent~n ex~Mt M~ change ~ r~mnce due to
the ~mper~ure ri~. T~s res~ from the ~ lh~ ~he
reliance of the m~M ~ the adhe~ve ~c~ wffh the
~mper~ure fi~, thereby compens~g ~r the resis-
tance change due to the ~mperMure rise of the carbon.

For exam~ the res~tance change ratio of the ca~
bon Mone ~onvenfionM de~rodQ is about 87% when
the ~mpermure ~ revved ~om the ncrmM ~mper~
ture to 250* C. as the re,fence ~mper~ure, and the
refiMance change ratio ~ about 93% ~r the de~rode
(1) of the pr~ent ~vent~n using the adh~ whereby
the presence of the j~nt posen makes up for the re~
tance change of about 6%. ~ ~ po~ibl~ ~ accordance
with the present ~ventio~ to obtMn various character-
istics of Me ~mp~Mure--resismnce change ratio by
~uimMy seM~g the ~d and amount of the m~M to be
contMned ~ the adheMv~

When the carbon powder ~ used ~ combination ~ith
the re~ the change ratio ~ about 93% b~ween 150°
and 250* C. as shown ~om the curve of the electrode
(~. it ~ pos~Me Ms, ~ t~s case to obtMn various char-
acteristics of the ~mper~ure--resis~nce change ratio

by u~ng carbon ha~ng a v~ng mesh ~ze and chang-
~g Me amount thereof to be added.

As described ~ the ~g~ng paragraph, k ~ possP
~e, ~ accordance with the pr~ent ~vention to obt~n

5 an excd~nt de~rode ha~ng a smaller consumpt~n
ratio than the convent~n~ decffode by effectiv~y
utili~ng the used deck,des or the cut tip of the de~
~ode~ Henc~ the present ~vention prov~ an ~e~
s~ution to the pro~em of dispos~ of the wa~e de~

10 trodes and ~ ~so e~mdy advantageous from the
~andpoint of pr~vation of resources and prevention
of envi~nmental pollution.

What ~ ~med is:
1. A carbon ~e~rode ~r an arc tamp em~oyed ~

15 we~hefing ~s w~ch compri~s a plurality of carbon
rods j~ned ~g~her Mngthw~e by the use cf an adh~
~ve, sMd adhere comp~ng a metM powdeL a Mnder
rein bondabM ~ carbon and a solvent ~r sMd re~

sMd adhe~ve ~c~g ~ ~smnce with ~crea~ng
20 ~mp~mu~ so ~ ~ compen~ ~r the decrease ~

~ance with ~du~n ~ Mn~h cf sMd de~
~ode ~ ff ~ consume~ whereby a ~abM spe~rM
d~tfibution ~ emitte&

~ The carbcn ~ectrode accord~g ~ ~Mm I whe~
25 s~d m~M powd~ ~ s~ec~d from the group consisting

of silver and Muminum powdeL
3. The carbon ~e~rode accord~g ~ dMm I wh~n

sMd rein ~ s~ec~d from the group con~ing of an
acrylic re~ epoxy re~ poly~yrene re~n, p~yvh~

30 acetate and p~y~n~ Mcoh~.
¯ The carbon deck.de according ~ ~m 2 wh~n

the adhere contMns about 10% by w~ght re~n, about
30% by w~ght soNent and abont 60% ~y w~ght silver
powd~.

35 5. The carbon deck.de accor~ng to d~m 4 wh~dn
the rein ~ an epoxy rein.

& The carbon e~rode accord~g to d~m Z
wherdn the adhe~ve cont~ns about 20% ~ abont
60% s~ent and abo~ 20% ~uminum powd~.

40 ~ The carbon electrode accor~ng to d~m ~
wher~n the refin ~ an epoxy rein.

8. The carbon ~ec~ode accor~ng to ~m 1 wh~n
the j~ned area of s~d ~ec~odes is rdnfo~ed by a
~fordng member compd~ng a ring ~to w~ch the

45 end potions of s~d electrodes are ~e&
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ABSTRACT

A m~hod of and apparatus for produ~ng consumable
~ec~odes with large d~me~ to be used for remdfing
invCves assem~g the dectrode of ~d~ufl ~n~tu-
¯ n~ par~~ adjacently arranged. W~ch ton~tudinal
parts are confinuous~ cast ~ sped~ moues as strands
ha~ng polygon~ cross sect~n~ The par~ are assem-
Ned so as to form a p~ygonM overMl cross section, and
thor end ~ces are wdded tog~her with a common
griping head ~r the ~ec~ode h~ng dev~



U.S. Patent I~ec. 8, 1981 Sheet 1 of 2 4,304,953



U.S. Patent oec. 8, 1~1 Sh~t 2 ~ 2 4,304,953

17

9



METHOD OF PRODUCING A CONSUMABLE
ELECTRODE OF LARGE DIAMETER

BACKGROUND OF THE INVENTION

The invention relates to a m~hod of ~od~ ~-
sum~ d~t~s of h~e ~ ~r nmdfing, ~
pa~uhr d~t~ ~m~ when~ t~ d~ode
is ~mMed of in~duM Mn~nM ~m ~n~

W~h ~e ing~ ~ a~ ~m~g pr~s m~
to an ~ ~m in ~e ~gh~de ~ed i~u~
~um~ d~t~s an ~ ~ ~ us~ ~ ~sen
part~ ~ ~lv~ ~mdfing ~ such as v~-
uum a~-~e m~hods ~d eMc~o~ag ~m~g
~oc~s~.

m~fi~ ~~;~;r~ ~~ve ha~ ~eno ~en producedd~t~fi~ orbY ~-
~ng dev~e to the ~ A~o~h ~ ~ p~e ~
~s manner ~ obtain ele~rode diame~ ~ ~ re-
q~re~ are n~form over ~e ~t~ ele~rode ~n~
r~h~ ~ time consume. It ~ ~nhermore d~d- 25
vant~eous ~ when produ~ng ro~ ~i~
from ~g c~t ~g~ the ~t ~greg~on ~e~mb~
presto ~ the ~t will be re~gn~able even ~ t~
ele~rode ~ ~ reme~d. ~ some c~ this segregation
may be reflected ~ t~ remd~d ~t--~h ~ a ~
re~d extent.

A ~nher ~dvanmge of pr~ue~g consumab~
e~rodes by c~ting ~ ~mmon dosed~nd modds
of ~ed making O~ts ~ ~ ~e must have a eon~
~a~ ~ order ~ ~ able ~ ~aw offthe mould after the 35
ca~ h~ s~d~e~ a~ t~ m~imum e~rode
~n~h w~ de~nd on ~e modd leng~ ~e mo~d
len~ however, cannot ~ arbitr~ly incre~ed. More-
ove~ a ~c~l~ ~ad-~ h~ ~ ~ provid~ for ~t-
~-tec~o~! r~n~ w~ ~ he~ has ~ ~ ~
se~r~ from t~ ~m~ ~t pa~ ~us constitu~
~g a loss of material and ~fion~ wore

~e ~ndency in the deve~pme~ of ~e ~t treat-
ing a~ reme~ng methods ~ ~w~ the production of
ever increasi~ ~ ~ving a round cross ~tion ~ a ~
ru~ It ~ ~ nec~ to ~apt the dectrode ~ the
cross ~cfion of t~ mo~d ~d ~r ~e i~ ~t~g
m~hod~ In o~er to produce consum~ d~trod~
hav~g lurer ~me~ ~ h~ ~y ~ pro~s~ to
comb~e rod~ha~ ~s m~e up ~ ~verfl pans 50
ha~ng a cro~ s~n ~ ~rres~nds ~ pan or h~
a ~rcu~r cro~ s~tion ~dtish P~. No. 1~1,~2).
Th~ d~trodes which, when ~en ~ cro~-~ctio~ ~e
md~an de~rod~, thus have ~ ~o~ma~y
drc~ ou~r eomour ~d ~r t~s rein ~ be pr~ 55
du~d o~y ~ ~c~y and grit ex~it~e. ~-
other propos~ pro~des ~r malting ~ge~er ~to one
~L consumable d~trod~ ~at ~e m~fiOy su~
vided ~ ~e lonotudin~ ~d tr~sve~ ~r~tion~ the
~fidu~ con~on demen~ ha~ng a ~re ero~ ~
~n w~ch ~ produced ~ ~rg~ ~e outer ~ntour
of t~ dec~odes ~ ~so ~re (B~h ~t. No.
1,~2,106). This type ~ ~mblod dectrode not o~y 
com~ex and time consum~g ~ its product~ ~ ~so

4,304,953
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rim of the mo~d top pa~ (Au~an PaL No. 282,845)
and ~om the ~mdting dec~od~ ~spectivdy.

SUMMARY OF THE INVENTION

5 It ~ the object of ~e p~nt ~vention to overcome
the disadvan~g~ of ~e known m~hods ~r produc~g
consumab~ e~cWode~ i.e. to prov~e an improved
method wi~ wh~h ~ ~ pos~e to produce ~ a ~m~e
and cheap wa~ ~gh~u~i~ consumab~ dectrodes

10 which ~so have ~rge d~me~rs. The e~rodes an to
have a neady con~ant chem~ composit~n ov~ thor
~ng~ are to be l~gdy ~ee ~om segregations and are
to have u~rm cro~ sections. A ~nher object of the
~vention ~ the production of consuma~e e~rod~ of

15 any ~ngt~ wh~h have an ou~r concur that substan-
tial~ corresponds to the ~ner contour of the mo~d top
pan and the remdting mod~ respectively.

The~ objects of the invention are achieved by apply-

20 bling the~gpartsc°ntinu°us~ ~randSpa~s m form a polygon~c~t~gwith polyg°n~m~h°dScr°~t°overMl~rmsecfi°n~cro~ sectio~~ngitud~assem"

and welding thor ~ont faces together wi~ a common
grip#ng head ~r the electrode haling de~c~

The. invention fu~bermo~ relates to a continuous
c~ting mouM ~r continuously c~fing ~e Mn#tudmM
parts of the consumabM eleetrode~ TMs mo~d com-
prises mo~d narrow fide parts that are ~splaceably
arranged between two paralld mo~d parts form~g the
broad sides of the mould. The mould ~ charac~rized in
that each mo~d s~e part has at least two supporting
faces for the strand th~ are a~anged M an angle to each
otheL

A consumaMe dec~ode produced according to the
method of the ~vention ~ characterized in that the
Mngitu~nal parts, h cross sect~ have the ~rm of
irregular polygons who~ width ~ considerably greater
than the~ height, and are assembled ~ form an M least
approfimately reg~ar-pdygonM cross ~ction for the
electrod~

Advanmgeousl~ the consumabM dectrod~ in cross
~ctio~ has the shape of a regular octagon assembled of
two octagon-halves adjacently arranged.

The two narrow-side supporting faces of the continu-
ous c~fing mould used for the production of such a
consumab~ dectrode, encM~ an angle of 135". The
width of one supporting face on the broad ~de of the
mo~d co~esponds to the s~e Mngth of the octagon,
and the width of the opposite supposing ~ce corn-
sponds to the ~ameter of the dectrode.

In order to produce paaic~arly thick dec~odes, for
~stance with a ~ameter of more than 900 mm, it ~
advantageous to assemMe ~veraI Mngitu~nM pa~s ~
an ann~ar manner so ~ to £orm an dectrode cross
section w~h an appro~mately regula~polygonM outer
contour and to Lave ~ee an hner space that ~ Mso
polygonal.

According to a pre~rred embodimenL the ~ner
space ~ filMd by a MngitudinM part ~M has Mso been
continuoufly c~t.

BRIEF DESCRIPTION OF THE DRAWING

The invention will be de~dbed h more d~M! by way
of embodiments iIlus~ated ~ the drawing~ where,:

FIG. 1 ~ a horizontal sectMn through a conthuous
cannot be used for the production of ingo~ in c~euhr 65 casting mould shown in schematic illustration, which
mould~ which shape ~ needed because the cross section mould h used for the production of sexagonal strands
of the consumable dectrode has to be designed such that are assembled in pairs to form a two-pa~ electrode
that ffs surface has a nearly uniform distance from the whose cross section is illustrated in FIG. ~
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FIGS. 3 and 4 a~ a~o hofizomM ~ctions mrough a
continuous casting modd, one ~r the production of a
~ll~, and one for sexagonM ~a~ strand~

FIG. 5 shows a cro~ ~n of a consumaMe eMc-
trode assem~ed of these ~rand~

FIG. 6 represems the production of ocmgonM ~rands
w~ch are as~mMed ~ form a thre~pa~ ~ec~ode
accord~g to FIG. % and

FIG. 8 shows a fully as~mMed eM~rode w~M FIG.
9 shows a cross section thereof a~ng line IX--IX.

DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

In FIG. 1, there is shown broad fide mou~ pa~s 1 of
a rec~ngdar ~ab mould for the continuous casting of
~eel. Pa~s 1 ate ~s#aceabM ~ the d~ect~n of arrows
2 so as to produce strands of various th~kne~es.

In order to produce an ocmgonM consumabM eMc-
trode of two ~rands 3 by cont~uous castin~ accordMg
to FIG. 2, the normM~ ~raight modd pa~s forming
me na~ow tides a~ replaced by anguMr mouM ~de
pa~s ~ 5 ha~ng two supporting ~ces w~ch endo~ an
an#e a of 135°. These mouM fide parts ~ 5 are ar-
ranged rel~ive to each other in a m~rovrefle~ed way.
Suppo~g ~c~ ~ 7 on the two broad-fide mouM par~
1 are such thin the supporting ~ce 6 has a w~th that
corresponds to the fide Mngth $ of the reguMr o~ago~
~hfle the width of the opposite supporting ~ce 7 co~re-
sponds to the dectrode d~me~r D, wher~n D=2S,
and in practice may be for ~ance 600 mm. The mo~d
of FIG. 1 ~ then used ~ a conventionM manner to ca~
the ~rands 3 ~fany conven~nt Mngth. The Mn~tud~
dimenfions of strands 3 are then wdded tog~her ~ the
form shown ~ FIG. 2.

In FIG. 3, a continuous casting mo~d for ~abs has
been a~us~d for the production of MH~s 10 ha~ng a
s~e Mngth S, through lhe use ¢f na~ow~e, #ane
mo~d fide pa~s 9 and broad ~de pa~s I wh~h are used
for ~ab casting. The modd ~de par~ 9 are then re-
#aced, as ~ ~u~r~ed ~ FIG. ~ by ang~ar mo~d ~de
pa~s 11. Each of these have two suppo~g faces for
the M/and thin enclose an angM a’ of 90*. T~s resuRs ~
a sexagon~ casting cross section for a ~rand 12 ha~ng
a th~kne~ S and a w~th S for the supposing ~ces
formed by the modd p~r~ 1. Therefore, R ~ pos~Me to
comMne one square ~H~ 10 with four ~xagonM
strands 12 to form an ocmgon~ consumabM dectrode
hav~g a dMm~er D = 3 S, for ~smnce of 900 mm, as ~
illustrated M FIG. 5.

In FIG. ~ the production of ocmgonM ~rands 14 by
ufing ang~ar mouM sMe pa~s 13 wAh three supposing
~ces each, ~ iHus~ed. The dec~ode made up of three
of the ~rands 14 has a polygonM cross ~n with a
small cen~M cavffy 15 of triang~ar cross se~

4
which cavffy h~ no ~g~ e~c~ during op~M~
The brokenqine contour 16 shown m FIGS. 7 and 9
defines the pofit~n of a gripping head 17 ~r the dec-
~ode ~ ~ of FIG. $. T~s grip#rig head and

5 ~e M~duM dectrode pa~s are com~ned by welds
18, so that an eM~fic~y w~~ and mechan~
cMly ~c~nt conne~n is ~d. N~urM~, ~mflar
fixed grip#ng heads are prodded ~r the embodiments
¯ u~rmed in FIGS. 2 and 5.

10 The m~hod of ~e ~vention can be ap~ed ~ a par-
tic~ly ~v~o~ manner ~r the production of
dectrodes ha~ng a ~m~r of more than 350 mm.
With the continuous ca~ng #an~ ~r s~d ~abs bui~
so ~r, the posfible strand thickness ~es in a ~#on be-

15 tween 115 and 320 mm. Th~e~, ~ A pos~Me ~ pro-
duce ~ those #ares continuous ~ed ~rands ~r con-
~m~M ~md~ wh~h--w~n as~m~ ~ ~l
in~duM ~r~--~ve d~me~n of ~r ~ ~
m 1,~.

~ The emerge ~v~g a ~l~M ~s ~o~ com-
pared m a round strand d~od~ has t~ advan~ges of
a ~mpMr a~ ~e~nM~ ~r pm~. Round
strands ~th large d~m~e~ r~re #an~ that are
com#ex ~ m~r con~ru~ a~ ~e ~cdt ~ c~t

25 ~m~t crack~
AH eMc~odes pm~c~ according to t~s m~hod

c~ ~ w~ u~ ~r me ~t~-m~t~n~ m~g
proc~ ~ ~c~ar ~r me dec~o~ag ~mdt~g
proce~ u~ng round mo~d~ ~r the d~e pa~s

30 have been s~d~las~d or cleaned in ano~ way ~r
~mov~g the tinder skin prior to as~mM~g. ~e
chem~M compofifion and the ~m~r are u~rm
ov~ me Mn~h of thee ~mum~ d~o~.

W~t we c~m is:
35 1. In a m~hod of produc~g a ~um~ dec~ode

~ lar~ d~m~e~ ~v~g a s~smt~y ~ ~e~-
c~ ~m~ over ~ entire ~n~h and tot~ c~
~ ~ ~ u~d ~r ~m~ ~r ~p~ d~
~g ~md~ ~ ~um~ d~e b~ ass~-

~ ~ ~ ~ ~ ~o ~e~y a~g~ ~du~ Io~
~ud~fl par~, ~e ~p~mem w~ch compri~s ~e
steps o~

continuoufly c~i~ ~ ~ Mast two ~n~fl
pa~s ~ a mann~ ~ as to ~rm ~r~ hating

45 pdygon~ cro~ ~ction~
as~mb~g ~ ~ ~ ~o ~d~u~ ~n~

parts so as to ~rm a p~ygon~ over~ c~ss ~c-
t~n,

~o~d~g a common griping h~d ~r ~ d~o~
50 h~ng me~ and

waling ~g~h~ ~e ~d ~ ~ ~d ~ ~ast two
~fid~l ~n~d~ par~ w~h s~d common
gdpp~g head.
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[5~ ABSTRA~

A process ~ descried ~r ~e production of ~gh grade
carbonaceous b~de~, wherdn an aromatic ~gh grade
ca~onaceous m~efifl ~ produced ~om 5-40% by
w~g~ of reduced or ~w ash co~ or fimflar carbon
com~ng raw m~eri~s by ~e~me~ ~th 20~0% by
w~g~ of ~gh~ng aromatic s~ve~ derived ~om
co~ and 1 ~% by w~g~ of ~gh~fing aromatic
s~vem~ derived ~om ~ner~ ~, ~ ~mper~ures of
3~& ~ and ~r a reaction period of 1-4 hour~ at
a reaction pre~ure of up to 50 ba~ and ~ o~on~y
~eed ~om ~w~l~g componem~



PROCESS FOR THE PRODUCTION OF HIGH
GRADE CARBONACEOUS BINDERS

The invention relates to a novd process for the pro-
duction of high grade carbonaceous ~nders by tre~-
ment of reduced or iow ash tom or similar carbon-con-
mining raw materiMs at dev~ed ~mperature and ele-
vated pre~ure, u~ng aromatic s~vents derived from
coM and minerM oil.

In the production of a gre~ number of m~ ele~
~othermM refining processes are em~oyed in the tech-
n~og% in which carbon electrodes fred ap~ation.
Examples of refining processes of this kind are the pro-
duction o~de~ric s~el and the HMl/I-Iero~t-proce~
for the production of ~chnicMly pure Muminium. Car-
bon ~ requked in large quantit~s for the later proces~
since up to ~5 tons of ~chnical carbon ~ consumed for
the production of 1 ton of Mumininm, (G. Collin, W.
Gemmeke, Erd~l und KoHe (P~r~eum and Coal), 
25, 1977~

The de~rode~ em~oyed in th~ cas~ con~ of a
carbon ~ which ~ usually produced from coke
through the ddayed coking of minerM off re,dues or
from pitch coke by the coking of tom tar pitc~ and a
s~tab~ binde~

Thermally re~on~tioned tom tar pKch has hKhe~o
been main~ used as binde~ due to ks excellent binder
prope~ies.

Binders, based on mineral oil de~vative~ have hith-
e~o not attained the superior prope~ies of co~ tar pitch
and therefore have found o~y limited application in
indu~riM pract~

Although the qualitative evMuation of dec~ode
binders ~ largdy empiricM, ~e~ for exam~ B. E. A.
Thoma~ Gas Wofl~ p 51, 196~ C. R. Maso~ Fuel, 4%
165, 1970), there are ce~ain fundamen~l conditions
regarding the suitabihty of a bindeL

In this eormeetion, a usab~, dec~ode hinder must
fulfdl the foliowing quMKy criteria:
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pre~ure to ~mperatur~ >413" C., the he~re~ed
pitch ~ separated from iow-bo~ng component~ for
ob~ining a softening p~nt of 65~121* C., and the pitc~
thus obt~ned ~ fu~her thermally re-condkioned by

5 ~owing through with ~r or oxygem
West German Offe~egung~chri~ N~ 22 32 268

describes a process, accor~ng to which re,dues from
the vapour crating of mineral o~ ~ac~ons are refined
to binder~ The disadvantage of this proce~ ~ th~ o~-

10 dative p~ymerisation and drastic condensation with
Lewis a~d~ particularly ~uminium chloride or kon
chlorid~ ~ necessary for obtaining the high-aromatic
prope~ies requ~e~

Apa~ from the therm~ proce~ steps that have to be
15 undertake~ these processes have the disadvantage that

the fidd of ~nder, (relied to the oil em~oyed) 
< 60% and thus large proportions of coupling products
aris~ Be~de~ desp~e the dabor~e aromatic conver-
~o~ the obt~nab~ coking re,dues o~y appear ~ the

20 ~wer lim~ of the deskab~ grade~
Another attempt ~ produ~ng dec~ode binders on a

basis, independent of co~ tar pitc~ ~ reposed on by V.
L. B~iough et ~., (Light M~ p. 483, 198~ C. 
McMinm E~ The M~lur~cal So~y of AIME,

25 Warrend~ P~, 1979~
According to this proces~ a p~ch-l~e produc~ ob~

tained by solvent-refining of co~, u~ng m~ec~ar hy-
drogen at relativdy ~gh pre~ure~ (SRC pitch) 
fluxed with anthracene off for a~u~ing the de,red

30 so~e~ng point.
Owing to the relativdy iow co~ng re,due of the

electrode binde~ produced in this wax the quality of
this co~-defived ~nder ~ still capable of fu~her im-
provement. Be~de~ ~nce anthracene ~1 pre~renti~ly

35 serves for the production of important chemic~ raw
m~efi~s for the dye~uff indus~ ~ ~ availab~ for
these purposes only to a fimited extent. Moreover, dab-
orate filtration or some other thermo-mechanical sep~
ration of the ash components are requ~ed in a proce~

40 ste~ preceding the produ~ion of the de,rode hinde~
for the production of the SRC pitch. This proce~ ~ep
presents the actu~ pro~em step in co~ lique~ction
an~ despite numerous effo~ ~ st~ far removed ~om
technolo~cal perfection.

45 R was therefore an o~ect of the present invention to
devdop a simple proce~ for the production of high
grade carbonaceous ~nders and to produce de,rode
hinders, having the known good prope~ies of co~ tar
pitch, on a raw m~eri~ ba~ ~rgdy independent of

50 co~ tar pitc~
According to the inventio~ this prob~m ~ solved by

a proce~ for the production of high grade carbon~
ceous binders in that an aromatic high grade earbon~
ceous materi~ ~ produced from 5--40% by w~ght of

55 iow ash co~ or similar carbon-containing raw materi~s
by ~e~ment with 20-80% by w~ght of high&oiling
aromat~ s~vent~ derived from c0~, and 15-50% by
w~ght of high-bo~ing aromatic solvent~ derived from
miner~ oil, ~ ~mperatures of 300*--420* C., for a reac-

60 tion period of 1--4 hour~ ~ a reaction pressure of up to
50 bar, and ~ opfion~ly freed ~om iow&o~ng compo-
nents.

By ~ntegration of reduced ash co~ or similar car-
bon-conmining m~eri~s with a combination of con-

65 vexed arom~ residues from miner~ oil processing or
pe~oehemistry and high&o~ng aromatic oils from the
terming of co~ tar, a iow ash eontenL homogeneous
high grade carbonaceous m~eri~ ~ produced, wh~h ~

coking r~Mue
(according to Conradson) > 50%
~h content ~3% max.
quinol~e-insoluble content > 7%

. t~uene-~s~ub~ content > 25%
softening po~t (K.S.) >8~ C.-120" C.

Fu~hermor~ a low sulphur contenL (< 1%), a low
met~ content as wall as su~ab~ boiling behaviou~
0niti~ boring point > 270* C.~ are des~able.

In order to avoid the exclu~ve dependence on bind-
er~ derived ~om co~ ta~ in the production of dec-
trode~ attempts have not been lacking to employ refi-
due~ having an increased propo~ion of miner~ off
derivative~ as raw matefi~s for binder~

Owing to the differing chemic~ nature of the re~-
dues ~om mineral off chemistry, by comparison with
high-aromatic co~ tar pitc~ howeve~ the solution of
this problem ~ extremely difficul~

As has been explained abov~ the mo~ important
prope~y for a good dec~ode binder ~ a high coking
re~du~ Owing to the predominantly ~iphatic nature of
re,dues derived ~om miner~ o~ daborate therm~ or
chemical aromatic conversion ~ necessary for obt~ning
high coking refidues. Thu~ for example, U.S. Pat. N~
~03~423 describes a process according to wh~h a
decantation off from cat~ytic cracking ~ heated under
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s~taNe ~ an impregnating agent ~ ~r graphite ele~
~c des, and the phys~chemicM properti~ the~of can
be a~uged ff de~red by high~romatic ad~tive~ such
~ con tar hard pitch or hard pitch from the processing
of pyrolysis oil~ ~r use as ~e~rode hinde~ 5

The high grade carbonaceous m~eriN thus obeyed
~ opfionNly ~eed by ~stillation, up to 5% by wNght,
from low bo~ng components and homogeneouNy
mNed with 0-60% by wNght of hard pitch for the
production of the de,rode Nnders. The m~e~Ns u~d 10
~ gr~NpN raw m~eriNs for the production of dec-
~ode Nnde~ by the proce~ according to the ~vention
are those that hkherto co~d not be utilNed ~r reasons
of quNity ~r the produ~n of high grade dec~ode
b~d~ Accord~g m the ~vention, thee are con and 15
for the disintegration of the lat~ reNdues ~om the
vapour crack~g of naphtha or gas oil, residues from cat
cracker~ regdues ~om the ddayed coNng as well as
hig~bofl~g aromatic ~s~N~s ~om lhe refiNng of
con ta~ hav~g an average boil~g pN~ >350* C. For 20
the finn a~u~ment of the flow prope~ies, of the cok-
ing ~sJdue and ~her impogant quality criteri~ up |o
60%, ~d~ed to high grade carbonaceous m~eriM,
produced by disintegration of coal), of ~stillation resi-
dues ~om the proce~g of con tar pitch o~ pre~r~ 25
NN ~om the d~t~Ne proc~s~g er pyrMysis oil,
ha~ng a soffeNng pNnt of 40~160" C. (K.S.~ are em-
Noyed accord~g to the ~venfiom

tancTehe~chNCth ee proce° ssf theaccord~g to thg erade of con N~ventioO mf minor impOp bre~b 30
ence ~ Nve~ howeve~ to cons hav~g a high carbon
conten~ the nature of the ash shoed be such th~ sepa-
ration ~ pos~Ne accord~g Io known proce~ (e.g.
U.S. Pat. No. ~13~73~ the e~ke ~sdosure ef which
~ relied on and ~corporNed here~ by re~renc~ 35

Ash reduction proce~es of thg Nnd howeve~ are
not a subje~ of the Patent Application: In order to
ensure the wide scope of application of the p~nt
process, an ash ~du~n proems was cho~ accord-
~g to which the ash content of the con ~ ~duced by 40
particuNfly intenfive chemiefl tre~ment with a~ds and
base~

ON~ ~h ~duction proc~ which pro~de ~r ~h
reduction und~ ~mflar condNons, shoed there~ be
~milafly s~tab~ ~r the produ~n of ~w ash content 45
cons ~r the process according to the ~vention.

When e~rwhigh purity coN~ ha~ng an ash content
of < 1%, are used ash ~paration may even become
sup~fluous.

The ash reduction processes for co~ gener~ly pro- 50
~de ~r drastic chemic~ reacfion~ u~ng acid~ bases
and o~ng agent~ which have an ~fluence on the
d~so~tion of the coal; part~arly ~ lhe c~e of o~d~
tive treatment of coal, ~gnificant de~rioration of the
solubility ~ aromatic soNen~ ~ generally ~sumed, (C. 55
Kr6ge~ ErdN und Kohie (P~roleum and Coal), 
195~ 441).

Surpris~ howeve~ ~ h~ been shown that, d~
spi~ the dr~tic cond~ons, utfl~ed ~ the ~h ~ductio~
and lhe chemic~ mod~cation of the coal, which ~ 60

con tar ~fiNng and ~ the case of re,duN ~ from
d~ayed coNng and simflaflN ~ the case of sde~ed
con tar pitch~. Howeve~ reNdues from c~Mytic
cmcNng ~e equally s~tab~ ~ comNeme~ary mb
ven~ ff ~e ~h co~e~ N ~w.

In the proce~ accor~ng to the ~vention, howeve~
pyr~yNs MN from ~e vapour cracking of m~eml ~1
fractions are p~rab~ used Nnce these otis have a
marked ~ndency to p~ymer~e under the e~m~ of
the reaction conNfions which may be used ~ the pro-
c~s accoN~g m ~e ~vention, wNch ~ advan~geous
for attaining a Ngh coNng reNdu~

The co~ tar ofl~ preferably ~ed, are ~ from
the heat/pressure ~e~mem of con tar p~c~ hav~g an
av~age boiling po~t >3~0" ~ cr comparable dislfl-
lat~ ~om ~e Ns~latNe pro~ssing of con ~m

Thus a simNe process ~r the production of high
quality dec~ode Nnd~s becom~ availabl~ ~ which

~pe~allre Ysidue~ d~lh ede widdfr~mavailable rm aoil, c~n~ed~fi S’nd ap~atiC° on~ and

~ ma~ componem~
The production of the binde~ acco~g ~ ~e ~vem

tion ~ de~dbed ~ Exam~es 1 to 3.
A convenfion~ dectmde ~nde~ ha~ng the known

good prope~ies and produced on ~e b~ ~f co~ tar
pitc~ (Comparative Example 4), ~rv~ ~r compadmn.

h this connection, QI denoted quinol~s~uble
maRer and TI deno~d tduene-~s~ub~ m~ The
~ffening points were determined accord~g ~ ~e
Kr~imer-Samow method. All quantitative data refer ~
pa~s by w~gh~ simflarl% fll percentage da~ deno~
percent by w~ghL

EXAMPLE 1

The production of reduced ~h co~ w~ effe~ed
~How~g U.S. Pat. No. ~13~ Aecord~g ~ ~e
latter, 1 part by w~g~ ~f findy ~ded W~rh~d
open-burning coal, (~h coment: 7.8%; volati~ content
of m~edfl, ff~ ~om w~ and ~ 38%) ~ t~ed ~r
3 ho~s with 4 pa~s by w~ght of 10% caustic soda
s~ution ~ 250* ~

The wa~ed ~acticn product N N~h~ t~e~ed wi~
two parts by w~g~ of dflme sulphufic acid ~%) ~ 80*
~ and ~r a ~action time of 30 minute~

The finn ~e~me~ ~ car~ed o~ wi~ 1.5 parts by
wNg~ of 18% ~tric and ~ 75* ~ and ~r a reaction
period of 1 houm

The ~h content of the coal, ~d accor~ng to
¯ ese 3 ~ffe~ process step~ ~ &9%. The ~dd ~
quantitative.

For ~e production of dec~ode hind~ a ~aetion
mi~e eonsist~g cf

30 par~ by wNg~ of ~duced ~h WesterhMd coN,
30 parts by wNg~ of pyrMyNs reNdue ~om the v~

pour cracking of naph~ (imtiN boiling ~o~t:
220* ~, 50% ~ 360* C.) and

40 parts by w~g~ of pitch ~stillate from ~e heat/-
pr~sure ~e~mem of con tar pitch 0nitiN boiling
pNm: 305* ~, 50% at 416" ~, 80% ~ 455* C.),

involve~ good homogenisation with the solvent mix-
ture can be obtained and high grade dectrode hinders
can thus be produced.

Low ash content g deskable in the choice of the

solvent components employed for the diNntegration of
the coal; this condition ~ part~ularly fulfilled in the
case of pyrolys~ oils obtMned from the vapour cracking
of minerM oil fractions, in the case of dist~lates from

~ ~m~enised, ~ thorou~ ~xinN ~ 3~* ~ and
~r a reaction t~e of 2 ~u~. The ma~mum reaodon
we~e N ~ ~m A~r ~r~ ~ 3% ~fling
componem~ a pitcMike high-grade carbonaceom mw

~ teriM ~ obt~ned in 95% Neld, which ~ ~mogeneously
~d w~ ~% ~ hard ~ch from ~e proc~sing ~
~ tar ~c~norm~ ~ch, (for pro~ see 
P~. No. ~98~57~. The ~ening p~ of this hard
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pitch ~ 160° C. (K.S.). The b~de~ produced ~ t~s
wax ~ characterised by the d~a ~ven ~ the mbl~

EXAMPLE 2

30 parts by w~ght of reduced ash Westerhold open- 5
burning co~ are tre~ed with

20 parts by w~ght of pitch distfll~e ~om the hera
pre~ure treatment of co~ tar pitch,

40 parts by w~ght of pyrolysis rescue from the
10

crating of naphth~ as described ~ Exam~e ~ and 10
pa~s by w~ght of cat cracker re,dues at 400* C. for a
reaction time of 3 hour~ The maximum reaction pres-
sure ~ 40 bar.

The reaction producL obtained ~ 95% ~dd after 15
~parat~n of 3% of ~w~ofl~g component~ ~ a high-
grade carbonaceous m~ed~, hav~g a so~e~ng po~t
of 60* C. (K.S~ This high-grade carbonaceous mated~
~ homogeneou~y m~ed with 50 parts by w~ght of
hard p~ch, derived by di~fllation from pyr~ysis re~- 20
due~ w~eh arise ~ the tracing of naphth~ The soft-
e~ng po~t of t~s hard pitch ~ 135" C. (K.S~

The b~der, produced ~ t~s way, ~ chara~edsed by
the daB, ~ven ~ the tabl~

25
EXAMPLE 3

The procedure ~ as ~ Exam~e 1.
The co~ used ~ a gas co~, ha~ng a vd~fle content

of 2~5 and an ash content of 1.9%. Ash reduction ~ 3O
effe~ed as descr~ed ~ Exam~e 1; the refidu~ ash
content of the co~ ~ ~8%.

30 parts by weight of reduced open-burning co~ are
reac~d with

40 pans by wright of ~tch ~ate from the heat/- 35
pre~ure tre~ment of co~ tar p~ch and

30 parts by w~ght of pyrdyfis off from the vapour
cracking of naphth~

with thorough mixin~ ~ 400* C. and for a rea~ion time
of 2 hour~ 40

The maximum reaction pressure ~ 18 bar.
A ip~_qh~ high grade carbonaceous m~ed~, hav-

~g a soften~g po~t of 80* C. (K.S.~ ~ obtained ~ 97%

This high grade carbonaceous m~ed~ ~ separ~ed 45
from ~w~o~ng components ~%) and homogeneously
mixed with 30% a hard pitc~ ha~ng a so~e~ng p~nt
of 135" C. (K.S0 and odg~ating from the dist~ative
proce~g of pyrolysis oil.

50
The binde~ produced ~ t~s way, ~ chara~ed~d by

the dab ~ven ~ the tabl~

EXAMPLE ̄ (Comparative example)

For comparison’s sak~ a convent~n~ dec~ode 55
b~der based on eo~ mr pitc~ ~ listed ~ the mbl~

Characteristics of the Electrode Binders

~g
R~idue

(Ae- So~g Ash
~rd~ ~t ~n-

~w Mated~ to ~n- ~) tern QI TI

~mponen~ ra~o~ *C % % % 65

6
-continued

~ng
ResCue

~ ~g A~
cord~ P~m ~n-

Raw M~ed~ m Con- ~) tem QI ~
~mponents r~so~ *~ % % %

Explanatiom
QI = qdnoline-insoluble
TI = toluene-~sdub~

We claim:
1. A process ~r ~e production of ~gh grade ca~

naceous b~der~ compfis~g produc~g an aromatic
~gh grade carbonaceous m~ed~ by treat~g from
5-40% by weig~ of ~w ash eo~ or similar carbon-eon-
mi~ng raw m~edMs wi~ 20-80% by weight of ~g~

15-50%b°Nng ar°matiCby wNght of Ngh-bo~gsNven~’ deNvedaromatiefr°m e°al’sNvent~and
derived from m~eral o~ ~ temperatures of 300*-420*
C. and ~r a reaction period of 1-4 hours, at a ~aefion
pre~ure of up to 50 bar.

¯ The process of claim 1 wh~n the solvents are
freed of ~w~oiling component~

¯ The proee~ accord~g to claim ~ where~ the

delved from coal.
¯ A ~nder compo~tion produced by ~e mc~od of

~aims$. An~electrode impregnated with2 or & a Mnder produced ~(
by ~e method of clams L 2 or ̄

¯ A me~od of making a graphite deetrode s~mble
~r use ~ ~e ele~ro-therm~ refinement of metal ores
comprising impregn~g a carbon latt~e wKh ~e
~nder composition produced by the method of d~ms
L2or&
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ABSTRACT

A carbon ~e~rod~ ~ partic~ar a graphite ~e~rode
for producing ~ed w~ch can be used for de~ric arc
m~fing ~rnac~ of convenfion~ deign. The dec~ode
compri~s a m~cn~g protective layer, and ~-
fion of the conta~ jaws of the dec~ode h~der with the
m~ont~ng protective layer ~ av~ded by cove~
~g at ~ast pa~ of the electrode sur~ce by a graphRe-
cont~ng m~ed~.
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CARBON ELECTROD~ IN PARTICULAR A
G~PHI~ E~RODE FOR PRODU~NG

S~EL

BACKGROUND OF THE INVENTION

I. Fidd of the Invention
The ~vention rd~es to a carbon dectrod~ in pa~-

Pllnarg a m~N-contNn~a ggraphRe dec~°dceoatinf° gr pr°ducint go increase thSt eed’ dectdcC N°mpd~

conductivity and/or to decrease the o~d~ion loss on
the N~rM dec~ode surfac~

M~al-containing protective coatings have been de-v~oped in order to reducel eectrodes an~ henc~ to reducS eUrfaCt~e consumptio° n~dati°n of graphito ef the

surface of the ~ectrod~ These protective coatings con-
~ for example of carbide~ silicide~ o~de~ metNs or
combinations of such mateNNs and are applied onto the
dec~ode surface by spraying and by subsequently
bdng burned4n by means of an ~ect~c ar~ whereby
they are securdy connected to the dec~ode surfac~

A coating consisting of Num~um and sil~on carbide
has proven to be particMaNy useful for this purpos~
A~er the coating has been appl~ the graphite dec-
~ode has a metallic, rough coa~ the conductivity of
which nea~y corresponds to that of the Num~um, and
wh~h securdy adheres to the graphite surface because
of the preceeding dectNc arc ~eatment. Starting at
about 500° C., the protective coating becomes slightly
plasti~ so that ~ then becomes impermeable to gas.
WRh increasing ~mperature, R N gradually converted
to o~de beneath the dectrode holde~ but R retNns Rs
protective functiom

The advantage ~tNned by such coated graphite dec-
trode~ namdy the reduct~n consumption and ero~on
of the surface of the dectrode N opposed by a consider-
able drawback resulting ~om ~he fact lh~t the worNng
m~e~M of the ~ectrode holder mu~ be m~ched to the
req~rements of the m~all~ coating surNce introduc-
~on of the dec~ode through the furnace cover must be
such that the coating ~ not scraped off. Therefor~ in
order to avoid fuNon of the contact jaws (cu~oma~ly
conNsting of coppe~ with the metall~ coating of the

graphitpl eaced bydeCtr°dea s h~ontac~C ,°ppersucC h°ntaCta Ss thosmeU~madb ee reo-f

graphite. Fu~hermore, R has been necessary to employ
a well effective sealing ~ng for each e~ctod~ so that
more extenNve contamin~ions of the coating and of |he
contacts are avNde~

These types of re-constructions of furnaces needed
when changing over to coated electrodes have a conNd-
erab~ cos~

Now even though R has become known ~om Ge~
man OS No. 22 51 590 to spray graphite a as heat-resist-
ant mate~N onto an dectrode surface co~ed with Nu-
minum ~ a process for produNng protective coatings
on objects made of carbo~ this measure neve~hde~
only serves to ~crease the melting point of the coating.
A~er the graphite has been appl~ this highe~mdting
co~ing N formed by fuNon of the graphite to the Numi-
num uNng an ~ect~c arc.

A Nmilar use of graphite g known in connection with
a process for produNng NumiNum-conta~ing protec-
tive coatings on carbon products (German AS No. 
646 679), wher~n a spread of graphite ~ applied onto
the Numinum previouNy sprayed onto the carbon a~i-
~e. This graphit~ spread ~ then .directly exposed to

4,383,321
2

proc~s~g ~ the e~dc~rc ~rnac~ whereupon the
sur~ce of the thus produced coating ~ ~rmed.

SUMMARY OF THE PRESENT INVENTION
5 The~r~ ~ ~ an o~e~ of the present invention to

pro~de a carbon de~rod~ ~ partic~ar a graphite
dec~ode of the ment~ned type such that ~ ~ pos~ble
to use such dec~odes for dectdc arc melting ~rnac~

10 ~°f rC°nvent~nth ~e ~rnac~d ineSigt~,e above~cdbeWi dthout nee~ng tOmanneSt r.rUc~mHy

In order to accom~ish th~ o~ecL th~ is, ~ order to
avid melting tog~her of the con~ct jaws wkh the

15 metall~e iCa~ pa~lPyr°~c eovednl~ye~h~hesur~ci enVenfi°onf thPer°~dm es~M~Mf° lyr~

coated decffode with a graphit~contain~g martial,
w~ch accord~g to an advantageous embo~ment of the
~vent~n may con~ of a minute of 700 pa~s of graph-

20
ke powd~ ha~ng a grin ~ than 1000 ~m, 100 to 400
pa~s of a cumbie synthetic re~ 20 to 80 pa~s of a
w~ubie adhe~ve and wate~ A phen~ov~ak
hexam~h~ene ~ffamine ms~ has proved particu~dy
~r~ceab~ ~ the syn~ ~ and a p~y~n~ ~co-

25 h~ ~ pa~ady s~d as the adhefiv~
The p~ed average t~ckne~ of the ~yer of

grap~te-contai~ng ma~ed~ ~ tom ~1 Io Z0 mm,
whereby k ~ ensured that dust partid~ that deposit on
¯ e sur~ce of ~e jaws ~e embedded ~to ~e grap~te-

30 cont~ng m~efi~ when the jaws are hydra~ly

urged ag~n~ the dec~ode sur~ce and thus do not
adve~dy affect the ~e~dc~ contacL

The graphite-cont~ning materi~ covering the met~-

35 cont~ning sur~ce may form a ~yer w~ch securdy
adheres to the m~ont~ng sur~c~ ~r exam~
w~ch ~ sprayed or brushed on. There ~so ~ the possi-

bility, howeve~ of ~ali~ng the advantag~ obt~ned
from using a graphit~contai~ng m~i~ ~ the ~on

40 of the contact jaws with a m~ed~ ~yer that does not

com~etely securdy adhere to the m~ont~ng
sur~ce or lh~ even on~ ~osdy ~sts on ~ ~r exam~e
~ the ~rm of a ~m.

The u~ of the graphit~cont~ng m~eri~ ~yer en
45 the metall~ de.rode ~ur~ce not o~y has the advan-

~ge of wh~e or ~ ~t partly av~d~g ~rnace recon-
~ru~ns w~ch otherw~e wo~d be required, but has
the ~her advantage of allowing the use of contact

50 jaws of coppe~ such as ~ convent~n~ with uncoated
graphite decffode~

P~v~u~y known me~ur~ ~e ndther ~nded ~
nor do they make ob~ou~ ~im~n of the drawback
of ~q~d ~rnace ~con~ruction when using graphite

55 electrodes provided with o~y cu~omary metall~ pr~

tective co~g~

BRIEF DESCRIPTION OF THE DRAWINGS

A b~tcr unde~tand~g of the p~nt ~vention wi~
~ be had upon reference to the fol~wing d~d d~cfi~

fio~ when read ~ co,unction with the accompan~ng
drawin~ wherdn ~ke re~rence characters rear to ~ke
pa~ and ~ w~ch:

65 FIG. 1 ~ a schematic ~de ~ew of the pre~ed em-
bo~ment of the p~nt ~vention; and

FIG. 2 ~ a ~de ¢ro~ecfion~ ~ew of the pre~ed
embo~ment of the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT OF THE PRESENT

INVENTION

WRh re~rence now to FIG. 1, the present ~vention
~ thereshown and comprises the rectories L w~ch are
hdd by contact jaws 2 that are hydrauhcMly urged
agMn~ the dec~ode sur~c~ and which extend ~ a
known manner through the cover 3 of the dectric-arc
furnace & The pro~e coating of the dec~odes ~
such a furnace ~ exposed to very severe operM~g con-
¯ tions because when oxygen ~ Mown in, Mag splatters
up to the furnace cover and covers the dec~ode suv
~ce. Despite a good sealing of the electrodes as they
pa~ through the cover wffh the Md of known sealing
de~c~, a ce~Mn conmm~ation of the dec~ode suv
~ce ~ the re#on of the contact jaws 2 can frequently
not be entirdy prevented. Due to the ~ct that the
grap~te-contai~ng mmeriM described brow ~ aphid
onto |he m~M~ontM~tg pro~ctive coating ~ a ~yer
thickness of about 0.1 to 2.0 mm and ~ somewhm duc-
til~ the hydrad~ con~ jaw~ w~ch con~ of cop-
peL can urge the d~t particles ~ the re#on of thdr
contact sur~ces ~to the graphite~on~ining m~eriM,
with d~advantageous effects on the ~ans~r reliance
between jaw and elec~ode thus bring av~deC There ~
no wd~ng b~ween jaws and grap~on~g m~
riM, so that the jaws may con~ of coppeL and the
rdease of the con~ jaws from the de,rode sur~ce
for the purpose of resetting the electrode ~ unrestricted.

As shown ~ FIG. Z the ~ec~ode 1 accor~ng to the
present ~vention ~ provided with a core 5 of carbon or
graphR~ covered by a flr~ m~M~onta~g coating 6
and a second prote~ive coating 7 of grap~ontMn-
~g m~eriM ~sposed on the fi~t coating & The second
coating 7 cove~ at M~t the area on the electrode con-
ne~abM to the jaws 2 of an electrode h~deL Thus
fu~on of the jaws 2 to the dec~ode 1 ~ prevented.

ILLUSTRATIVE EMBODIMENT

The pre~rred graph~cont~n~g m~eriM compri~s
a mixture of about 700 parts by wright of Ce~on graph-
Re powde~ ha~ng a partite size of less than 63 ~m; 150
pa~s by w~ght of findy ground phen~mov~ak hex~
meth~ene ~am~e refin; 30 par~ by w~ght of com-
merd~ p~y~n~ ~coh~; and w~er ~ a quantity ~uffi-
dent to suspend or ~ve these m~ed powders to
obt~n a p~ th~ ~ capa~e of berg spread or sprayed.

T~s suspen~on ~ spread several times onto a graph-
Re dec~ode prodded w~h an ~uminum coating and
ha~ng a d~m~er of 355 mm and a ~ngth 2000 ram,
wheron ~r drying takes ~ace b~ween each spreading
operation, and wRh an average coating t~ckn~s of the
graphit~cont~ng m~eri~ cf ~ 1 ~o 1.0 mm ~tim~dy
res~tin~

The entire ~dfied graphRe-cont~ning layer of ma-
tefi~ ~ then briefly heated to from 15~ to 180° C. ~
order to condense the rein.

The above exam~e of produong the dec~ode ac-
coring to the ~vention can be e~en~vdy mo~fie~ ~
papular as regards the composition of the graph~e-
con~g m~erial, but ~so wRh regard to the applic~
fion of the m~eri~. Such ap~n may take ~ac~
~ead of by spreading or brushing-on, ~so by bring
sprayed onto the graphite electrode w~ch has been
prov~ed wilh a m~ont~ng cover~g.

The composit~n of the graphit~cont~ng m~eri~
may be mottled ~ the fol~wing ways: use of a graph-

4,383,321
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Re powde~ not nece~adly Ce~on g~p~ ha~ng a
~e ~ ~than ~o~ I~ ~ ~e ~o~ 1~
to ~ pa~s of a cu~e ~h~ re~E not ~a~y
a findy ground phen~ov~ak hexam~h~ene teffa-

5 m~e re~n; and use of about 20 to 80 pa~s of a w~-
s~u~e adhe~v~ not nece~arily p~y~n~ ~coh~.

~e fi~shed decffode can be ~re~y ~ed ~to
the convenfion~ jaws 2 of an de~ric arc m~ng ~
nace ~r produ~ng ~ed, such as shown ~ FI~ 1. The

10 use of t~s decffode does not reset ~ any waling
whasoever b~ween ks ~r~ce and the ja~, w~ch
may ~r exam~e con~ of coppeE

B~a~e ~e g~p~t~co~n~g maeri~ may be
spread, brushed, or sprayed onto the e~cffode sur~

15 the m~eri~ ~ securdy anchored to the ~~ ~
the met~ co~n~

Howeve~ k ~so ~ ~dv~ to cover the m~M-
cont~ng dec~ode sur~ce wkh ~e gmp~t~co~
~g m~eri~ ~ a mann~ ~ w~ch no continuous m~

20 cha~c~ s~d connection o~ permanent connection ~
~t~d b~w~n ~e m~eri~ ~d ~e ~r~c~
Henc~ o~y a ~mporary connection ~ e~ab~shed, ~r

m~eri~, w~ch ~m ~ wound around the dec~od~
25 Thus, the de.rode according to the present ~ven-

tion pro~d~ a way ~ w~ m~y c0~ed grap~
Re dec~od~ may be em~oyed ~ de~dc ~c ~mac~
~t ~e ~y o~d~ ~d ~n ~n~y
experienced, by pro~ng a ~cond gmp~o~ng

30 co~ng upon ~ ~a~ a pa~ of the dec~od~ Ha~ng
described our ~, howeve~ many mo~fications
thereto ~H become appa~ to those s~d ~ the art
~ w~ch ~ ~ wRho~ de~n ~om ~e s~ ~
the ~vention as defined by the d~m~

35 We ~m:
1. In a c~bon dec~ode ~r an de~fic ~mac~ s~d

~ec~ode ha~ng a fira co~ng compiling a met~
~n~ ~m~ti~, and s~d de,rode ha~ng upon
Rs sur~ce an area ~n~ to ~e jaws of an dec-

~ ~ode h~deq the improvement theron compfifing a
second co~ng upon s~d fi~t co~ s~d ~cond co~-
~g compri~ng a ~e ~n~ m~eri~, and s~d
second co~ng covering ~ ~a~ s~d area on s~d dec-
~ode, wh~eby ~on of s~d jaws of s~d dec~ode

45 h~d~ ~ s~d dec~ode ~ preven~d.
Z The electrode accor~ng to d~m 1 wh~dn s~d’

second co~ng ~ ~ffide~y ducffie so as to accept
in~u~on ~ s~ from s~d ~mace ~to s~d second
co~ng wkhout s~d ~on of s~d jaws and s~d dec-

50 trode.
3. The ~venfion accord~g to ~m 1 wh~dn s~d

second co~ng compri~s a ~e co~ng ~out
7~ pa~s of ~e powde~ s~d powd~ ha~ng a
grin ~ze of less than 1,~ ~m~ 1~-4~ parts

55 of a c~a~e ~n~efic ~s~; 20-80 pa~s of a w~e~s~u-
~e adhe~v~ and a ~a~ ~ w~ ~ffid~t to per~t
appfic~n of s~d m~m~ to s~d dec~ode.

& The ~vention accord~g to d~m 3 wh~n s~d
~mh~ rein ~ a phen~mov~ak hexam~h~ene te~

~ ramie rein.
5. The ~vent~n according to ~m 3 wh~dn s~d

w~e~s~u~e ~hefive ~ comm~d~ p~y~n~ ~c~

6. The invention according to ~m 1 wh~dn the
65 average ~y~ ~kn~s of s~d second co~ng ~ about

ff 1 ~ 2.0 m~m~
7. The ~vention according to d~m 1 wh~on s~d

fir~ co~ng con~s p~dom~anfly ~ ~u~m.
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second coafin$’ gThe inventi°fonrm~CC°rd~a gmechan~Nt ,° dNs mM~lconnecfioW nh~Nn SN~o ~ec~ode comp~s a graphite ~e~rode ~r produNng

s~d de~rod~ ~e~.
¯ The ~venfion according to d~m I wh~dn s~d 11. The inve~n according to d~m 1 wher~n s~d

seCOnwi d~outCOatina gcontinuour ~e~s ~ONm Yecha~cO Nn sN~M~d~onnecfioC nOating anfo
5 coating N ~rmed from a film of gmph~e~o~NNng

sNd fi~t coating, m~eNN, sNd Nm bNng wound around sNd ~ectrode.
1~. The invention accord~g to ~Nm 1 wh~e~ sNd * * * * *

10

15
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ABSTRACT

A compo~ w~o~ed ~ec~ode ~r ~e~fic ~c
~ed ~mac~ compiles a ~b~ ~aphite body hdd ~
complain by m~ ~ ~nfion ~ ~m~ w~
~p~y p~e ~c~ed b~ween a met~ header at one end
and a h~w met~ ~p~e at the other end of the dec-
lrode.
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co~umab~ dec~ode after fai~ ~ a permanent dec-
COMPOSITE ELECTRODE FOR ARC FURNACE ~ode.

It ~ a ~h~ o~e~ of t~s ~vention to pro~de a
DESCRIPTION compofi~ dec~ode wh~h takes ~11 advan~ge of the

T~s ap~n ~ rd~ed ~ S~. No. 51~267 ~ 5 ~n~h in complain cf ~ap~.
filed J~y 15, 1983 by Tu~an et N.

BACKGROUND OF THE INVEN~ON

1. N~d of the Invention.
The Invention rd~es ~r~y to an ~ec~ode ~r 10

de~ric arc ~ace~ and ~c~ady to a ~mpo~e
~ec~ode compri~ng a fiq~d~o~ed ~n~ b~
consuma~e upper po~on a~ached to a ~n~
~ec~ode ~r consuma~e tip po~o~ j~ned to the
upper po~on by l~d~o~ed connection mea~. 15

2. D~cd~n of ~e Prior A~.
The conventionM m~eriM em~oyed ~ de~rod~ ~r

de~ric arc ~ N g~pN~. These dec~odes are
consumed ~ us~ ~r examNe ~ de~ric arc steal mak-
~g ~ace~ due to eroNon and corroNon c~sed by 20
o~d~ ~Mimafion, ~ng and ~h~ N~o~. TNs
co~umption ~vMv~ tip ~, cMumn b~a~ ~
and pa~ulady surNce o~dation ~sse~ An average
de~ric Nm~e consum~ ~ur to ~g~ N~grams of
~e p~ m~ric ton of ~e~ produced. 25

O~ m~hod ~r ~duong ~e co~umption ~ ~ap~
~e dec~odes ~ ~c ~ac~ has been ~e ap~n of
a pro~cfive co~ng or ~add~g m~efi~ to the ~ec-
~odes w~h o~dation ~t~t m~eri~s. T~ ~s
gener~ly ~c~e the con~ reliance to the de~ 30
~ ~ ~ ~d ~me are corrofive, ~ ~ey ~e
based on phosphoric arc C~q~y, ~ey have not
~und w~e acceptance.

An~h~ mo~ ~r ~d~ g~p~e d~ode co~
sumpfion ~v~v~ the uffi~afion of ~ly nonconsum- 35
~ dec~ode ~em~ Thee sy~ems em~oy ~

~ W~t ~e ~e ~om ~e e~me tm~
of the arc. ~ffi~ such ~ems appear ~ patent
hterature, t~s type has not been commerd~ly success- 40

R has been sugge~ed h~o~ that ~mpo~e ~ec-
~odes compri~ng carbon or ~ po~s a~ached
~ a w~o~ed m~fic ~e wo~d ~o~de m~
~r ~duong dec~ode consumption ~ arc ~. A 45
numb~ of paten~ have ~sued on spe~fic compo~e
dec~ode de~gn~ For exam~ ~S. PaL No~ 89~9
to Beck~ Z471~31 to M~m~e et ~.; 3,39Z227 to
Os~ ~121~42 and ~16~392 to Pren~ ~18~7
and ~25~918 to ~hw~e et ~.; ~d ~28~381 to Mon~ 50
gom~y ~l~e m hq~d co~ed compofi~ de~md~ ~r
arc ~ac~. ~ European patent ~c~
No~ 5~68~ 5~683; and 532~ ~ ~ C~r~ Nu~-
burg are ~ed to compo~ dec~ode configur~
fions. 55

~S OF THE INVEN~ON

R ~ ~e o~e~ of ~e ~venfion to pro~de an im-
proved compo~e dec~ode ~r d~tdc arc ~m~

R ~ a ~h~ o~e~ ~ ~e ~v~tion ~ ~o~de a ~
~mpo~e de~m~ w~r~n ~umpfion ~ ~e ~
ke ~ s~y ~duce&

~ ~ a ~ ~e~ of the ~venfion to pro~de a
composke d~tm~ w~ch ~ ~ to re,st the harsh
en~ronme~ of an ~c ~rnace and ~y have a ~ng 65
use~l fi~.

R ~ a sdl ~h~ ~e~ve of the ~venfion to pro-
~de a compos~e dec~ode w~ch ~H be use~ ~ a

SUMMARY OF THE INVENTION

The ~vention N essentially a compo~ wate~cooled
dectrode compfi~ng a graphi~ heavy-walled tub~ar
body having a cen~N bore, a water supply pipe within
the bore, a hollow metN nipple located at the furnace
end of the tubular body for attachment of a conven-
tionN graphite dec~od~ a metN header at the upper
end of the tub~ar graphite bod~ a liq~d coolant supply
sy~em to cool sNd body and sNd nippl~ and a system
holding the tubular graphite mNn body of the dec~ode
in compresfio~ thereby increasing the refinance to
breakage of the graphit~

The tubular graphite mNn ~ructure body g made
~om a graphite arc furnace dec~ode with a threaded
socket at each end. The cenWN bore wall g preferably
seNed to prevent water leakage and infil~afion into or
through the graphite wall. The exterior surNce of the
body may be treated wRh an anti-oxidant Other by
coating or impregnation; howeve~ this ~ not Nways
necessary. The ~ec~ode ~ normN1E dril~d out wRh a
center hole with a diameter not more than the minor
diameter of the sockeg ~aving a heavy wall th~kness
preferably ~ ~a~ about ¼ of the ou~ide diameter of the
tube. The metN connecting nipp~ g hollow. A coolant
supply pipe having an outride diameter (OD) smaller
than the in~de diameter GD) of the dec~ode ~ads into
the cavity ~om a header bringing coolant into the nip-
ple through the center of the mNn tube. The coolant
then returns heade~ A flat spfinN e.~, a Bd~vi~e
washe~ g preferred; buL upward to the outlet at the
header through the annulus between the coolant in~t
tube and the bore of the mNn ~ructure. The header g

normally attached to the top of the graphite tube by the
socket threads in the upper end of the mNn tube.

The coolant supply pipe ~ Nso used as the means
whereby compres~on g applied lo the m~n tub~ The
pipe g a~ached to the nipple and the header and hdd in
ten~on by a tenfion~g device at the headem A flat
spring, ~g, a Bd~v~ washe~ N preferred; but other
tenfioning devices such as coil spfing~ fir or hydraulic
cylinde~ may Nso be used, and the invention ~ not
~miled to ~ny one means of applying tenfion.

The inner bore of the tube may be coated with a
seNant to diminate ~akage and infiRration of water
through the graphite. A two-package epoxy coating ~
preferred but other water~es~tant surface coatings
such as phenoli~ Nkyd, ~l~on~ polyurethan~ polye~
ter or acryl~ resins may Nso be used.

This electrode ~ highly refi~ant to the he~ and ag-
gresfive atmosphere of the dectric arc furnace and the
top portion of the attached consumable dectrode in the
furnace ~ays dark in use indicating effident cooling to
a temperature lower th~n the ofidation temperature,
with consequent ~ening of ofidation and lower
graphite consumption per un~ of metal produced, than
when u~ng the normN all-graphite solid dectrodes.

This dec~ode Nso consumes ~ dectricity than
prior metN composite dectrodes due to the absence of
inductive heating lo~es or parasitic eddy currents
which were noted to constitute a high drNn on the arc
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current and to present a ~rge heat ~ss to the cooling
sy~em.

~ ~ a ~nher advamage of the de.rode of th~ ~vem
fion th~ when the m~n ~ructure deteriorates after ~ng
~r~c~ ~ may be ~em~e~ lhe m~ par~ rsed
with a new graphite tub~ and the fai~d ~¢ce consumed
~ an de.rode ~ the norm~ manne~

It ~ a fu~her advan~ge th~ the electrode h~ a
greatly ~c~ed strength ~ compared to an ~bgraph-
ke c~umn without compassion,

DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the commie e~c~ode compd~ng
m~n graphB iteellevil~ spfi~gUb~asher assembl ly~ header m~mN1 y~ nm 1~ w~12 erC°n~gin~f~

1~ ~O~or w~her 2~ w~er oufl~ 2~ upper O-ring
~ 2~ w~er ~t tube 38, header n~e 30, and ~
tot ~ bu~ hing 3~ with O-rings 3& At the ~wer end of
the c~um~ are w~er inl~ tube 38 hdd ~ ~ace by
threaded s~der 40, h~w w~er coded m~ ~p~e
42, return coolant p~mge 44 ~ spider 40, ~wer O-ring
~ 48 and convention~ graphite tip dec~ede ~0.

Graphite m~n tube 10 ~ hdd ~ comp~s~on by
~n~o~ applied through nut 16 to Bd~vil~ w~her
springs 1( ~ w~er inl~ ~be 38 hdd ~ ~p~e 42 by
s~der 40. The ~nfion applied to w~er ~t tube 38
~s~ ~ an upward thrust or ~rce moment by the
~p~e ag~n~ the ~wer sock~ of de.rode body 10 and
~so pu~ the upper pan of ~p~e 42 ~ comp~s~on.
W~er en~ ~ ~let 18, p~s through w~er ~let robe
38 ~ the ~fior of ~pple 42, returning ~rough the
passages 44 ~ s~der 40 to the ann~us b~ween water
~t tube 38 and m~n robe 10 to header 12 and outlet
2& The e~c~ode h se~ed with O-rings.

FIG. 2 de~s another vernon with elec~ode 6Z
header ~m~y 64 and ~p~e ~6 with flange 68 koused
~ coun~rbore 7~ hoM~g the de.rode ~ comp~s~on
while ~w~g ~d~ conta~ of ~wer de.rode 72 w~h
~ec~ode 62 ~ ~r~ce 7~

FIGS. 3 and 3A de~ a variation of the ~vem~n
wh~dn the bore 80 of the m~n graphite tube 82 may
~so serve as the co.am ~t and radially d~tfibuted
pa~ages 84 serve ~ the co~a~ outle~ through the
graphite closer lo the sur~ce ~r more effioent co~g.

The ~p~ water ~t tub~ and header ~m~y
may be made of any s~tab~ met~ such as ~eel, gray
~o~ ductile ~o~ ~um~um, copper or ~s ~ed.
AMm~um ~ pre~r~d ~r the header and water ~Mt
tubes ~r ffs ~w co~ and ~ght w~ght, while eoppe~
gray iro~ ductile iro~ or Invar are pre~ed ~r the
~p~ ~ |he u~t fai~ c~op~c~ ~ ~r~c~ the
ad~tion of a gray kon or duc~e kon ~p~e ~ the heat
will not adversely affect the malt an~y~ as may occur
ff the ~p~e ~ made of coppe~ Invar or ~uminum.

The m~n ~be ~ pre~rably a graphite hav~g a CTE
of ~ss than 15× 10-7 over the range of ~ to 50° C.;
otherw~ ~ may fail from ~m~ shock.

The CTE of an electrode varies b~ween the tongit~
¯nal and ~ansv~s~g ~cfions due to the cry~ ori-
entation of the gmp~ in~oduced during extra,on.
The CTE figure used here is in the transverse direction
norm~ to the ~ng a~s of ~e c~de~

The exterior of the m~n tube 10 may be coated with
an antio~dant coating such as ~d ~ c~pen~ng
ap~n Ser. No. 442,651 ~ed Nov. 18, 1982 by
Wilsom

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An dec~ode was made by boring a ~’ ~. (10 cm)
5 hale ~ the center of 16 ~. ~am. ~1 cm) ×80 in. (203

cm) graphite dec~ode and coating the bore with 
se~anL The de.rode had two th~aded ~unc~ed co~-
c~ socke~ of the type normally used in the dectrode
~du~ry. A header assemb~ ~du~ng a threaded

I0 adapter ~p#~ O-ring seM~ BellevUe fl~ spring
washer assembly, ~nfio~ng nuL w~er ~Mt #p~ and
w~er outl~ were a~ached ~ the upper end and a h~-
~w threaded b~on~M ~p#e a~ached to the co.am

15 ~Pap e~d ~ the co.am sup~W y~ ~tached ~ the ~Wp~rpe by th~n e& Ten~°te nns~n~g nmm,ay be
pMdng the graphite dec~ode under a substantiM com-
pres~ve ~rce of 25 p~ Graphite has a ~gh comp~
~ve ~rengtk and can wffh~and a ~gh ~ress ~ com-

20 P~S~°th me amou~th~f compr~vbr eea~ng ~ngstthre~ socket threadsu Sch th~ the useli fulmi~
stress ~ much ~wer than the ultimate stress limits. A 14
in. ~6 cm) solid graphite de~rode may be aaached to
the ~p#~ The dec~ode ~ then ready for w~er
hookup and ~acement ~ the ~rnace ~mp.

25 The co.ant sup#y #pe w~ ~M~s ~ed and the
header ~mMy ~ t~s ~ance was Muminum; how-
eve~ they co~d be made from other m~efi~s wffh the
~q~d tensile ~ngth. The ~p#e w~ coppeL but
might Mso have been ~g~ren~h graphff~ ductile

30 ko~ gray ko~ ~eel, Mum~um, coppe~ Invar 36 or
ether ~w CTE m~efi~

The dectrode ~fing ~ a~ached to the ~p~e ~ an
off-~rnace Mcafio~ positioned ~ the furnace dam~
and co.ant conne~ns made to the inlet and outlet

35 #pes at the headeL The ~c~ed ~ngth ~alized by
t~s dectrode ~ particuMdy use~l ~ some ~rnac~
w~ch use ~ng electrode ~ring~ e.~, three ~ght ~ot
~ng ~e~rod~ ~ some ~rnac~ with ~gh ioo~.

The proMems ~v~ved ~ the m~Mr~u~u~d com-
40 posite ~ecWodes of arc~g ~ ~e ~FpM are cvercome ~

~ defign by ~e ~rchangeabilffy of ~e m~M ~p~
w~ch permi~ easy substitution ~ case of fai~re.

Although ~e per~ed embo~ment of the dec~ode
has the ~andard ~uncated co~cM ~aded socke~ at

45 each end ~em~M to those u~ve~Mly used ~ ~e~ric
~rnace~ fltt~g the ~andard b~o~cM ~p~ the
header and ~ppM co~d be ~mched by other means and
the ~vem~n ~ not HmRed to any spedfic configura-
fiom The two ends codd easily ~e mac~ned ~ entirdy

~ ~fferent manners and ~e ~mchmems likewi~ ~m-
~ed ~ ~ffe~nt manner~

The n~ural ~equency of this deign with ~e graph-
fie ~ comp~s~o~ ~ ~l~dy h~ and the c~umn
has very ~w ~ndency to s~ due m v~rm~n or oscil-

55 lation.
The ~p~ ma% of cou~ be made of a s~m~e

m~M such as coppeL ti~um or ~ous MM~ bm may
Mso compri~ severM m~edM~ e.g., a coppev~ous
com~nafion ~r good conductivit~ Mw co~, ~gh

60 ~n~h and low CTE.
Invar ~ a ~ck~ M~y with an ~ntiatly zero CTE

and ~ d~cribed ~ the ASM Handbook, 9th Ed., as b~ng
compo~d of 36% Ni, less than 1% of Mn, Si, and C
comb~e~ and ~e ~mMnd~ ~3%) Fe.

65 Mo~ arc ~rnac~ have ~verdy limRed wor~ng
space above the ~ectrode~ ma~ng the Bellev~e
w~her falt spring ~n~o~ng sy~em p~ed ~r i~
small size and fim#icit% A B~Mv~e fl~ spring w~her
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~ a w~known spring manu~u~d by a ~ge numb~
of sup~ and con~s of an dasfic d~hed w~her of
spring ~e~.

The mi~mum de.rode w~l th~kne~ ~ d~erm~ed
by the diffe~nti~ b~ween the out.de d~m~er of the
de.rode and the ma~mum socket base ~am~e~

We ~m:
1. A w~e~co~ed compofi~ tub~ar de~ric ~rnace

de.rode ha~ng a h~w graphite body component
w~h a cen~ bore having a co.am sup~y ~pe ther~n
a~ached to a header ~m~y ~ one end, a h~low
~p~e ~ ~e o~ end, s~d co~a~ sup~y ~pe utilized
to create a composure ~rce on s~d electrode by ten-
~on b~ween s~d header and s~d n@~e pre~res~ng
s~d graphite body compone~.

2. The elec~ode of ~m 1 whe~ the means ~r
pre~res~ng s~d ~ec~ode comprise a spring and n~
assemb~ on the header assembly, and a cen~ co~a~
sup~y ~pe ~ ten~on aRached to the ~p~

3. The dec~ode of d~m 1 wher~n the co.ant sup-
~y means compri~s a ~pe w~ch h~ an outer ~am~
sub~an~ly smear than the ~ner ~am~ of the bore
of s~d ~ec~od~ ~rming a co~a~ return ann~us be-
tween s~d ~pe and s~d bore.

¯ The ~e~rode of ~m 1 wher~n the coolant enters
the co.ant sup~y ~p~ traverses s~d ~pe to the ~te-
fior of the ~p~ and returns through the co~a~ re-
turn ann~us to the header ~m~y and there e~ts the
electrode.

5. The ~ec~ode of ~m 1 compri~ng a graphite
tube having a ~ansver~ CTE of no more than
15X 10-7 cm/cm~ C. over the range of~ to 50* C.

~ The decgode of d~m 1 wher~n the means ~r
h~ng the graphite compone~ ~ compr~on com-
pris~ an ~m~y cf fl~ spring washer~

7. The decgode of d~m I wheron the inner bore of
the grap~ ~b~ar compone~ ~ ~ed wilh a ~ur~ce
coating.

8. The ~ecWode of dfim 1 wh~n the comp~sfive
~rce ~ exe~ed on the graphite body component
through flanges on the header and ~p~e.

9. T~e dec~ode cf ~m 1 wh~n lhe comp~ssive
force ~ exceed on the graph~e body through th~ads ~
a socket at each end of s~d graphite body componem.

13,425
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10. The decgode of d~m I wherdn the comp~s~ve
force exceed on the dec~ode ~ suffident ~ overcome
the gra~tation~ force of the ~ec~ode string and ~s~t
~ an upward ~rce mome~ of ~e ~p~e ag~n~ ~e

5 lower socket of s~d dec~ode and ~so put the upper
pa~ of the ~p~e ~ compress~

11. The decgode of d~m 1 ~aced under 1.7× 105
~5 PSD of comp~sfive ~rce.

12. In a w~o~ed mb~ graphite ~c ~rnace
10 dec~ode ha~ng a cen~ bor~ the improveme~ com-

prong:
~ an ~ec~ode wall t~ckn~s ha~ng a m~imum of

the ~fferenfi~ between lhe ~e~rode ~am~er and
the ma~mum socket base ~am~eu

15 b. a cen~ ~let ~pe ha~ng a smear OD than the
ID of s~d dec~ode ~nction~g ~ a w~ sup~y
~nd ~so ~ a pre~ssing memb~ whereby s~d
dec~ode ~ hdd ~ compres~o~

c. said p@e bring attached ~ a header ~m~y ~ lhe
20 upper end of the de~rod~

d. s~d header ha~ng w~er outlet pa~age mean~
~ s~d ~pe b~ng ~mched to a h~w ~p~e ~c~ed

~ the ~wer end of the dec~od~ said n@~e cow
~ructed of a m~ s~e~ed from the group con~sb

25 ~g of coppe~ duc~e ~on, ca~ kon, a ~ous
alloy, fi~um and Inva~

£ s~d pipe extending ~to the interior of s~d ~p~
g. s~d ~p~e ha~ng co.ant pa~age means conned-

~g wRh the co~a~ return annuls b~ween the
30 OD of s~d ~pe and ID of s~d de.rode;

h. s~d ~pe b~ng ~aced under tenfion b~ween s~d
header and s~d ~p~ wh~eby s~d dec~ode ~
hdd under compresfive force.

13. A w~evco~ed compo~ tub~ar electric arc
35 ~rnace dec~ode haong a graphite body compone~

with a central bor~ a header ~m~y ~ one en~ a
h~w ~p~e ~ the other end, and a ~ructur~ member
~ ten~on ~mched to s~d header and s~d ~p~e pre-
~resfing s~d graphite by exerting a comp~s~ve ~rce

40 thereo~ wherdn s~d cen~ bore serves as co.ant
sup~y mean~ and co.ant r~urn means compri~ ~n~-
tu~n~ p~g~ ~ a ~ance ra~ally outw~d from s~d
ceng~ bore.
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ABSTRACT

A process of forming a continuous carbon ~ectrode for
use in a smdfing furnace in ~tu ~ disposed. The process
con~s of at ~ast two annular member~ the first annu-
lar member provides the heat for softening, and baking
the dectrode paste to form a solid carbon dec~ode and
the second annular member provides the dectfic cur-
rent for the furnac~ The second annular member re-
c~ves energy independent of the fir~ annular member.
The weight of the dectrode ~ supposed ~ther by the
first annular member or by a third annular member
which is added between the first two annular member~
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PROCESS FOR THE MANUFACTURE ’~N S~U"
OF CARBON ELECTRODES

This ap~n ~ a continuation-in-pan of apN~
tion Ser. No. 33~446 filed Dec. 1~ 1981 and now aban-
doned wNch ~ turn w~ a continuation of application
Ser. No. 217,393 filed Dec. 15, 1980 and now aban-
doned wNch in turn was a continuation of application
Ser. No. 089,492 filed Oct. 30, 1979 and now aban-
doned.

The ~vention rdams to an improved process for the
manuN~um of de~rod~ ~ Ntu, and more particuhfly
to an improved process of form~n of a carbon ~ec-
~ode ~ the upper pans of de~ro-m~NNrNcN Nb
nace~

The Soederberg proce~ for formation of carbon
de~rod~ ~ ~tu ~ dectric ~rnac~ is very well
know~ In genera, the Soederberg process overcom~
the need for manu~u~ of de~rod~ ~ a separate
manu~cturing ~cility by enabling the production of the
dec~ode ~ ~tu ~om an de.rode p~ of carbo~ for
exam~ a m~tu~ of anthra~ and a hydrocarbon
~nder such as pitch and/or ta~

The Soederberg dec~od~ ~ de~rothermic fu~
naces are ty~cally eq~pped with a consumab~ ca~ng
w~ch follows the downward movement of the dec-
trode into the charge. Other Soederberg de~rodes are

cas~ the de~ric cu~ent ~ supplied to the entire ca~ng
or mantle of the de.rode both for ba~ng the ~ecwode
ra~e ~ ~ progre~ downward toward the charge and
for supping operating current to the decffod~

The Soederberg process ~ a pre~ed process for
forming ~rnace ~e~rodes. Unfo~un~d~ lhe suspe~
~on and advance of the convenfion~ ~e~rode req~r~
com~ed and expensive suspension design and app~
ralus for lowering the dew, ode ~ w~l ~ an dabor~e
cooling sy~em, all of w~ch mu~ be ~uded w~n a
re~ricted space of the furnac~

U.S. Pat. No. 1,544,151 teaches an apparatus for
forming de~rod~ by m~ng a ~par~e ~ecWode
section d~ectly above and j~ned to the operating de~
trode. Each succes~ve de.rode portion ~ manu~
tured in place by taming the de.rode m~eri~ ~to a
m~d ~spo~d above the oper~g decwode, heating
the new m~efi~ to form a new de.rode portion w~ch
~ separable from but affixed to the lower de.rode and
then allowing the newly baked decWode portion to
co~ ~ order to ~par~e the ~e~rode ~om the w~ of
the m~d. The proce~ ~ught by t~s re.fence is not a
wuly continuous proce~ ~ that each u~t of the de~
trode ~ formed separ~dy as a u~t to be added as a
section to ~e lower de~rode. The decWode ksdf ~
thus not a tr~y continuous de~rode and diffe~ from
previou~y known deck, de deNgn oNy ~ the location
of the dec~od~forming mN~ Nnce the macNng cflhis
re~rence is that the uNts to be added are jNned by
means of Nec~ of metN or graphite ~ pmNsdy the
same way as the convent~nM pre~aked carbon de~
trodes are joined.

An o~e~ of this ~vention is an improved process
which w~ permit the use of a Soederberg type de~
trode is submerged arc furnac~ as well as ~ arc N~
na¢e~ Another o~e~ is to make posNNe |he use cf a
continuous deck,de-forming proce~ ~ sy~ems ~pe-
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~ly where the product might be contam~ated by the
m~eri~ of the ca~ng.

In accordance with the invention a continuous dec-
wode is obt~ned by the process of so~ening and baking

5 an deck,de pa~e in a relativdy sm~l fir~ zone adj~
cent to a fi~t annular member w~ch provides for con-
wol~ble he~g and baMng of the deck, de paste. ~
has been found that an deck, de formed as d~osed
herdn emerges from lhe ann~ar member without te-

l0 q~fing a casing or surrounding sh~l for mecha~c~
support or for dectric~ conduction. The baked de~
Wode advances from the fi~t annular member to a sep~
rate holder for supply~g dectric current to the dec-
Wode ~ a second zone thereo£

15 Other objectives and advantages of the method and
decWode in accordance with the ~venfion will be ap-
pre~ed ~om ~e follow~g description of the d~aw-
~gs herNn:

FIG. 1 is a schematic lonNtudinN section of an dec-
20 wode of the convenfionN Soederberg proces~ and

FIG. 2 N a schematic view ofa longitudinN section of
an ~ec~ode in accordance wRh the present ~vention.

Re~rfing now to FIG. 1, ~ can be seen that a conven-
tionN Soederberg deck,de ~udes a caNng 10 having

25 a plurNity of ribs 12 Nsposed Nong i~ internN periph-
ery. An dectrode holder 14 for supN~ng current to the
decWode surrounds the caNng I0.

E~cWode pa~e 16 which N, for examN~ a conven-
tionN mNture of cNdned anthraNm and Ntch and/or

30 tar ~ supplied wREn the caNng 10. As the decWode ~
lowere~ the m~ture 16 approaches the zone A which g
typ~ally Ntuated jura above the holder 1~ Conven-
fionN dectrode pastes so~en at approximatdy 80° C.
and when the mmperature reaches the range of from

35 zbout 4~0° C. to about 600* C., the volatile sub~ances ~
the paste are expelled and the paste N baked into a finn
form. Thus, as the temperature of the paste ~ the ¢aNng
reaches the ndghborhood of appro~m~dy 80° C., the
softened page slides downward to fill the caNng and ~

40 subjected in the area illustrated as zone B to increaNng
temperatures of appro~matdy 400* C. to 600° C. where
it ~ baked. At this point, there N thus formed a sol~
carbon deck,de C encased at the periphery by the
caNng 10 which w~l Nso enter the furnace interior

45 where ~ will be consumed. In this known cont~uous
proces~ new cas~g will be req~red to be added at the
upper end to ~ turn be lowered and consume&

FIG. 2 illusW~es ~ schematic form both the process
of maNng an ~ecWode and an decWode according to

50 the invention. Etecwode pa~e 20, which suitably may
be a known mNture of cNNned anthra~te and pitch
and/or tar ~ fed ~to the upper opening of annular
member 18. ControHab~ heat ~ appfied through mem-
ter 18 to the paste mixture 20 therd~ As in the previous

55 described process, the softening of the paste takes place
at approximat~y 80° C. and the baking in the range of
appro~matdy 400* C. to 600* C., which ~mperature ~
provided in any conventionN manner to the member 18.
For be~ result, the heating for the soReNng and baking

60 of the decwode pa~e ~ ~dependent of the energy uti-
hzed for the malting process in the dectric furnace.

It will be appreNated by those skilled ~ the art th~
any known controlNble heating means are suitab~ for
the purpose of provid~g heat to the member 18. The

65 means can in~ude dectfic resistance heating, induction
heatinN open or dosed flame heating, or a heat ex-
changing apparatus, each of wNch may be easily ad-
jured.
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The hem ~ a~u~ed so th~ by the time th~ the pa~e
has ~avded through zone B, the pa~e has been he~ed
to ~mper~u~s of about 1000° C. and thereby baked
suffic~nt~ such that the ~wer portion of de.rode C ~
sub~anfial enough to be ~d to and hdd by ~par~e
honer 22 wkho~ req~fing the surrounding casing
taught ~ the prior a~, wh~h caNng wo~d Mso no~
mNly carry the operating dect~c current ~r the dec-
~thermN ~rnace operation.

It will be appre~ated ~ the member 18 may conv~
Nent~ be made suffiNenfly ~rong itself to enable ~ to
ca~y at tea~ a pa~ of ~e de.rode wNght. However,
t~e ~ uspensicn of the dec~ode co~d also be effe~ed by
a separ~e honer 24 shown ~spo~d b~ween members
18 and 2~ The de.rode may be ufifized ~ hofizontN
or ~cfined positions as wall as the wpicM verficN posi-
tion.

R will be N~her appre~ed that the process in ac-

c°rdanco e~ ff deNredW ,itha simplifiet dhe inventi°c nas~Wgill~n°wthicP hrecludt ehe ribt~2us2f

ca~ng 10 are e~m~ed enfirdy ~ order to reduce
manuN~u~ng co~s of such caNng~

R w~ Mso be app~ciated th~ ~e~ng of the dec-
~ode pa~e may be accomNNhed by well known me-
chamcN means (not shown) or by ~mNng means (also
not shown).

R w~ be underwood th~ the ~Nms are intended to
cover all changes and mo~fications of the embodiment
here~ shown for the purpose of ~us~n wNch do
not depa~ ~om the scope and spirit of the ~vem~m

Wh~ ~ claimed ~:
~ A process for continuously ~rm~g in sRu a carbon

elec~ode in at lea~ one annuNr member and a spaced

~par~e de.rode holder ~r use in a smdfing ~rnace
compriNng ~e ~eps off

(a) supplying elec~ode pa~e consist~g essemially 
carbonaceous m~efiN and a hydrocarbon binder

5 to sNd annular membec
(b) supN~ng hem to sNd de.rode pa~e ~ sNd annm

lar h~der ~nd con~fing the supNy ofhe~ m sNd
electrode pa~e ~ sNd ann~ar member, indepen-
dently of the heat of sNd smelt~g ~rnac~ sa~

10 heat b~ng suffiNent for soReNng and he~g the
dec~ode paste to a ~mper~u~ of at least about
400° C. ~ bake ~e de.rode p~ and ~rm a solid
unitary carbon dec~ode wN~ sNd electrode paste
g wren sNd ann~ar member; and

15 (c) advanNng the solid unitary electrode ~om sNd
annuhr member to sNd holdeL sNd spaced sepa-
rate homer b~ng operate ~r suspend~g the
de.rode and ~r recN~ng dectricN current and
supN~ng the current to the dec~ode ~depem

20 demly of energy supplied to ~e annular member,
whereby the sol~ de.rode is a continuous uNmry
m~s b~ween sNd ann~ar member and sNd sep~
rate ho~er.

2. The process of dNm 1 wNch ~dud~ the ~ep of
25 supN~ng heat to sNd electrode page in ~ annNar

homer ~dependem~ of the energy ufilked ~r the
melting proce~ ~ sNd ~e~fic smdfing Nrnace.

3. The process of clNm 1 wNch hdud~ the s~ps of
heating the annNar member and wans~r~ng the heat

30 ~r ~oReNng and baNng ~e de.rode p~ ~om sa~
annuhr member to the dec~ode pa~e by means of
physicN conta~ b~ween ~e ann~ar member and dec-
~ode pas~.
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ABSTRACT

In the production of an ~ec~ode ~r an arc ~rnace
from a hardenable decWode pa~e and ~ w~ch the arc
current ~ ~d to ~e ~ec~ode ~a a current sup~y u~
an de.rode he~ ~ ~ranged, ~ ~e direction of ~e~
~g down of the ~ecWode ~m the ~rnace ups~eam of
the cur~ sup~y unit, s~d de.rode heater sup~y~g
th~m~ en~gy ~ the de.rode p~ ~r the purpose of
b~ng the laRe~ the ~rmation of the de.rode ~om
¯ e page ~ng place in a casing w~ch ~ not consumed
~ the ar~n~
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SEL~BAKING ELECTRODES

TECHNICAL FIELD

The present invention r~es to apparatus for pro-
cluing a consumab~ ~ectrod~ for use in a melting or
reduction arc furnae~ fom an ~ec~ode pa~e con-
t~ned in a met~Hc ea~ng and for suppling ~ectric~
current to the ~ec~ode by means of at least one current
supply unit.

BACKGROUND ART

A sdgbak~g dect~ode (a so-c~d SSderberg dec-
wodQ ~ primarily used in the production of ferro~loys
in reduction furnace~ Extern~ly the dec~ode confi~s
of a thin cylindfic~ caring of kon or ~ed having a
th~kne~ of from 0.2 to 3 mm, depending on the dec-
~ode diam~e~ The caring ~ con~ructed by succe~
fivdy wdding thin kon or ~ed pipe~ each intern~ly
r~nforced wkh fibs and/or sheet met~ fin~ onto the
e~sting caring at a rate to match that at which the
dec~ode ~ consumed. An dectrode pa~e ~ then fil~d
into the pipes fom above. The dec~ode pa~e o~en
confi~s of a compound of one or more of anthacite,
petroleum cok~ graphk~ co~ pitch, co~ tar and wood
ta~ Fu~her down lhe dec~od~ ~ectfic current ~ fed
to the dec~ode via so-c~d contact shoes. The baking
of the dec~ode pa~e takes place in a zone adjacent to

tht eor ;~net~ff2t~hc~;" wAhbearek~2 ~17;~22 ~r22~c~

poor conductor of dect~cRy. When the dectricN cu~
rent passes through the dec~ode past~ the paste N
heated by the rdease of reN~ance heat. The pa~e soft-
ens and md~ at a temperature of 50°-100° C., depend-
ing on Rs composition. At 350° C. the baking proce~
sta~ and gases and volatile components start escaping.
The baking proce~ may continue up to a temperature
of about 800° C., at which temperature the N~ of the

¯ volatile substances present in the pa~e are driven off.
The dec~ode pa~e has poor conducfivRy prior to the
bakin~ Therefore, the caNng and the internN rNnforc~
ment to a Nrge extent have to carry the dectric c~rrent
in the zone immediatdy bdow the contact shoe~ where
the baking proce~ has not y~ been completed.

The baNng of the dec~ode pa~e when uNng a
Soderberg dectrod~ as descNbed abov~ g compl~ated
and difficult to control. When the consumption rate of
the electrode exceeds that of the baking spee~ a so-
called green breakage may occu~ whereby unbaked
dec~ode pa~e slides out of the caNng and drops into
the furnace space. Such an event contaminates materiM
in the furnac~ pollutes the env~onment and N hazard-
ous to pe~onn~ operating the furnac~

Another disadvantage wR~ this m~hod of dec~ode
m~nufacture g th~ R cannot be automated in a Nmple
manner and that ~on or ~ed sheathed dec~odes can-
not be used in the manufacture og for exampl~ sil~on
m~N, in which kon ~ a harmful impurit~ Such sil~on
metM N used as raw materiM in the manufacture of
silicone~ in semiconductor manufacture and for alloy-
ing Muminum.

O~e object cf the present invention ~ to provide a
solution to the above-mentioned problems and other
problems associated therew~h.

SUMMARY OF THE INVENTION

The invention ~ characte~zed in th~ an inductive
furnace or heater ~ arranged, in the direction of feeding

~69~014
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~e ~od~ up~am of~e c~m ~p~y u~ ~
contact shoe~ s~d ~rnace or heater surrounding the
dec~ode and b~ng used to sup~y ~m~ energy to
the dec~ode ~th a ~ew to ~e~g the baking

5 proces~ Thu~ accord~g to the invention a separate
he~ng means ~ used ~r he~ng and ba~ng the de~
trode paste.

~ere are sever~ advamag~ wh~h reset fom the
use of the ~venfion and among ~e may be mentioned

10 ~e baking speed can be beRer ~r~ and hence

the risk of green breakage can be avolde& ~ per~
the sa~ use of a s~Nbaking electrode ~ ~c~s ~
w~ch ~ has previou~y been necessary to use prebaked
dec~odes ~a~on ~ ~e dec~ode@

15 The r~n~med kon or fled ca~ng can be d~pensed
~th, and the dec~ode manu~u~ can ~e~ be
autom~ed h a ~er m~ne~

The dec~ode can be used ~ ~r exam~ ~e man~
~u~ ~ ~on met~ ~nce no kon need be present ~

20 ~e dec~od~

Con~ructive advantages are g~ned wkh ~e~ to
the deign and location of the ~m~t shoe~ The
contact shoes can be ~c~ed above the roof of the ~v
nace when the current ~ ~e H~te&

A h~ow dec~ode can be manu~u~d ~ a ~m~e
manne~

~e dec~ode can be ~rmed from a c~hdric~ m~
t~ ca~ng, w~ch h the zone where the d~tro~

30 he~ng occurs changes hto a ~m~c ~shg ~d then
ag~ bdow the heate~ changes back hto a po~on
prov~ed ~th a met~ ca~ng. The ~ec~ode ~ nov
m~ly ~ppo~ed by de.rode hold~s w~ch ~e ~c~ed
bdow the dec~ode heater ~d w~ch engage ~e

35 em~ng bakedr unsheathed de~rod~ as ~H be de-
scribed bdow w~h ~mnce to the accompanyhg
drawhgs. The ~e~ng of the de.rode can ~e ~
~r ex~ by m~ of ~e~ ~e~ng c~hde~.
When the ~e~ng of the dec~ode ~ ~rm~ the

40 ca~ng ~d the heater ~e ~ ~cked po~on and the
dec~ode pa~e ~nks down hto the ca~ng. ~e

the advance of the dec~ode. When dec~ode co~rol ~
p~rmed, the ca~ng and the dec~ode he~er move"

~ w~h ~e de~rod~ ~ ~ no rdative movemem afi~s
b~ween ~e ~ec~ode pa~e ~d the cain& The dec-
~ode comrol can be p~rme~ Mr exam~ by me~s
of dec~ode comrol c~s.

BRIEF DESCRIPTION ~ ~E D~~S
50

~. ~ ~ ~w be ~em~e~ ~ g~
d~i by w~ ~ ~amNe, ~ re~rence to the accom-
~nfing ~a~ wh~Nm

FIG. 1 shows a hollow dec~ode wi~ ~ ~du~Ne

55 dec~ode he~e~
FIG. 2 shows a ~t~ ~ew of the ~ducfion de~

~ode heate~ and
FIG. 3 shows the rd~ b~ween deg~e of

baking across the b~ng zone.

DESCR~TION OF PREFERRED EMBODIMENT

FIG. 1 ~ows a ~~ d~ 2 ~ ~
a sheet ~on or ~ed caNng 1. The dec~ode 2 ~ ~nded
to be ~d down imo a Nrn~e ~hown do~ed ~ ~ as the

65 dec~ode N co~umed ~ the Nrnac~ ~c current
~om ~em ~PNY ~ads ~ N ~d ~to ~e decuode 2
at a contact shoe ~ ~d the electrode 2 ~ ~d down
¯rough a roof 5 of the Nrn~e ~
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The electrode 2 (and in practice there would be sev-

erM dectrode~, which ~ supplied wffh d~ect or Mtev
hating current ~in#e-phase cr m~fi-phase), ~ sup-
po~ed by dec~ode holders 6~ 6& The feeding down of
the dec~ode 2 can arise by allowing one holder 6a to
temporarily release its grip whim the other holder 6b ~
lowered by means of dectrode ~eding cylinde~ X The
one holder 6a can then be redamped whim the other
holder 6b ~ rMsed agMn using the cyfinders 7.

The dec~ode column ~ supposed by the dec~ode
holders 6¢ 6b which are located bdow an dec~ode
heater 9. The ~eding forward takes place by means of
the dectrode feeding cyfinders Z When a feeding down
of the dec~ode 2 occur~ the ca~ng 1 and the heater 9
are in a locked position and dec~ode pa~e, which ~
filled into the upper end of the ca~ng 1 at 8, ~nks fur
ther down into the ca~ng 1. The dec~ode pa~e can be
automatically added concurrently with the downward
advance of the dec~ode 2. When dec~ode control ~
performed, the ca~ng 1 and the heater 9 On the illu~
~ated case an inductive furnac~ move wffh the dec-
~ode colum~ th~ ~, no rel~ive movement takes place
b~ween the pa~e and the casing 1. E~c~ode control
can be performed by means of electrode control cylin-
ders shown at 12.

The induction furnace or other dectrode heater 9 N
arranged around the electrode 2. On a levd with the
heater 9, the caNng I g made of a non-ferromagnetic
(e.g. ceramic) materiN 1~ The non-ferromagnetic re-
gion of the ca~ng 1 can ~so be con~ructed as a cement
or concrete mold, reinforced with wir~ for example
titanium wire The pa~e which wiH form the dec~ode
2 ~ baked in the induction furnace 9 in a baking zone 11.
At 15 &ee FIG. 2), the dec~ode pa~e has been baked to
form a coherent sdgsuppo~ing dec~ode 2.

In many case~ the dec~ode 2 will be provided wRh
a central, refractory pipe 13 of a ceramic cr ~Nn~
~ed which can serve as a charging pa~age and a man-
drd for making the pa~age. The pipe 13 should extend
downwards beyond the baking zone 1L When the de~
~ode 2 N ~d dow~ the dec~ode heater 9 accompanies
it, and no rdative movement takes place between the
heater 9 and the dec~ode holders 6~ 6& In the viNnity
of the dectrode holders 6~ 6b the dectrode 2 ~ not
provided with a caNn~

A cen~N passage in the electrode 2 can be formed
wRh the Nd of the pipe 13 or by means of a speNN
mandrd made of a refractory non-magnetic materiN.

From FIG. 2 R can be seen that the baking of the
dec~ode pa~e takes place in a caNng 10 which ~ not
consumed, between the fines 16 and 15. In this way a
self-supporting dectrode N created bdow the fine 15
which need not therea~er be encased.

The ~sk of green breakage ~ efiminated’by the a~
rangement just desc~bed Nnce the dectrode 2 N Nready
baked to a solid form before R encounters the contact
shoe & The dectrode ma~ of cou~ be provided wRh
the tenON pa~age or could be of a non-hollow kind.

For controlling the baNng speed of the pa~e in the
con~rucfion of a sdgbaNng dectrode for an arc fu~
nac~ one or more of the prope~ies of the dec~ode can
be measured, ~uch as reNstivity, temperature, thermN
conduction, ~rength or densit% From the measured
vNue(s), a control NgnN can be obtNned for con~olling
the energisation of the heater 9 and/or con~olhng the
rate cf feeding down cf lhe dect~od~ The measured

prope~ies change during the ba~ng proces~ and can
thus be used ~r r~ corerS.

By measuring one or a ~w of the above pro~
~ong a gener~rix Bz Gee FIG. ~ ~mugh the ba~ng

5 zone ~ ~m~dy bdow ~ zon~ ~e de~d de~
of baNng ~ of the dec~ode pa~e can be obtNned.
S~mNe ~o~ or ~an~uc~s ~r tNs p~po~ may be
capaNmnce or ~asonic ~ansduc~s ~.g. ~c~ed ~ 14
in FIG. ~, but Nso other Wpes of sensors may be used.

10 The NgnN obtNned can be used, ~r in~c~ and
measuring purpose~ as wall as ~r co~m~ng ~e Led-
ing ~f the de,rodin In ins way, t~c baNng speed can
be comr~d so as to ensure comNme baNng of the
d~o~ ~in the heater 9. It wffi Nso be posNNe to

15 comrM and coordin~e the various Nn~ that N
dec~ode ~e~n~ baNng and ad~fion of fresh ~e~
~ode pa~ TNs can p~y be con~M~d by means of
a compme~

The embo~mem ~lu~rated can be varied in many
20 ways ~n ~e scope of ~e ~ dNms.

I ~m:
1. App~us ~r producing a ~um~ de~rod~

~r use in a m~ing or reduction are ~rnac~ from an
de.rode pa~e cont~ned in a met~ ca~ng and ~r

25 supping de~ric~ current to the dec~ode by means
of ~ ~ast one cu~em ~p~y u~L

¯ e im~ovemem wh~dn
an de.rode heater ~ arranged in the d~ection of

advance of the de.rode into the ~rnace up~am
30 of the current sup~y u~L s~d de.rode heater

b~ng arranged to be moved in s~d d~ection of
advance ~th the dec~ode when the dec~ode ~
advanced into the arc ~rna~, s~d dec~ode
heater surrounding the dec~ode pa~e and bring

35 adap~d to sup~y therm~nergy to the de.rode
pa~e to bake ~ into a sd~oh~em ~rm be~re ~
reaches the current sup~y u~L

2. App~us accor~ng ~ d~m L in w~ch the dec-
~ode pa~e ~ endo~d ~t~n a caring of a non~

40 magnetic m~eri~ or ~t~n a cover of ~ ~ed or
a combin~n of s~d m~ed~ ~d s~d ~ed.

3. App~us accor~ng ~ d~m 2, in w~ch ~e non-
~omagn~ m~eri~ ~ a ~c m~.

& App~us according to d~m 2, in w~ch ~e non-
~ ~om~netic m~eri~ ~ ~s ~ed.

5. App~us accor~ng to ~Mm L in w~ch a passage
~ ~rmed in the electrode by means of a mb~ man-

~ App~ ~c~ng ~ dMm 5, in w~ch ~e ma~
~ ~d ~ a t~e ~ ~fra~y ~d ~n~n~c m~.

7. App~us accor~ng to ~m 1, in w~ch at Ma~
one dec~ode ~e~ng c~ind~ ~ ~nged ~ suppo~ an
~ec~ode hMder ~r advan~ng the devoid into the
arc ~rn~

55 8. A~a~ ~ing m ~m L in w~ a ~pe ~
~om@n~c m~eri~ ~ ~c~ed ~r~y in ~e
de.rode pasta, s~d p~e e~ending ~mugh ~e being
zone of the decffode heater and ~ing bo~ as a m~
rim ch~ng pas~ m ~e ~rn~e ~d ~ a m~d m

60 create a p~e in the decffode a~er harde~ng of the
paste.

9. App~us according to clam 1, in w~ch the a~
~rna~ has at ~ast one electrode ~p~ ~th ~rect
~ ~n~ cu~em ~n~e~hase or md~phas0 ~a a

65 ~spe~ive current sup~y u~
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ABSTRACT

The present invention r~ates to an arrangement for
suspenfion of a ba~ng furnace (19) for continuous pro-
duction of carbon dec~odes in direct connection with
the smelting furnace (2) wherdn the electrodes are
consume& The ba~ng furnace ~ suspended ~om a
baking furnace ~ame (15) by means of at ~ast three rails
(16), s~d rai~ (16) bong connected to the ba~ng 
nace ~ame (15) at thor upper ends by means of first
univers~ joints (17) and the baking furnace (19) being
connected to the rails (16) by means of second unive~
joints (25) and wher~n the baEng furnace at ks upper
ends are equipped with means (21) for g~ding the dec-
trode into the baking furnace (19). The rails (16) 
preferably threaded spindles and the ba~ng furnace
b~ng connected to the spindles by means of nu~ (20)
having sphedc~ bearings (25). At the lower end of the
baking furnace there are preferably arranged at ~ast
three guide wheals (23) which via brackets (24) 
affixed to the baking furnace (1).

8 Claim~ 4 Drawing Figures
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FIG. 3.
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ARRANGEMENT FOR SUSPENSION OF A
BAKING FURNACE FOR ELECTRODES

BACKGROUND OF THE INVENTION

The present invention rd~es to an arrangement for
suspen~on of an dectrode baking furnace about a car-
bon dectrode which ~ produced in direct connection
with the furnace wher~n the ~ectrode ~ consumed.

It ~ known to produce continuous carbon dec~odes
in direct connection w~h the furnace wher~n they are
consumed by supplying heat energy to unbaked dec-
Bode paste comprising a paniculate carbon mated~
and a carbonaceous binder.

The baking furnace ~ arranged above the ~vd where
dectdc operating current ~ conducted to the electrode,
Green dectrode paste ~ charged into a steal casing
which ~ removed when the dectrode has passed
through the baking furnac~ In th~ way the product
which ~ produced in the smelting furnace ~ not con- 20
mmina~d by the iron of the steal ca~n~ As the dec-
trode ~ consumed new sections of steel casing are put
on the top of the dec~ode and addition~ green dec-
trode pa~e ~ charged into the casing.

In order to produce a homogeneous dectrode k ~ 25
impoaant that the bakihg furnace moves continuously
or sub~anti~ly continuoufly rdafive to the dectrode
with a vdocity which corresponds to a pres~ ba~ng
speed for the dectrod~

During the baking, the electrode pa~e becomes more 30
or ~ss ~qui~ wherea~er k ~ burned to a solid carbon
decUod~ As the baking temperature ~ between 700"
and 1300° C., the ~ed casing will become very so~ in
the baking zone in,de the baking furnac~ The dec-

tr°delow strength whenin~uding the casing~ ~ in~dethereiorethe bakinghaS anfurnace.eXtremdYin 35
order to produce a continuous dectrod~ the dectrode
therefore has to be guided through the baking furnace.

As the dectrode has to pass through another two
fixed points, namely the current clamps for conducting 40
dectfic operating current to the ~ec~ode and the dec-
trode holding and flipping equipment, any devotion
~om str~ght-lined dectrode will result in ~amping or
~king of the dectrod~ The dectrode will thus tither
break ~ a point b~ween the three fixed points which ~ 45
runs .through or ~ will be impo~ible to slip the dec-
trode through the dectrode holde~

It ~ fu~her impo~ant that the dec~ode during the
ba~ng process ~ kept centrally in the baking furnace in
order to obtain equ~ heating conditions about the pc- 50
riphery of the dectrod~

It ~ therefore an object of the present invention to
provide a suspen~on device for the baking furnace
which makes k unnecessary to guide the dectrode
through three fixed points, but which at the same time 55
keeps the dectrode centrally in the baking furnac~ By
use of the present invention ~ has fu~her been shown
th~ any devi~ion from a straight-lined dectrode ~
automatically compensate~

60
SUMMARY OF THE INVENTION

Accordingly the present invention rehtes to an ar-
rangement for suspension of a baking furnace for con-
tinuous production of carbon dectrodes in direct con-
nection with the smelting furnace wherein the e~c- 65
trodes are consume& The baking furnace ~ suspending
from a baking furnace ~ame by means of at ~ast three
raft~ said rafts b~ng connected to the baking furnace

~72Z684
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~ame by means of first spheric~ connections and to the
ba~ng ~rnace by means of second spheric~ connec-
tion~ The de,rode ~ kept centr~y in the baking ~r-
nace by guiding mean~ ~ least in ~e upper pa~ of ~e

5 baking ~rnac~
Pre~ra~ the r~s are threaded ~nd~ or hy~au-

~c ~n~ w~r~y ~e baking ~rnace can be moved
co~nuoufly or sub~anti~ly continuou~y rd~ve to
¯ e decffode ~ a speed equ~ to the p~ed baking

10 ~eed ~ ~e de~rod~
Accord~g to a pre~rred embodimem of the present

invention three guide wheals ~r the electrode are ar-
ranged ~ t~ ~wer end of t~ baking ~rnace ~r g~&
ing the decffode ~rough the ~wer end of the ba~ng

15 ~rnac¢

When s~n~ are used as r~ the s~n~es are con-
nected m the b~ing furnace ~ means ~ nuts where the
nuts ~a ~hefic~ beafin~ are a~xed to the baking
furnac~ In order to move t~ baking ~rnace up or
down ~e s~n~es are inmrconnec~d by axds to a com-
mon drive u~L so ~ the ~ree ~es are r~ed ~
the same time and at ~e same spee&

W~n ~aul~ ~inders are used as ra~ the move-
mere of ~e ~ons of the c~dem ~ inmrconnecmd ~
order m move the three pistons ~ t~ same time and ~
the same speed.

FurOr embodimenm of t~ present invention will be
e~de~ from the d~m~

T~ arr~mem according ~ t~ ~ese~ invem~n
will now be ~her described ~ connection ~th the
~aw~gs wh~h shows p~r~d embodimen~ of the
present inventiom

FI~ 1 ~ a schematic v~w of an e~rode in an dec-
~c ~rnace ~o~the ~king ~rnace accordi~~e arrangeme~ ~r su~en~Onto the p~se~ inve~o~°f

FIG. 2 ~ an e~a~ed ~ew of the ~r ~ of FIG.
1, ~o~ ~e b~ing ~mace and the arrangemem ~r
su~en~on of ~e ~king ~rnac~

FI~ 3 ~ ve~c~ ~ew ta~n gong ~ne 1--1 in FIG.

~ an~
FIG. 4 ~ ~hematic ~ew fi~r m FI~ 2 ~o~ng

ano~er embodime~ of the presem ~vem~n.

DETAILED DESCRIPTION

On FIG. 1 ~ere ~ ~own an dec~o~ I in an dectric
smelti~ ~rnace ̄ ~e smelting ~rnace has a smoke
hood or roof 3 and ~e ~vd of charge ~ ~e ~rnace ~
~c~ed by re~rence numerfl &

Convenfionfl curre~ damps ~r condu~n of de~
tfic ~er~ currem to the ~rnace are sc~m~c~y
shown by terence numeral & ~e curre~ damps 5
are pressed ag~nst the su~ce of ~e dec~ode by
means ofa ~sure ~g ~ ~e curre~ damps 5 and the
pressure fi~ 6 have i~ern~ ~aunds ~r c~c~ation of
a co~ng fl~d ~ show~ The current damps 5 are
via rods 7 su~en~d from an electr~e ~ame 8.

On the dectrode ~ame ~ there ~ arran~d two con-
ventionfl h~ding and slip~g ~ ~ ~ ~r the dec-
trode 1. ~e ~wer h~ng and ~p~ng ring can be
moved ve~y by means ~ hy~aul~ or pneum~
c~e~ 11 and 1Z

T~ dectrode ~ame 8 ~ ~ convention~ w~ sus-
pended in the ~rnace b~ng by means of hydraulic
e~rode ~ating c~s 13 and B. On t~ de~
trode ~ame ~ the~ ~ arranged a baking ~rnace flame
15. From the ~p of t~ baking ~rnace flame 15 ~ree
r~s 16 are suspende~ The r~s 16 are spheric~ly sus-
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pended flom me flame 15 by means of uNv~sN jNnts
such as ball bearings or cardan jNms 1Z

In the embo~mem shown on FIG. ~ lhe rails 16 are
~ the ~rm of spin~es with threads l& A baNng Nv
nace 19 ~r baNng of the de,rode ~ connected to the
s~n~ 16 by means of nuts 2~

As shown on FIG. ~ the nu~ 20 are connected to the
ba~ng ~rnace by sphericN bearings 2~ ~ order to
move the ba~ng furnace 19 up or down rda~ve to the
dec~od~ the spindl~ 1~ ~e ~rconne~ed by axds 26
to a common drive u~t 27 whe~by the sNn~ 16 can
be rotated at the same time and at the same speed.

The baNng Nrnace 19 N ~ Rs upper end eq~pped
with a g~de ring 21 made from i~on ~od or lhe lik~ The
~ner ~am~er of lhe ring 21 ~ equN to or somewh~
Nrger than the ~ameter of the decUode casing 2Z The
g~de ring 21 N intended to gu~e the dectrode through
the baking Nrnaee 1~

Bdow the baNng Nrnace 19 the~ are prNerab~
a~anged g~de wheals 23 wNch ~a bracke~ 24 are
affixed ~ the baNng Nrnace 19. The g~de wheels 23
are ~nded m g~de the baked dec~od~

On FIG. 4 there ~ shown another embodiment of the
pr~ent ~vention where the rain 16 ~re ~ the ~rm of
hydraulic cylinders 1~ T~e ~wer end cf the c~de~
16 are connected to the baNng ~rnace by means of
uNve~N jN~s such ~ ball connection or cardan joints.
In order to obtNn a continuous or sub~antially continu-
ous movement of the baNng ~rnace the supNy of h~
draufic fl~d to the cylinders 16 are ~rconne~ed.

The baking Nrn~ce 19 ~ eq~pped with means for
supNy of he~ energ% such ~ N1 or gas burners or
de~ric heating dements Oot shown). As the dectrode
g consumed ~ the smelting Nrnac~ ~ ~ slipped down
through the cu~ent damps by oper~g the hM~ng-
and slipNng ring % 1~ The movement of the baNng
furnace 19 ~ pre~mNy ~rconne~ed with the dec-
trode slipNng eq~pment ~ such a way th~ when the
de,rode g slipped a ce~Nn increment through the
hd~ng and slipNng rings ~ 1~ the baNng ~rnace 15
wi~ automatiea~y be moved an equN ~anee down-
ward~ In ~ way the position of the baNng ~rnace N
ken ~ the same position rdative to the baNng zone ~
the dec~od~

As the bak~g ~rnace accor~ng ~ the p~ ~vem
~on N suspended ~ rails wNch are connected to the
baNng ~rnace flame and to the baking Nrnace by uN-
vein jNnts and the de,rode ~ g~ded at leag ~ the
upper pa~ of the baNng furnac~ a de~ation from a
straight-lined ele~rode will irony lh~ the baNng Nv
naee N a~omatically moved tonally outwards from lhe
center line of the deetroge while the dec~ode still wi~
be ce~rN~ s~u~ed ~ the baking Nrnac~ R N thereby
avNded that de~ations irom a ~raight-lined dec~ode.
w~ ~amp ~e dectrod~ ~ h~ ~her surpri~n~y
been found that ff a de~ation flora a ~raight-lined dec-
trode occurs, and the ta~ng ~rnace thereby mov~ om
from the center ~ne ~r a ~r~ght~ned electrode, the

dec~ode w~ soon move back to the center fine ~r a
~r~g~ned de~rod~ T~s means that the arrange-
ment ~r suspend~g the ba~ng ~mace accor~ng to
the present ~venfion ~ ~em~.

5 W~t ~ ~m~:
1. Armngeme~ ~r ~en~ng a ba~ng ~rnace ~r

confinuou~y produ~n of ~on d~od~ h ~re~
conne~n w~h ~e smd~ng ~rn~e wh~n ~e ~e~
t~des are consume~ characterized h that the ba~ng

10 ~rnace ~ ~ suspended flora a ba~ng ~mace flame
0~ by m~ of ~ ~t ~e r~s (1~ s~d r~s 
b~ng connected to the baMng ~mace flame (1~ at
thdr upper ends by means of fir~ ~heri~l jMms (1~
and whe~ the ba~ng ~rn~e (1~ ~ connected to me

1~ r~s by m~ ~c~d ~ric~ j~ms ~ me ~ng
~m~e h~ng means ~l) ~ ks upper end ~r g~ng
the dec~od~ ’

Z A~angeme~ accordhg to ~m 1, characterized
h that the ~ ~@ are ~aded s~nd~s.

2O 3. A~angemem accordhg to ~m ~ characterized
h ~ the ba~ng ~mace (19) ~ connected to the 
¯ ~ by me~s & n~s ~.

¯ A~angemem accor~ng to ~m ~ characterized
h th~ the nuts ~ ~ affixed to the ba~ng ~e by

2~ means of ~heric~ be~n~ ~.
5. A~~t aecor~ng to ~m ~ characterized

h that me ~h~ (1@ ~a ax~s ~@ a~ connected to
a common drive u~t ~ ~r m~tion of the s~n~

3O & A~angemem accordhg to ~m L characterized
h th~ ~he r~s (1@ are hydra~ c~hde~.

Z A~angeme~ ~r ~en~ng a ba~ng ~rnace ~r
continuous W~u~ of carbon ~ec~odes h ~rect
connection ~th a ~ng ~rnace wh~n the ~ec-

35 trades are consumed characterized h that me ba~ng
~rnace ~ suspended flora a ba~ng ~ace ~me by
means of~ ~ast ~ ~ ~ ~ ~g ~ to
me ba~ng ~mace ~ at thor upper ends ~ me~s
of fi~t ~heric~ j~s and wh~e the ba~ng ~rnace ~

~ connected to the r~ by .means of second spheric~
j~s ~e h~ng ~rn~e h~hg a g~de ring ~r g~ng
the dee~ode h the upp~ pa~ of the ba~ng ~rnae~
me g~de ring ha~ng a ~r equM ~ or ~mewh~
l~er than the ~am~ of the dec~ode~

~ 8. A~angemem ~r ~en~ng a ba~ng ~rnace ~r
continuous ~u~ of carbon dec~odes ~ ~rect
connection ~th a ~ng ~mace wh~dn the de~
trades are co~umed characterized h th~ the ba~ng
~rn~e ~ suspended ~m a ba~ng hrnace flame by

50 means of at ~ast three r~s bring connected to the
ba~ng ~rnace ~me at thor upper ends by means of
fi~t sphericM j~s ~d where the ba~ng ~rnace ~
connec~d to the r~ by means of second spherieM
j~ms me h~g ~ ha~ng means at Rs upper end

55 ~r g~ng the dee~od~ and at the ~w~ pa~ of the
b~ng ~rn~e the~ are arranged ~ ~ast three g~de
wheals ~r g~ng the dec~ode~

¯ * * * *
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mecha~cM endurance of the graphite Myer meets ~e
~r~ce ~qu~emen~ ~ the u~ of pro~e ~ec~ode~

T~s o~e~ ~ ac~eved by the ap~m~n onto a
graphite electrod~ pr~ected by a s!n#~ or m~ayer

5 m~all~ or m~M~Mde coatin~ a graphite ~uspen~on
w~ch contMns of from 100 to 1500 g graphite wffh a
grain ~e of up ~ 2 mm, of from 20 to 150 g wmer-solm
Me ~n~-ac~e adhefiv~ of ~om 10 to 80 g w~evs~-
uMe m~h~ cdl~o~ thickener, and from of 1000 ~

10 1600 g wate~ The ~d~ed quamff~s are ~r a s~r~ce
of 1 m~ The ap#~ation of the graphite suspen~on ~
effe~ed by spra~n~ sprea~ng or by another s~Me
mean~ The applied graphite Myer ~ su~ec~d to a
mecha~cM ~eatment ~r compa~g ffs ~ructure by

15 means ofa p~u~ rolleL a v~tion ~ or by another

s~mMe mean~
The advamag~ of the m~hod accor~ng to t~s ~-

vem~n l~ ~ th~ the compared grap~ Myer has a 3
to 5 times ~wer contact reliance o~ ~spe~d~

20 reduced power gener~ed ~ the contact heads and has a

suffioent mechan~M endurance to meet the ~r~ce
~q~remen~ for the use of protected graphite dec-
~ode~

For a b~r understand~g cf ~e ~vem~ ff w~ be25
ex#Mned by means of the folMwing exam,s.

EXAMPLE 1

Onto the uppermost Myer of a graphite electrode

30 protected by a sin#~ cr m~ayer m~Ml~ pro~ctive
coating there ~ applied by spm~ng a suspen~on con-
taining 700 g of graphite w~h a grMn s~e of up to 1 mm,
35 g of a wmer6MubM ~n~-ac~e adhesive, 25 g of
w~evs~uMe m~h~ c~M~ and 1350 cm~ of wm~.

35 The app~ed and not fully dried ~y~ ~ compared at
a ~mpem~re of the dec~ode of abom 100° C. by roll-
~g wffh a m~M r~Mr.

EXAMPLE 2

40 Onto the uppermost ~yer of a graphite dectrode
protected by a ~n#~ or multilayer m~at-oMde coating
there ~ applied by spra~ng a suspen~on comM~ng:
1000 g electrographite wffh a ~rMn s~e of up to 1.5 mm,
45 g of a w~er~uMe ~nyl-ac~me adhe~v~ 20 g of

45 w~er~o~Me methi~ cell~ose and 1000 cm~ of w~e~
The applied and not ful~ dried Myer ~ compared ~

a ~mp~u~ of the dectrode of abo~ 10~ C. wffh a
~bration m~.

The graphite electrodes wffh compared pr~ect~e
50 graphite hyer accord~g to exam~ 1 and 2 are ~a-

~d by a 3 to 5 times reduced contact ~sismnce--~e
voltage drop ~ the contact sur~c~ ~ of from 550 to
1300 mV at a current density of 50 A/cm~

We ~m:
55 1. A co~ed elec~ode compriMng:

a graphite de~rod~
a m~a~c or m~M~x~e ~yer coating said eM~rode;

and
a compared grap~ ~yer comMng a Mnd~ coating

s~d m~all~ or m~de hye~ wh~dn s~d
graphite layer contains graphite w~h a grMn Mze of
up to 2 mm ~ a quanti~ of 200 to 2000 g/m2, a
wmevs~uMe v~cem~ ~ a Mnd~ of from 2 to
20% by woght, and me~ cM~ ~ a ~kener

65 of from 1 to 10% by w~g~.
2. A m~hod ~r producing a coated de,rode com-

pri~ng the ~eps off
~rming a graphite electrode;
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coating s~d ~ec~ode with a metall~ or metal-o~de
~ye~

coating s~d met~l~ or met~-o~de ~yer with a
graphite suspen~on ~ye~ wher~n s~d graphite
layer cont~ns graphite with a grin ~ze of up to 2 5
mm in a quantity of 200 to 2000 g/m2, a wate~solu-
ble vinybacetate as a binder of from 2 to 20% by

w~ghL and m~h~ c~l~o~ ~ a ~ ~ from
1 to 10% by w~g~ upon dr~n~ and

~e~g s~d ~aphRe ~y~ m m~han~ compa~
fion by means of a p~u~ r~ler or a ~

10

15

25

3o

35

55

65
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~ma~ Exam~er--Roy ~ Env~ J~
A~o~ Agen~ or Fi~--~e~ ~d Vibber

~e proCUre coa~g con~s~ of t~ee ~ers. As ~-
~g ~tives ~ the ~st ~d second hyer or o~y ~
t~ s~oM layer ~e ~e~ ~ckd ~d ~on or ~e~ o~des
whereby ~e ~ck~ co~e~ h ~om ~05 to ~95% ~d
¯ e ~n con~nt ~ respectivel~ ~om ~1 to 15% ~th
reg~d ~ the to~ ~o~t ~ ~. Bo~ h~rs ~e
s~ed ~ heat tre~me~ ~th s~ace denny of the

~e th~ d~c~ed ~ap~ ele~rod~ ~e us~ ~ arc
f~ace~

4 Claims, 1 Drawing Sheet
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GRAPHITIC ELECTRODE WITH PROTECTIVE
COATING

~ ~vention ~a~ ~ ~ap~tic ~Uod~ w~
Me pro~d~ ~ a prot~tive coa~g, such el~U~
~g ~d ~ ~c ~.

Pro~tive coa~ ~r ~ap~fic ~trod~ hang
one or more pm~five layer, ~d ~e meth~ for fo~-
~ ~e, Me d~ribed ~ B~g~ Au~o~p ~-
m~ No. 11~ ~.~ ~ a~or~ce ~ ~
me~, ~e ~p~a~ laye~ ~ ~e coa~ Me ~ed
by ~c ~c ~ent of a me~ed ~~
layer on w~ch there ~ de,sited a ~t~e of ~o~g
~tiv~. ~ ac~r~ce ~ B~g~ Au~o~p
~cate No. 13~ 01.1Z19~ thee ~o~g ~tiv~
con~ s~con ~b~ ti~ ~o~de, boric acid, ~d
~ ~ ~wder fo~.

~e ~dv~ge ~ ~e ~scrib~ p~r ~ coa~g ~
¯ e~ ~ativ~y low ~osion r~ ~ a tempera-
~e of 1550 ° ~ ~ ~ o~g me&~.

~e ~ve~on ~ ~o~ ~ ~ the pro~ion ~
a coa~g on ~ap~t~ ~trod~ ~ ~er co~osion
r~s~ce ~ the co~o~on r~is~ ~ e~g coat-
~gs on such elecUod~ ~ a temperate ~ 1~° C ~
the a~osphere.

~ ~t ~ ac~eved ~ a protec~e coa~g con-
s~g of ~ laye~ ~d ~ accor~g W ~e
meted d~ri~d ~ (1~ ~ ~o~g ~tives ~ the
~st~ ~ckel ~d ~on or the~ o~d~ whereby~d ~cond layer or o~ ~ the s~O~the co~ent~er Me

of ~ckel ~ ~ ~e r~ge from ~% to ~95% ~d of
~on ~ ~e r~ ~om ~1% ~ 15% ~ ~eg~d to ~e
W~ ~o~t ~ ~. Both laye~ Me sub~ ~
a h~t trea~ent ~th a s~e de~ ~ ~e h~t ~w
8 ~ 1~ W/m~.

~e ~d ~yer co~ ~ ~~ ~ ~c~c~

~e th~ fo~ m~ti-~yer coa~g e~a~ ~ pro-
t~tive prope~ ~ a temperate of 1~° ~ ~ t~
~mo~e ~er 11 to 14 ho~. By way ~ con~t, the
describ~ ~own coa~gs ~r the s~e con~ns
e~a~t ~ protective prope~ies ~er o~y 4 to 5
ho~.

B~EF DESC~ION OF T~ D~W~G

Wi~ thee ~d other ~ ~ ~ew, w~ch w~
become ~p~ent ~ ~e foHow~g e~es, ~e present
~ven~ w~ch ~ sho~ by ex~ple o~ w~ be
cl~ly ~de~ ~ come.on ~th ~e accomp~
~g &a~ ~ w~c~

~ 1 ~ a schemat~ cross s~tion ~ew of ~e coat-
~ ~ Ex~ 1; ~d

FI~ 2 ~ a ~he~t~ cro~ section view ~ the coat-

~e ~v~tion ~ ~ated by ~e ~How~g e~-

E~PLE 1

On the s~ace of a ~ap~tic ~ectrode ~ere w~
~ ~ me~atio~ a ~ layer co~s~g of ~u-
~ ~ a tec~c~ ~ade p~ty ~ ~ ~o~t of
7~ ~m~ Over such ~t ~er ~ ~~ there w~
applied a blend ~th the follo~g conten~ ~ ~m2 ~on
o~de, 10 ~m2 ~ckel, ~d 18 ~m2 ~u~ powder.
~ w~ ~Howed by h~t ~ea~ent ~ a s~ace
density of the he~ ~w of 1ZI~ W/cm2. ~ese two
co~gs comp~e the ~ of t~ee laye~ s~d ~st
~er bc~g ~ ~oy AI-~-Ni. A second ~er w~

~75~187
2

layer ~g ~eated ~ e~c~y ~e ~e ma~er ~ the
~st layer. F~ ~ere w~ ~ed a t~d layer of
p~e ~ ~ ~e ~o~t ~ 11~ ~m~ by me~-

5 ~tio~ ~d then ~e s~a~ w~ po~d by a ~e
b~

E~PLE 2

On ~e s~ace of a ~ap~tic d~tro~ there was
10 app~ by me~ation a ~st h~r of ~um tec~

~c~ ~ade p~ty ~ ~e ~o~t of 590 ~m2. Over ~
¯ere w~ ~pfied a ~end con~g 57 ffm~ ~m
powde~ ~ ~m2 ~con c~d~ ~ ~m2 s~co~ 38
~m 2 bo~ ~ ~d ~ ~m 2 ti~ ~o~d~ ~e

15 ~o coa~ ~ ~e ~t layer w~ch w~ heat tr~d
~ a s~ace de~ ~ ~e h~t flow ~ &106 W/m2.
~ t~ f~t layer ~ ~ ~oy ~i-Ti-B. Folb~g
~, a ~coM layer ~ ~m appfied ~ me~
~n ~ ~ mo~t ~ 850 ~m2 w~ ~ over ~e ~st

20 ~er. Over such ~~ coa~g ~ere w~ ~p~d a
~end con~g 80 ~m2 kon o~d~ 12 ~m2 ~ck~
~d 20 ~m 2 ~m ~wder. ~s w~ fo~ow~ ~
heat trident ~th a s~ace de~ity of ~e he~ flow of
15.106 W/m2. ~us ~e ~cond hyer ~ ~ ~oy ~-~-
~. F~ a t~d ~er composed of ~m w~

25
app~ed ~ me~on ~ ~ mo~t ~ 11~ ~m2 ~
app~d ~ ~e pre~o~y a~d coa~ on ~e dec-
~od~ ~e outer s~ace of t~ l~t appfied ~m
co~ w~ po~h~ ~ a ~e b~E30 ~th~°U~reference ~e ~v~tiona ~ ~ emb~en~~ ~ ~d ~er~ ~ustr~

~ ~ be expr~ ~de~tood that ~ ~ ~ no w~ l~t~
~ ~e ~c~s~e of such pre~ed embo~en~ but ~
c~able of nmero~ mod~c~o~ ~t~ t~ scope of
t~ append~ ~.

35 We ~:
L A ~ap~tic ~ectrode ~v~ a ~otective coa~

~d coa~g comp~ a ~t, s~ond ~d t~d laye~
s~d F~st ~d second layer ~ch berg ~ ~1oy co.st-

ag ~ me~ed ~~ ~d a blend coning
~ ~m powder, s~con c~b~ ~o~ tit~

~ ~o~de ~d boric a~
s~d f~st ~d second layers berg treated by ~e~ric

~c;
s~d ~ddayer co~ist~g ~ p~e ~u~um; ~d

4~ s~d f~t~d second ~rs con~g from ~5 to
0.95%~ckel ~d from ~1% to 1~% ~on with
reg~d to the to~ ~o~t of ~.

¯ A ~ap~tic el~ode hav~g a proCUre co~g
electrodes ~ ~ed ~ ~ ~ where~ the f~t ~d

~0 the seco~ layers Me heat treated w~ a s~ace denny

of ~e ~ from 8× ~ m 16× 105 W/m2.
& A ~ap~ ~ctro~ hav~g a protegee co~n~

s~d coat~g comp~ a ~ seco~ ~d t~d laye~
~d ~ ~d seco~ layer ea~ berg ~ ~ consist-

~g of me~ed ~~ ~d a blend of ~-
i~ ~wder, silicon c~bide, s~co~ ti~ ~ox-
~e ~d boric acid;

s~d f~st ~d second ~e~ berg treated ~ ~ect~

s~d t~d layer cons~t~ of p~e ~; ~d
~d s~ond layer con~g from 0.5 m 0.9~% ~ck~

~d ~om ~1% ~ 15% ~on ~ reg~d ~ ~e tot~
~o~t of ~.

¯ A gr~tic ~ectrode hang a protege co~ng
6~ ~ ~ed ~ ~ ~ where~ t~ ~t ~d the second

~yers ~e ~ treated ~th a s~ace denny ~ t~ ~
from 8× 1~ ~ 16× 106 W/m2.
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ABSTRACT

The dectfic ~m~e oper~g cy~e time ~ substan-
tially reduced by ~g water into the porous pack
~ ~on~eo~ m~ed~ surrounding the de~rodes at
a w~ rate a~usted m ma~mi~ vaporiz~n of w~er
~to steam wit~n the porous pack w~le allow~g the
steam to escape wi~out coma~g the de~rode~
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METHOD FOR OPERATING AN ELECTRODE
GRAPHITIZATION FURNACE

FIELD OF THE INVENTION

This ~vention rd~es to an improved m~hod for
operat~g an de~ric furnace ~ the manu~ure of
graphite electrodes.

BACKGROUND OF THE INVENTION

Graphite de~rod~ are used ~ the manu~ure of
Ned. The graphite de,rode is formed flom a carbon
de,rode w~ch ~ graphRized at ~mper~u~s exceed-
~g 2800° C. in an de,rode grap~tiz~n furnac~
Because of the high ~mper~u~ req~red to graphkize
the de~rod~ an e~remdy long coC down time period
~ req~red before the furnace can be u~oaded and
reloaded with flesh stock. Th~ ~mi~ process capa~ty.
Over dghty percent ~0%) of the furnace cycle time
~v~ves wait~g for the de~rodes ~o coC before un-
load~g and w~fing for the u~oaded furnace bed to
co~ before reloadin~ At~mpts to unload a hot furnace
res~ ~ sur~ce o~dation of the dec~ode~ therm~
damage to furnace component~ thermfl damage to
han~g equ~ment, excesfive o~dafion of the ~s~-
~g pack and an unsa~ wor~ng en~ronment. Rdoad-
~g a furnace wRh a hot bed can ~so lead to worker
injury and haphazard ~a~ng procedure. Con~rucfion
cf gd~tion~ furnaces to ~cre~e capacity ~ ~effic~m 30
and expenfiv~ Accor~n~ a m~hod has long been
sought to reduce the co~ down time period for the
de~rodes a~er they have been graphitized and/or to
reduce the coC down time period of the furnace bed for
rdoad~g the furnace. 35

SUMMARY OF THE INVENTION

It has been d~covered in accordance with the proem
~vent~n th~ the furnace co~ down time period and
lhe recycle time for rdoad~g lhe furnace wi~h flesh 40
carbon de~rodes can be sub~anti~ly reduced by
spra~ng water over the ~s~g pack of gran~med
coke panicles su~oun~ng the de~rod~, ~ a con-
~d manne~ as will be ex~ned at length her~na~
te~ for co~g the furnace without caufing contact 45
b~ween the cooling w~er and the de~rode~ The r~e
of cooling water aphid to the ~s~g pack ~ con-
~olled so th~ the cooling w~er ~ conve~ed to w~er
vapor w~h e~enti~ly no wmer or w~er vapor com~g
into contact w~h the de~rode~ If wate~ or w~er 50
vapor above a nomin~ amounL shodd come ~to
conm~ with a carbon dec~ode at the ~mperature of
grap~fiz~n a reaction may occur gener~g ex~o-
~ve gases or ~ mi~mum the dectrode w~ burn and be
damage& Accor~n~ heretofore, water has never 55
been con~dered a ~able option for furnace coolin&

The m~hod for operat~g an dectdc furnace ~ ac-
cordance w~h the pre~nt invention comprises:

~a~ng ungrap~fized carbon decgodes upon a bed
of carbonaceous m~eri~ ~Io ~id furnac~ 60

surrounding s~d carbon electrodes with pressed
gran~ar panicles ¢f carbonaceous m~eri~ to form a
porous pack of thermM ~s~

pass~g de~ric current through or around s~d cab
bon de~rodes to dev~e the ~mper~ure of s~d de~ ~5
~odes to a ~mper~ure above 2800* C. for conven~g
carbon to graphh~

term~m~g said current Uow;

5,117,439
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d~e~g water ~to said porous pack of carbona-
ceous mmeri~ whh the rate of wm~ a~u~ed to maxi-
~ ~riz~ ~ w~ ~ ~m w~e ~w~g a
~t amount ~ w~er ~ p~c~ through s~d

5 porous pack to a controlled de~h to ~rm a co~ ~an-
k~ of pacing m~eri~ ov~ ~d de~md~ ~ ~
ti~ly no w~ or w~ vapor ~ ~m ~ma~ ~th
¯ e de~d~; and

~mo~ng the graphRized electrodes flora the ~r-
10 nace.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantag~ of ~e ~venfion w~ become appa~
~t flom ~e ~ d~d d~cfi~n ~e ~n-

15 tion when read ~ ~~ ~ ~e accompany~g
~a~s ~ wh~h:

FIG. 1 is a d~gmmm~ ~an ~ew of an de~ric
~rn~e ~r convening carbon dermis to g~e
electrodes and ~Oud~ one embo~ment of a water

~ ~my ~m~y ~r pm~i~ng ~e m~hod ~ ~e p~m

FIG. 2 ~ a cro~ section~ ~ew ~ken ~ong the ~nes
2--2 of FIG. 1;

FIG. 3 ~ a perspective ~ew of the water spray as-
25 semNy of FIG. 1;

FIG. 4 ~ a g~p~c ~w~n of the water co~ng
he~ ~ans~r rd~ns~p ~ the ~1~ pack during
~e ~rna~ ~;

FIG. ~ ~ a cro~ ~ctionM ~ew of~e ~rnace of FIG.
1 ~th an M~rnme water spray co~g ~mMy; and

FIG. 6 ~ a ~ew ~mflar to FIG. 5 ~ y~ another
water spray ~m~y ~r providing a ~nt water
spray p~n.

DETAILED DESC~P~ON OF THE
PREFERRED EMBODIMENT

Carbon electrodes are conve~ed to g~phi~ dec-
~od~ ~ ~ de~ric ~rn~e by rM~ng ~e ~mp~m~e
of the de~rodes to a ~mp~mu~ exceeding 28~° C.
The ~mngement of ~e de~rod~ ~r a ~#cM gmphG
fizafion ~rnace ~ shown ~ FIG. 1-2 ~ ~~
~th a wm~ ~y ~mMy ~r ~a~idng ~e m~hod
of the pr~ent ~vent~n. The de~ric ~rnace 10 is con-
~ructed ~ the ~rm of a ~ang~ enclosure ha~ng
an open mp 1L a concrete floor or base suppo~ 1Z fide
wMls 14 and end w~s 16. Refla~ory Mocks 15, e.g. of
fire brick am moun~d over the concr~e floor 12. A bed
18 ~a c~bon~ ~fla~y p~ng mmeriM ~& ~
coke, ~ #aced over the reflactory Mocks 15 ~ ~rm a
u~rm conductive refla~ory body upon w~ch m ~
the ~ ~ A center wMl 20 ~des the ~rnace
10 ~to two sections A and B respecfivd~ each of
w~ch ~n~m a m~e numb~ of electrodes E ar-
ranged ~ parM~ rows. A pack 21 of g~n~ ca~o~-
ceous mmeriM ~r~y of cok~ surrounds the dec-
trodes ~ The ~ mmeriM ~r~ ~e pack 21 ~
pre~zed to ~rm a porous reflactory thermM ~s~
body w~ ~rm~ v~mfl~ m p~s ~mugh ~e pack
21 during the firing cycle and to esc~e ~mugh the
open top 11 of the ~ce 1~

The decgodes E a~ arranged ~ ~ne ~rmm~n ~
pared rows ~th the dec~odes ~gned end to end
~t~n each ~ion A and B of the ~rnace 1~ The row
of decgodes E ~ se~n A are bridged at one end of
the ~rnace 10 to the row ~ de~md~ E ~ se~n B
~mugh space~ 22 and a ~e crossover memb~
23 to ~rm a series ~rc~ bmween the de~rodes E of
~ A ~d ~e d~tm~s E ~ ~n B. T~nM
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po~s 25 and 26 connect the de~rodes E m the oppo~te
end of the furnace 10 through dectricM contac~ (not
shown) to a power supply (not shown) for d~ect~g
de~ric current through the de~rodes E to graphffize
the carbon dectrodes E at an ~evmed ~mpermure of
above 2800° C. as ~ well known to those sMHed in the
a~. The graphitizing opermion ~ generMly fully com-
ploed in about 40 hours Upon compl~ion of the graph-
~ifing cycle dectricM power is ~hut off and the coolMg
cycle ~ initiated. The cooling cycle co~e~ a cool down
time period to reduce the dec~ode temper~ure to a
tempermure which perm,s removM of the dectrodes
~om the furnace and a cool~g period to reduce the
temper~ure of the re~actory bed 18 to a ~mper~ure
which permffs rdoading the furnace wffh new carbon
de~rodes The combined coolMg time represents the
compl~e cooling cycle which ~ generMly from four to
~x times as long as the furnace firing time.

The furnace 10 ~ cooled in accordance with the pre~
ent ~vention ufing a cool~g sy~em as ~ exemplified in
FIGS. I and 3 ~ufiv~ In FIG. 3 a removable ~ame
30 is shown which ~udes an angle h~ 31 with an eye
hook 33 adapted to be lifted by a crane (not shown) for
positioning the flame 30 over the center wMl 20 of the
furnace 10. The flame 30 includes a bo~l~e #rder 32
wffh r~nforced open web joints 34 spaced apa~ Mong
the Mngth of the girder 32 w~ch re~ on the center wMl
20. A m~fiple number of cross pipes 36 are fixedly
secured to the girder 32 for suppling water to water
spray nozzles 38 ~ched to the oppo~te ends of the
cross pipes 3~ A water suppiy ~ed line 40 extends
Mong the girder 32 longitud~Mly and ~ects each of
the cross pipes 36 to form a common supply line for
each of the nozfles 38 via the cross pipes 36. The water
sup#y ~ed l~e 40 ~ coupled through a q~ck d~con-
nect (not shown) to a hose 42 which is connected to 
pressure reg~Med water sup~y (not shown).

At lea~ one wMer spray nozfle 38 extends ~om each
cross pipe 36 over each section A and B respectivdy.
The cro~ ~pes 36 are spaced rdativdy every apa~
over the ~ngth of the girder 32 which corresponds to
the ~ngth of the furnace 10 and may be 70 or more fe~
long. The spac~g b~ween cross pipes 36 ~ cMc~med
to es~bl~h a u~form d~tdbufion of wmer over the
porous pack 21.
¯ The wmer emff~d from the nozfles 38 is sprayed into

the pack 21 m a ~ow rate which is pre~rably u~fotm
and bManced~ The water percolm~g through the pack
21 shoed not come ~to contact wffh the dectrodes E.
Accord~gl~ the rate at which the water ~ appi~d ~
criticM and ~ dependent upon the permeability of the
insulm~g pack 21. To achieve mafimum cooling of the
pack 21 ff ~ e~entiM that enough water pa~es brow
the surface of the pack 21 to form a cool blank~ C of
packing m~eriM before complete vaporization occurs
i.e. the submerged w~er should vaporize above the
dectrodes E and escape through the co~ blank~ C of
packing materi~. This ~ apparent ~om FIG. 4 which ~
a graphic ftlu~ration of the water cooling heat ~ans~r
reMtionship in the pack 21. The cool blank~ C of pack-
ing materiM extends ~om the top surface S and ~ com-
posed of an area W saturated with water and a contigu-
ous area V of vaporized water w~ch ties above the
dectrodes E. Vaporized cooling wffhin the pack 21 ~ as
much as ten times more effident than l~u~ water~ool-
ing. The water vapor escapes through the blank~ C to
prevent any contact with the dec~odes E so as to avoid
burn~g the dectrodes In theory you want to spray a

suffi~ent amount of water to form a water saturated
area W of rimmed depth with an adjacent area V of
vaporized water spaced from the ~ectrodes E. Al-
though the m~ority of the wMer will initially vaporize

5 upon contact with the top sur~ce S of the hot pack 21
the amount of appt~d water mu~ be suffi~ent for
enough excess w~er to percoMte through the pack 21
to form a blank~ C of coM pacing mmefiM contM~ng
a water saturmed area W. The conver~on from wmer to

10 ~eam provides very effluent cool~g of the undefl#ng
hot insulat~g pack 21 surround~g the ~ect~odes E. As
the coM water percolates through the pack 21, ~ ~, in
effect, reduc~g the th~kne~ of the hot pack 21 to
speed cooling. The co~ blank~ C of pacing mmeriM

15 ~es above the underlying hot pack 21 and removes the
heat from the hot pack 21 fa~er than naturM or forced
Mr convection can.

As ~ated above, the rate at which the water ~ appl~d
depends on the permeaMlity of the insdating pack 21.

20 Accordingly, each pack 21 will require a different
water application rate. For exampl~ various furnaces
have been water spray cooled with a water appl~mion
~ate ¢f b~ween 4-25 gMlcns per minute. TotM ~ppl~v
tion of water has Mso varied ~om b~ween 6000-1 ~000

25 gMlons depending on the furnace temperatur~ pack
permeability and de,red co~g rate.

After unload~g the grap~t~ed decttodes E, addi-
fionM cooling ~ required to cool the unded#ng bed 18
before the furnace 10 can be rdoaded wffh ungraphfl-

30 ~ed carbon dectrode~ This may ~volve a time period
of up to 120 hour. Thebed 18 mu~ be re~ored to a sa~
loading ~mperature to avoid worker in july and hap-
hazard loading procedures In accordance with the
present ~ventiom cool~g of the bed 18 a~er the graphi-

35 fized dec~odes are removed may be accderated by
appl#ng water to the bed at a rate to maxim~e cool~g
of the bed 18 but hm~ed the bed 18 is converted to
~eam by vaporization prior to rdoading flesh dec-
~cdes E. Pre~rabl% water shoed be appl~d to cool

40 the bed 18 at a rate of b~ween 4 to 25 gMlons per min-
ule u~ng 150-3000 gMlons totM.

The water spray pattern ~ not crit~M to the present
~ventiom In FIG. 2 water is sprayed from a cool~g
sy~em ~ which the removable ~ame 30 ~ supposed by

45 the center wM1 20. In this arrangement the ~ame 30
may be li~ed and ~anspo~ed to another furnac~ An
Mternme removabM assembly for spraying cool~g
water on the pack 21 ~ shown in FIG. 5. A removable
flame 40 ~ supposed over g~de rMls 42 u~ng V rolM~

50 45 which are removaMy mounted over the guide rafts
42 on oppofite tides of the furnace Mde wMls 1~ The V
- rolM~ 4~ are connected to the upright suppo~s 46 of
the flame 40. The upright suppo~s 46 are connected to
an overhead suppo~ 48 located above the open top end

55 11 of the furnace 1~ A plura~ty of water spray nozfles
~0 are connected through piping (not shown) in the
overhead suppo~ 48 for supplying water to the nozfles
$ff The ~ame 40 has a m~tiple number of overhead
supports 48 spaced uniformily Mong the length of the

60 furnace with at least one water spray nozfle ~0 su~
pended from an overhead suppo~ 48 over each section
A and B respecfivdy.

Another assembly for spraying cooling water on lhe
pack 21 ~ shown in FIG. ~ In this a~angement the

65 spray nozfles 52 are connected through a common
manifold 54 which ~ connected to piping (not shown)
extend~g through the center wM1 20 for supplying
water to the spray nozfles 52. The water ~ sprayed
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outwardly ~ a horizontal ~e~ory from the center
w~l 20. The pattern of w~er spray from the noz~s 52
~ inherently different from the overhead spray arrange-
ment of FIG~ 2 and E Al~rn~d% the noz~es 52 may
be conne~ed to spray the w~er ~ a ve~ ~ectory
with an umbrella-l~e spray. The p~rn of w~er spray
may ~so be varied so th~ the w~er ~ appl~d as w~er
dro~s r~her than as a spray.

What we claim ~:
1. A m~hod for operat~g an dectric furnace in the

converfion of carbon dectrodes to graphi~ decgodes
compd~ng the ~eps off

load~g ungraphifized carbon dectrodes upon a bed

of carbonaceous m~eri~, into s~d furnac~
surround~g s~d carbon dectrodes w~h prefized

gran~ed particles of carbonaceous m~ed~ to
fo~m a porous pack of therm~ insulation;

pas~ng dectric current through or around s~d ca~
bon dectrodes lo dev~e the temper~ure of s~d
dectrodes to a temper~ure above 2800* C. for
convening the carbon dectrodes into graph~ed
dectrode~

terminm~g sMd current flow;
direct~g water into sMd porous pack of carbona-

ceous mmeriM to form a cool blankm of pacing
mmeriM over sMd dec~odes with the rme of wmer
adjured to percol~e through sMd porous pack to a
controlMd depth represented by an area saturated
with wmer and an area of vaporized water with the
vaporiz~n of w~er into ~eam occurring ~ a r~e
such that essentially no water or water vapor
comes ~to contact with the de~rode~ and

~mo~ng ~e ~d de~d~ from the ~v
nace.

2. A m~hod as defined ~ ~m I wh~n s~d ungr~
p~zed ca~on ~e~rodes are loaded imo s~d ~ace

5 ~th the ~e~rod~ ~ned end to end ~ an ~e~ric~
series ~rc~t r~ns~p.

3. A m~hod as defined ~ d~m 2 wh~dn s~d ~
nace has a common center w~l and wh~dn ~ ~a~ one
row of de~rodes ~ ~ned on oppo~te ~des of s~d

10 center w~ and connected ~mugh a common cros~
ov~ membe~

¯ A m~hod as defined ~ d~m 4 wh~dn s~d r~e of
water aphid to ~d ~ pack ~ b~ween 4 and 25

g~s ~r ~nme.
15 5. A m~hod as defined ~ d~m 5 wh~on s~d co~-

~g w~er ~ ap~ed to s~d porous p~k ~mugh a ~u-
r~y of u~rmly d~tfibuted w~ noz~ suspended
~ove s~d porous pack.

¯ A m~hod ~ defined ~ d~m 4 wh~on s~d wmer
20 ~ ap~ed to ~d porous pack ~mugh a ~ur~y of

~r~y ~r~nted w~ noz~ e~end~g ~om a
common ma~M supposed by s~d common center

7. A m~hod ~ defined ~ ~m 5 wh~n s~d w~er
25 ~ ap~ed ~ the ~rm of a spray.

8. A m~hod ~ defined ~ O~m 5 wh~on s~d water
~ ap~ed in the ~rm of water dro~

¯ A m~hod as defined in c~m 1 ~h~ comprifing
ap~ng w~er to s~d bed of carbonaceous m~eri~

30 after the ~fi~ de~rodes are ~moved.
10. A m~hod ~ defined ~ d~m 9 wh~n s~d water

~ ap~ied ~ a r~e ofb~ween 4 to 25 g~ns per m~m~

35

55



United States Patent tl 
Karagoz et al.

US~5A

011 Patent Number: 5~9~225
~ Date of P~en~ M~. 29, 1994

~ GRAPHITIZATION FURNACE

~ Inventors: B~ch Y. K~ago~ Grand Island;
Joseph M. Ru~ Tonawand~ Lyman
~ Moor~ Niag~a F~I~ all of N.Y.;
Larry E. Ledfor~ V~d~ N.C.;
Don~d ~ Allen, Niag~a Fall~ N.Y.;
G~gory Agneilo, Niag~a Fall~
N.Y.; Tbom~ E. ~ke~,
Ransomv~ N.Y.

~ Assignee:~i Great Lak~ Carbon Co~,
B~cliff Manor, N.Y.

~1] Ap~. N~: 88~062

~ Find: May 2~ 1992

~1] InL CIP ................................................ F27D 3/00
~ U.~ Ci ....................................... 373/115; 373/88;

373/I1~ 373/12~ 62/21~ 264/2~ 428/408
~ ~dd of Se~ch .....................373/88, 91, 93, 11~

373/115, 12~ 125, 11~ 62/21~ 264/2~
428/408

~ Re~renc~ Cited

U.S. PATENT DOCUMENTS

H520 9/1988 Johnson et M ...................156/61%1

1~2%121 6/1912
~84~106 10/1974
3~4%6213/1976
4,015,0683/1977
~01%6734/1977
~39~7667/1983
~47~20710/1984
~91~7144/1990
~11%4395/1992

Heroult ............................... 373/I 14
Nanjyo et al .....= ........ 373/76
Collin et al. ........................ 373/122
Voider ................................ 373/110
Michels et al ...................... 373/133
Karagoz .............................. 373/120
Karagoz .............................. 373/115
Antoni et al. ....................... 373/120
Dagala et al. ........................ 373/88

~ima~ Examiner--B~ ~ Re~
A~ismnt Exam~er--Tu Hoang
Attom~ A~nL or Fim--Addan J. G~

A len~wise ~ap~tion ~ace ~r ~e conve~on
of a stag ~ mo~ous ~n ~s ~ grap~ h~
an open se~dfic~ ~ ~ cor~g~ ~e~ m~-
~es Hned w~ c~t refra~ory. ~e comb~a~n of ~e
co~gat~ shell and c~t refra~o~ ~er co~ut~ ~
f~ter h~t ~ans~r by both convection and radi~o~
~d to grater me~ and the~ s~b~y. ~e
~ace ~ deigned ~ mod~es ~ow~g ~r ~sy re-
~acemem of wo~ compone~s.

12 Claims, 14 Drawing Shee~

5O

134
i92 ~/90

A



U.S. Patent Mar. 29, 1994 Sheet 1 of 14 5~99~25



U.S. Patent Mar. 29, 1994 Sheet 2 of 14 5,299,225

210

/
60A

~ 211

FIG. 1A



U.S. Patent Man 29, 1994 Sheet 3 of 14 5~99~25

i

1
I

i



U.S. Patent Ma~ 29, 1994 Sheet 4 of 14 5,299,225

202A~

202B

13

~1 205

202A

36/
36A~

i

202C 201

FIG. 3



U.S. Patent Mar. 29, 1994 Sheet $ of 14 5~99~25

~204

~218

206

FIG. 3A



U.S. Patent Ma~ 2~ 1994 She~ 6 of 14 5,299,225

11, 203

96

FIG. 4



U.S. Patent Mar. 29, 1994 Sheet 7 of 14 5~9~225

125

203~~

FIG. 5
34 ~ 44

FIG. 6

34. 48

FIG. 7



U.S. Patent Ma~ 29, 1994 Sheet 8 of 14 5,299,225

203

215~

216 ~

FIG. 7A



U.S. Patent Mar. 29, 1994 Sheet 9 of 14 5~99~25

12

8 134

133

i
92

88

5O

FIG. 8



U.S. Patent Ma~ 29, 1994 Sheet 10 of 14 ̄  5,299,225

92

84
128-~

85

86
132

13
13

90

26

FIG. 8A

130

50

~132



U.S. Patent Mar. 29, 1994 Sheet 11 of 14 5~99~25

FIG. 9



U.S. Patent Mar. 29, 1994 Sheet 12 of 14 5,299,225

16 20

FIG. 10
15

13

10

14



U.S. Patent Ma~ 2~ 1994 Sheet 13 of 14 5,299,225

~8
FIG. 11

I I

FIG. "2



U.S. Patent Mar. 29, 1994 Sheet 14 of 14 5,299,225

74

78 75

FIG. 13



BACKGROUND OF THE INVENTION

The ~vention ~elates ~ a me~cd and app~at~ for
c~g o~ ~e production of grap~ ~ec~odes and
other g~p~tized bo~e~ A great varify of ~e~ro-
chemic~ and metal~r~c~ processes a~ carried o~
with the.use of carbon and grap~te ~ec~od~. In t~s
context k ~o~d be understood that the word carbon
denotes the amo~ho~ ~rm of c~bon and graphi~
denotes the multilaye~d hexagon~ crystall~e ~rm of
~rbom
~e~chemic~ proc~Carb s,°n and grap~ ele~rod~ ~ud~g~ethe productiu o~ man~f

magnesium, cHorin~ ~d~ ph~phoru~ s~el, and ~e
production of ~uminum ~ HM1 ce]l~

Ca~on ~ec~odes con~ of the ~nti~ly amo~
pho~ c~bon ~om petroleum coke w~ch h~ been
c~c~ed, ground, ~fied by s~ mixed with a b~der,
and bound ~ a matrix of amo~ho~ c~bon derived
~om ~e b~der aft~ baking ~ ~mper~ of approxi-
m~ely 700° ~ to 1100° C. ~ a baking fu~ace. Graphi~
~e~d~ ~e produced ~om the c~bon ~rms by ~ac-
~g ~em ~ an Ach~on ~ace and ~ ~ce~ ye~s ~ a
Len~hwi~ Graphitization (LWG) type furnace and
heating them to a ~mp~ure betw~n 2500° C. to
3000° ~, w~ch conveys the amo~ho~ ~rm of c~bon
to the ~lline grap~t~ and vapo~z~ most of the
impurities p~m ~ the originM c~bon, ~u~ng mo~
metals and s~r compounds G~p~, comp~ed to
amo~ho~ ca~on h~ much ~gher ~ect~c~ and ~e~
m~ conducti~ty, ~wer coeffic~ of therm~ expan-
~on (CTE), superior ductflky and v~t~ ~perior the~
mM shock ~s~nce ~ the op~g ~mp~u~s of
the ~ect~c arc ~e~ ~ace. These phy~c~ prope~s
~e u~qu~y vMua~e ~ ~e ~e~fic ~ace with ks
need ~r ~gh ~ect~c~ current~ and the need to re~
¯ e mechan~ and ~erm~ ~ock ~ffe~d by ~e dec-
trodes ~om the fall~g scra~ flu~uations ~ metal and
~ec~ode ~, and generally ~gh therm~ stresses.
Consequentl~ graphite ~ u~v~sMly used ~ an elec-
trode ~ the ~e~c arc melting of ste~.

The production of graphite ~ec~odes ~om ~e so-
called ca~on ~e~d~ had ~adit~nally been carried
out ~ the Ach~on ~e ~ w~ch ~e ~ec~odes are
~cally ~aced ~ a transverse orien~tion to the flow
of the ~e~c~ curren~ and su~ounded by a re~or
me,urn, ~eby caus~g ~e cu~em ~ p~s M~m~y
¯ ~ugh ti~s of ~e~d~ and r~i~or me~ the ~Rer
berg ~picMly metall~gicM ~ petroleum coke. The
Ach~on p~c~s ~ of ~ch an~ent v~ge and ~ well
known ~ n~ to ~qu~e ~y ~her description, The
LWG proces~ ~though very ~ ~ ~ss well known
and h~ b~n p~ed on a commerciM ~Me o~y ~
~cent year~ The LWG process ~ carried out by ar-
ran~ng the c~bon ~ec~odes ~ a continuous c~umn
wi~ an ~tric~ conn~tion ~ ~ch end of~e c~umn.
See U.S. Pat. N~ ~,02%~1 H~o~ C1. 13/7 3un. 11,
1912 and U.S. Pat. No. ~06~ Vo~e~ Mar. 2~
1977, C1. 13/7. In the LWG proces~ the ~ec~odes
~emselves ~rm ~e dominant path for the [e~g c~r-
rent, wkh one or both of the ends of ~e c~umn sub-
je~ed to a mecha~cM or hydro~ p~u~ source ~
order to keep the connection tig~ under expan~on or
contraction of the c~umn during the heating cy~e. A
pac ~ng med~m of ~an~ coke ~ wed fcr ~sulation,
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wad Mads ~t~n the ~mace resdt ~ comp~sdve
~s ~t~n ~e ~a~o~ I~ ~ ~n~y m~-
~g the steal ~rmg~. ~e of the ~~ stem
~n~s ~d ~r~g~ steal ~p~ m~d~ ~o ~
to aeeommod~e ~~ m~em~t ~ by thet-
m~ ~p~ ~ d~ ~~ ~d commotion
dung ~ ~ w~ w~ ~ ~em ~b
m~on.

~e head w~s of the ~maee are ~so of m~ul~
d~g~ suspended ~d s~ ~ ~ m~ers
~~ ~o the end ~ d~.

~e ~mace ~ ~aded by m~ns ~ a ~k e~-
~g a ~do~ c~ of cain ~. ~e
~rongback ~ ~d on t~ss ~e~ w~eh ~e
a~u~dy ~ by ~d ~c~ed ~ ~e ~mc~ ~
¯ e m~n sh~ ~m~ wi~ pin,don ~ ~ ~
~a~ ~ad d~y ~ gro~d t~ m ~y
~ed ~r ~~

~e ~de p~d ~s ~e hdd h ~e by a ~u~
~y s~ b~ck~ ~m~m w~ch ~ows ~e~ 20
movemem and e~y ~acemem.

~e d~s at the ends may have cu~em sp~a~
ers h~ng the de,rode a~gs under p~e ~fle
ap~yhg cu~enL w~ch ~ows ~r twh or m~e
~n~ng of dec~ode cdum~. 25

~ch sh~ section eondas of m~e pants com-
pfishg convention~ co~ug~ed steal she~s lhed ~th
c~m~e re~a~ory. Wdded ~s h~d the c~
re~ac~ry secure to the co~g~on.

~e head w~ assembly ~ ~usmb~ ~r accurate 30
~mem and keyed to the end sh~ ~m~y ~
brack~s ~r stability.

~e d~ ~cture ~this ~mace dedgn may be b~t
h any geom~fic co~rat~n, h con~t ~ ~e ~
ture shown h U.S. P~. No. ~39~76~ w~ch has the 35
~maee ~u~ sus~ ~ ~ns~ w~ H~ ~e
configur~n to that of a rdmivdy na~ow and deeper
’~" shaped cross-section.

SUMMARY OF THE I~EN~ON

A bed of ~cd~e coke me,urn ~ ~aced h ~e
~ttom of the f~ace ~d a ~fing ~ b~ amo~hous
ca~on de~rodes ~aced on the bed b~ween the two
head de~rodes by a ~rongback pre~sdy podtioned on
the ~mace. ~e ~mace ~ ~d ~th co~ m~hm ~d 45
pressure and cu~em ap~ed to the ~g. A~er the
dectro~ ~fing ~ ~~, ~e eu~em ~ ~m~ off
and the ~mace ~owed to co~ ~d be udoade~

BRIEF DESCRIPTION OF THE P~FE~D
50

EMBODIME~S.

FI~ 1 ~ ~ devation section ~ ~e hmace h a~or-
d~ce wkh the hvention.

FIG. 1A ~ a ~ve ~ew ~ the supponhg sec-
tion h aeeo~ance wkh the hvention. 55

FIG. 2 ~ a ~ ~ew of the ~maee h a~ord~ce
wkh the hvem~m

FIG. 3 ~ a venom cross-section of ~e ~mace h
acco~ance ~ ~e hvention.

FIG. 3A is a pe~pe~e ~ew ~r the b~m ~- ~
r~mem ~ ~e ~mace h acco~mce ~ ~e hven-
tion.

FIG. 4 ~ a ~r~e~ve ~ew of the re~a~ory ~ors
h acco~ance ~ the bremen.

FIG. $ ~ ~ end ~ew of ~e co~gat~ ste~ b~m 65
pants h accordance ~th the hvemio~

FIG. 6 ~ a ~de ~ew of the co~gat~ support mod-
des in accordance ~th the hventiom

FIG. 7 ~ a cro~ection~ ~ew of ~e suppo~ mod-
des.

FIG. ~ ~ a cro~ection~ flew of a h~down
~t ~ ~~ ~ the ~ventio~

5 FIG. 8 ~d 8A ~e ~e ~ews ~ ~e h~d wM1
~ ~ ~~ ~ the ~vem~

FI~ 9 ~ a ~~ ~ew ~r the ~ ~ ~e end
¯ sh~ ~mMy ~ accordance ~th the ~ventiom

FIG.. 10 ~ a ~cM ~cfion flew ~ ~e ~a~ ~
10 ~ ~p~fion jo~ ~ ~~ ~th ~e ~venfiom

FIG. 11 ~ a ~w~ction~ flew ~ ~ ~
jo~

FI~ 12 ~ a ~ ~ ~ ~m j~L
FI~ 13 ~ a ~etion~ ~ew of ~e ~ ~ ~~

~5 ~h ~ ~.

~~N ~ ~E D~~S

FI~ 1 ~ ~ d~ section of the ~aee ~
m~ sh~ ~e~s ~ ~d ~ ~d ~d ~ ~se~
50 supposed by ~a~o~ ~ers $6 ~r ~d~ ~
tion. H~d electrodes 208 ~p~ by ~d ~e
bu~g ~ ~d ~ w~ ~ ~y ~ ~d ~em
to the de,rode cdu~ 2~ conve~g e~n to

E~on ~ 8 serve to coupe a~em ~ace
shell ~m~s ~ ~ the ~d~ ~d~g m~
~ shown~ to ~o~ ~l~ve ~e~ move-
ment~ ~ w~ ~ ~sure de~fic~ ~ation ~tween
a~aeem sh~s.

~e ~mace ~ loaded by stron~acE not sho~,
supposed and ~ed on suppo~ bar ~ ~d sup~
t~ss ~semb~ ~A w~ch ~e ~mched ~ ~e ~
frme 201 d the fumac~ FIG. 1A ~89D shows refrac-
tory ~ers 58 and a ~re~ rod 210 ~d nu~ 211 w~
~ans~t the load of the ~ron~aek ~ ~ound t~ou~
the de~fic~ ~on ~ ~e~ 58.

FIG. 2 ~ a ~an ~ew of the ~mac~
FIG. 3 ~ a ve~c~ cross-section of the ~mace

t~ou~ a m~ sh~ ~sembly ~ or ~ ~ ~mace ~d
section 2~ and fide p~d ~semblies 1~ w~ ~e
~dependem ~d ~y remov~ ~r repla~ment.
Furnace bed sections 2~ compfifing eo~gat~ steal
bottom p~ 203 a~ ~ed with e~mb~ re~a~o~ 13.
~gat~ steal b~m p~ 203 ~e supposed by
~ur~ ~me 201 compfis~g I-b~s 3~ 36A ~d
wddmem~ and ve~c~y co~gat~ su~o~ m~d~
202~ 202B ~d 202C. ~de p~d ~sem~es 10 of eor-
~g~ ~ed sheets 11, ~ner ~ac~ ~5 ~d e~m-
Me ~a~ory ~ ~e suppled ~ ~mace ~d ~ ~d
smbfl~ by ve~c~ steal members 2~ by m~s of
cou~g rods 2~ ~d eo~g ~bs ~Z

FIG. 3A shows d~ce g~ 2~ ~tween eo~
r~s 2~ ~d robs ~ deigned ~ profi~ ~r ~eren-
fi~ exp~fion b~ween ~de p~d ~semblies 10 ~d
ve~e~ steal mem~rs 2~ of ~e f~ae~ ~e ~e
~gement ~ co,gated st~l p~ds 203 ~d ~-
g~ed steal sheets 11 ~uses ~crm~ ~ t~bulen~ ~d
profits ~cre~ed suite ~ over a fl~ s~ae~
w~ch ~cre~ ~ ~s~r ~ eonve~on ~d r~-
fio~ ~d ~so ~ ~ pro~ better me~ smbH-
~y to ~sm~ ~osm~ ~essures from ~e f~aee
pacing mesa while ~ow~g ~r re~five ~e~ ex-
panfion m elev~ ~m~ratur~.

~G. 4 ~ows re~c~ ~ors ~ weld~ ~ cou-
ghed sheet pants 11 and 203.

FIG. 5 ~ ~ end ~ew of co~gat~ steal b~m
pan~ 203 compfis~g co~gat~ sheets 125 wdded ~
backup b~s ~.
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An ~ov~ process for the co~uous manufacture ~
~pu~y and ~on-free dec~odes ~r de~fic ~c f~-
naces ~clud~ a me~sm ~ow~g ~e re~aceme~
~ ~ ~o~us co~ ele~ro~ ~ a grap~te core elec-
trode wkhom ex~n~ve f~ace shut~wn. A ~ slid-

~ ~em ~ ~ov~ w~ ~ows an de.rode m be
co~nuou~y b~ed ~d prodded to the f~ace ~ or
~thout a met~ c~g and w~ch ~dudes a spe~
contact ~e ~r ~ans~g dectfic cu~e~ w~ch
decre~es subs~ti~ly the contact surface ~ the ~
The process ~ e~e~y use~ ~r ~g ~p~
~ee dement~ s~on.
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PROCESS FOR CONTINUOUS MANUFACTURE
OF IMPURITY AND IRON-FREE ELECTRODES

FOR ELECTRIC ARC FURNACES

BACKGROU~ OF THE I~E~ION

The invention relates to the proce~ ~r the continu-
ous manufa~ure ~ ~ctro~s w~ are used in ~
arc f~ace~

~eme~ ~on ~ ~t~ in a submerged electric
~c f~ace by re~cing q~z w~h sever~ classes of

co~ accord~ to ~e s~d reaction ~O2+2~
~+2CO. An ~c jumps between the de~ro~ and
the f~ace ~ w~ch generics the n~e~a~ energy
to c~ry out t~s s~ reaction process.

~en the de~dc ~c jmps b~ween ~e electrode
and ~e s~ a ~ and cominuous consump~n ~
~e dectrode ~ ~uce~ w~ ~s a p~ of ~e
reaction ~ ~e m~ produc~m The electro~ ~u-
~y moves ~wnw~d wit~ the f~ac~ and must be
r~a~d from ~ove by a continuous process in w~eh
a SODERBERG p~te ~ ~ro~ced ~o a me~ cas~
to produce a ~f-b~g ~ctrode. ~ ~s proc~ t~
paste m~ so~es, s~s and b~s o~.

As ~e ~ee~ode ~ consume~ ~e me~ c~ing m~s
and introduces ~p~t~ p~y iro~ ~o ~e
~mac~ m~g ~ ~possible to manufacture ~gh pu-
rity demen~ silicon.

An attempt to avid t~s problem ~ ~sdosed in ~S.
Pat. No. ~57~85~ co~e~ond~ to Sp~sh Patent
54325% in w~ a centr~ core or nucleus made of
~e ~ use~ and r~acement ~ the consmed dee-
trode is made ~ extrusion t~ough ~e me~ c~ so
~ the e~ing ~es not b~ out and con~ate. ~e
e~ro~ ~dy ~ ~ed from seve~ cylindfic~ sec-

tions w~ch are ~ted ~ ~e end~ and ~e me~ e~
h~ fl~ and ~ ~des in ~ cross-section,

S~Y OF T~ I~ION

~ ~ ~ ~ect ~ the invention m enable ~e r~ae~
ment of deetro~s co~inuou~ ~tho~ introduction
of ~on or o~er ~pudties into the fmac~

It ~ ~so an ~e~ of ~e invent~n to chan~ the
dectro~ from ~e conve~on~ t~e made of mov
phous co~ to a new t~e made from ~ap~te ~d p~t~
without the need ~r cau~ng a long f~ace shut~wn
to ~ange the electrode eol~, b~ ~u~y ac~ev-
ing ~e new de,rode ~ ~e de,rode col~ e~austs.

Ano~er ~e~ of ~e invention ~ to ut~e a duM
~d~ system to Mlow ~e r~acement elec~ode to
~de with or ~out ~e me~ c~ since introduc-
tion of ~e c~ing may be nee~ on l~ted ocea-
s~ns.

Another ~ect ~ the invention ~ ~ provide a
con~ ~e ~r ~ans~ing dec~cal currenL de-
crea~g s~s~ti~y the con~ ~ea ~d conce~rat-

in~ wit~ a ~ and ~ven ~e~ ~e dectric cu~
rein to favor the electro~ b~g.

~o~er ~e~ of ~e invention ~ to m~e K possible
to prov~e an adequ~e h~t ~ the con~ct ~ates over
the ~e in order not ~ d~age the c~ing ~d ~
~t~ b~e ~e p~t~

Anther ~e~ of the invent~n is to c~y om a
continuous sliding ~ the dec~ode to ~prove the paste
b~b

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be better understood by reference
to the attached drawings in which:

5 FIG. 1 is an devation~ view of an apparatus for
replacing an amorphous co~ electrode with a graphite
and paste electrod~

FIG. 2 is an elevation~ view of an apparatus with
du~ s~ding means for independently sliding the graph-

10 ire nut,us of the e~ctrode;
FIG. 2A ~ a schematic cro~ection~ view of the

lower sliding sy~em portion of FIG. ~
FIG. 2B is a sehemat~ cro~ection~ view of the

upper sliding sy~em potion of FIG. ~
15 FIGS. ~ 4 and 5 are views of the electric conduction

plates, in plan view, longitndin~ section and side deva-
fion, respectivd~

DESCRIPTION OF THE PREFERRED

20 EMBODIMENTS

FIG. 1 shows an dec~ode column in which a run-
ning ~ansifion ~ made ~om a convention amorphous
co~ deetrode 1 through a series of consecutive graph-
ke dec~odes 2 with an evident reduction in the~ diam-

25 eter or section, unt~ arriving at an electrode 20 of final
diamete~ The dectrode column ~ united by a suppo~
sy~em 3 and 4 uniting the graphite 20 w~h casing 40,
and a fastening system to f~ the casing to the amor-
phous coal electrod~ for which ~ ~ necessary to meeh-

30 anize the upper end of the final dee~ode to the in,de
diameter of casing 40. In this way, the furnace may
continue to operate, burning out the conventional elec-
trode and wdding casings at the~ upper fid~ and slid-
ing with traditional rings 43 until the casing 40 arrives at

35 the h~ght of the mixture.
FIG. 2 shows this installation with a second s~ding

system 30, which allows a limitation of supports 3 and 4
previously applied to the graphite. Utilizing the second
sliding system, ~ ~ possible to slide only the graphite

40 dectrode 20, the casing being retained by the f~st s~d-
ing system 44 in order not to introduce the casing 40
and ~s impurities into the furnac~ Alternatively, ~ is
po~ible to independently s~de the dectrode with i~
casing by using conventional sliding sy~em 44. When

45 this is necessary, sliding rings 43 of lower sy~em 44 are
opene~ and the s~ding rings 30 of the upper sliding
system 31 are activate& ~ ~ also po~ible to proceed by
opening the upper rings 30 and util~ing the conven-
tion~ system of rings 43 of the lower system 44.

50 FIG. 2A shows the f~st or lower sliding system po~
tion in greater detail, including furnace ~ paste 9 and a
star or erosshead means 41 fastening graphite core 20 to
casing 40.

FIG. 2B shows the second or upper s~ding means in
55 greater detail. The system includes a pair of c~cumfer-

ential rings 30 which are intern~ly toothed 32, but
which could also be similarly fluted or embosse& When
the rings 30 are clamped onto graphite core 2~ the
internal surface engraves the graphite core with a corre-

60 sponding series of ridge~ improving penetration of the
paste into the graphite core and ultimately improving
the binding of the paste with the graphite.

When changing the upper sliding rings 30, the type of
plate $ ~ also changed to the plate shown in FIGS. 3

65 through ~. According to the invention, the new plate $
~ characterized in its smaller fize which ~ necessary in
order to concentrate the electric current, in the subdivi-
~on of the plate into eight semi-c~cular segments Sa
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4
t~ough 8h, and ~ ~e efi~ ~ projections 8~80A,
and 8~81A, Mcated on the Mwer and upper pan of
each en~ and w~ch have ~e o~e~ to l~e up ~e
#a~s wi~ other~ so ~at ~ case of p~te failure, the
ins~e ~ameter will be kept ~ conm~ ~tw~n #m~ 8 5
and ff carm~ be ~tmdu~d wit~n ~e c~g ~. Hme
8 ~ud~ ~de co~g m~m 8~ w~ch ~ ~w~ ~
but of the same type as those nortn~ly use~

~ ~ ~so po~ible ~ operate ~e ~m~e [y me~s ~
a mb~ commlled by compeer. Utfl~ng a robot, K ~ 10
posfi~e ~ maintain the height ~ the columns shown ~
FIG. 2 by means ~ smpemion c~de~ 6 w~n c~-
rain limi~ ~ ~ on o~ hand ~e p~te ~ n~ ba~d ~
a ~vd where ~e h~ g~ from ~e process wo~d melt
the c~ and on the o~er han~ the process ~ not 15
carried cut ~ ~eas where baking ~ the paste would be

~n~l% k ~ fl~ very impo~ant ~ obtain a continu-
ous fliding of ~e de~rod~. To t~s end, ~e hydra~
comml sy~em 31 ~r ~ng ~ mo~fie& 20

The ~v~tion ~ not limited ~ ~e ~act delfts ~l~s
embodimem ~ow~ b~ on the contrary, the invention
may be mottled whenev~ ~e ~mifl ch~actedstics
of ~e ~venfion ~e not changed.

Wh~ ~ d~med ~ ~
1. A process ~r the cont~uous manu~e of an

impurity and ~omfree d~t~de ~r an d~c ~c f~-
n~ compfis~g ~eps ~ ~g a p~b~ed ~hite
core downwardly within a cas~g ~ove ~e furnac~
~t~dudng wi~ the ¢~g and ~rrotmd~g the core ~
a p~ w~ch ~ ~ b~e ~ ~rm ~e ele~de, p~

35
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~ma~ Exam~er--A. ~ T~
Attom~ A~nL or Fi~--D~by & D~by

A c~bon m~efi~ ~r de~ro~s w~ch ~ a ~e/-
~s l~e c~bon compos~ m~M ~v~g a ~mct~e
~ w~ch ~e c~s~s of the ~ap~te ~e o~ented ~ one
d~ection ~ ~e m~ of ~e ~s ~e c~bon so as to
~s ~ ele~r~e reaction acti~ty ~ere~ ~ ~e
grap~ c~s~ hang a m~ ~re ~eter of
150 A or ~ ~d hang de~rol~e non-~n~r~ve
proxies subs~ti~ly co~e~on~g to those of ~e
~s ~e c~ ~d a pr~s ~r prep~g a c~bon
m~ed~ ~r dec~odes w~ch comprises the st~s of
~g~y ~s~rs~ compos~g ~d ofie~g a grap~
~e powder of the su~ciently gown crypts ~ ~
org~ic s~s~ce w~ch c~ leave a ~s ~e ~d ~ss
~hitizable c~n when c~c~ed ~ a non-o~d~
atmospher~ ~d then c~c~ ~d ca~o~ the
com~sition. ~e c~bon m~ed~ of ~e present ~ven-
fion pe~ appl~ng both cu~e~ and volt~e to bio-
~c~ sysm~, h~ no m~ such mech~
~ren~h ~ to pe~k d~e~g a trace po~on ~d re-
~uc~ c~ measure ~ de,rode reaction smbl%
~d ~ ~expen~v~

2 Claims, 2 Drawing Sheets
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CARBON MATERIAL FOR ELECrROD~ AND
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good de~rodes which can take the ~ace of them, and
hence these electrodes have been ~i11 unavoidably used.
Moreove~ in these days, a carbon micro-electrode com-
prising one carbon fiber (having a diameter of ~ver~

5 microm~er~ h~ been begun to be on the marke~ but
according to a purs~t test by the present invemor~ ~
h~ been apparent th~ the carbon micro-electrode has
the large variation of dec~ochemic~ prope~ie~ poor
reproducibility of data, and very ~w re~ab~ity.

10 Graphite h~ a wide p~arized potenti~ domain, an

dec~ode rea~n activity and a less to.city to the
organisms, and therefore ~ ~ a usef~ m~e~al. How-
eve~ the graphite is poor in mechanic~ ~rengt~ and
when ~ ~ u~d singl~ an ~ec~yte pene~es into ~s

15 structur~ For the prevention of this penetration, the

graphite is required to be impregnated with an off or
resin. Neve~heless, in the sy~em in which even a sm~l
amount of an organic solvent ~ contained, the matefi~
with which the graphite h~ been impregnated is ~s-

20 solved therein, and the variation of the elecUochemic~

properties increase~ so th~ the reproducib~ty of dam
~ poo~

SUMMARY OF THE INVENTION
25

The present invent~n intends to remove the draw-
backs of the abov~mentioned convention~ de.rode
m~efi~

A first object of the present invention ~ to provide a
carbon m~ed~ for de~rodes by which both current

3O
and v~ge can be app~ed to ~o~c~ sys~ms and
which has no to.city (which ~ safe, even ~ ~ remains
in the ~o~c~ sy~ems) and which can be used to
inspectthe sam~fOod~ and to pro~de a process for preparing

35
A ~cond o~e~ of the present invention ~ to pro~de

a carbon matefi~ for ~ectrodes which permits electroo
chemically detecting an extremely s~ght ~rac~ potion
and which has mechanic~ strength, and to pro~de a

40 process for preparing the sam~
A third object of the present invention ~ to pro~de

an ~expensive carbon m~efi~ for de~rodes which has
the less variation of ele~rode prope~ies and the repro-
ducib~ty of da~ and which can s~b~ measure an

45 dec~ode reaction without requiring any specific pre-
treatment.

That ~, the aspens of the present invention are as
fo~ows.

(1) A carbon m~efi~ for de~rodes w~ch is a gra-

50 phite/glass like carbon composite m~efi~ having a
structure in which the crystals of the graphite are ori-
ented in one d~ection in the m~rix of the ~ass like
carbon so as to possess an ~ec~ode reaction activity
inherent in the graphiote crystal~ having a maximum

55 pore ~ameter of 150 A or les~ and having ~e~r~yte
non-penetrative properties substantially co~esponding
to those of the ~ass like carbom

(2) The carbon matefi~ for dec~odes described 
the preceding paragraph (1) wherein 65 to 95% of the

60 graphite/~ass like carbon composke m~edfl ~ consti-
tuted of the m~rix of the non-pen~rative ~s like
carbo~

(~ A process for preparing a carbon m~efi~ for
elec~odes which comprises the ~eps of highly ~spers-

65 ing and composing a graphite free powder of the suffi-
dently grown crystals in an organic substance which
can leave a ~ass like and less graphitizable carbon when
c~cined in an ine~ ~mosphere or a non-o~d~g at-
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mosphere, extrud~g the composition into a desked
~rm, so ~ odemin~ in an extrusion d~ectio~ grap~
~e crystals oft he compositio~ and ~en c~cining the
composition up m a high ~mperature in the ine~ ~mo-
sphere or the non~d~ing atmosphere to carbonize
the contained organic substance.

(4) The proce~ ~r preparing a carbon matefi~ 
dectrod~ d~c~bed in the preceding paragraph (3)
wherein the organic substance which can leave the ~s
like and less graphitizable carbon ~ ~ le~t one selected
from ~e group con~ing of an organic polymeric m~
~fi~, its monomer or ofigome~ a tar, a p~c~ a carbon-
~ed p~c~a thermo~t~ r~in and a prepo~mer of a
thermoseaing resin.

(5) The proce~ for preparing a carbon m~efi~ 
de~rodes described in the preceding paragraph (4)
wherein the organic polymeric substance ~ one selected
from the group con~sting of fignin, ce~os~ trag~
eanth gum, gum arab~ natur~ gum and its defivativ~ a
compound having a condensed p~ycycfic aromatic
m~y in the b~ ~ructure of the m~ec~ dini-
tronaphth~en~ pyren~ pyranthron~ violanthrone, an
indanthrene~ed v~ dye derived from benzanthron~
and i~ interme~ate.

(6) The proee~ ~r preparing a carbon mate~ 
de~rodes d~c~bed in the preceding paragraph (4)
wherein the thermopl~tic r~in ~ a resin obtained by
o~dizing and crosslinkin~ as a carbon precursor~ro-
ducing ~eatment, one se~c~d from the group con~-
ing of polyvin~ chio~d~ polyacrylo~tril~ p~yvinyli-
dene chio~d~ c~orinated p~yvinyl chiofid~ polyv~
n~ acemt~ p~yvinyl ~coho~ p~yvinyl py~ofidone,
eth~ ce~os~ carboxymethyl ce~dos~ p~yvinyl
chiofide.vinyl ace~te copolymer, polyphenylene o~de,
polyparaxylene, p~ys~ne, polyimid~ p~yamide-
imid~ polybenzimidazole and polyoxadiazole.

(~ The process ~r preparing a carbon mate~ ~r
elec~odes described in the preceding paragraph (4)
wherein the thermose~ing resin ~ ~ least one prepoly-
mer ~le~ed from the group consisting of a phenofic
r~in, a furan resin, an epoxy r~in, a xylene resin and a
COPNA r~in, and when heate~ the thermoseRing
resin can flow, produce an intermolecdar crosslinkage,
and then cure in a thre~dimens~nal form, and ~ can
~ve a high carbon r~idue ~dd withom any specie
carbon precursor-producing treatment.

(8) The proems ~r preparing a carbon mated~ 
dectrodes d~cdbed in the preceding paragraph (4)
wherein the p~ch ~ wh~ ~ obtained by subjecting a
pe~oleum pitc~ a co~ tar p~c~ an ~ph~ or a car-
bonized pitch of ~e pitch or a hydrocarbon compound
comprising a synthetic r~in to an anfi-graphitizafion
treatment comprising an o~dizing treatmem for the
purpo~ of crosslinking ~

~) The process ~r preparing a carbon mated~ ~r
dectrod~ d~cdbed in the preceding paragraph (3)
wherein a m~oph~e p~ch having a carbon residue
~dd of 75-95% ~rmed by carbonizing a p~ch ~ in-
crease a carbon r~idue, and then cro~linking the same
~ obtain anfi-graphitization prope~ies ~ mixed with an
organic substance which constimt~ a matrix and which
becom~ a ~s l~e carbo~ and the mixture is then
co~arbonize&

(1~ The proems ~r preparing a carbon m~erial for
dectrod~ d~cfibed in the preceding paragraph ~)
wherein the graphi~ fine powder ~ one selected from
the group cons~ting of graphite whiske~ highiy off-

ented pyro~tic grap~te (HOPG), Kish graphit~ n~ur~
graphite and artifid~ graphite.

0~The proce~ for preparing a carbon matefi~ for
dectrodes described in the preceding paragraph (3)

5 wherein the c~cination and the carbonization are car-
ded out by a heat tre~ment ~ a temperature of 500" to
2500* C. in an ine~ ~mosphere or a non-o~d~ing ~-
mospher~

10 BRIEF DESCRIPTION OFT HE DRAWINGS

FIG. 1 shows a redox reacti~ty of ferrocyanate
ions/ferricyan~e ions in the 1M KC1 sys~m of
5M 10-3 M Fe(CN)~- in accordance with cycle vol-
tammetry by the nse of a carbon ma~fi~ de,rode of

15 the present inventiom
FIG. 2 shows measured results of dopamine in the

presence of aseorb~ add in a Ringer’s solution by the
use of a carbon matefi~ electrode of the present inven-
tion.

DETAILED DESCRIPTION OF THE
INVENTION

The present invento~ have paid much a~ention to a
~ct th~ the crystal edge surface of graphite has ex-
~emdy exceHent properties which are not present in
other materi~s, th~ is, ~ ~ dch in an electrode reactiv-
e% has a large polarized potenti~ domain, can be easily
pretreated, does not de~fiorate w~h tim~ has high
stability, does not d~solv~ and ~ free ~om to.city.
Thus, the present inventors have intensivdy re-
searched, and as a resul~ they have found th~ an dec-
~ode mated~ comprising a novel graphite~ass like
carbon composite carbon having non-permeability by
i~elf without requiring impregnation with an o~ or a
resin and large mechanic~ ~rength which can be ob-
tained by nsing a glass like carbon showing non-permea-
bility as a matrix and odenmting graphite in one direc-
tion. On the bas~ of this knowledge, the present inven-
tion has been com~e~

In the carbon m~ed~ for dectrodes which ~ the
graphite/glass like carbon composite carbon of the
present inventio~ 65-95% of the consfitution~ m~efi~
comprises a glass like carbon matrix having non-perm~
ability formed by using, as a starting m~ed~, an o~
ganic resin matedal having a three-dimension~ cross-
linkage or a natur~ organic mated~ which ean be car-
bonized in a sold phas~ In the case th~ ~ ~ required to
further heighten density, a mesophase p~ch having a
carbon residue ~dd of 75-95% formed by carbonizing
a pitch to ~crease a carbon re,due content and to ob-
tain anti-graphitizafion properties ~ blended with the
glass like carbon matrix and then co-carbonize& When
the content of the matrix carbon ~ less than 65%, de-
~c~ and pores are gener~ed in the mated~ and the
inherent non-permeability ~ log tmpre~rably. Further-
more, when the content of the m~rix carbon ~ more
than 95%, the active electrode reaction properties
which the graphite crystals have are lo~ unpreferably.

An organic substance which constitutes the m~rix
matefi~ and which can leave a glass like and less graph-
itizable carbon when e~cined in an ine~ atmosphere or
a non-o~d~ing atmosphere ~ an organic resin mated~
having a three-dimension~ crosslinkage or a natur~
organic mated~ which can be carbonized in a sold
phas~ Typical examples of the organic substance in-
dude an organic polymedc substance and one or a
mixture oftwo or more of a monomer and an ofigomer
of the organic polymedc substanc~ a tar, a pitc~ a
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tioned compositio~ and a ~tic~e~ a s~vent and the
l~e are then added th~ A~erward, they are suffi-
~ent~ mixed/dispersed by a kneader such ~ a pr~sure
kneader or a twin roll by which shearing ~rce can be

5 ~ghly ~ven. After gran~ated by a pelletizer, the resu~
taut gran~ are e~ruded ~ a ~gh ve~city so ~ to
have a desked ~ameter by means of a screw type or a
~unger type extrude~ and an ofien~ting operation ~
then carried out so as to successfully a~ange the crys-

I0 tals of the mixed graphite ~ an extru~on d~ecfio~
whereby a molded article is obtaine&

Nex~ this m~ded article ~ tre~ed for 10 hours ~ an
air oven heated to 180° C., while ~re~he~ to form a
carbon precursor materi~. Furthermore, k ~ gradual~

15 heated up to 1500° C. ~ a ~trogen g~, while a ~mpera-

ture rise v~ocky ~ contro~e~ to commie the carbon-
~atio~ thereby obtaining a carbon m~eri~ for ele~
trode~

Depend~g upon the purpos~ the carbon m~eri~
20 may be densified ~1 over by carrying out a he~ ~eat-

ment up to 2200* C. ~ vacuo or ~ an argon g~eous
ph~

By us~g the above-ment~ned carbon m~efi~ ~r
dec~odes of the present ~ventio~ there can be pre

25 pared a novel carbon elec~ode for dec~ochemic~

measurement which has a non-permeab~ty co~espon~
~g to th~ of a ~ass l~e carbon and an dec~ode reac-
tion activity on the edge surfaces of graphite crystal~
The carbon ele~rode prepared from the carbon m~e-

30 ri~ for ele~rodes of the present ~vention can be easily

reused by breaking off a u~d potion thereof to expose
a new section of the dec~od~ s~ce ~ does not require
any speci~ pretreatment. Addit~n~l% ~ the carbon
m~efi~ for ele~rodes of the present ~vent~ the

35 d~erioration of the dectrode reaction activky can be

suffic~ntly inhib~e~ ~ contrast to the ~ass l~e car-
bon.

EXAMPLES
40 Examp~ 1

A mixed res~ sy~em of 35% by weight of a chlo~-
n~ed v~ chloride res~ (T-742, made by Nippon
Carbide Industries Co, LtC) and 50% by w~ght of 

45 furan res~ (Hitafuran VF-302, made by Hi~chi Chemi-
c~ Co., Ltd.) was used as a matrix carbon matefi~ of an
dec~od~ and 15% by weight of a natur~ graphite free
powder (average particle ~am~er=l ~m, CSSP-B,
made by Nippon Graphite Co, Ltd.) was added to the

50 mixed res~ sy~em to form a compositiom Next, 20%
by w~ght of diall~ phth~ate monomer was added as a
plastic~er to 100% by w~ght of the resdtant composi-
tion and then d~persed there~ by the use of a Henschd
mixer. Afterward, the mixture was suffi~ently repeat-

55 edly kneaded by the use ofa tw~ ro~ for mixing whose
surface temperature was maintained ~ 120" C., thereby
obtaining a sheeMike composition. This composit~n
was further peHet~ed by a peHetizer to obtain a compo-
sition for mold~g ~ the form of pellet~ These peHe~

60 were e~ruded ~ 13~ C. ~ a vdocity of 3 m/second by
a screw type extruder w~h a die hav~g a ~ameter of
~7 re.m, while deaer~e~ and the molded article was
f~ed on a frame and then ~ea~d for 10 hours ~ an air
oven heated up to 180° C. to form a carbon precursor

65 wke matefi~. Next, this wire materi~ was heated up to
500* C. ~ a temperature rise rate of 10" C./hour and
then up to 1000° C. at a ~mperature rise r~e of 50°
C./hour, and afterwar~ it was further he~ed up to
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1500" C. ~ 100" C./’hour, maintained ~ 1500" C. ~r 3
hour~ and then allowed ~ stand, whereby ~e c~c~
tion w~ completed.

In ~e thus obtained carbon matefi~ for ele~rodes, a
grap~te/m~rix carbon rat~ w~ 32/68. The pore ~- 5
ameer of the system w~ measured ~ accordance with
a memury pr~sure me~od by the me of a porosimeter
(Autoscan-60) made by Yuasa Io~cs Co., Ltd, and ~ 
reset, ~e maximum pore ~ame~r w~ 120 A. Elec- 10
trode properti~ were ev~uated by observing ~e redox
reacti~ty of fe~ocyanate ion~ferdcyanate ions ~ the
1M KCI system of 5X10-3 M F~CN)~- ~ the stan-
d~d of an e~rode reaction activi~ by the use of a
p~ograp~c an~yzer (YANACO P-1100) made by 
Yanagimoto Co., Ltd. and ~e res~ ~e shown FIG.
1. Even when any speci~ pretreatme~ w~ not mad~
~ank currem wm small, and sharp peaks of a o~dation
wave and a reduction wave were obtained and a differ-
ence AEp between peak pomnfi~s w~ ne~ m a ~eo- ~

retic~ v~ue. In add~o~ ~e hcrease of a current v~ue
a~dbuted ~ ~e permeation of ~e de~rol~e w~ not
observe~ w~ch meant ~ the carbon m~edM had
non-permeability again~ ~e eleetrol~e substantially 25
co~espondhg to a ~s like c~bom

Example 2

A mixed resh system of 50% by weight of a furan
resh (Hitafuran VF-302, made by I-limc~ Chemical 30
C~, LtdO and 30% by wright of a c~bonized pRch
~bon rescue ~dd =85%, MH-I~ made by Kureha
Chemie~ Indu~ry Co., Lt~) w~ used ~ a matrix c~-
bon m~ed~ of an de~rod~ and 20% by wright of a
natur~ graphite free powder (average part~ diame- 35
ter= 1 ~m, CSSP-~ made by Nippon Grap~te Co.,

LtdO w~ added m the mixed resh s~tem and ~en
dispersed ~ereh by ~e use of a Henshel mixe~ After-
w~d, the mixture w~ sufficiently repeatedly kneaded
by the use of a twin roH ~r mixing whose surface tem-
perature w~ maintained ~ 120° C., thereby obtaining a
sheet-like compos~on. This composition w~ vacuum-
extruded ~ a disch~ge rate of 5 m/second by ~e use of
a plunger type o~ hydraulic extrude~ Afterw~ ~e 45
same procedure ~ ~ Exam~e 1 w~ carried o~ ~
obtain a d~ed c~bon mated~ ~r electrode~

In ~e ~s ~d ~ ~ ~r ~~ a
gr~~ c~n ~ w~ 3~. The m~
pore ~am~er ~ ~ ~m w~ 65 ~

In ~r~ to ~e de~mde ~~ a ~a-
stud re~t by ~ p~se v~~ m~hod

~ solon ~ shown ~ FI~ ~
A c~t ~ak ~ ~15 V ~ S~d~ C~md ~

trode ~.~) w~ ~se~ when o~y ~co~ a~d
w~ present.

50 ~M concen~ation of dop~e w~ s~atdy
o~e~ ~ coe~stence of 5~ ~M concen~on of
~corb~ aciC Th~ ~ t~ res~c~e co~e~ond~g
p~ ~ ~15 V and 0.4 V vs. S.C.~ were ~se~ ~
~od reproducib~ty ~ the coe~st~g st~e ~ asco~
acid and dop~ The fact ~ows ~ ~e ele~ro~ is
extremdy act~e ~ comp~son ~th berg unable ~
s~ately detect the r~pec~e ox~on-redu~on
waves ~ ovedapp~ each o~er ~ ~e c~e of ~ost
~bon el~trodes. ~ ~ditio~ the ~cre~e ~ a current
v~ue aafibuted ~ ~e perm~tion of ~e electrode
w~ not obse~ w~ch meant ~ the c~bon m~efi~
~d non~ermeab~ty ag~ ~e ele~rol~e s~s~-
ti~y co~espond~ to a ~s ~e c~bom

~ is d~ed ~:
1. A c~bon matefi~ ~r electrod~ w~ch ~ a gr~

p~te/g~s ~e c~bon composite m~ hang a
~ruc~e ~ w~ ~e c~s~s of the grap~e ~e o~
ented ~ one d~on ~ the mat~ of ~e ~s ~e
c~bon so ~ ~ possess an de.rode react~n act~y
~erent ~ ~e grap~te c~s~ hav~ a m~um
pore ~ameter of 150 A or ~s~ and hav~g electrode
non-pene~ative proxies subs~ti~y co~espon~g
~ those of ~e ~s l~e c~bom

¯ A ~bon m~efi~ ~r ~ec~o~s w~ch ~ a gra-
p~te/gl~s ~e c~bon compos~ m~efi~ hang a
struc~e ~ w~ch ~e c~s~s of the grap~e ~e o~-
ented ~ one d~on ~ ~e ma~ of ~e ~s ~e
c~bon so ~ ~ po~s an electrode reason acti~ty

non-penetrative ~e~es subs~ti~y co~espon~g
~ ~ose ~ ~e ~s ~e c~bon, where~ 65 to 95% of
~e grap~te/gl~s l~e e~bon compos~ m~efi~ ~
co~ti~ted of ~e mat~ of ~e non-pen~rative ~s
l~e c~bom

50

55
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ABSTRACT

The pr~e~ ~vention ~1~ ~ a me~od ~r production of
carbon elec~odes where a first unbaked carbonaceous elec-
~ode pa~e coma~g a Nnder w~ch cu~s ~ a mmp~am~
bdow 500° C. N supplied to an annuls b~w~n a curing
chamb~ ha~ng an inner cross section co~pond~g to the
~o~ ~n of ~e e~mde w~h ~ ~ be produced and ~n
inner mould m~e~d, cur~g of the fir~ e~rode pa~e by
means of suppling he~ m the cur~g chambe~ mmo~ng of
eMng~ed sections of the cured fir~ dec~ode pa~e ~om the
c~g chambe~ The ~ng~s of ~e c~ed fir~ electrode paste
~e mourned on ~e mp of ~e dec~ode cMumn ~ an e~c
smelting Nm~e, a second e~rode pa~e N optionally
supplied m ~e cen~d open~g of ~e c~ed body of the flint
e~mde p~, wh~eby ~e c~ed body of the flint e~rode
pa~e and the second de,rode pa~e ~e baked into a sohd
carbon e~rode in the area of supplying e~c operating
current to the electrode.

20 Claim~ 6 Drawing Sheets
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1

METHOD FOR PRODUCTION OF ~RBON
ELECTRODES

~MC~ H~D

The pr~ent invention rd~es to m~hod ~r produ~n of
carbon electrodes ~r the use in electric sm~ng ~m~.

~RO~D ~

In electric sm~ng ~m~ ~r produ~n of ~rro

day mNNy used ~b~ ca~on elec~ode~ Conven-
tional ~b~ elec~odes compri~ a vertical ~d
ekc~ode ca~ng no~y made ~om ~eek e~en~ng
~ough an opeNng in the Nm~e roof or hood. The upper
end of the dec~ode caNng N open ~ order m ~w addNon
~ u~akd ~~ ~e p~e wN~ ~on ~-
~g softens and me~s and is thereafter bakd into a soAd
cabon ~e~rode due m hea evoNed in the pa~e in the area
of supp~ of electric ~e~g current to the electrode. ~
the electrode is ~n~m~ in the Nm~e the electrode is
~wemd and new sections of ca~ng are in,ailed on the mp
of the ~e~rode ~mn ~d N~r u~ed ~e~ro~ pa~e
is added.

Convention~ ~e~rodes of thN ~pe am e~ w~h
~neg ve~M m~MHc rNs affixed to the inner sur~ce of ~e
ekarode ca~ng which rNs exmnd ~y mwads the
cen~e of the ~ec~ode. When a new section of e~rode
ca~ng N ~Nkd a ~e mp ~ ~e ekc~ode co~mn, ~e rNs
are w~ded to the fibs in the ca~ng b~ow ~ ~der to obtain
continuous rNs in vertic~ dkection. The rNs sere as a
~n~nt ~ ~ b~d ~ ~d m condu~ ekc~ic
cu~ent and hea m~aHy into the dec~ode pa~e d~ ~
b~ng process. ~ compens~e %r the consumpt~n of the
ek~rod~ the electrode is ~w~ed downwaNy into the
Nm~e by means of dec~ode hoM~g and sHpp~g means.

When ~~1 electrodes of this t~e are used, the
ek~rode caNng and the inner rNs m~t when the e~rode
N berg consumed in the Nm~e. The meal con~nt of the
ca~ng and the rNs N thus ~ans~ed to the produ~ pro-
duced in the smeNng Nm~e. ~ the dec~ode caNng and
th21~baMng ek~rode~~r ri~ u~N~ ae mad~an not ff°~e use~reel such conventiOn~r ~ec~ smeNng

Nm~ %r the pro~ of ~Hcon or %r the produ~n
of ~o~B~on ha~ng a Ngh sB~on conte~ as the kon
content in the pro~d pro~ ~H become u~eN~

F~ pro~ where kon contam~a~ the produ~ to be
produ~d ~ has conventionN~ been used pr~ak~ ca~on
ekarod~ wNch ae produ~d ~ ~k kn~M ounce ~e
sm~ng Nm~e and added to the mp of the e~rode
c~umn by means of threads or threaded n~pk~ ~ is aNo
known to use mo~fica~ns of convention~ s~baMng
elec~odes where contam~%n of the produ~ in the Nb
naces w~h kon from the caNng and ~e rNs are avoided or
reduced.

~b~ electrodes are no~y pro~d by %~g
sections of ekarodes ~om a carbonaceous ~ec~ode pa~e,
wh~e~ ~e %~ ~mpkm elec~ode sections are ~b-
je~ed m hea ~e~ment in order to bak the ~e p~e
into a soHd ca~on ekc~ode. Such a m~hod of production
requkes a long period of he~ ~e~ment and the ~mperaum
has to be dos~y mgNaed ~ring he~ng and ~ring
cooling ~ order to prevent crack %rm~n in the finished
ek~rode kn~h. ~he~ the baked ek~rode has to be
macNned ~ order to obtain ~ ~N~k ~ff~e finish and
to mak threads in the ends of each elec~ode kn~h.
~ ~ pro~d ~ ~s ~y ~ ~ ~y

2
In Norwegian patent No. 154860 ~ N dNdosed a m~hod

for continuous production of ~ong~ed carbon bodies which
bodies are cut into su~abk kngths and which are used in the
same way as pmbaked elec~odes after machining and

5 threading. In this m~hod ekc~ode pasta supplkd m a ca~ng
N baked by ~wering the caMng containing unbaked ekc-
~ode pa~e continuouMy or subs~ntially continuouMy
through a baking furnace which N he~ed to a mmperatum of
b~ween 700 and 1300° C. by exmrnA supply of he~ and by

~0 combu~n of gases which evolve during the baking. Also
thN kind of ekc~odes have the dNadvantage th~ they have
to be machined and ~eaded before they can be used as
electrodes in smelting furnace.

A number of modific~ions of the convention~ serf-
~5 baking elec~ode have been proposed in order to avoid

contamin~ion of the produ~ produced in the smelting
furnace. Thus in Norweg~n p~ent No. 149451 ~ N dN-
closed a self-baking electrode wherNn an electrode pa~e
w~h a tar-based binder contained in a ca~ng having no inner

:0 vertic~ rNs, N baked above the ~ea where electr~ operat-

ing currant N supp~ed ~ the ~e~rode and where the caMng
N removed after baking of the ek~rode, but before the
electrode reaches the area where electric oper~ing currant is

used in smelting furnaces for the production of sil~o~ but
has the dNadvanmge compared to convention~ pmbaked
ek~rodes th~ ~ needs costly app~uses for baking of the
ek~rode as the ekc~ode in the area of baking has to be

3o heated to a mmperatum in the range of 700-1000° C.

Fu~he~ as gases containing polyaromatic hydrocarbon
compounds (PAH) evolve during baking, the apparatus has
to be equ~ped w~h means for colkming and de~rncting the
PAH compound~ FinallN ~ has m be arranged dev~es for

35 mmovM of the caMng after the e~rode has been baked.

U.S. Pat. N~ ~69Z929 discloses a self-baking electrode
which is useful in the produm~n of s~icon. The elec~ode
comprNes a permanent m~M caMng having no inner rNs
and a suppoa ~rnmure for the e~mrode comprNing carbon

4o fibre~ where the dec~ode pa~e N baked about the suppo~

~rnctum and where the baked elec~ode is held by the
suppo~ ~rnctum. This elec~ode has the dNadvan~ge that
sep~e holding means have to be a~anged above the ~p of
the elec~ode in order to hold the electrode by means of the

45 suppo~ ~rnmure made ~om carbon fibre~

U.S. Pat. No. 4~75~56 discloses a self-baking electrode
having a permanent caMng having no inner ribs where the
elec~ode pa~e N baked about a cen~al graphite core and
where the electrode is held be the graphite core. This5o
electrode has the same dNadvantage as the elec~ode dis-
closed in U.S. Pat. No. ~69~92% but in add~ion the
graphite core is su~e~ed to breakage when the elec~ode is
subjected to hor~ont~ forces.

55 The above mentioned m~hods for produdng self-baking
ek~rodes having no inner m~M ribs all have the dNadvan-
~ge the they can not be used for elec~odes having a
diam~er above about 1.2 m w~hout a subsmnt~l increased
risk of elec~ode breakage. In contrast, conventional self

6o baking ek~rodes may have a diam~er of up to 2.0 m.
In the produ~n of aH the above mentioned types of

carbon ~ec~odes ~ N used a carbonaceous ~e~rode pa~e
comprNing a paa~u~m so~d carbon m~er~k preferably
anthrac~e, and a tar-based binde~ This electrode pa~e is

65 solid at room mmperatum. Upon heating, the pa~e starts to
soften ~ a mmper~ure in the r~nge of 50-150° C. ~s lhe
tar-based binder starts to melt at this ~mper~ure. Upon
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fu~her heating ~ ,born 500° C. ~e paste ~ ~ bake, and
a compare baking to a solid carbonaceous body takes phce
M a mmperMu~ above about 800° C.

DISCLOSURE OF INVENTION

N spile of ~e abeve mentioned me~ods and app~Muses
~r production of ~lf-baking elec~odes in order to avoid
kon comam~M~n of ~e produ~ w~ch ~ produced ~ ~e
furnace, ~ N s~l a need ~r a mEabk mmhod and app~ams
~r production of ~lf-baMng ca~on dec~odes whereby ~e
dNadvantages of the known mmhods can be ov~come.

AccordiON the pmsem ~vention m~ms m a mmhod Nr
production of a carbon dec~odes which m~hod N charac-

C. N supplied m a an ennulus bmween a curing chemb~
having an inner cross-section co~espon~ng to the cross-
section of to the e~rode which N to be produced and an

innem reansm°Md mMeriof ~’supN~ng hem m ~cur e~g of thcu er~g chambe~ mmo~ng off fr~ e~rode pa~e by
eMnga~d ~s of ~e cured fir~ dec~ode p~ ~om ~e
curing chambe~ ~a~g ~ng~s of the cured flint e~rode
pa~e on the mp of the electrode co~mn in an electric
smelting furnac~ optionally supN~ng a second e~rode
pa~e to the cen~d opeNng of the cured body of the flint
electrode paste, wh~eby ~e cured body cf ~e fir~ e~mde
pa~e and the second electrode paste are baked into a soAd
carbon e~cgode in the area of supping e~c~ operM~g
current to the electrode.

Accord~g m a first embo~mem ~e ~ner moMd mM~l
N made ~om m~M, carbon or ~om a c~am~ mM~l
wNch N removed a~er cur~g of the fir~ e~c~ode paste. An
eMngMed cured body having a cengd opeNng exmn~ng
¯ em~mugh N ~emby ~rmed. The cured body N then
mouNed on the mp of the electrode cdumn in an electric
smdting furnace, wh~ea~ the ~cond ca~onaceous dec-
trode pa~e, pm~mNy coma~g a tar-based Nnde~ is
supplied to the central opeNng in the cured body of the first
electrode paste. As lhe e~mmde N consumed ~ the Nrnace,
the e~c~ode N M~ped downw~ds through convenfion~
e~mmde holding--and M~p~g mean~ and when the cured
body of the flint e~rode pa~e reaches the area of the
e~rode decg~ cu~ent supp~ mean~ the cured body and
the second e~c~ode pa~e confined in the cured body are
baked into a monofi~ sofid ca~on electrode.

According to a second embo~meN the inner mould
materid ~ the curing chamber conMsts of unbaked blocks of
the second e~rode pa~e co~a~g a Nnder wNch cures
a Ngh~ ~mp~a~m than the binder in the fir~ e~rode
pa~e, pm~rab~ a t~-based binde~ During heating and
curing of the first elec~ode pa~e, the blocks of the second
e~rode pa~e w~l be sub~antid~ unaffemed. The cured
body of the fir~ e~c~ode pa~e wh~h N removed ~rm ~e
curkg chamb~ wi~ ~emby comNn unbaked Nocks of ~e
second dec~ode pasta in i~ cemm. When the cured body is
mouNed M ~e ~p of ~e e~mde cdumn of ~e smeNng
furnac~ ~e bMcks of the second elecgode pa~e are baked
in the ~ea wh~e electric current is supNy to the electrode
and ~rms a monofi~ sofid e~c~ode w~h the cured body
of the flint dec~ode pa~e.

The produ~n of the cured body of the first elec~ode
pa~e can be both dNcontinuous and continuous. By ~sco>
tinuous production ~e annMus between the curing chamb~
and the ~ner moMd mMerid N fi~ed wRh the fir~ e~rode
pa~e wh~ea~ hem N supplied m the curing chamb~ ~r
a ~me nece~y m effe~ curir g of ~e fir~ electrode paste.

4
After coofin~ the cured body of the fimt electrode paste N
removed from the curing chamber whereafier the curing
chamber agNn N filled w~h the fir~ e~cgode pa~e for
production of another cured bod>

5 By continuous production of cured bodks of the flint

ekmro& pasta, the keM supply to lhe curing chamber N kept
sub~antially constant and the cured body N lowered through
the curing chamber M a con~ant or sub~anthlly con~ant
rMe, wh~e unbaked dec~ode pa~e N supplied to the annu-

~0 lus between the curing chamber and the inner mould mMe-

fi~. When the ;nner mould mamri~ comprNes bbcks of lhe
second electrode past~ new blocks of the second ek~rode
pa~e are placed on the mp of the lower blocks in order to
mNntNn the mould mMerial in the curing chamber ~s lhe

~5 cured body N Mwered down through the curing chamber. By

continuous produm~n of the cured bodies of the first
ek~rode pa~e, the continuous body N divided into suRabk
kngths bdow the curing chambe~ pm~rably by inserting
__h°riz°ntai intervals" pa~ition sheets in the curing chamber M suRabk

:0

The bodks of the cured flint ekmrode pasta N mounted on
the mp of the dec~ode column by u~ng convention~ glue
for gluing carbon pa~s. In order to ensure a good connection
and centring of the bodks of the flint dec~ode pa~e ~ each

:5 other when mounting on the ekmrode colum~ the bodks of

the cured fir~ de,rode pa~e are made wRh a ring~haped
upwardly exmnding bulb in one end and w~h a co~espond-
ing ring~haped groove in the other end, whereby the bun on
one cured body N inmnded to fit into the groove on the next

3o cured bod> In this way the contact area upon gluing is

increased at the same time as the ~ability again~ horizontal
forces N increased when the bodks are mounted in the
ek~ro~e column in a melting furnace.

The buns respectivdy the groove~ can in a ~mpk way35
be made by forming buns and grooves on the partition
shems which are used during the continuous produm~n of
the cured bodies of the first elecgode pa~e.

¯ he fir~ electrode paste ~ preferably ~n e~clrode paste

4o containing a resin-based binde~ Such binders cure at a
~mperMum b~ween 120° C. and 500° C. and during curing
R N ob~ined bodes having a suffident mechanicM strength
in order to wRh~and the forces they are su~emed to in an
electrode column in electric smelting furnaces. The cured

45 bodes of the flint e~rode pa~e w~l have a suffident
electric and thermN conductivity in order to supply electric
current via convent~nal currant supply means in the area of
supplying e~ric operating current to the electrode.

The radial thickness of the cured body of the first dec-

50 ~ode pa~e is a~u~ed according to the elec~ode diam~er
wRh an increased thickness with increased electrode diam-
ete~ It is, howeve~ preferred that the radial thickness is at
least 1 cm. The cured body of the first electrode pa~e has,
howeve~ normally a radial thickness of at lea~ 5 cm and

55 pm~rably morn than 10 cm.
The carbon elecgode according to the present invention

shows a number of advantages compared to known carbon
e~rodes. Thus the e~c~ode has no ~on caMng and no ~on
fibs and can therefore be used in processes where iron will

6o contaminMe the product produced in the furnace. The e~c-
~ode will, after fin~ baking in the area of e~mfic cu~ent
supply to the demrode, have no joints, as the second
electrode pa~e in the centre of the electrode will from a ~ue
continuous e~rode. The risk of e~c~ode breakage N

65 thereby sub~antiMly reduced comp~ed to pmbaked e~c-
~odes where each decgode ~ngth N mounted on the
e~rode column by means of thread connection~ Fu~her
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the use of a resin-based pa~e as the first electrode pa~e
provides a smooth surface during cur~g cf ~e body of Me
fi~t dec~ode pasta in Me cur~g chamber, making ~ unnec-
essary to machine the outer surface.

The e~rode produced according ~ Me p~sent ~vent~n 5
can be ~N~d ~ e~g furnaces as e~sting holing and
M~p~g equ~ment and declric cu~ent supply means can be
used w~hont morticians.

BRIEF DESCRIPTION OF DRAWINGS ~0

HG. 1 shows a flint embodiment for produ~n of cured
bodies of the first electrode pa~e,

FIG. 2 is a view Nong fine I--I in FIG. 1,

FIG. 3 shows a second embodiment for production of ~5
cured bodes of the fir~ e~rode pa~e,

HG. 4 shows a ~kd embo~meN for production of cu~d
bodies of the first electrode pa~e,

FIG. 5 shows a view Nong ~ne II--II in FIG. ~
HG. 6 shows a four~ embodiment for produ~n of ~

cured bodies of the fist elec~ode pa~e,
FIG. 7 shows a first embodiment for mounting the cured

bodes and finn produ~n of dec~odes ~ conne~n w~h
a smdting furnace, and wh~

FIG. 8 shows a second embodiment for mounting and ~5

finn production of de,rode in conne~n w~h a smelting
furnace.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS 3o

In FIG. 1 and 2 there N shown schematica~y dNcontinu-
ous produ~n of cu~d bodies of a first electrode pa~e.

In FIG. 1 and 2 there N shown a curing chamber 1 having
an inner diam~er corresponding to the electrode to be 35
produce& The curing chamber 1 ~sls on a base support 2.
An inner mould m~hl 3 forms an annular dong~ed
mould 4 between Me cur~g chamber 1 ~nd the ~n~ mould
m~erhl 3. A fir~ electrode paste coNNn~g a b~d~ wHch
cures at a mmp~u~ of below 500° C., p~b~ a 4o
~n~ased binde~ N fled into Me mou~ 4, whe~a~ Me
pa~e N he~ed to curing, mmp~u~ by means of e~ric
heating dements 5 or by other known heating means for
supp~ of he~ energN arranged in the curing chamb~ 1,
wh~eby the fir~ e~rode pa~e N cured to a ring~haped 45
cured body 6. In order to ensure that a horizontal surface is
ob~ined the ~p of the cured body 6, a horizontN sheet 7 N
phced upon the ~p of the fi~t e~rode pa~e prior to
curing. The horizontal sheet 7 has p~ferab~ a ring~haped
bun 8 on ~s lower side in order to flom a ring~haped 5o
groove in the cured body 6, and a ring shaped groove on ~s
upper N~e ~ o~der m form a downw~d e~end~g bulb in
the cured body 6. After cooling Me cu~d body 6, N ~moved
flom the curing chamber 1.

In FIG. 3 there N shown continuous production of cured 55
bodies 6 of the first elec~ode pa~e. In FIG. 3 pa~s corre-
spon~ng m parts in FIGS. 1 and 2 have identical ~nce
num~N~ The m~hod shown in FIG. 3 diffe~ flom the
me~od shown ~ FIGS. 1 and 2 in that the cured body 6 reds
on a mb~ 10 which can be moved in vertic~ d~ection. The 6o
table 10 can be moved vertica~y by means of threaded
spindles 11. At ~a~ of Me curing Me tab~ 10 ~ h ~s upper
posit~n constituting a bottom ~ Me cur~g chamb~ 1. The
fi~t dec~ode pa~e 12 N suppfied ~ the annulus between Me
curing chamb~ 1 ~n the ~n~ mould m~erhl 3 wherea~er 65
the elec~ode pa~e N heated by means of heat energy
supplied by lhe heating dements 5 in ~he cur~g chamber 1.

6
When the curing ma~ the mb~ 10 ~ ~wered w~h a

constant or a substantially constant rate wh~e fu~her dec-
~ode pa~e 12 N supplied to the top of the curing chamber
1. In order to divide the cured body into su~able ~ngths,
p~fifion she~s 13 is inse~ed ~ inmrvN~ When the table 10
has been ~wered such a dNmnce th~ one ~ngth of cured
body 6 has been completdy lowered down through the
curing chamber 1, the pa~ of the cured body 6 in,de the
curing chamber 1 N hdd by means of pressu~ means 14,
whereafler the mb~ 10 w~h the finNhed cured body 6 N
~moved as sugge~ed by the a~ow 15. The tab~ 10 N
the~afler fired to ~s upper position, whereafler ~wering of
the tab~ 10 with cured body 6 N continued.

The pa~n shee~ 13 N ~ ~s upper ~de equipped with
a ring shaped groove 8 and N on ~s lower side equipped with
a downwardly extending ring~haped bulb in order to form
a groove respectively bulb in the mp and in the bottom of
each of the cured bodies 6.

In FIGS. 45 and 6 ~here N shown an embodiment for
dNcontinuous, respectively continuous production of cured
bo~ies 6 which only diffe~ flom the embodiments shown in
HGS. 1 ~nd 3 in th~ lhe inner mould m~eriN N made flom
blocks 16 of a second carbonaceous dec~ode pa~e con-
taining a binder which cures ~ a higher mmper~ure lhan lhe
binder in the first elec~ode pa~e. During curing of the first
e~rode pa~e in the curing chamber 1 the blocks 16 of the
second e~rode pa~e are sub~anfiNly unaffe~ed. The
b~cks 16 w~ll thereby form an integrN centrN part of lhe
cured bodies 6.

In FIG. 7 lhe~ N shown an embodiment for mounting of
the cured bodies 6 produced by the methods shown in HGS.
1 and 3 on the mp of an elec~ode column in an elec~ic
smelting furnac~ and finn production of the carbon e~c-
trode.

On FIG. 7 the~ N shown in dec~ smdting furnace 20.
The smeNng furnace 20 N equ~ped with a smoke-hood 21
and the charge ~vd in the furnace N suggested by ~ference
number 22. Conta~ damps for supply of dec~ic operating
current to the furnace are shown by ~nce numerN 23.
The conm~ damps 23 are p~ssed again~ the e~rode by
means of a pressure ring 24. The conta~ damps 23 and the
pressure ring 24 N in conventionN way equipped w~h
inmrn~ channeN for ckculation of a coofing ~quid. The
contact damps 23 are via ra~s 25 suspended flom an
electrode flame 26.

The e~rode flame 26 N in conventionN way suspended
in the building con~rn~n 27 by means of hydraufic
e~rode ~gul~n cyfinde~ 28, 29. On the e~rode flame
26 there N fu~her arranged dec~ode holding and ~ping
rings 3~ 31. The upper holding and sfipping ring 30 can be
moved in vertic~ d~e~ion by means of hydraul~ or pneu-
m~ cyfinde~ 3233.

Cured bodies 6, produced ~ccording m the embodiments
shown in FIGS. 1 and 3 as descrNed above, are mounted on
the top of the elec~ode column and connected to the cured
body 6 bdow by gluing. E~c~ode pa~e in the form of
briquettes or cyfinde~ N ch~ged ~ lhe hollow cu~d bodies
6. When the electrode pa~e enters the area of the contact
damps 23 for supply of elec~ic operating current to the
furnace 20, he~ will be generated in the cured body 6 and
in the dec~ode pa~e. The cured body 6 and the e~rode
pa~e contained therein wi~ the~by be baked into a sofid
monotith~ carbon decVode 34.

In FIG. 8 there N shown an embodiment for mounting of
cured bodes 6 produced according to the method shown in
FIG. 4 and 6 to the top of the e~rode column in an e~ric
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smelting furnace. In FIG. 8 pans co~esponding to parts in
FIG. 7 have been given the same reference numerals. In the
embodiment shown in FIG. 8 the cured bodies 6 are
mounted in the same way as described above in connection
with FIG. 7. The cured bodies 6 arena howeve~ already
filled w~h Mocks 16 of the second electrode paste. When the
cured bodies 6 enters the area of the contact clamps 23, the
cured bodies 6 and the blocks 16 of the second electrode
pa~e will be baked into a sofid monolithic carbon electrode
34.

We claim:
1. A method for production of a carbon electrode, com-

priNng the ~eps o~

supplying a first unbaked carbonaceous electrode pa~e
containing a binder which cures ~ a mmperature below
about 500° C. to an annulus defined by an inner wN1 of
a curing chamber and an inner mold m~eria~ said
curing chamber having an inner cross-section corre-
sponding to the cross-section of the electrode which is
to be produced,

curing of the first electrode pa~e by means of supplying
heat to the curing chamber so as to form a cured body
~om the first electrode past~ said cured body having a
cen~N opening therein,

removing the cured body ~om the curing chambe~
in~Nfing the cured body on the top of an electrode in an

e~ctric smeNng furnace,

supplying a second e~ctrode pa~e to the central opening
of the cured bod~

supplying operating electric current to the electrode
whereby the cured body and the second electrode paste
are baked into a solid carbon electrode in the area
electric current is suppfied to the electrode.

2. The method according to claim 1, wherein the inner
mold m~erial is made ~om metal, carbon or a ceramic
materiN which N removed a~er curing of the first electrode
pa~e.

3. A method for production of a carbon electrode com-
priNng the ~eps o~

supplying a first unbaked carbonaceous electrode pa~e
containing a binder which cures ~ a mmperature below
about 500° C. to an annulus defined by an inner wN1 of
a curing chamber and one or more unbaked Mocks of
a second electrode pa~e contNning a binder which
cures at a higher temperature than the binder in the first
electrode pa~e, said curing chamber having an inner
cross-section co~esponding to the cross-section of the
electrode which is to be produced,

curing of the first electrode pa~e by means of supplying
heat to the curing chamber so as to form a cured body
~om the first electrode pa~e said second electrode
pa~e being sub~antiNly uneffected during the heating
and curing of the first electrode pa~e in the curing
chambe~

removing the cured body and said blocks of uncured
second electrode pa~e ~om the curing chambe~

in~Nfing the cured body and said blocks on the top of an
electrode in an electric smelting furnace,

supplying operating electric current to the electrode
whereby the cured body and the uncured Mocks of said
second electrode pa~e are baked into a solid carbon
electrode in the area electric current is supplied to the
electrode.

4. The method according to claim 1 wherein the cured
body N produced by completely filling the annulus between

the curing chamber and the inner mold m~erial w~h the first
electrode pa~e, wherea~er heat is supplied to the curing
chamber for a time necessary to effect curing of the first
electrode pa~e and removing the cured body of the first

5 electrode pa~e ~om the curing chambe~ wherea~er the
annulus of the curing chamber agNn is filled with the first
electrode pa~e for production of another cured bod~

5. The method according to claim 1 wherein the cured
body of the first electrode paste is produced by keeping the

~0 heat supply to the curing chamber sub~antially con~ant and
lowering the cured body through the curing chamber at a
con~ant or sub~antia~y con~ant ram, wh~e fu~her uncured
first electrode pa~e is supplied to the annulus between the
curing chamber and the inner mold m~eriak

~5 6. The method according to claim 5 wherein the cured
body of the first electrode pa~e is divided into su~able
~ngths below the curing chambe~

7. The method according to claim 6 wherein the cured
body is divided into su~able ~ngths by inserting horizontal

~0 partition sheets in the curing chamber at su~able intervals.
8. The method according to claim 1 wherein the cured

body is mounted on the top of the electrode in the electric
smelting furnace by gluing.

9. The method according to claim 3 wherein the cured
~5 body and said blocks of uncured second electrode pa~e is

produced by comp~mly filling the annulus between the
curing chamber and the uncured second electrode paste with
the first electrode pa~e, wherea~er heat is supplied to the
curing chamber for a time necessary to effect curing of the

3o first electrode pa~e, and removing the cured body and said
blocks of uncured second electrode pa~e ~om the curing
chambe~ wherea~er the curing chamber again is fil~d w~h
the first electrode pa~e and said blocks of uncured second
electrode pa~e for production of another cured body and

35 blocks of uncured said second electrode paste.
10. The method according to claim 3 wherein the cured

body and said blocks of uncured second electrode pa~e is
produced by keeping the he~ supply to the curing chamber
sub~antially constant and lowering the cured body and said

4o blocks of uncured second elec~ode pasta through the curing
chamber at a constant or substantially constant r~e, while
fu~her blocks of uncured second electrode pa~e is suppfied
to the curing chamber to form the annulus and uncured fir~
electrode pa~e is added to the annulu~

45 11. The method according to claim 3 wherein the cured
body and said blocks of uncured second electrode pa~e is
divided into su~able lengths below the curing chambe~

12. The method according to claim 11 wherein the cured
body and said blocks of uncured second electrode pa~e is

5o divided into suitab~ lengths by inse~ing horizontal pa~ition
sheets in the curing chamber at su~able intervals.

13. The method according to claim 3 wherein the cured
body and said blocks of uncured second electrode pa~e is
mounted on the top of the electrode column in the electric

55 smelting furnace by gluing one cured body to another cured
bod~

14. A carbon electrode compriNng:
(a) a top portion comprising:

(al) a cured body of a first e~ctrode pasta wherein said
6o first electrode pa~e cured at a temperature below

about 500° C., said cured body having a central
opening therein; and

(a2) an uncured second electrode pa~e, said second
electrode pa~e curing at a temperature above the

65 temperature at which said first electrode pa~e, said
second electrode pa~e being located in said central
opening of the cured body; and
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(b) a bottom portion comprNing a sofid monol~hic carbon
electrode.

15. The elec~ode of dNm 14 wher~n said cured body has
a thickness of ~ ~a~ 5 cm.

16. A carbon elec~ode precursor used for making an
electrode in a furnace comprising:

a cured body of a fir~ e~c~ode pa~e wher~n sNd tint
elec~ode pa~e cured at a mmperatu~ below about
500° C., sNd cured body having a cen~ opening
therein; and

one or mo~ blocks of an uncured second electrode paste,
said second elec~ode pa~e curing at a mmper~ure
above the ~mper~ure at which said first electrode
pa~e, sNd second electrode paste being located in said
cen~N opening of the cured bod~

17. The elec~ode of dNm 16 wher~n said cured body has
a thickness of ~ ~a~ 5 cm.

18. In an elec~ic smelting furnace which employs one or
mo~ e~rodes, lhe improvement compfiNng a carbon
e~rode having

10
(~ a top gortion ~hich comprises:

(al) a cured body of a fi~t e~rode pas~ whe~in said
first electrode pa~e cured at a mmperatu~ below
about 500° C., said cured body having a cen~al

5
opening therein; and

(a2) an uncured second elec~ode pa~e, said second
e~rode pa~e curing ~ a mmperatu~ above the
~mperatu~ at which said first electrode pa~e, said

~0 second elec~ode pa~e b~ng located in said central
opening of the cured bod~ and

(b) a bottom portion which N a monofith~ carbon e~c-
trode.

~5 19. The furnace of dNm 18 wherNn sNd cured body of
said elec~ode has a thickness of about 5 cm.

2~. The furnace of claim 18 wherNn s~icon metal is
produced.
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ELECTRODE FOR DISCHARGE ~RFACE
TREATMENT AND MANUFACTUR~G

METHOD THEREFOR AND ~HARGE
~RFACE TREATMENT METHOD AND

DEVICE

TECHNICAL FIELD

The present invention re~s to improvemen~ in an
electrode for use in electrical discharge surface tre~ment,
arranged lo cause disch~ge ~ take p~ce between the
e~rode and a workp~ce. The d~ch~ge energy ~ used to
form a hard coating on the surface of the workpiece. Also
disclosed we a manufacturing m~hod therefo~ a disch~ge
surface ~e~ment m~hod and an apparatus themfoc

BACKGROUND ART

H~he~o, as a ~chnique for coating the surface of a work
to impart corrosion resistance and wear resistance to the
surfac~ a discharge surface ~e~ment m~hod has been
dNclosed in, for examp~, Japanese Patent Unexamined
Publication No. Hd. 5-148615. The foregoing mchnique
uses an de,rode in the form of a green compa~ composed

~fepoWs~i~2wd~;) ~dp~o~nV~rTsh°e~t 2e~=~ ~est Pep ((aa

re-melting ~ep) N performed a~er the elec~ode has been
changed. The second de,rode, may be, e.g., a copper
electrode whose electrode wear is compar~ively smNk
Thus, the foregoing m~hod requires two ~eps to compl~e
the ~e~ment of the surface of a metal m~er~k This
convent~nM mchnique N excd~nt when ~ N used to form,
on a ~eel m~efiN, a h~d coating exhibiting satisfactory
h~dness and adhesiveness and having a thickness of runs of
~m. Howeve~ the m~hod encounm~ difficu~y when a hard
coating having suffident adheMveness N to be formed on a
sintemd m~efiN, such as a hard allo~

A discharge surface tm~ment m~hod disclosed in Japa-
nese P~ent Unexamined Publication No. Hal. 9-19293~
which N capable of forming a h~d coating having suffident
adheMveness on a hard alloy will now be descrNed w~h
reference to FIG. 16. Re~rring to FIG. 16, reference
numerN 1 represen~ an elec~ode in the form of a green
compa~ manufactured by compmsMng TiHa pow~e~ 2
mpmsen~ a workp~ce, 3 represents a working rank, 4
represen~ a working fluid and ~ mpmsents a switching
dement for switching the voyage and cu~ent wh~h are
applied to the elec~ode 1 and the workp~ce 2. Reference
numerN 6 mpmsents a control drcu~ for on/off controfling
of ~he switching dement ~. Re~mnce numerN 7 represents
a power source, 8 represen~ a resistor and 9 represents a
formed hard coating. The discharge surface ~e~ment pe~
formed w~h the foregoing ~rucmm enab~s a hard coating
exhibiting exceflent adhesiveness and having a th~kness of
several ~m to tens of~m to be formed on the surface of Meel
or a hard allo~

Each of the foregoing conventional mchniques are cha~
actefized by uMng an elec~ode in the form of a green
compa~, and has an advantage in th~ components of the
e~rode can eaMly be md~d due to the dNch~ge energG
permRting a coating m easily be formed on the surface of the
workpiece. HoweveG the following three reasons have
inhNRed practicM use of the foregoing m~hod.

Afimt mason will now be described. The e~cgode in the

form of the green compa~ N br~fle and suscept~ to
damage. Themfom, machining to adapt the electrode to the
shape of the workpiece, or machining to form screw holes

2
Nr ~cufing the elec~ode to the ~p~ cannot easy ~

ch~ ~r~ ~e~mem b~ome Do comN~aed, ca~g a
s~l d~erioration in the process effic~nc> % ove~

s ~me ~e ~o~-m~d ~oNem, ~ ~g~ be ~ ~
sinter the e~rod% in the ~rm of the green ~mpa~ into
a mm~ de~ro& ~r u~. Howe~ ~e ~N~ a prob~m ~
that the pro~ab~ of the sintered electrode deteriorates
and a ~eed at which the hard co~ng can be ~rmed is

10 reduced.

A second reason w~l now be d~Ne& ~ e~rode
h~g a s~e s~cm~ ~om ~e ~e~o~ of ~tic~ u~
cannm eaN~ be ~rmed. Th~ 2, an e~mrode a~anged to be
u~d ~ ~e ~ff~e ~e~mem of a mMd ~ ~e fi~ ~d ha~

~ a ~ti~acm~ ~ge size can be ~rmed oNy when a bigh
p~~ p~s is empMyed. M~ the fact that the
pressure cannot be uN~y ~ansm~ed in the mabel
when the powd~ mabel N compm~ed causes ~Ma~-
fi~ ~ ~e &n~y m o~u~ Them~m, ~em ~s a prob~m

2o og Nr examN< ~a&s. Hence, ~ Nflows th~ the non-

unarm hard co~ng ~rmed on the ~@~e resu~s in a
poorer quay produm.

A ~kd reason wffi now be d~Ne& A ~k ~m cannm

~s ~. A~d ~a~g h~ a ~&~ ~r ~n ~
abov~me~ned vdue, m~md by ~du~> cannot be
~rmed.

~ e~borafion w~l be gNen mgaN~g the thkd mason
3O

~o~. Tbin Nm ~rma~n h~ ~d~fly ~ W~
~ ~y~ ~o~ ~ ~e~c~ ~o~n wbi~ ~ a
&y w~e~. A ~ fi~ cannot be ~rmed by the ~mgdng
m~hod. Th~e~m, ~ray co~ng or the fike mu~ be

35 emNoyed ~ w~em. Spry co~ng m~hods c~aNe of
~ a v~e W ~ m~N on a w~ ~r ~om
co~ ~x~m of ~e ~rmed ~. Th~e~m, ~r~ co~-
~g cannot be appfied in sRuations mqN~ng pmdNon and
d~i~> ~ch as ~ng a co~ng on a mold. The
m~e~ds which can be spray coated are also exc~Nve~
fimRed.

A conventional m~N~e has been dNclosed in J~e
P~ent Unexam~ed ~b~ No. Hei. 8-300227 which
re,ms to an e~rode ~r dNcha~e sur~ce ~e~mem and a

45 m~hod of surface ~e~mem ~r a metal m~k This
m~hod h~ ~e ~s ~ uNng c~bid% ~mpm~g R ~m ~
e~o& ~d p~g mmp~ ~m~ ~ a mm~e
lower than the NN~g ~mp~a~m so that an electrode is
~rmed. The m~hod N ~d to change the macbiNng

50 pd~y a~er ~e ~ha~e ~r~ ~eamem Ms ~en
p~ to pe~ a process ~r N~Mr haNeNng the

be ~ ~ a ~mp~aNdy bigh mmp~aum. Tbis
process demands that a mmp~amm of 1100° C. N main-

55 mined ~r 30 ~ms. Since dense mxmms have been
~rmed ~ ~e ~mgo~g de,rode, and manu~cmmd by ~e
~mp~ s~ng proces~ ~cond~y macbiNng of the
e~rode cannot be easy W~ Un~u~m~ the
hard co~ng cannot be effic~nfly &~ on a ~@~e,

6o msNting ~ ~ ~y of the hard ~. When a dense
hard co~ng N m~m~ the mach~g ~ mu~ be
p~ ~r a Mng time. T~ ~mgo~g m~hod h~
another proNem in that the deposR~g process is easy
shined to a proNe~M~e proces~

65 A me~od of manu~cmr~g a mdd wffi now be &s~Ned
as an examNe of the ~@~e. The mold can be manu-
~c~md by any one of the MM~ng three m~hods. A flint
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m~hod N arranged such tha a mold N su~e~ed to hem
ge~ment ~ impart required h~dne~ and we~ mM~ance. A
second meMod uses sur~ce mo~fy~g mchn~ues m deposit
a hard coating on a portio~ or the overa~ sur~ce of the
moM, m proMng the mold’s E~fime. AMkd meMod uses a
hard alloy or the like to manu~um the mold to mNmNn
the accuracy of the mold for a Mng time. The thkd m~hod
N empMyed m manufacture a mold for automobiks or Me
Eke which are mass~roduce~ or to manu~cmm pmdse
produc~.

In the presem invention, a discharge surface ~e~ment
m~hod N empMyed when a mold N the workpkce wh~h
mu~ be processed accor~ng m the third method. According
m the present ~vention, a ~sch~ge surface ~e~ment
meMod N provided for a mold wh~h N ~mrchangeabk w~h
or sub~immbk for a mold made of a hard alloy or a mold
wh~h partid~ uses the hard alloy A conventionM ~chn~ue
w~l now be described.

FIG. 17 shows an exampk of a mold for a die header
which is used as a mold a pmdse forging process. A hard
alloy block 101 N embedded in the cen~M port~n of a base
meal 100 and machined by a profile dNch~ge machine or
a wire dNcharge macNne m provide Me acmA mold sur~ce.
Additionall> a ~sch~ge ~ufface ~e~mem N performed ~
deposit a h~d coating on the sur~ce of Me mdd m increase
Me h~dne~ of Me surface wh~h improves the durabili~ of
the mold. FIG. 17 shows the ~rucmm which N used when
Me ~sch~ge surffce ~e~mem N performed. A ~sch~ge

sur~Cg ereen compatr ~e~me~to produU ceSeS an ~l~Tdc;a~i~3g i2n tht ehe ~rr~ac~fo}

the mold having a thickness of about seven ~m. Re~mnce
num~N 1~2 mpresems a shank for securing the e~rode
1~3. As descrNed above, the mold N manu~mumd by a
plurality of sm~s ~c~d~g mach~g the base mm~ for Me
moM, embedd~g the h~d alloy bMck, pmcNe macNNng of
Me shape of the moM and dNcharge sur~(e ~e~ment for
improving the surface of the mold.

The foregoing Froce~ for manufacmr~g the moM has
two critic~ problems. A first prob~m arises due to the hard
alloy b~ck bdng fom~fit~d into the base m~er~l of the
mold. Th~efom, both of the base m~l of the mold and
the hard alloy block mu~ be machined wRh con~d~ably
exce~ent accurac> Th~efom, a ~ng time and a grea co~
are required to manufacture the mold. A second prob~m is
caused ~om a ~ct that the hard alloy block N made of a
different ma~ial than Me base m~erial cf Me moN. As a
result, Me difference ~ the coeffidem of Merm~ expansion
causes cracks and breakage to eas~y occu~ If the hard alloy
block cannot be used due to breakage or crack~ the mold
mu~ be discarded or re-manufacture& Also, a Mng time and
a gm~ co~ are required to manufacture the mold.

Therefore, a need for improvement N ca~ed for by a
depa~ment wh~h manufactures lhe moNs and~r a depart-
ment which uses lhe molds. Howeve~ an effemNe so~tion
has not been provided.

Another case w~l now be descrNe& In the automobile
p~ manu~mur~g industr~ a moM for forging a conne~-
~g rod s~ucmmd, for examp~, as shown in FIG. 18, N
wide~ used. FIG. 19 shows a mpmsem~Ne manufacm~ng
process in the fomgN~g case. Recentl> a h~h speed cuing
mchnique has ~pidly been improved. Th~efom, a hard
workpiece obtNned by hem ~eament can be suNemed to a
cutting op~ation. FIG. 2~ shows msul~ of a comparison of
the time required to manufac~m connecting rod molds
b~ween the Ngh~peed cutting operat~n and the conven-
tion~ dNcharge mach~g op~ation. As can be undemmod

4
from HG. 20, Me Ng~@~d c~g ~e~n N morn
effidem M~ Me ~@~1 ~h~ m~h~g ope~-
tion.

Since the mold wears a~er ~ has been used ~ shown in
5 ~ of FIG. 19, chan~ng to a new mold or impro~ng the

accuracy of the worn mold ~ ~q~. In a case of a ~ge
moM, as shown in FIG. 18, the hard ~oy block cannot
easy be em~dde& A m~ po~on ~ la~e molds of the
~go~g Wpe ~ u~y ~de ~ ~ ~. Th~ ~ the

~0 die-steel mold has been worn, heat ~e~mem and s~ce

~pro~mem mn oNy ~ p~ ~ed m ~pro~ Me

molds is raNed excesMvdG c~Mng the co~ of ma~
~g the mold to be &am~M~ increased.

~5 The ~~1 mm~d ~ ~g a h~d ~ m a
~@~e, ~h ~ a m~ by ~g ~ ~
~e~me~ Ms b~n ~mc~md ~ d~Ned ~ J~e
Paent Unexam~ed ~b~ No. Hei. 5-148615.

The conventionM meMoG howeve~ ~m ~om thin
thickness of the haN coa~g as shown in FIG. 21, deterio-
ration in the characteristics of the m~l ~ Ngh mmp~>
m~s due ~ ~a~c de~rm~n ~d ~ffide~ ~n~
Th~e~m, it is ~ffi~ to use the mold ha~ng the hard

25
co,rig ~rmed thereon as a s~e ~r the hard ~oy
bb&. Th~e~m, the ~mgo~g haN coating has been Hm-
~eNy used to ~wove the ~rf~e of a hard ~0>

As d~Ned above, there arises a prob~m of increased
time and ma~cmfi~ cos~ needed to manu~cmm the

30 mMd made of the hard ~0> In a case of a l~ge moM ~m
wNch Me haN Mby bbck cannm be embeddeG there arises
a wob~m of increased ~equency of m-manu~cmr~g the
molds and, M~e~m, the cost ~r manu~cmr~g the mold
cannot be reduced. The convem~nM mmhod ~ ~g the

35 h~n un~tiffam~y smaC 11°~ng by Me dNch~g~kne~" Them~m, Me prob~m~ sr~ ~am~t ~m ~om

coMd not be pmv~uMy ov~come.

DISCLOSURE OF THE INVEN~ON

4o The w~em invention soNes the ~me~ prob-

~ms exper~nced w~h the conventionM mchn~u~, and an
oNe~ of the w~em invention is to obtain an electrode ~r
¯ ~ha~e ~rf~e ~e~meN wN~ c~ ~y ~ ~nd~
macNned and wNch N ~ee ~om reduction in a ~g rae

45 of a hard ~.

An~ o~em of the w~em invention is to obtain an
elec~ode ~r ~h~ge sur~ce ~eamem wNch N cap~ of
~g, on a ~@~e, a ~d ~, w~ N c~able of

so
~P~g ~edM Nnm~ ~du~ng ~ ~en~h
agMn~ Ngh mmp~amms and wear reM~ance.

An~ o~em of the w~em invention is to obtain an
elec~ode ~r ~h~ge sur~ce ~eamem wNch N cap~ of
~g a h~hN~ ~ h~d ~ on a ~@~e.

ss An~ o~em of the w~em i~n is to obtain a
¯ ~ha~e ~ff~e ~e~mem m~hod wN~ N c~ of
effic~nfly ~ng a hard co~ng on a w~, easy
~g ~ de~ro&, ~ a ~& ~m of a M~ ~
in an ~N~y range of an area which is ~c~ to a

6o v~e~ of mechaNcM demems ~c~ng mdd~ moN and
mechaNcM pa~s.

An~ o~em of the w~em i~n is to obtain a
¯ ~ha~e ~r~ ~eamem m~hod wNch N ~p~ed ~ a
mMd ~ a ~timm ~r a m~d m~e of a ~ M~G wN~

65 exhN~s a low co~, Ngh ~ and excd~nt &r~G
wNch can be ~y m~u~m~d and wNch can be used
mpe~eNy uMng oNy a Mmp~ mpNfing ~e~n.
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Since the present invention N ~ruc~md as des~Ned
above, the following effems can be obtained.

The e~rode for dNcharge surface tmament accord~g m
the fir~ invention a~ns an effect tha ~ can easily be
formed by a mechanical removing process, such as a turNng
op~atio~ a gr~d~g opera~n or a pdNNng ope~tion or a
dNcharging proces~ Moreove~ a discharge surface ~ea-
merit uNng the e~c~ode can be performed such tha a rae
at which the hard coating which is formed on the work is
formed N not reduced.

The e~rode for dNcharge surface tmament accord~g m
the second invention attNns an effem ~milar to that obtain-
able ~om the first invention and another effect that form-
abil~y in the compmsNon form~g can s~nificanfly be
improved.

The e~,ode for dNcharge surface tmament accord~g m
the third invention a~ain an effem Nm~ m ~ obtainable
~om the fir~ invention or the second invention.

The e~,ode for dNcharge surface tmament accord~g m
the fourth invention a~ains an effect Nm~ to that obtain-
ab~ ~om the flint invention or the second invention and
another effect that a hard coating capab~ of imparting
sped~ functions inc~ding ~bficit> strength agNn~ high
mmperamms and wear resNtance can be formed on a work
by the dNcharge surhce ~e~ment u~ng the e~rode.

The e~,ode for dNcharge surface tmament accord~g m
the fi~h invention a~ains an effem ~mil~ to that obtainable
~om ~e first invention or the second invention and another
effem th~ a denser and h~h-quNRy hard coating ~ee ~om
kmgul~Ry cf ~e h~dne~ can be formed on a work by the
discharge surhce ~e~ment u~ng the e~rode.

The mmhod of manuhcmfing the e~cgode for ~sch~ge
sur~ce ~e~ment accord~g ~ ~e ~xth invention attNns an
effem th~ an demrode for dNcharge surhce ~e~ment can
be obtained which can easily be formed by a mechaNc~
removing proces~ such as a turNng operat~ a grin~ng
op~ation or a pofishing operat~n or a discharging process
and an~h~ effe~ ~ the dNcharge surface treatment us~g
the electrode can be performed such ~ a rate at which ~e
hard coating which N formed on the work N formed N not
reduced.

The mmhod of manuhcmfing the e~cgode for ~sch~ge
sur~Ca en effem Nmiltr ~e~meNtoacc°rd~g m ~e seventh h~ obtNnab~ ~om th~nventi°si nxth inventioa n ~Nns

and another effect that the formability in the compres~on
fo~m~g can s~nific~ntly be improved.

The m~hod of manu~cm~ng the e~c~ode for ~sch~ge
sur~ce ~e~meN accord~g to the e~Nh invention a~Nns
an effem Nmil~ to ~ obtNnab~ ~om the Nxth invention
or the seventh invention.

The m~hod of manu~cm~ng the e~c~ode for ~sch~ge
sur~ce treatmeN accord~g m ~e ninth invention attains an
effect Nm~ to that obtainable ~om the sixth invention or
the seventh invention. Moreove~ another effect can be
obtained in th~ a hard coating capab~ of imputing speN~
functions ~c~d~g ~b~dty, s~eng~ ag~n~ high ~mpem-
rares and wear resNtance can be formed on a work by the
discharge sur~ce ~e~ment u~ng the e~rode.

The m~hod of manu~cm~ng the e~c~ode for ~sch~ge
sur~ce ~e~ment accor~ng m the mnth invention a~Nns an
effect Nm~ to that obtainable ~om the sixth invention or
the seventh invention. Moreove~ another effect can be
obtained in that a denser and h~h-qua~ hard coating ~ee
~om i~egularity of the hardness can be formed on a work
by the dNcharge sur~ce ~e~ment u~ng the e~rode.

6
The ~ha~e s~ ~e~mem me~od ~co~g ~ ~e

ekventh and twdflh inventions a~Mns an e~ th~ the
e~rode ~r d~ch~ge s~ ~e~mem can easy be
~rme~ a h~d ~ ~n effic~m~ be ~ed on a wo~

5 and a dNcha~e surface ~e~mem m~hod can be obtained
which can be ap~ed to a v~e~ of mechaNcN pa~s
~c~ng a moN, a ~01 ~d a ~~ ~ ~
e~ can be obtNned in th~ the m~Nng process N not
~q~ ~c~ the h~d co~g can be ~rmed in an area

~0 of~e won wh~h N ~b~tiaHy ~e same ~ ~e ~ea of~e
electrode.

The ~ha~e s~ ~e~me~ me~od ~co~g ~ ~e
thkteenth i~n a~ains an e~ct Mm~ to that obtain-
able ~om the d~eNh i~eN~n and another e~ct that the

~5 ~mcm~ can be Mm~d.

The ~ha~e s~ ~e~me~ me~od ~co~g ~ ~e
~u~mh i~n a~ains an e~ M~ to that obtain-
able ~om the eleventh i~n. ~ e~ct can be
obtained in that mach~g can ~ p~ while a smM~

20 Mze e~mrode N b~ng scanneG a necess~y ~r uMng a

l~ge-Mze and spedM~hape Mnmred e~c~ode can be
e~m~ed, the smMgMze e~c~ode can be scanned on the
overall ~ed s~hce of a wo~ such as a ~ h~ a
¯ ~e~im~Mo~l ~ ~ ~rh~ ~d a h~d ~ ~n

25 be ~rmed ha~ng the same ~c~s over the area of the

won or ~ch th~ the th~kness N changed ff ~a~
The ~ha~e s~ ~e~me~ me~od ~co~g ~ ~e

fi~eenth invention a~ains an ~ M~ m ~ ~
~om the eleventh i~n. ~ e~ ~n be obtained

30 ~ ~ a h~d ~ c~aNe ~ imputing ~hl Nnm~

~c~ng ~fi~G ~en~h agMn~ Ngh mmp~am~s and
wear resNtance can be ~rmed on a w~k by the ~ha~e
s~h~ ~e~meN uMng ~e e~Urode.

The ~ha~e s~ ~e~me~ me~od ~co~g ~ ~e35

~om the eleventh invention and ~mMr e~ that a denser
and ~y hard co,rig ~ee ~om k~gN~y of the
hardness can be ~rmed on a work by the ~h~ge s~h~
~e~mem uMng the electrode.

The ~ha~e s~ ~e~me~ me~od ~co~g ~ ~e
seventeenth ~n ~ ~ e~ MmH~ to that obtain-
able ~om the eleventh i~n and another e~ct that a
mo~ ~ed w~h a h~d ~g wh~h ~n be m~u~u~d

45 exhN~i sn a sho~ times ,ati~acmrt yhe cOS2ccuracO yf wNChca~an b~e ~duced and WNCo hbtained. ~

e~ct can be obtained in that a mold coated w~h a hard
co~ng exhNNng exc~nt du~N~ and ~pe~ed use of
wh~h ~ pe~ed w~h a ~m~e m~g ~ ~ ~e

50 mold is worn.
The ~ha~e s~ ~e~me~ me~od ~co~g ~ ~e

e~Neen~ ~veN~n a~ains an e~ct ~m~ to that obtain-
able ~om the seventeenth invention. ~ ~ ~n ~
obt~ned ~ ~ a moN co~ed w~h a haN coating exNbNng

55 N~h~mo~ sati~acmry d~ab~ can be obtained ~c~
a hard co~ng ~i~ than a hard co~ng ~rmed in a
p~n of the mold in which the de~ee of we~ is low is
~rmed ~ a p~n of ~e same ~ wNch ~e de~ee ofwe~
N high.

60 The ~ha~e s~ ~e~me~ me~od ~co~g ~ ~e
nineteenth invention a~ains an e~ct ~m~ to that obtain-
able ~om the seventeenth ~ntion. ~ot~ e~ct can be
obtained in that a mold coated w~h a hard co~ng can be
obtained w~h which ~-manu~cmr~g of the mold is not

65 ~q~ ~~ ~ of ~ ~N N ~ ~
~q~d ~ m~u~u~ ~e mo~ ~d mNNNn ~e ~me c~
~n~d~ be saved and sa~ng of enemy and env~on-
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memM ~kndEne~ ~e p~mR~d because ~e amoum of Me
m~ial Nr manu~mur~g Me mdd can con~derab~ be
reduced.

The ~h~ge sur~ce ~e~mem m~hod acco~g ~ Me
twentieffi invention a~ains an effect ~m~ to that obtain-
able ~om the nineteenth invention and another effect that
mortician of ~e mMd can be compkmd ~ a con~d~ab~
sho~ time.

The ~h~ge surface ~e~mem ~pp~ams ac~or~ng ~
the twem~fir~ and twemy~econd inventions a~Mns an
effe~ th~ a ~h~ge surface ~eamem app~aus can be
obtained with which the electrode ~r ~ha~e surface
treamem can easily be ~rmed, a h~d coating can efficiently
be ~rmed on a work and adaNa~n to a varie~ of mechaN-
cd parts ~c~ng a mo~, a tool ~nd a mecha~c~ demem
is p~mitte& Anoth~ effect can be obtained in that the
masking process N not required because the haN coa~g can
be ~rmed in an area of the work which N sub~antia~y Me
same as the area of the elec~ode.

The ~h~ge surface ~e~me~ ~pp~a~s ac~or~ng ~
the twen~qNN invention a~ains an effect Mm~ to that
oNMnab~ ~om ~e tweN~first ~vention and ano~ effe~
th~ the app~a~s can be Mmp~fied.

The ~h~ge surface ~e~mem app~ams accor~ng m
the twenty-~urth invention a~ains an effect Mm~ to that
oNMnab~ ~om the twen~-first invention. Anoth~ effect
can be obm~ed ~ ~a mach~g can be performed while a
smNbMze elecgode N berg scanned, a necessRy ~r uMng
a l~ge~e and spedN~hape Mnmred e~cgode can be
e~m~aed, the smMbMze e~c~ode can be scanned on the
overall curved surface of a worm such ~ a mo~, having a
¯ medimenMonM ~ee cu~ed sur~ce and a haN coating can
be ~rmed ha~ng the same th~kness over the area of the
work or such that the thickness N changed ~ necessar>

BRIEF DESCRIPTION OF THE DRAWINGS

HG. 1 ~ a ~agram showing a mmhod of manu~cm~ng
an dec~ode ~r ~ba~e ~ur~ce ~e~mem acc~d~g m a
gr~ embo~mem of ~e pm~m ~ention;

HG. 2 N a ~agram showing a mmhod of ~rm~g Me
e~rode ~r dNcha~e surface ~e~meN accor~ng to the
flint embo~mem cf ~e presem invention by mN~g wax ~
Me m~ial of Me e~mmd<

HG. 3 N a ~aph showing an exam~e of a ~eam pm~um
curve of the wax;

HG. 4 N a ~agram showing ~e ~em~ ~rucmm of a
¯ scha~e surface ~e~mem mmhod and an app~ams ~em-
~r acc~ng m a ~cond embodimem of Me proem ~ven-
tio~

FIG. ~ N an en~ed photograph showing a haN coating
~rmed by Mn~e ~scha~e uMng TiC ~ ~e mMn compo-
nent of the elec~ode acco~g ~ the second embo~meN of
the prese~ ~vention;

HG. 6 N a photograph showing a ~e of eepoMtion of a
h~d coating ~rmed by continuous ~h~ge accoN~g to
the second embo~meN of the pm~ ~vention;

HG. 7 N a schema~ ~agram showing a macNNng
me~od empb~ng en e~mmde scanNng me~od acc~ng
m ~e ~cond embo~mem of ~e proem ~vem~

HG. 8 N a ~a~am showing a dNcha~e sur~ce ~e~ment
me~od ac(o~g ~ ~e ~cond embo~me~ of Me pm~
invention wRh wh~h aefiN dNcha~e N p~rmed;

FIG. 9 shows resuHs of X-my ~ffraction of the hard
coating ~rmed on a work by uMng an e~c~ode acc~ng
to the second embo~me~ of the pm~N invention and

8
b~ed ~ ~ ~ ~mp~~ ~e m~Ny ~m-
p~ed d ~C N m~&

FIG. 10 k a ~h ~o~ m~ ~ ~c~m hardness
me~umme~s ~ ~e ~rmed h~d coating ~c~ng ~ ~e

s ~cond embo~mem of ~e N~em i~e~o~

FIG. 11 ~ a ~ram ~o~ a mmhod ~ ~rm~g a haN
~ng ~g ~ a ~kd embo~me~ of ~e w~e~
invention and c~aNe of pm~ng ~ed~ Nnm~nN

FIG. 12 N a ~a~am ~o~ a ~e ~ wNch a dNcha~e10
s~ ~e~mem mmhod ~coN~g m a fi~h embo~mem of
~ ~m ~e~ N ~ m a pmd~-~ed moM;

FIG. 13 N a ~a~am ~o~ a pm~ ~r ma~cm~
and uNng ~e moN ~g m ~e fi~h embo~mem of ~e

~5 pm~m ~vention;
FIG. 14 N a ~a~am ~o~ ~p~cation of a Mxth

embo~mem of Me w~em ~vention m a pmsNng mo~

FIG. 1~ N a ~a~am ~o~ a mmhod of chang~g the
thickness of the h~ ~ ~ ~~ ~ a &~ of

~ we~ ~ o~er m eMng~e Me l~fime of ~e moM ~r~
m a ~vemh embo~mem of ~e w~em i~e~;

FIG. 16 N a ~m ~o~ the ~mm~e of a conven-
tion~ ~h~ ~r~ ~eamem me~o~

FIG. 17 is a phom~@h ~o~ a mold ~r a die header
which is used as a conventional mold ma~cmmd by
pmdse ~ng;

FIG. 18 is a phom~@h ~o~ a ~~1 ~ged
mold ~r a connem~g rod;

3o FIG. 19 N a ~a~am ~o~ an exampk of a conven-
tional process ~r manu~m~g a moM;

FIG. 2~ N a ~@h ~o~ msN~ of a ~mp~n of time
mq~ ~ m~u~um a mdd ~r a ~e~ md
b~w~n a convention~ dNch~ge mach~g and a mmhod

35 of u~ng Ngh~p~d ~ting; and

NG. 21 N a p~m~h ~o~ a ~ ~rm~ by a
conventionA ~h~ge ~r~ce ~eamem.

~D DESCR~TION OF THE
PREFERRED EMBODIMENT

Nmt Embo~mem

HG. 1 k a ~a~am ~o~ a m~hod of ma~cm~
~ an ek~mde ~r dNcha~e s~ ~eamem ~c~ng m a

first embo~mem of the present invention. In this
em~me~ a process ~r manu~cmr~g an de,rode ~r
¯ ~ha~e ~r~ ~e~mem m~e ~om powd~ obeyed by
~ng WC powd~ and Co powd~ ~ an exampk wM be

50 d~Ne& ~g to FIG. 1, m~mnce ~m~ 11 repre-
sents a green compare, 12 represen~ WC powd~ 13 rep-
msen~ Co powd~ 13a tandems Co powde~ a po~on of
which has been m~e~ 14 tandems an elec~ode ~r
¯ ~h~ ~r~ce ~e~mem, 21 mpm~ms a v~uum

55 Nm~ 22 represen~ a hk~equency co~ and 23 repre-
sen~ a va~um ~mosphem.

The green compare 11 obtained by mi~ng and
~mp~>~g Me WC powd~ and ~e Co powd~
m~ be obtN~d by ~mp~ ~ng ~d ~mpms~o>

6o ~g ~e WC powd~ 12 ~d Me Co powd~ 13. ~ N
pm~mbk th~ a wax N mixed w~h the powdem and then

of the green compare 11 can be ~pm~d. ThN ~g
m~hod w~l now be des~Ned w~h m~mnce to FIG. 2.

65 ~m~e ~m~M 18 mpm~ a w~, ~ ~ p~affi~ ~
the green compare 11 p~ced in the v~uum Nm~e 21
shown in FIG. 2~. When the wax 18 is mixed w~h the
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powder obtNned by mi~ng the WC powder 12 and the Co
powder 13 before compresMon form~g N p~formed, Me
formability of the green compa~ 11 can substantiafly be
improved. Since the wax 15 is, howeve~ an ~su~ting
sub~ance, ~aving the same in the elec~ode in a l~ge
quanti~ raises the electrical resistance of the electrode.
Thus, the dNcharg~g characteristic deteriorates. Therefore,
the wax 15 must be remove& FIG. 2(a) shows a Hate 
which the electrode in the form of the green compa~ w~h
wax mNed ~ N introduced into the vacuum furnace 21 so
as to be heated. The heating operat~n is performed in the
vacuum ~mosph~e 23. As an MmrnaNe m thi~ Me atmo-
sphere may be a ga~ such as a hydrogen gas or an argon gas.
The green compare 11 p~ced in Me vacuum furnace 21 is
heated by the h~h-~equency coil 22 disposed around the
vacuum furnace 21. ~ the heating mmpe~ture N mo bw, Me
wax 15 cannot be removed. ~ Me he~g ~mper~ure is too
h~h, the wax 15 is undesirably formed into soot. As a msulg
the puri~ of the electrode deteriorates. Therefore, the tem-
p~um mu~ be not ~wer Man the ~mp~a~m ~ which Me
wax 15 ~ md~d and not higher than the ~mp~um at
which the wax 15 is decomposed and soot is formed. A
smam pressure curve of wax having a boiling pNm of 250°
C. N shown in FIG. 3 as an example. When the atmospheric

pressurt ehan thei~at mhe vaCUUpr messumfUrnaCo ef th~lwaNxmadl es, t~h~ewan x°t Nghl er5 is

evapor~ed and ~moved as shown in FIG. 2(b). As a result,
the green compa~ 11 made of WC and Co can be obtNned.

The~ the green compa~ 11 in the vacuum furnace 21 is
he~ed by the Ngh-~equency co~ 22, as shown ~ FIG. l(a)
m impart strength wiM wNch durability agNn~ macNn~g
can be obtained to the green compa~ 11. To prevent an
excessNe degree of hardeNng, baking N performed to a
hardness oL for examp~, a chNk (he~a~ ~ed m as
"~comp~m-sinterin~). In the fo~gNng ~e, melting of
metal, such ~s Co, ~a~s m fill Me gaps between Me c~b~e
p~tides. Thu~ a state of solid solution of the carb~e is
formed. On Me other han~ ~ the portions in wNch c~b~e
comes into contact with other carbide, bonding proceeds.
Howeve~ comp~ed w~h tke comp~m-sintering mmper~
m~ ~ec~d for the baking op~n by Me h~h ~equency
co~ 22 ment~ned ~ bov~, Me ~compl~e Nnm~ng mmpe~-
rare N comp~Ne~ ~w, and ~nce at tNs mmper~ure Me
green compa~ cannot resu~ in comp~-~nteNng,
~compl~e-Nnm~ng causes weak bonds to be formed.

The baking operation for ~aliNng the incomp~m-
s~m~ng N p~formed und~ mmperam~ conditions wh~h
are v~d depen~ng on the m~er~l of the e~c~ode. The
condNons can be d~m~ed in advance in accordance w~h
the ~sults of experiment~ In an examp~ case where WC
powder and Co powder we m~ed (wNgN ratio~8:2) w~h
each other so as to be compression-formed, the ~comp~m-
s~m~ng can be ~a~zed by baking Me mixtu~ ~ 600° C. for
one hou~ When TiC powder and TiHa powder a~ mixed
(weight ratio~9:~ w~h each o~er and compression-formed,
the ~comp~m~mr~g can be rea~zed by p~form~g
baking the mNm~ at 900° C. for one hou~

As desc~bed above, the ~mper~u~ at which baking is
p~formed to re~e the incomp~ng mu~ be set at
which a portion of a so~ m~eri~ (for examp~, Co powder,
which N emp~yed as a b~der w~h ~spe~ m a ha~d m~l
(for example, WC powdeO, is m~d. The forego~g ~m-
p~um ~ conMd~ab~ ~wer Man Me me~g po~t of Me
h~d m~hL The ~mpemmm v~s ~ accordance with the
mixture ratio of the hard m~e~N and the soft m~erhL That
N, ff tie ratio of Me soft ma~hl empMyed m serve as Me
binder wiM respect m the h~d m~hl N rNse~ the baking

10
~mp~um ~r mM~g Me ~comp~fing mtst be
Mw~e& If the ratio of the soft mamfi~ ~rv~g ~ Me binder
is rNsed and, Mus, the ratio of the h~d m~e~M N ~w~e~
Me effic~ncy of ~rm~g ~e ha~ coating on ~e workpiece

5 deter~ra~ Th~e~, Me r~ of the ~fl m~l s~ng
as Me binder h~ a lim~ ~om a ~ewpo~t of p~cticM use.
Therefore, the baMng ~mp~Mum ~r maliNng the
~comp~m-Mm~g has a bwer HmK That is, it is pm~
able that the baMng ~mperMu~ for ~aliNng the

~0 ~comp~-MN~g N 400° C. or bighe~

It is a fu~herm~e importa~ ~ct that the baking tem-
p~aum ~r ma~Nng Me ~comp~m~mr~g mu~ be bw~
than 1100° C. If the ~mp~a~m N bigher than the above-
mem~ned ~veg the elec~ode N hardened exc~sNd> In

~s this case, during the dNcha~e process a prob~m N caused

in that the m~l of the elec~ode is nonmniform~ sepa-
rated due to a heat shock cau~d by the arc ~ha~e and,
M~e~m, the m~l of the e~rode N not supp~ed
n~mally to Me sp~e b~w~n ~e po~s. As a result, the

2o quality of the coating ~rmed on the won exc~Mve~

deteriorateK

The e~rode ~r d~cha~e surf~e ~e~me~ wbich h~
been comw~sion-formed and then baked so as to be

25 ~gh~c~ff:~°~Pml;t~;~t;r):~e2 2~2~Y2 :~hr~

operat~ a grin~ng operat~n or a pdNbing operat~n or a
dNcha~g procesK M~eoveG the rate at which the hard
coating N ~rmed on a workpiece by the ~ha~e s~ce
~e~me~ uMng the ~mgo~g e~cgode N not bw~ed.

30

Second Embo~me~

FIG. 4 is a schem~ ~agmm showing the ~rnc~m of a
¯ ~ha~e sur~ce ~e~me~ m~hod and an app~a~s there-

35 ~r ~or~ng ~ a ~cond embo~meN of Me pr~e~ inven-
tion. Referring to FIG. K m~mnce rum~M 14 mpm~n~ an
e~roc’e ~r dNcha~e surface ~e~meN ~nd 16 mw~eNs
a h~d coating ~rmed on a workpiece 2. Reference numeral
31 tandems a ~e~ng motor and 32 repmsen~ a ~e~ng

40 ~mw. Re~mnce ~um~M 3 mpr~e~s a w~king ~nG 4
mpr~e~s a working flu~ compo~d mMMy of o~ having an
insulation characteristic or water and 5 represen~ a swRc~
~g deme~ ~r switching voyage and c~m~ applied ~ the
e~roc’e 14 ~r dNch~ge surface ~e~me~ of Me woN-

45 P~ 2. Re~mnce numeral 6 mpm~n~ a co~rol dm~t ~r
con~o~ng the switching deme~ 5. Re~mnce humid 7
mpr~e~s a power source and 8 mpr~e~s a reM~o~ The
e~rode 14 ~r ~ha~e s~ce ~e~meN is an e~rode
compressio>~rmed and baked to a ~comp~Nng

50 Mm~ ~ that de~fibed ~c~d~g ~ Me fir~ embo~meN.
A co~rol unR Oot show~ permRs tie ~e~ng moor 31 ~
~ed the e~rode 14 ~r ~h~ge surf~e ~e~me~ to the
workpiece 2 in a required control mode ~c~ng servo
~e~ng and con~aN~p~d ~e~ng.

55 The working flu~ 4 N compo~d ma~ of dl ha~ng ~e
~sM~g ch~ac~N~ ~ w~e~ When ~sM~g o~ N used
as the working fluid 4, advantages can be realized in that
wide~ used ~chn~ues aboN Me ~h~ge m~h~e can be
directly applied and the mechaNcM s~ucture can be com-

60 p~Ndy sim~ffied. When w~ N emp~yed as ~e woN-
~g find, hydrox~e N som~im~ MmM~neouMy produced
wRh Me reaction. Them~m, ~e sometim~ ari~s a prob-
~m when a hig~quality ~m N required. When a wide~
used electroless power source ~r a wire ~h~ng

65 macbine N u~G Me forego~g wob~ms can be ov~(ome.
Even ~ a ca~ wkem w~ N empbyed ~ ~e working flu~,
a hard coating ha~ng characteristics which are, ~om a



US G60~561 B1
11

viewpNm of p~m~N use, Me same as those obtained where
~sulM~g o~ is used as the working fluid.

A m~hod of forming the hard coating 16 will now be
descrNe& When inmrm~mnt or continuous arc dNcharge N
generated by the power source 7 b~ween the elec~ode 14
and the workpiece 2, the space bmween the pales am ~cafly
heMed due ~ heat that is generated. In order to Nmp~fy Me
descr~tio~ a process uNrg a pulse~hape, inmrmRmm ~c
discharge will now be des~Ne& When a ~p~N power
source is used as a means for generM~g Me inmrmRmnt arc
discharge, the structure can be easily understood. Note that
the waveform, the va~e of the cu~ent and the other con-
dNons must be optimize~ ff necessar> When a Nngle arc
discharge N generate~ the hem shock energy causes a
portion of the mMerhl of the e~rode 14 opposite to the
workpiece 2 m be sep~ated into the space between the po~s
and Nmulmneous~ ~sch~ged as powe~ The space between
Me po~s N momem~fly brought m a hot phsma ~Me, Me
mmperamm is thousands of degrees centigrade or highe~
Thus, a m~or portion of the mMerhl of the e~rode N
brought m a comp~m~ me~ed ~Me. Also lhe ~ur~ce of Me
workpiece disposed opposite to the electrode M a position at
wh~h the arc dNch~ge has been generated N momemarily
heated. Thus, the workpiece sur~ce N aNo brought into a
md~d state ~mfl~ to the mMer~l of the electrode. In this
hot ~Me, the mol~n mM~hl of the e~rode and the
workpiece are mixed w~h each othe~ Thus, an alloy phase
bmween lhe mMerial of Me dectrode and Me bese mM~ial
of the workpiece N formed on the workpiece. Then, the
working fluid bmween the pales causes the su~oun~ng
mmpe~mm m ~p~ decrease. During lhe cooling process
of the alloy ~om the hot state to the cold ~Me, interface
reactions momentarily ~ke phce b~ween the ~quid kon
alloy and lhe sol~ carbide. Jhe~efom, comp~m-sinre~ng
rakes phce in a very sho~ time. Thus, the hard coating 16
N formed on the workpiece 2. When the fomgNng process
N mpeMe~ a fu~ng reaction bmween the sur~ce of the
formed hard coating and the mMerhl of the e~c~ode N
mpeMed. As the time ehpse~ depoNtion of the coating
proceeds so that a thick film is forme&

To ~ab~ ma~m~ Me ~c discharge a servo bmween Me
po~s mu~ be p~formed when an actual process N pe>
formed. The servo between the po~s N an operat~n for
maiming a pmdemrmined gap between lhe e~rode ~nd
the workpiece, or a predemrmined voltage bmween Me po~s
which N required when the process N performed. Also, ~ed
con~ol N required a~er the elec~ode has been consumed is
~c~ded. To mNntNn a predetermined gap bmween Me
po~ wNch v~s as time ehpse~ or m mNntNn a prege-
mrm~ed voltage between the po~ ~e~ng of Me e~rode
mu~ be preformed. The forego~g sequenti~ control opera-
tion N called "servo bmween po~g’.

FIG. ~ N an enl~ged photograph of a hard coating formed
by a ~n~e dNch~ge where the mNn component of the
elec~ode is TiC. Also, as dm~m~ed ~om the resu~s of an
ana~sN of the X-my diffraction 0o be des~Ned later), Me
h~d coating was formed due m a momentary ma~n. FIG.
6 shows a ~Me of deposit~n of Me h~d coating formed by
continuous dNch~ge. A ~Me in which hard coatings have
been formed by s~e dNcharge N sup~imposed and depos-
Rs can be dearly observed. As des~Ned above, the dec-
goge N compression-formed and baked so as m be brought
to the ~comp~r~g and is used to cause arc dis-
ch~ge m com~uous~ take phce. Thus, the hard coating can
be formed on the base mMerhl of the workpiece.

The hard coating can momentarily be formed due to a
~n~e ~sch~ge. Also continuous ~c dNcharge perm,s a

12
h~d coating m be ~rmed. The ~mrm~em ~scha~e N
effe~Ne ~ preve~ Me mmp~Mu~ of the workpiece ~om
~Nng. On the other hand, the mmpe~ture of the surface of
the w~kp~ce N comp~ative~ ~w, caus’ng the density of

5 Me h~d coating ~ be somewhM ~suffiNe~. To p~veN Me
~go~g prob~m, generat~n of the continuous ~c dN-
ch~ge is ~quired. In this case, concentration of arc dis-
ch~ge to one point takes p~ce, cau~ng a de~ct to occur in
Me m~cNNng operat~n. Th~e~, ~ab~ ~c ~scha~e N

~0 generated while a h~h mmpe~m~ N bN~g mNmNned and
~rvo b~ween Me po~s N p~rmed by comNn~g Me
continuous ~c dNch~ge and Me ~rm~e~ ~c ~sch~ge.
Arc ~h~ge ~t ~ be performed M ~rvals of ~v~ ~
seconds and continuous arc ~scha~e wh~h N performed

~5 ~r ~v~M ~conds ~e comNned w~h each o~e~ When the
~go~g comNnM~n N optim~ed acc~d~g m Me ~rm-
~g condition of the hard coating, a denser coating can
quickly a~d rel~bly be deposited.

The me~od ~ cc~d~g m Me p~m ~vention permits Me
20 hard coating to be deposited in an area of the workpiece

which is sub~antiN~ the same area as the area of the
electrode. This advantage is una~Nnab~ w~h the other
m~hods and N an exc~nt characm~ of the presem
invention. The conventional phys~ evaporation and

25 chem~ evaporat~n ~qui~s a m~king proces~ such as
plating, to perform a partial proce~. The me~od accor~ng
to the proem invention does not ~quire the m~king
proces~ thM N, oNy p~ous ~rmM~n of an e~rode
having a ~qui~d cross sectionN area and mach~g are

30 ~quired. In a case where a large ~ea mu~ be macNne~ a
smNg~ze e~c~ode may be used such th~ mach~g N
p~rmed while ~anNng Me dec~ede ~m~ m Me mffi-
ing process. The~, a Nrge-size and s~eNal-shape elec-
~ode N not ~qui~d. The conceN of a macNNng m~hod

35 uNng Me e~rode ~anNng me~od N shown ~ HG. 7. An
X~s mo~ng unit, a Y-a~s mo~ng u~t ~nd a Z-~xN
mo~ng uNt ~ show~ are op~Med m move the e~rode
14 and the workpiece 2 in the X, Y and Z d~emions
~spectively. Thus, the hard coating 16 N ~rmed on the

40 sur~ce of the workpiece 2. In a case where the workpiece
2 ~ a mo~, Me sur~ce of ~e mo~ N not a fl~ sur~ce, ~
N, the surface is a compficMed ~ee curved sur~ce in a
three-dimension~ shape. The X-axN mov~g unN Me Y-axN
mo~ng un~ and the Z-axN mo~ng un~ perm~ the sm~

45 size electrode to scan the mold such that the gap ~om the
~ee curved surface of the mold N mNmNned or p~dem~
mined ~rvo voltage N mNmNne& In this case, the elec~ode
N qu~Ny consumed. The~, ~e~ng m co~espond m Me
consumption of the e~c~ode mu~ be performed. Thu~ the

50 movemem of the mNn sha~ ~r supporting Me ~ec~ode in
the Z dkemion mu~ accu~m~ and quicNy be con~ofled.
The ~gNng operat~n N ~peMed until the ~e~rode has
scanned ~ong the entire curved surface of the mold. As a
result, the hard coating can be deposited to have a prede-

55 mrm~ed ~ickne~ over the surface of the mold or va~ous
thicknesses to meet a spedfic ~quirement.

The fun~n of the working fluid will now be desc~bed.
Re~rring m FIG. 4, Me working find 4 N iNe~o~d
b~ween the elec~ode 14 and the workpiece 2. The reason

60 why Me working find 4 N ~m~o~d l~s ~ ~M D ~ha~e
must be ~bNzed m mNmNn Me macNNrg operat~ ~
hem generated owing to Me dNcha~e mu~ be ~moved and
~ a posen of Me maroon of the elec~ode which cannot be
used to ~rm the hard coating on the w~kp~ce mu~ be

65 ~moved ~om ~e space b~ween Me po~s. Th~e~, Me
~go~g working flu~ h~ importa~ ~n~ns. No~ ~
the working flu~ 4 N ~ffem~ ~om thM of the conventionM
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mchMque because ~ does not have ~e Nn~Mn of supN~ng
a raw m~hl nece~arily ~r produdng a pmdu~ of reac-
tions. Th~efore, the working fluid 4 does not pin,de any
es~nthl m~hN needed ~r a proper reaction m take phce.

Since the working fluid is not an essential dement as
d~Ned above, ~M dNcha~e may be p~rmed. A
¯ scha~e surface ~e~ment m~hod uMng an ae~M ds-
charge will now be described. Referring m FIG. 8, ~nce
num~M 17 represen~ a gas source connected to a passage
18 ~rmed ~ ~e elec~ode 14 through a ~pe. WN~ e~c
power is supplied ~om the power source 7, a~ or a non-
~a~Ne g~, such ~ a M~ogen g~, N supplied ~om the gas
source 17 in a ~qui~d quantity. A supp~ p~e 19 N an
examp~ which is used to supp~ the gas ~om an ou~ide
portion of the elec~ode in a case where the passage cannot
be ~rmed ~ ~e dec~ode. Thus, ~e g~ ~j~d ont mw~d
¯ e space between ~e po~ The gas N supplied ~r ~e same
pu~ose of ~e ~mgo~g w~Mng find. If ~e gas sup~y N
not performed, ~rm~n of the hard coating on the work
cannm stab~ be p~rmed. ~ N pmferab~ th~ the gas N air
or a nRmgen g~ from a viewpoint of environmentN friend-
fines~

The mpm~nt~Ne characteristics of the ~rmed hard
coating will ~ow be des~Ned by uM~g obtained experiment
daa. FIG. 9 shows ~e results of X~ay ~ffraction of ~e h~d
coating in which an e~mmd~ compression-formed w~h
TiC, and baked so ~ ~ be bmugN ~ ~e ~(omp~-
s~ng N used to ~rm the ha~ coating on the workpiece

madde eposit~f WCo "f Ti~nwhict hhe sur~c~ eth2fmait nhe w~kp~cec ’omponenttheroef thaere

e~md% and WC wh~h N the m~hl of the workpiece.
FIG. 1~ shows the ~sults of me~u~ment of the Vick~s
hardness of the ~rmed hard coating. The hardness of the
workpiece ~ase mam~al) is about 1300, wh~e the hard
coating has a hardness of about 2800. Thu~ the hardness N
increased. The~, ~e ~ ~ ~e mMn component of the
hard coating is TiC can be confirme& Also the hardness of
TiC is shown in FIG. 1~ ~r ~nce.

TNM Embo~ment

A m~hod of forming a hard coating acc~d~g to a thud
embo~ment wM now be d~Ned wNch N capab~ of
imputing spedM Nn~ns ~du~ng ~b~citG stren~h
agMn~ Ngh mmp~am~s and we~ ~M~ance.

Mi~ng of a m~ial having a ~lf-~b~cating Nn~n
w~l now be desc~bed. In general, each of Mo, BN and Cr
h~ a ~lf-~b~cating fun~n. When ~e ~gNng powd~
m~hl N mixed in the m~hl of the e~rode 0he
e~rode berg of Mmfl~ con~m~n as explMned in the
p~v~us embodiment) ~ a predeterm~ed ratio, ~e m~ial
having ~e ~lf-~b~cating function N mixed and confined in
¯ e ham co~g ~rmed on ~e workpiece. When ~e sur~ce
of the ~gNng h~d coating N ~ounG the ~br~y can be
imparted to the ground sur~ce w~hont any lubric~ing
means ~ w~h ~1 supp~ ~ a v~y small quant~y due m ~e
~lG~br~g characteristic of the m~hL As d~Ned
above, an ideal ~ate is rea~zed such the surface is made of
the m~hl of the h~d coating and the mam~M hav~g ~e
selGlubrM~ing ~n~n. As a resu~ a sliding portion exhib-
iting satiffacmry du~N~W and ha~ng a low ~tion coeG
fic~nt can be rea~zed.

Referring m FIG. 11, ~nce num~M, 2~ ~presents a
granM~ mNed sub~ance hav~g a granuhtion size wh~h N,
for example, two or more times the avenge ~anMation size
of ~e mMn m~ial component of ~e electrode and smM~r
than the ~ance b~ween ~e p~. The heat decomposition
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of ~e granul~ mNed sub~ances 20 does not rake place even
~ high ~mperamms and mu~ be confined in the hard
coating ~ ils offend shape. The ~ze of granula~n of lhe
granul~ mixed sub~ances 20 mu~ be enl~ged to prevent

5 ~e form~n cf a solid so~tion wRh the mh~ carb~e. The
solid solution cannot be formed when the Mze of the granular
N a ~a~ two times the average granula~n Nze of ~e mNn
component. When the granula~n ~ze N enl~ge~ separa-
tion ~om the demroge rakes place and, ~erefore, the space
b~ween the po~s N dogged in a dkecfion mw~d the

10
workpiece. In the fomgo~g case, sho~ drcuR takes phce.
Th~efom, the ~ze of granula~n of ~e mixed sub~ances 20
must a?so be sm~kr than lhe gap b~ween ~e po~s.

Now, a mNtum of ceram~s w~l now be described.
Alumina (AleO~ has excellent characteri~ics at Ngh tem-

ps p~um~ Th~efom, when a~m~a N mixed ~ a pmde~>

mined ratio, the strength aga~ h~h ~mperamms and we~
resistance can be conNd~ab~ improved. Since a~m~a in
a s~e ~am has no conductivity, ~ cannot be deposited cn
the workpiece by the dNcharge surface ~e~ment. When

2o discharge N generated by an e~rode ob~ined by mi~ng
a~m~a ~ the matefiN of the electrode, the h~d coating can
be fo~med on ~e workpiece. Simultaneously, a~mina N
mNed ~ the hard coating. To obtain the characteristics of
a~mina, decomposition of Num~a occurs due to the arc

~ discharge must be prevented. Therefore, ~ ~ p~ferab~ th~
a~m~a N formed ~m bMcks each hav~g a ce~Nn Nze ~ee
FIG. 11) and mixed in the elec~ode 14. When the ~ze is
about several ~m to tens of ~m, Num~a N able to endure
high ~mperatures for a very short time and then ~ is cooled

3o i~pidlt Y’he harTdhe~f°~’ a~mina~c eoating on the workpiecef° .rm°fbl°CkST iShe thu~formC ed°nfined

coating has a two~hase ~ru~ure comprising the hard
coating (formed by coo~ng the ~quid phasQ and the blocks
of Mumina (which are not formed into the solid solution).
Th~efo~, the charac~stics of the two phases can be

35 obtained.

Fu~heG mixing of nit~de, such as TiN, w~l now be
des~Ne& The main o~e~ of mixing the nit~de, such as
TiN, in the hard coating N to improve mnacity and hem
reM~ance. Since the fo~go~g n~ride has no condu~N~G

4o Mn~e n~ride cannot form a hard coating by the arc dis-

ch~ge. If an elec~ode N used which N obtMned by mi~ng
n~de M a mixtu~ r~io ~ which the condu~N~y can be
mMntMned in the m~erhl of the e~rode; discharge
mach~ing N permitted. Sim~ ~ ~e mixing of a~mina,

~ decomposition can take phce ~ high mmpe~tures. The hem
decomposition mu~ be p~vented by uMng an e~rode
obtMned by the ~eps of D confining grMns each having a
comp~ative~ hrge Mze (tens of~m as shown in FIG. 11) 
the e~rode; 2) performing compression-form~N and 3)

s0 baking to rea~ze the ~comp~m-sintering. When arc dis-
ch~ge N caused to occur by uMng the fo~gNng electrode,
¯ e Mocks of n~ride are confined in the h~d coating formed
on ~e workpiece. ~herefo~, a h~d coating N framed M
which the hard coating and the n~ride Mocks coexist. The

55 fo~go~g coating has both the characteristics of the hard

coating, and the characte~stics of the n~de (which are
excellent mnacity and s~N~ory strength agMn~ Ngh
mmpe~tures). The~fo~, excellent performance can be
exhN~ed when the fo~gNng coating N app~ed m a cutting

60 tool or a mold.

Fou~h Embodiment

A discharge surface ~e~ment m~hod accord~g ~ a
fourth embodiment of ~e present invention and capable of

65 form~g, on a workpkce, a denser hard coating having
excdknt quality and ~ee ~om i~egul~Rks w~l now be
desire&
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The conventionN hard coating made of a hard alloy N
formed by s~ring a green compact, ~ a ~mp~um not
Mwer than a mmp~aum M which a fquid phase appe~ for
a ~ng time in a vacuum furnace or the like. The mmhod of
forming the hard coating by uMng the arc dNcharge accord-
~g to the present invention is structured to perform very
shod durat~ns of the reactions and form the hard coating
(mNn s~mring) M a very Ngh mmp~Mum not Mwer ~an
¯ e s~mring mmpe~mm in ~e ~acuum furnace. Therefore,
there N appmhenMon thM the hard coating may have incom-
p~m characteristics.

A mmhod cf nvemom~g lhe above-mentioned prob~m
will now be des~Ne& InitiaH> grNns (b~cks each having
a N~e of runs of~m) of a h~d alloy cbm~ed by s~mr~g 
mixed wRh ~e mMeriN of the e~rode in a pmdm~mined
quantity. Then, the e~rode N compression-formed, and
then baked to produce the ~comp~m~mr~g electrode.
The ~u>manuhcmmd electrode is used to p~form dis-
ch~ge mach~g. A powder dec~ode component and a
soHd elecgode component am simultaneous~ discharged m
the space between the pales. The powder dec~ode compo-
nent N formed into the fquid phase due to the high
mmperamm, and then cooled to form the hard coating. Since
the mmperamm of the so~d elecgode component N not
raised suffic~mly, the sold characteristic is mNntNned.
Th~efom, a h~d coating comNn~g the sold component
can be forme& The thu>formed hard coating has a denser
tissue, ~ee ~om hardness kmgul~R~ and exce~ent cha>
acteristics as comp~ed with the hard coating which is
formed u~ng an e~rode made oNy of powder.

~i~h Embodiment

FIG. 12 is a ~agram showing a state in which the
disch argi enve ntio n ~r~i~e ~tom~o~ t~c~d~ twh~ ~e~t"

1I and formed by predse forging. Re~rring to FIG. 12,
m~mnce numerN 16 represents a h~d coating formed on
the surface of a base mM~l 1~ of the mold. The base
mMer~l 1~ of the mold is previous~ machined by a
machi~ng operat~m In the case shown in FIG. 12, a
hexagonN ho~ ~ formed by mac~n~g. UsuallG the base
mMer~l 1~ of the todd ~ not subjected to hem ~eMment.
Al~ough hem ~eMment ~ a bwest degree ~ som~imes

P~f°rmlo ed’w, for examp~th,e ha~dRockw~° ~latinghardness ~ca"S lemade ~ be~°mp~ativdH YRC=about

30. The reason for this fes in that macNnab~y requked to
p~form the macNNng process must be mNntNne& If the
hardness N higher than the above-mentioned va~e, exces-
sNe abra~on of the tool takes place, cauNng the cost of
manufacturing the mold to increase. Then, a thick hard
coating N formed on ~e surface of ~e base mMeriN of ~e
mold. The m~hod is the same as that accord~g to the
second embodiment shown ~ FIG. 7 so ~M ~e hard coating
N formed on the workpiece. The th~kness of the hard
coating N about ~5 mm m about 1.0 mm ~om a viewpoint
of practicN use. Then, dNch~ge mach~ing, uNng a copper
e~mrode or a graphite dectrode or a wire disc h~ge machin-
~g N performed ~ ~e mold’s required dimenNons.

The mold shown in FIG. 12 has sub~antiN~ the same
quality as that of the mold shown in FIG. 17 and a ~ng
f~time can be reafzed.

The fomgo~g discharge sur~ce ~eMmeN m~hod has an
advaNage in lhM ~ppfcafion ~ a mo~ N permitted raged-
less of the size and the shape of the mold.

FIG. 13 shows a process for manuhmur~g a mold
~rucmmd as shown in FIG. 12. A fir~ ~ep performed is

16
machining the base mMerhl of the mold and forming the
e~rode. The~ the second ~ep of disch~ge surface ~eM-
merit uMng an electrode according to the first to fourth
embodiments N performed. Thu~ an operation for deposit-

s ing a hard coating on the surface of the mold wh~h has
previously been machined N performed. In the foregoing
case, the hard coating may be deposited to have a thickness
of severn mm lo pmp~e for a secondary machining opera-
tion. The~ in a third step, discharge machining N performed

~0 as a secondly machining operat~n to reafze the required
dimenMons of the mold. Then, the manufactured mold N
amually used. The foregoing mold having the thick hard
coating exhib~s Mgnificant durability. After the mold has
been used many time~ abrasion or partial breakage of the

~5 mold som~imes occuc Therefore, the disch~ge surface
~eMment in the fourth step by uMng the e~c~ode baked ~
the incomp~m~inmring enab~s only the broken portion ~
be repaired. Thus, the foregoing mold can be used agMn.
Hence, re-manufacturing of the mold is not required. When

20 the fourth step N repeateG the mold can be sem~ermanently
used. In the case of a hrge-size mold, the manufacturing co~
of which N very large, the manufacturing co~ and main-
taining co~ can be conMderably saved. Since the quant~y of
the mMerhl for manufacturing the mold can be conMderably

~5 mduceG an optimum m~hod can be obtained ~om an
energy saving and env~onmental ~ndfness viewpoint.

Sixth Embodiment

FIG. 14 shows a Mxth embodiment of the present
30 inventio~ in wh~h the present invention N appfed m a

pmsMng mold. As shown in FIGS. 14(a) and (b), an elec-
~ode 14 formed according to the fi~t m rough embodiments
N used to subject the inside portion of a cu~ing blade 140 of
a die ~ a discharge surface ~eMment. As shown in FIG.

35 14(Q, a hard coating 16 N formed. Also the hard coating 
formed on the outer surface of a punch 136 and the edge of
a cutting blade 138 of the punch shown in FIG. 14(d). Then,
as shown in FIG. 14(e), a w~e elec~ode 150 is used 
perform dNcharge-machining of a cu~ing bhde 139 so thM

40 a pmd~ermined dimenMon accuracy is reafzed. FIG. 14(d)
shows an examp~ in which a grinding operation N pe~
formed by uMng a grindstone 151 m finish the outer surface
of the cu~ing bhde 138. As descrNed above, the e~rode
baked ~ be brought ~ the incomp~in~ring N used ~

45 perform the disch~ge surface ~eMment. Thu~ a th~k and
h~d coating can easily be formed on the surface of the mold
in a shod time. Then the secondary machining process N
performed to reafze the spedfied dimenMons of the mold.
As a msul~ a mold having high quafty can be manufactured.

50
Seventh Embodiment

A contrivance of appl~M~n m a mold which is a seventh
embodiment of the present invent~n will now be described.
In an actual case, the worn portion is locally fm~ed.

55 Therefore, the local wear d~ermines the f~fime of the
mold. In such a case, lhe ffetime N improved by employing
a m~hod shown in FIG. 15. ThM 2, as shown in FIG. 15(a),
an upper surface (parting wine) 105 and a portion a~acent 
the inl~ portion of the mold which are conMderably worn,

60 are coMed w~h a th~k coating. As a m~hod capab~ of
mafzing thN structure, a scanning m~hod uMng the Mmp~
e~rode shown in FIG. 7 or a m~hod uMng a forming
elec~ode 112 as shown in FIG. 15(b) may be used. When 
compresMon load N exe~ed, the portion in the v~in~y of the

65 bottom surface of the mold is ~ee ~om conMderab~ we~ in
many cases. Therefore, a relatively thin coating may be
employed or the coating may som~imes be omitted.
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A m~hod of manu~cmr~g ~e pmfi~ e~mde ~ ~own
~ NG. ~ ~1 ~w ~ d~N~. INtiN~ a mdd N u~d
to manu~mum an elec~ode in the ~rm of a ~een compare
by ~mp~n~g. The~ baMng N ~ m
~a~ ~e ~m~me-Mm~g ~ ~ a ~o~e ~ ~ 5
~own ~ HG. 15~, N manu~cmmd. Th~e~m, ~e time
mq~ed to manu~mum the elec~ode can ~n~d~ be
sho~ened. ~ re~ize the ~mgo~g e~ the pm~ous
m~NNng ~e~n m~t be ~ ~ ~ch a mann~
that the mold is finished in consideration of a ~i&~

10
c~mspon~ng to the ~i&~ of a co~ng wh~h w~l be
~rmed ~ a ne~ ~ha~e s~h~ ~eamem ~o~. Even
~ ~e moM, w~ch ~ ~g ~eG ~ ~ed m m~u~mum ~e
prone e~m&, a g~ m~md ~ ~e ~ha~e ~r~
~ame~ wNch N p~ after ~e pm~o~ m~Nn~g
~ Ms ~ ~ c~ be mNmN~d. WMn ~e ~5
prone e~mrode has pmv~u~y been manu~mumd, loc~
depoNtion of the hard co~ng can easy be ~ by
p~g ~e ~h~ ~rf~e ~e~mem ~ ~e moM ~
worn. TMm~m, mo~ ~ ~e moM mn be ~mpkmd
~ a v~y ~o~ time. M~ a ~c~N~ of m~u~cmr~g ~
another mold ~r the purpose of manu~ufing the Woffie
ek~rode can be dimpled.

~ described above, the ek~rode ~r dNcha~e surface :5
~me~ ~e m~u~g me~od ~e~ ~e ~h~
s~ ~e~mem m~hod ~d ~e @p~ams ~e~r ~co~-
~g to the w~em i~n are ~R~k to be used in an
indu~fi~ fidd conc~Nng the ~mcmm ~r ~g a hard
~ ~ ~e ~rf~e of a wo~. 3o

What is rimmed is:
1. ~ ek~m& ~r ~h~ ~ff~e ~e~mem w~h

which electrical dNcha~e b~w~n the electrode and a
~@~e N used to gentle energy to ~rm a ~ ~ a
s~ce ~ ~ ~@~ said electrode ~m~g: 35

a h~d m~efiN wNch N made ~om m~N pow&~ powder
of a me~ ~m~ ~wd~ of a c~am~ m~l ~
a ~mb~n ~ sNd pow&m, ~d

a b~d~ ha~ng a Mwer meNng mmp~amm ~ sad
hard mamfi~; 4o

wh~dn said hard m~l is harder than said b~d~;
whe~ a~er said elec~ode has been ~rmed by

compmsNo~ baMng N p~ ~ an ~compkm-
Nnmfing mmp~amm at which a p~n ~ the binder
of said electrode is mdmd in order m pa~N~ ~1 gaps
b~w~n p~fid~ of ~ M~ mabel

2. ~ ek~m& ~r ~h~ ~ff~e ~e~mem w~h
which electrical dNcha~e b~w~n the electrode and a
~@~e N used to gentle energy to ~rm a ~ ~ a 50
s~ce ~ ~ ~@~ said electrode ~m~g:

a h~d m~efiN wNch N made ~om m~N pow&~ powder
of a me~ ~m~ ~wd~ of a c~am~ m~l ~
a comb~n ~ sNd powdem,

a binder ha~ng a lower meNng mmp~amm than said 55
hard mamfi~; and

wax;
wh~dn said hard m~l is harder than said b~d~;
wh~dn after said wax has been added to said hard

m~l and sMd Nnde~ ~g N W~ by 6o
compmsNo~ he~ng N W~ ~ ~@~e and
remove ~ wax ~ a mmp~amm ~ w~ch ~ wax ~
me~ed b~ n~ d~omp~ed ~ mu~d ~ soog and then
b~ng N p~ a an ~compkm~mfing mm-
p~aum at which a po~on of said binder N mdmd ~ 65
order to p~y ~ g~ ~ p~s ~ ~d hard
m~M.

18
3. The dec~ode for dNcharge surface treatmem accor~ng

to claim 1 or 2, wherdn baking is performed at an
~comp~-MN~g ~mpem~m not bwer ~an 400° C. and
lower than 1100° C.

4. The dec~ode for dNcharge surface treatmem accor~ng
m dMm 1 cr 2, wh~dn powder cf a m~erM having a
sel~lubr~a~g function, powd~ of nRfide or a combination
thereof is mixed w~h said hard m~er~l and said binder
before said electrode N formed by compmsMon.

~. The dec~ode for dNcharge surface treatmem accor~ng
to claim 1 or 2, wherdn sintered p~tides of an alloy are
mixed w~h said hard m~l and said binder before said
electrode is formed by compresMom

6. A mmhod of manu~mur~g an e~clrode for discharge
sur~ce ~e~meN with which electrical discharge between
the elec~ode and a workp~ce N used to gener~e energy to
form a coating on a surface of the workpiece, said mmhod
comprN~g the ~eps o~

mixing a hard m~erM and a binder to form a mixture,
wh~dn said h~d maefi~ ~ m~de ~om m~ powde~
powder of a meal compoun~ powder of a ce~m~
maer~l or a combina%n of sMd powd~s and sMd
binder having a lower melting ~mperamm than said
h~d maefiM, wherdn said had maefiM N h~der ~an
said bindeg

compm~g sMd m~mm ~ form an e~rod~ and
baking sMd ek~wde a an ~compl~MNefing ~mpem-

mm M w~ch a portion sa~ b~d~ ~ melted in ord~ ~
partially fill gaps b~ween particles of said hard mate-
rial.

7. A mmhod of manu~mur~g an e~clrode for discharge
sur~ce ~e~meN with which electrical discharge between
the elecVode and a workp~ce N used to gener~e energy to
form a coating on a surface of the workpiece, said mmhod
comprN~g the ~eps off

mixing a hard m~erM and a binder to form a mixture,
wh~dn said h~d m~efi~ N m~de from mm~ powde~
powder of a metal compoun~ powder of a ce~m~
m~er~l or a combin~n of sNd powd~s and sNd
binder having a lower melting mmperamm than said
h~d m~efi~, wherdn said h~d m~efi~ ~ h~der ~n
said bindeE

ad~ng wax to said mixtur~
compm~g sNd mKmm m form an ekmrod~ and
hea~g sa~ elec~ode to evaporae and remove said wax

at a ~mp~aum at which said wax is md~d but not
decomposed or caused m sooL and

baking sNd ek~mde a an ~complm~Nmefing mmpe~-
mm a wh~h a pon~n cf sa~ b~der N md~d ~ order
to partially fiH gaps between particles of said hard
maer~L

8. The mmhod of manufacturing an ekarode for dN-
chage sur~ce ~eamem accord~g m dMm 6 or 7, wherdn
baking N performed a an ~complme-~m~g mmpe~mm
not lower than 400° C. and lower than 1100° C.

9. The mmhod of manufacturing an ekarode for dN-
chage sur~ce ~eamem accord~g m dMm 6 or 7, wherdn
powder of a mabel having a sel~bficating function,
powder of nitfide, or a comb~a%n thereof N mixed wRh
said hard mabel and said binder before said elec~ode is
formed by compres~om

10. The mmhod of manu~mur~g an decgode for dN-
ch~ge sur~ce ~eamem accord~g ~ d~m 6 or 7, wher~n
sintered partic~s of an alloy are mixed whh said hard
maerM and said binder before said elec~ode is formed by
compmsMon.
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11. A ~hage sur~ce ~e~mem m~hod w~h wHch
e~ricd b~ween an elec~ode and a workpiece is used to
gentle energy to ~rm a coating on a sur~ce of the
workpiece, s~d m~hod comprN~g the ~eps off

mi~ng a hard m~l and a binder to ~rm a mixture,
wh~dn sNd had m~erid N made from metal powde~
powd~ of a metal compoun~ powd~ of a ce~m~
m~l or a comNn~n of sNd powde~ and s~d
b~er ha~ng a ~w~ meNng ~mp~am~ ~an s~d
had madrid, wh~dn s~d had mabel ~ kaMer ~an
said NndeE

compm~g sNd mKmm m %rm an ekmmd< and

baMng ~ ekc~ode a an ~comNem-simering mmpe~-
mm a w~ch a port%msaid b~der N md~d ~ o~er m
pafid~ fill gaps bmween pan,ks of ~ had mae-
rid; and

cau~ng ac ~scha~e m occur bmween sNd ekmmde and
said w~kpiece so that energy of said arc dNcha~e is
used to %rm the coating on the surface of said
workpiece, wh~dn said arc ~scha~e can be a inter-
mittem arc ~hage, a continuous arc ~ha~e or
comb~a%n of said continuous arc ~scha~e and said
~mrm~em ac ~schage.

12. The dNcha~e sur~ce ~eamem m~hod acc~d~g m
claim 11, whe~ said baking is per%rmed at an
~comNme-Nnmring mmpe~mm not Mw~ ~an 400° C. and
lower than 1100° C.

13. The dNcha~e surhce ~eamem m~hod acc~d~g m
ddm H, wh~dn a non-reamNe g~ N inte~osed between
said electrode and said w~kpiece.

14. The dNcha~e surhce ~eamem m~hod acc~d~g m
claim 11, wh~dn said electrode scans said w~kpkce to
~m sa~ coating cn ~e surface of said workpiece.

15. The dNcha~e surhce ~eamem m~hod acc~d~g m
claim 11, wh~dn powd~ of a mabel having a self-
~bricating Nnction, powd~ cf nitride, or a comNna~n
thereof is mixed wRh said hard ma~hl and said binder
be%re said electrode is %rmed by compr~om

16. The dNcha~e surhce ~eamem m~hod acc~d~g m
ddm 11, wh~dn Nmemd pafid~ cf an alloy ae m~ed
with sa~ had malefid and sa~ Nnd~ be~ sa~ e?e~mde
N ~rmed by compmsMon.

17. The dNcha~e sur~ce ~e~me~ m~hod acc~d~g ~
claim 11, wh~dn said workpiece is a mold having a
pmv~us~ appfied coa~g on a surface of a b~e ma~hl of
sMd mdd, and wh~dn sMd pmv~uMy appfied coating N
repaired by ~hag~g a new coating in locations of s~d
pmv~us~ applied coating wHch need repair.

18. The dNcha~e sur~ce ~e~me~ m~hod acc~d~g ~
claim 17, wh~dn said new coating is ~ick~ than the

pmvious~ applied coating so th~ NgNy worn portions of
said previous~ applied coating are ~ick~ than portions
with little wea~

19. The dNcharge surface ~e~meN m~hod ~ccor~ng ~
5 claim 1~ whem~ a port~n of said mold in which abrasion

has occu~ed N repaired by performing dNcharge sur~ce
~e~ment u~ng said electrode.

20. The dNcharge surface ~e~meN m~hod ~ccor~ng ~
d~m 19, wherdn a forming e~mrode N manu~cmmd by

~0 uNng said base m~erhl of said mold su~emed to said

previous mach~g, and said portion of said mdd ~ wNch
abrasion has occurred N repaired by perform~g discharge
sur~ce ~e~meN which uses sNd forming electrode.

21. A dNcharge surface ~e~ment appaams for cauNng
~5 discharge to occur between an e~c~ode and a workpiece N

used to gener~e energy to form a co~g on a surface of the
workp~ce, said discharge surface Ue~mem appaams com-
priNng:

2o dNcharge gen~ating means for generating arc discharge
b~ween said elecgode and said workp~ce, wherdn
said arc discharge is ~mrmittent arc dNchage, con-
tinuous ac discharge or a combin~n of sa~ com~u-
ous ~c dNcharge and ~mrmittent am dNcharge; and

25 wherdn said electrode fu~her comprises:
a hard m~erhl which is made ~om metal powde~

powder cf a mind compoun~ powder cf a ce~m~
m~erhl or a comb~n of sNd powdem, and

a binder having a ~wer malting mmperamm than said

30 hard m~erid;
wh~dn sa~ had mabel N harder than sMd bindeg
wh~dn a~er sNd hard m~er~l has been formed by

compresMo~ baking N performed a an incomp~m-
s~mring mmp~aure ~ wNch a portion of the binder

35 of said elec~ode is mdmd in order to partially fiH
gaps between pa~s cf sNd had m~er~k

22. The dNcharge sur~ce ~e~meN appaa~s accor~ng
m dNm 21, where~ baking N performed ~ an incomp~m-
s~mring mmp~amm nm bwer than 400° C. and ~w~ ~an

4o 1100° C.
23. The dNcharge sur~ce ~e~meN appaa~s accor~ng

m dMm 2L fu~her comprN~g ine~-gas ~upply means for
~mrpos~g a non-mamNe gas b~ween said elec~ode and
said workpiece.

~ 24. The dNcharge sur~ce ~e~mem appaams accor~ng
m dMm 21, fu~her comprising an X~s moving unit, a
Y-axis moving unit end a Z-axN mov~g unR for m~tive~
moving sMd e~rode and said workpiece in an X dkection,
a Y dNection and a Z dkection.
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