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PREFACE - N
= -

The use of the ash resultlng from burnind rice
‘husk as a cementltlous Q1nGEI in conjunction with
lime-has ‘been rece1v1ng 1ncrea31ng attention over
recent years. _ It woﬁid appear to offer the
attractive prospect df prov1dlhg a low-cost

alternative .cement by simple, village-scale

- technology-using a readily available agrlcultural

waste material. The need for such materials is
clear, as the conventional binder, Portland cement,

_lS commonly unavailablée or expensive partlcularlyh

in rural communltles{ where, indeed, .its high-

strength, ‘rapd s etting proPertles are not of
primary importaifce .to the -low-rise building or

91mp1e civil en kneering work ‘typically undertaken

in these areas. - P .

'The basic research and. development work into rice
~husk ash (RHA): cement technology has been
-undertaken by a variety of ;nstltutlone and

individuals, principally in the ,Indian
sub-continent, and séveral attempts have been made
to commerc1allse ‘and ‘disseminate the technology.
Reports on this work are sparse, and in particular
there has been a lack of indeépendent compara@pive

ata on the various approaches . used; these, it
“will be seen' from this report, contain significant
differences in terms of the final product and the

pro&uctlon process used. These dlfferlng
approaches were adopted for good reason and, as in
all appropridate technologies, it is unlikely that
a single process will emerge as being the unigque
solution for all situations. This report is not,

therefore, intended to be a gu,ide to the "best-

buy" in RHA cement technology but is an attempt to
bring_ together comparative” data on the various
initiatives for the benefit of those ccntemplatlng
the use of such a material in their own region.

Ny

The report must be read w1th all the usualf”"

c¢autions; in partlcular the laboratory tests were
per formed on ‘grab’ samples and should not be seen
as definitive or statlstlcally significant.

Our thanks are due to those people and
‘institutions visitéd who gave their time and .

shared their experiences freely with the compilers
of this report. e)f‘h -

F. R. Almond, Intermeaiate“Technology Industrial

Services, February 1984.
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. The purpose of the ﬁbur week visit was to conduct
.a ‘state-of-the-art' review of rice. husk ash

cement technology and  production in the Indian
sub-continent. Twelve specific ‘locations ' were
visited to dlscuss research and development.
Visits to pllOt and commeéfrcial productlon rPlants
were included,) and samples were collected for
later analy51s in the UK. . :

Some of the completed fesearch. still ‘awaited

“”aPPlicatlpn But some was being applied.

Commercial prbductlon was often held wup through
non-delivery of raw matérial, failure of power
supplies or mechanical breakdown, but some rice

_husk ash cement was being made, sold-anﬂ used.

- 3

Research workers had found that it was necessary
to limit the tempgrature of the burning husks to
no more than- - 700°C to obtain an amorphous ash
which would be reactive with lime, ‘although in
some production processes this temperature was

nl

It had been found that the .ash needed several,g-@
" hours of grinding to produce a sufficiently fine

powder. . The period in practice uslng ball mllls
varled between 1.5 and 5 hours. .

In most cases the cement’ was made. by mlxlng one
part of lime-with two parts of rice husk ash (by -

weight) . Sometimes ordinary Portland cement was

used in place of lime. . It was commonly
recommended .that for building use, one part of-
rice husk ash cement should be mixed with 3 ‘parts
sand (by volume). . - '

The rice - husk: ash cement - i much cheaper than
ordinary Portland cement for a given weight and in
spite of richer mixes. belng used 1in practlce it is
still cheaper to make mortars from the rice husk
ash cement. - Capital investment of some £12,000
may be requlred for a complete plant

Results of tests im UK laboratorles are given and
are compared with manufacturers' c¢laims and with
requirements in the wmost relevant Indian and
Br1t1sh Standard Specifications. -

'|
The rjcé husk ash cements often exceeded the
requirements of the Indian Standard for.
Lime-Pozzolana Mixture. In general they should be
suitable for use in making mortars, renderings for

walls, and some lower strength - requirement
concrete: : )

- It is recommended that the technology ‘be applled
in other rice- grow1ng countrles of the world.

r
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.Several institutes Thave 1nvestlgated the

- for Technology -Transfer (Bangalorb, India), in

~ash (RHA) cement technology. /In cénsequence,
"three international RHA cement workshops have

. ; S S

1. " INTRODUCTION T

“Throughout the world eighty million tonnes of husk

—

become available each .year .during the /processlng ‘
of rice. Some is used as packaging or fuel, but ,

-the greatest proportlon ts ! dumged as a waste

by-product. -

i
*

properties of the ash of the burnt husk, which - .
contains a high proportion of silica, and there =
has béden some commercial exploitation of its
pozzolanic - reaction .with lime to form a
cementitious material of potential wuse in the
building and construction 1ndustry. Research was
.carried out in the United States by P. K. Mehta,
‘and later the first meeting of the ugtted Nations
(ESCAP)} National Focal Points for Regional Centre

1978 decided that RCTT should promote, r1ce husk ' “

_ . f
taken place; at Peshawar (Pakﬁstan -1979), Alor ' Co
|

Setar (Malaysia 1979) and Dglhi {(India 1981),

where information was presepted and discussed. - :
‘Training centres, compilation of a .Standard \
Specification, study of Mse in Quilding and ' }
preparation of a manual/ on manufactudre were . \
'recommended. An information centre has been '

'establlshed'at Bangalore

The Intermediate Techhology Industrial Servicgs
(ITIS) unit™=pf thWe Intermediate Technoldgy
Development Group/ regquested a review of the
current state this art of producing a
cementitious material from rice husks in the
Indian sub-continent. It was ‘already known that
development rk had been done there by several
organisati Various claims, reports and
publlcatlons gave a confu31ng picture of the
situation” and there was no 'overall comparative
review of the subject.  ITIS recognised the-
potential benefits of mak;.ng these materials in
India and also in other rice growing areas of.
developing ‘countries to increase the supply of
‘building materials, especially where ordinary
Portland cement was expensive or scarce. Such use
would alsc effectively dispose of and utilise, an.
agricultural. waste,” improve rural économy and
generate employment, with low capital c¢osts. ITIS
‘'wished to be in a position to make recommendations
so, in 1982 the author, a member of the staff of
the .Overseas Division, BRE, visited India, Nepal
and Pakistan to gain first-hand information.
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rofessor D. J /'Cook, Assoc1ate Pr._.fessor 1n the
g : Department of civil Englneerlng at the Unlver51ty
I . ©0f New South /Wales, accompanied the author

- part of the “visit. . o ’

SITE/ VISITS

-

Dlscusslons

on the

research into

were made to inspect the commercial enterprlses
'utillsing the process. of each institute. The map
(Figure 1)
and ‘other centres of 1nformat10n.e
the report describes ‘discussions and site. visits
1t a more detailed comparlson of methods,

'/propertles of the products and eeonomlcs is made
1n later sections. :

74~ _Conver51on.'0f local_ourrenciee
' based upon rates
visit namely:
hNepa,lese Rs.. 234_,_

2.1

into Sterling is

£1 ,equivalent to Indian Rs.
Pakistani Rs. 19.

INDIA

Research Institute A

Small experimental units for. burning husk. had been
built and operated and ‘know how' and services had
been sold to entrepreneurs. It was claimed that a
consistently good product was best obtained by
controlling the burning .temperature of husks to
less than about 600 to C;i.in order to produce
active amorphous. ash. Higher temperatures were
said to result in alcrystallige lessé-reactive ash.
- . b
. Ready-burnt ash such as that\
S parb01llng of rice had been found® unsatlsfactory,
being up to 95% crystalllne. Early laboratory
. experiments wJ.th a round brick-built incinerator
with little ventilation (Figure 2) did n/ot produce
good ash. A small square incineratc r / (Figure 3)
~ of ‘open brickwork with metal mosqu1t netting to
reftain husks and ash had - the advantages of less
thermal mass, and greater access fdr air. A
satisfactory reactive ash was
p&'oduced The fairly high carbon,
ash produced did not prevent /i
acceptable. Different sources of husk ‘had shown
variations in ash residue aﬁtér burning, from 20

obtained

; to 28% by weight' of husk,~and silica content of
_,-" the ash was from 82 to/
; could Dbe

96%, although all thegse

used satis factorl ly.

In order to

for
various-
processes were held at six institutes and visits. =

shows the location of |places visited, -
This section of -

operating at the time of the
16|l

from‘

Ylaimed to be .
ent of the
from. being

o

LAY
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- included boundary wallls, storage

. for rice Thusk: was

" was ‘calculated at. £220: bi

the desired high standard it was
recommgnded that, for commercial manufacture, the
e produced at:the’ same location, limestone

rought in and burnt in kilns under the same

carefyl supervision as. used .in burning husks,

than purchasing ready-made 1lime. from the
existing market. Hydraulic lime, which can
produ¢e some calcium silicate "itself, was found
satisfactory. Too high a proportion of lime in
ture with -ash 'was said to delay  the
pment of strength of the product in use, and
jght ratio of 1:2 lime:ash was used. : :

To obtain sufficiently fast reaction féie; between

ash and lime it was necessary to grfind the ash in
a ball mill for one: hour, h add 1lime, and
contlinue milling for a furth half hour to mix

the*ash for 1.5 hours /Ao be more certain of

attaining the necessary fi§ ness. They were also
advised to obtain a ball mill of slightly larger
capacitfy than that required for continuous use, to

allow *for breakdowns and /the inevitable interrup-
tions in electric .power [supply.. Such a mill is
available in- India: ready-made, its size being 1.5
X 1.5 m with a 15kW mot ' ‘

‘A two tonne per day output, which may-be'suitable

for rural use adjacgnt to a rice mill, was
reckoned -to be the minfimum econpmic size. Such a
plant would be run by -pine people (one supervisor,
one lime kiln operator |[and 7 unskilled labourers).
The Institute listed items of capital expenditure,
of which the ball mil]l complete with ball charge
was the most expensivg at £5,000, followed by an

allocation of nearly #£4,000 for i}yil works which
0

aad equipment
accommodation, and the| gost of 1000m“ of land at
£1,200. 'A lime kilp ahd husk ineinerator (sc¢aled

‘up from the earlier“expprimental design) were each

priced at £500. -Other.litems brought -the total of
fixed capital to £12,00 - '
The annual costs of running the plant for 330 days
per year at 90% capacity\were also indicated. Raw
materials were a small rt of the wholer cost
aken as . charges for

transportation only, so the 1950 tonnes required

~per annum would, cost £|,"180. 300 “tonnes of
.limestone plus transporit would cost £1,800,.

Cinder for burning the \linestone would cost
£1,300; electricity, chiefily for the ball miil,
: ( this seems to be an
underestimate. Depreciatiqn of equipment would

Y . - s

:‘H)
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be ant1c1pated at £750, largely due to wear of the
ball mill shell, " which might 1last ohly three
years. Salaries of £2,250,. and similar -amounts
for interesf on loans and for .packaging plus a
number of smaller items would give a fotal annual

cost ,of £12,000 or £19 per tonne.  With an-

estimated selling price of £27 per tonne this
would yield afreturn‘on.investment of 32%.

* The above selllng prlce was .mdch lower than the

lowest price for ordinary Potrtland cement (OPC) of
at least £40 per - tonne. One thigrd of the  OPC
production in India must now be sold on the open
market’ (51nce February 1982), and it commands an

’ even higher prlce, up to about-£95 per tonne. RHA
attractive.

cement therefore appears’,very'
economlcally. : - Ce
greements had been signed . wlth entrepreneurs\ln
four States for plants with 4, 4, 3.and 10 tonnes
per day "capacities respectively. Agreernients are
made with a payment by entiepreneurs for plant
comﬁissioning, rowtine testing, examination of
samples for the first month or so, and occasional
testing and advice later. Laboratory tests’ were
to ASTM, for water retention, water demand,
finéness, compressive strength, slump {(on flow

~table), and lime reactivity of ash (at SOOC).- No
specific standard for RHA cement existed but the .
" products were.

denerally assessed by the
requireéments of IS 4098. Spec1f1cat10n for Lime -
Pozzolana Mixture. There was littlé feedback .of
detailed information from plants at the time of
the vlsit, except from one which®was visited'
later, as part of the review. The larger plant
which had 'twe mills, each, 1.8 x 1.8 m, was
.réported to be not working; due to some mechanical
failure. : - -

'Slx more partles were abeut to 51gn agreements and
further 400 enqu1nles had been rece1ved ?

It was env1saged that in rurai communltles v1llage
»people would bring thelr rice to.a local mlll, and
could purchase RHA cement from the adjacent plant,
taking it to their' villages using the same
transport as for the rice. - o ' '

¢
L}

Experiments

carried. out hby the Institute

demonstrated the -.fairly successful- use of RIA
cement:sand mixes for renderings . (1:3 by volume).
Althbugh cracks had appeared in some elevations,
the -renderings _seeméd well attached to the
brickwork.

o

Fair- faced brlckwork built ’w1th RHA -




. cement:sand . mortar

T_Imdustrles Commission, but was nét used,

. their own traditional design.’

} When the product was belng

M

«f
(l 6 by 'Volume) (Figure 4)
- showed satlsfactory ‘performance as. a mortar. _ RHA
.cement was not recommended for relnforced concrete
werk. _ R

-

Production .Plant Al (using technology

Institute A):

~-Approximately eight workers were seen to Be bu51ly

. engaged. Eight 1nc1neratorsswere being operated,
in spite of rain and wind, at..the- time of the
visit, which: made working~ condjitions difficult
(Flgpre Sh. .3t was observed. that unburnt husk was.
in and around the bottom area of .- some
lnclneratcrs.!yet fortundtely the workers*managed
to avoid collécting’ unburnt miterial’ with. .the ash.

. It :was said that a thermocouple enabledfburnlng
temperatures 'to be monitored and controlled, but
there "was some difficulty in obtaing ng, a
meanlngful readlng with the instrument when plaoed
1n a plle of hot ash lying in a storage she%. - ;
JTwo brlck-bullt lime kilns weré gt the: sitel coﬂb

TWwas ‘t6 the de51gn of .thé . Khadl- and ;V1llage

. 8ince the

preferred the other: .which was built to

. + was 3.25m hlgh

‘approximately-2 m diameter internally at the top,

- tapering to 1.5 m at the base. No :1lime burning

- was possible at the time of. thé: pvisit because
limestone deliveries from the. qpafrles had been-

disrupted by landslides whi hshaﬂ dislocated road
transport.

wbrkers

The ball mill (Flgure ) was apparently in. working
order, though .unfortunately the electricity supply
had been, temporarily interrupted. Consequently no_
product was being made at the time of the visit, ~
“though a sample .was obtained, and a representative
sample of ash was taken from the storage shed. -
\3
made it was sold and
used 1obally, though some was transportEd'to the
nearest city. Its -performance was- said -to be
Batisfagtory and when inspected, it did appear so.

It had beern used for construction both in the
plant and in.the adjoining rice mill for mortars,
renderings’ and for construction of a

steps. T

, flight of

-Of”.n

-

A simple- flat“area was.. available for
slaklng guicklime with water. o <

*a
v




Research iﬁstitute B

-

» .An amorphous _ash, obtained by burning husks at
less than 7500C. was claimed to be desirable, but
use. of any type of ash which might become
available was considered. This was because rice
husk was being increasingly used as a fuel, so N
that it might not be cheaply available in a few _ "
years ' time, for burning im special incinerators. s
Consequently a technique which could be modified™
according to-prevailing conditions was advocated.
Although 2 hours grinding was adequate for
amorphous ash, longer periods of grlndlng, of 6

.0 hours or so, could be effective in increasing the

C - 'sprehgth of cements wmade from more. crystalline

ash. To conserve enargy andimprove efficiency of

production, appropriate -minimum grinding times . "

should be used for each particular ash. Up to 10%

carbon had not proved, deleterious. b

Where husk was available,--eontrolled burtring at a,

sufficiently low temperature would give a Hi hly d
reactive ash which needed little grinding in or

to obtain adequate cement strengths.

a
- _ cyllndrlcal metal wire mesh basket, 1.2 m hlgh;and
E . 0.6 m in. diameter, lined with a-finer wire netting %
’ ’ te retain husks, set in a mild steel frame on
legs, and with a perforated metal chimney up the
. centre had. proved successful as an incinerator
* (Figure 7). To operate, a fire was kindled at the
base between the:legs. A damper was prov1ded at
the. chimney base so that with it open, air. could .
flow in at the base or with it closed, air Qb;% _
be -drawn in through the husks .in the basket. e
fire. was allowed to burn up throcugh the husks,
> volatile matter from them entering the chimney and
shooting out of the.top in a large flame. BAs husk
burnt the top level fell, and was topped up with
more husk. . The. whole lot was burnt out in less
than two hourg. In theory the volatiles could be
taken off from the chimney for  combustion
elsewhere, though duct#ig would diminish the
drapght through the fire. However this might be
the -basis’ of utilising. the fuel value of the

husks. Alternatfvely, rows of such incinerators
- might be operated under- some . device which needed '
., heating {e.g. in the drying of food crops). There yl

was no. convenient method of removing ash and the

. | incinerators had to be tipped over by hand. _ }
- ’ ] R /

3 . *




The BET method for "determining specific surface
area of husk burnt in a laboratory furnace had
shown. a decrease in area with increasing burning
temperature. After determining the surface area '
of the ash, it was inferred from this. relatlonshlp
that temperatures had been approximately 400°¢,
but no direct temperature readings seem to have
been taken from the incinerator.

Ash was uséed for two different products. One was
produced by grinding ash and mixing with ordinary
‘Portland cement (OPC). The other was made by
grinding ash and hydrated lime together. OPC and
lime were bought as avallable on the market. ’

- _ The suggested size of ball mill for both products
=.was..l.5_x. 1.5.m,  with--a -25kW -motor; -capable -of -

producing at least 1.7 tonnes per day, or more for
a soft ash. A grinding 'medium of 3 tonnes of cast
irpn or steel balls, 20-25 mm in diameter was

used, but no special mill lining was specified.

The lime-ash material was said to be the slower
setting of the two . products, but-accelerators,
other than up to 10% OPC, were not recommended as
they would be an added complication and expense.

Proportions of. Iime and ash varled for every part

by weight of lime, from 1 to 2.5 of ash might be -

added depending upon requlrements in use. It was
satisfactory for masonry and foundations or
general concreting work, but never for reinforced
concrete.” Proportions of OPC to ash 'could be one.
part by weight OPC with from 0.5 to 1.5 parts ash,
depending whether high or ordinary strength was
. reguired. . Instead -of OPC, .Portland pozzolana
cement (PPC) may be used. PPC is OPC containing
brick dust or other pozzolanic material, and -one
part would bée mixed with from one to two parts ash
‘by weight, depending upon whether strong or normal
properties were needed. . - o f
"For practical ‘use as mgrtars, the lime-ash
‘material would be mixed with sand.in volume ratios
from 1:1.5 to 4 and the OPC-ash material from‘l 2
to 5 dependlng upon properties required. -

It was emph331sed that in practlcal use it should
be remembered that although these cementing
materials are sold -by weight they are less dense
than OPC. The lime-ash material in particular has
a bulk density approximately half that of OPC. So
there will be have to be nearly tw1ce the volume
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to obtain the same ﬁei@ht ratio  to sand .and

aggregate. Cubes had been -cast and. tested to
o ‘ascertain the properties obtained when' used in
. construction. Strengtdl"l after 28 days was fairly

high, a 1:3 .mix of the OPC- -~ash material. to sand
‘being stronger tham 1:3 lime-ash to sand. Pieces
.remaining from the +test were inspected and

appeared to be of good quallty : '
Y “

It cost approx1mtely .£30 to produce a tonne of
either, product which might ‘be sold at £50. Actual
and comparative cpsts with OPC were difficult to
make at the time of the visit.due to the recent
change in marketing policy of the OPC as mentioned )
preVlously, but as 0PC prices on the free market .
were rlslnq_ at the tlme, RHA cements apparently
“~gained an- advantage. S
= . The suggested productlor'k plant was similar 1in
' . capacity to the plant A. ~ The following costs
presented here had not been updated for a few,
years "so will be low. "However, of the f£fixed
- capital required.the ball mill cost at £4,500 and
: land at £1,200 were similar to the figures
provided for Institute A. Allodation for buidings

etc at £1200 was not directly.comparable with A as

- boundary walls etc., were not mentioned, Total

flxed capital was therefore approxlmately £7,000.

1y

Estimates of annual costs of running the plant for

© 300 days per year, on three shifts per day for

three workers per shift {(less workers than A as

ash is_ bought ready-burnt) plus materials, power

and pac;klng were difficult to assess with varying

. .raw material prices, but may be between £8,000 and

" £14,000. Higher cement, content products will
: J.ncrease cost.

Indpan patent no: 142966 existed on the process.
Many’ enquiries about the process@ were reported and
a number of entrepreneurs had commenced or were
planning to commence manufacture in various
places, within four separate States.
| , _
Of these only two were stated to be in production
and there was some doubt about the others.
Production -of these plahts was generally the
lime-ash material. . \\\
b .
. _In addition .there were two other .plants in
' operating condition and it was intended that they
should both become not only production plants, but
» - so demonstration- and training centres for
further developments.’ '




s

Numerous enquiries had been received from India

and from overseas. ' The following criteria were
suggested before con51der1ng development .

1. Is there the 'ability to absorb the
. technology? )

2. Does the necessary infrastructure exist?

3. Does sufficienﬁxneed_for the product exist?

74

Production Plant Bl (uszgam¥echnology of ,
Institute B) -— _ . -

The plant had tﬁree entrepreneurs who engaged
eight workers. o : | _ . ,

At the time of theé visit husks were being burnt .

contained by a  circular brick wall 16 m in
diameter. The consultant from Institut¥Mglaimed

to have advised against this procedure. which he

forecast would give ash with low reactiity. - A
guarter of the contents in the whole enclased area
was removed each day and replaced with new husk,

though the .extreme bottom of the pile was never
cleared out. The fire was thus allowed to move
round the area from one quarter ,to the next. It

was said that wind direction had no effect.-

Some ready-burnt boiler ash was sometimes brought.
in to supplement the 'supply, but was further burnt

by laying it on top of the already burnlng husks"
in the 1nc1nerat10n area. :

The _proprietors said they were planfing to
construct a large brick built type of incinerator.

The ‘ash was normally ground by ball milling for

five hours, ' then mixed with lime or cement and-

milled again, but prior to the visit the mill had
broken down and had bgen removed elsewhere for

repair.. Two new smaller mills, each 1.2 x 1.2 m

were seen being installed (Figure 9), but as they
were not yet operational, .no actual product Wa s,

,belng made for- sale at the time of the visit.

When in production 1 part of lime was mixed with
1.5 parts of ash Yy _weight, and setting
accelerated by the addition of secret additives.
These were probably common salts, but no statement
was made by the proprietors. OPC was used instead

of lime, jin the . same.  proportion,. for ..an-

alternative product. An ‘'Instructions for Use'
leaflet -in English and Hindi was included witH




"

t

~Mix proportions

0 1.75:4 and 1.75:2:4 respectively.

every bag. Due to difficulties'iﬁ obtaining bPC,
some product was made us:.ng 'l part of PPC, with 1
part‘ash. '

Current prices were said to be £40.and £52 per
tonne for the two types respectively. No detailed
information was obtained on economics of the
plant, but it was said to be profitable, and the
partners were planmning to increase production,

for mortar and concrete were
clearly' stated -~ by . welght 1:4 cement:sand and
1:2:4 cement:sand:coarse aggregate and by volume-',

50% less mixing
water than requlred for OPC was indicated.

~The products from the works were said to  be much
in demand.

Research Institute c _ °

In the process developed during the preceding. 5
years, ready-burnt husk ash was bought usually
from rice mills where it had been burnt in 1 metre
high piles. Alternatively ash £from husks burnt
for parboiling of ricde might be used. Two parts
by welght of ash were mixed with one part lime and *
one part waste from a local industry. This waste '
gave higher strengths to the finished product,
possibly due to the contribution of aluminates in
the. ‘waste. Lime was bought in for pilot scale
work at the Institunte. The constituents were
ground together for 3 hours in a 0.5 x 0.5 m rod
mill, capable of giving 0.5 tonne per day. _ : "

Research into the strength of concrete specimens
made with this product had led to the conclusion
that 500°C was a suitable 18n1t10n temperature for
the husks though 7007C was acceptable.
Furthermore up to 20% of carbon in the ash seemed

to be acceptable. Test results also indicated ' %
that concretes of 1:2:4 RHA cement:lime:sand, .
altholigh "‘weaker at 7 days, were stronger at 28 .
days than if OPC were used. T e '

- & -

Some reinforced concrete samples had been ke in=
water for up to two years® soaklntbut not""bnough
was known at the time to-make any“ recommendations.

The rice husk c¢ement had been used successfully
- £ making---the  rendering- or- the - smallbuilding -
which housed the rod mill (Figure 10).
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The cost of production on a commercial scale of 16 ‘
tonnes per day was said to be £28 per tonne, and

‘the selling price was £36 per tonne. Eight people
would be required and the cost of setting up such

a plant, complete with lime kiln, was said . -to be
£30,000 plus £12,000 for land and buildings..

Entrepreneurs were required to pay £300 for the
'know-how ", then 1% of the sales for the first 5
years. For this payment entrepreneurs received a
one-week training course, and a .written ‘document
describing the process,: detailing procedures for
various chemical. and other tests, and. giving a
sample economic feasibility report. - The report -
_ indicated that a plant of 16 tonnes per day
P capacity, operating 24 hours a day,' 300 days a
e T Yea ) T woldld redquire 27ball mills, costing a- total
S of £18,000, other machinery and fittings £3,000,
- pre-operative expenses of £4,000, coqtingencies
£4,000, working capital for salaries and materials
for one month's production, . stock, stores etc.,
£21,000. The cost of a 1lime kiln was not
mentioned in these data. '
.
Entrepreneurs who had ,gained knowledge and
experience by working ‘at the Institute were
building production plants at two locations. At
cone, accommodatioh buildings were still under
construction. However, adjacent to the Institute.
construction had been finished and equipment
installed, and this latter plant -was visited.
Three more parties had the know-how and ‘had been
trained. They planned to set up plants SO there‘
would be productlon in three States.
Production Plant €1 (using technology of
Institute C) -

To enable ex-students from Institute C to obtain
. practical industrial. experlence in’ management and-"
manufacturing, a division.of the Institute has set |
up 30 small factory buildings, complete with
services, on an adjacent site. One of the units
is for the production of rice husk ash cement.
‘Equipment ,and materials (thure 11),hadeeeﬁ—~—*“'
; assembled Teady for commig§idning a few days :
before the visit, but unfortunately the 1.8 x 1.8
ball mill was found to have misaligned bearings -
when it was first run, so it was being dismantled-
at the time of the vigjit. Such a mill was too
s -heawvy  to nan—handleﬂr80"$hear ‘legs—with ~ lifting
.tackle had to be brought into ' 1lift it. The mill
was to take a charge of 2 tonnes, plus the weight

A

———— |
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of the balls. Husk ash was to be bought in
‘ready-burnt, but two lime kilms had been
constructed just outsrde the factory building.
- " Other additives were seen piled against the
- factory wall. Proportlons were .to be measured out
with gauge boxes, and a heavy steel truck was
installed for removing the charge after milling.
It was planned to automate parts of the process
later. The whole process ‘plant seemed well laid
out, and the entrepreneur was. enthusiastic,

well-trained, and in a conven;ent position t8 call .

on the advice of the InStltute s staff.

(This plant .was reyorted to be work}ng now. }

5 . .

Research Institute D

The process utlllsed hot only rice husk, but alsok
lime sfudge waste from the sugar indugtry." The .
lime sludge was a gel, which had to be dried
first, mixed with. an equal weight .of husk,
rewetted, then rolled by hand into 80 mm diameter
- balls.. These were allowed to dry. in the sun
(Figure 12), then laid in a long trench.. A fire
was started at one end and ,allowed to burn right
i - through to the other. The- cooled balls were then
ground for ohe hour to give a° product which would
be marketed as a llme-pozzolana. -

.Approx1mate1y.700 C was reckoned to be a critical

, temperature for burning the husk. Below that
“temperature amorphous ash was produced, regardless
.of time of heating. Above, time of heating was

important, so that more than 3_hours at 800°C or

more than 1.5 hours at 900°¢ would give

. crystalline ash. However, one member of the staff
' reckoned the 'ash was 50% crystalline at 700°C and
7507C was the absolute maximum permissible. To

convert the 1lime in the 'lime sludge into

quicklime, a  temperature of over 800 C was

_ . s hecessary..- The crude trench burning method was
o claimed to give sufficient tem-e_atnneTwwthough
g ‘actual measurements—showed only 700 C.  The -trench
—Tethod allowed excess .air, which helped to burn
off -carbon from ‘the husk, and to remove carbon

R

M , dioxide from the decomposing lime. 12% residual
it - carbon gave maximum reactivity. Burning time. is
: Hx&hédjusted 40 give a reasonably white ash.

Setfing;times of 0.5 hour initial and 10 “hours

-

final-were Tepogked. Loncrete made from the RHA
cements (l:Z2:4. @A cement:sand:coarse- -aggregate)
was less strong tMan when ordinary Portland cement
was used. WHere no fired clay bricks were




- of OPC.

availabie. RHA cement was suggested as a ba31s for'
: concrete block manufacture.

» B ., -

-

Estimates for productlon cost had ‘been made prior
to commercial application. ‘Land, builidings,
nachlnery etg., -contributed to a capital cost of

£10,000 and a .similar amount mlght be ;equlred to 

meet annual costs.

F L
L B “

The renderir'tg (1:3 RHA cer‘nent:sa'nd)..on. a brick

wall, fully exposed to the weather for six. years -

-was inspected and found to be in good condition.

Some entreﬁrenehrs were .reported to have done

‘experiments, and. it. was hoped -that one would
commence production withinla few months but at the
time _of the visit there had been no commercial

exploitatdon of the process.
: ' ; |

v

2.2 . NEPAL

Research Institute E

.

The method used involved. collection of ash (from
parboiling of wice etc.,) grinding in a ball mill,

then further intergrinding for a total time of two
hours with one third by weight of bought-in lime.

Addition of 5-20% by weight of burnt clay had been -

found to give a more workable mix, - but much
grlndlng was required. . A small proporticn of
ordinary Portland cement was added sometlmes

The product. was not recommended for teinforced

concrete construction.

Mortar could be made by mixing the .product with
three parts sand. However it was 'said that an

.t

equivalent low strength mortar could pe made- with

OPC. using eight parts-of-sand, so to compete, the
& Of RHA cement must beé much lower than that

tonne while OPC was £90/tonne.

RAA cement, so reducing thé chances of the use of
the ‘1q¢ter. However, "the current. demand for
cement’ ih Nepal was said to be 300,000 tonnes per

Year; only 40,000  tonnes .was - produced 1ocally.
- Demand should not fall since the Goverhment *s five:
'year plan for 1585 90 was to concentrate on house

building. Bringing in lmported cement, over the

‘difficult terrain resulted in high prlces. These
would be even higher in more remote " parts, so
there was .considerable scope for small-scale RHA
cement production to make up the deficit. A new

¥

In Kathmandu RHA cement sold at £55 per.
It was qlalmeda
_th&t Government contracts specified OPC and never

-
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OPC plant of 120,000 tonnes per year was to be
built in, the south of the country, but even so
. . there would be a shortfall in production, compared
» : W.h demand. _ ; . '

The Institute -had basic laboratory facilities &nd
some RHA cement test results were reported,
indicating reasonably good- properties.
. Csa
Twenty appllcatlons for details of the productlon
prqocess were said to have been received from
entreprengurs. Two were already said to be .
oPerata.ng ‘within Kathmandu, and three others were
. reported. ' The product was said to be selling
well: The Institute reckoned it woéuld .cost
-£10,000 to set up a cohmercial plant.

o Production Plant El {using technology of
: Institute E) ‘
Rice grains for human consumptlon were being
. " roasted on small husk-fire ovens. The husk ash
was raked 'into piles out-of-doors (Figure 13),
from where it' wgas -taken, while still hot, 1n
: wheelbarrows to the RHA cement production plant®

_ - Ash was stored for two days and changed from dark

. grey to white. A small ball mill (0.7 x "0.7m)
{Figure 14) was used to first grind the ash, then
to intermix with lime, for a total time of two
hours. The resulting fine powder was weighed into
any available bags for sale (Figure 15) at £55 per
tonne. Recommended mix for. use was 1:3 RHA
cement:sand i S

. R PR

: . ...final -were " élalmed. A water requlrement of 40%
I was gquoted. -Only about half a tonne could be.
. .produced per day, but it sold well.

Production Plant EZ2

. " -
An entrepreneur commenced production of RHA cement .
’ three years previously’ and had- spent over £6,000
to date. He had bought ‘know-how' of an early
method that Institute E had .apparently offerdd.
The method consisted of making balls from. rice
husks and lime sludge, so ' wad -similar to that seen
at Institute D, but ,the éntrepreneur had no
success with the method so changed to anothér. He
built two large circular brick and concrete domed:
kilns, 3m high and 6ém in diameter (Figure 16).
The ash was mauve in colour, and the only way it
. could be removed. was by “someone entering. the

]




dusty inside of the kilns. The ash was ground in

three locally~made ball mills of each 0.9m long |

and 0.6m in ‘dizmeter (Figure 17). Ball mill 1life
was said to be two Vears. Lime and ash were mixed
and put in gunny bags for sale, Maximum
production rate was 0.75 tonne per day. A stock
cf some 9 tonnes was seen, which might deteriocrate
with long periods of storage.

The RHA cement had- been sold at £60 per tonne,
somewhat cheaper than ordinary Portland cement,
guoted as costing £90 per tonne.

For use, a 1:3 by volume RHA cement:sand mix was
usually suggested. The cement could be used for a
mortar, render and flooring, but not for
reinforcgd concrete work. -

Since the properties were poor, and it was likely
that ash temperatures were too high, it was
suggested that husks be burnt 1in much smaller
quantities, in the first instance by dividing an
existing kiln into several compartments.
Temperatures might be monitored with a
thermocouple. ’

2.3 PAKISTAN

Research Institute P

Rice husk was being used increasingly as a fuel,
for example half of the existing brick kilns were
said to use it, sc it was becoming less abundant
and more expensive. Three new OPC plants were
planned so that eventually there would be a
surplus for export.

Nonetheless, there was a .case for production of
RHA cement. ‘Firstly it could have specific
properties, such as Dbetter chemical resistance
than OPC, so it could be of particular use, for
example for fioors in the food industry where acid
resistance would be a benefit. It was said that
in big towns Dbusinessmen were not interested in
small investments, but for special-purpose cement

making, larger plants might be considered.
Sécondly, in remote rural areas there was a need
for cementitious materials, but there were

increased transport difficulties and costs.

However, rural people had a fondness for locally .

made things, so small scale RHA cement may be very
acceptable in that situation. Research had been
undertaken at laboratories and put into full scale
practice by an "Agricultural Corporation (see

—15—
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error and proflt.

. below), but it was hoped'that the method . could be

tried out in a model village to build, confidence

11 +h. +hae negnle,  then mroacoand oA +o
™ il Tk B e H

. Ly “iieEn ku..co!:ll (=101 = UL-hCJ.D as a
proven package. The estimated cost of setting. up
was - only £1,600, and might be tak&n up by

.cooperatives in the rural areas. It was thought

that RHA cement would be made for £10 per tonne,
which was much less than the current selllng price
of OPC at £100 per tonne, giving a good margin for

Husks wgre burnt in special incinerators made from
oil drums,_or in .large heaps, but in either case.

‘the temperatures were said to be llmlted to 600 to

7007 C. After griftding, the ash was mixed with

lime.

.The ,Institute 's extensive laboratory facilities

were visited.- Fast burning was found to give
black ash, which became whlte on standlng. It was

. claimed that more than 4% carbon in the ash.

resulted in a loss of strength in use, though

‘workers - elsewhere have found that even 15% is -
‘acceptable. It had been found that an addition of

106% of OPC gave better workability.’

.3ﬁAdjacent. to the_ﬂ52§9£§i01138~ﬁwere 'wellFéquippéd
workshops.  Two ball mills were in-the course of

nufacture, each 1.3 X 1.3m, which might be used
for work on RHA cement {Figure 18).

Production Plant Fl (u51ng technology of
Instlthte F)

WL

The Agrlqulture Corporation had been producing a
largé quantity of rice husk and sought a useful
method of disposal. Consequently they set up a
plant which was said to cost £1,600 and could
produce 3 tonnes per day of rice husk ‘ash cement.
This was for wuse in ‘their own construction
programme. ' :

"

The husk had been burnt in a heap 2.5m h;gh, at

.6007C ({(checked - - with a thermocouple).. Ash was
. ground in two ball mills each 0.9 x 0.8m for 5 to

6 hours, using hard steel balls as the grinding
medium, then 30% by weight of lime was added. The
resulting RHA cement was used in the proportions
of 1:3 RHA cement:sand.

However, the demand for Yrusks as fuel increased
and it was found to be economic to sell the husks
rather -than make RHA cement, so the plant ceased
operation after only one year, during which time
only 100 tonnes was produced. Consequently the
plant was not visited.
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Figure 2. CRI small experimental incinerators at Bailabgah.
Left - unsuccessful design. Right  successiul design.
Dr. 5.C. Ahluwalia ¢CRD. Prof. D.). Cook (Univ. NSW)
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Figure 8. Heap burning of rice husk at Kurukshetra
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Figure 9. Mr. Lalit with new ball mill at Kurukshetra
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. Frgure 12. Dr. A. Dass at CBRY shows lime shudge rice sk balls Jaid out to dry
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Figure 14. Ball mill etc., Kathmandu

Figure 13. Rice husk ash is raked out from small oven in Kathmandu

...... v [T

Figure.15. Author and Mr. R.D. Shrestha

with bagged cement for sale at street-side _
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Figure 16. Large incinerator at Patan
) .
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Figure 17. Mr. M.P. Dzbadi with three bali milis at Patan




Figuré 18. Dr. R.A. Shah (centre) with part finished ball mil] at Karachi
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, . the basic raw materials,

~of 3.5 hours. . ' '

. entrepreneur,

¢
;
; 3 -

f . - . . . . 3 . . ,

- COMPARISON OF PRODUCTION METHODS AND ST -
RECOMMENDATIONS FOR USE

- B

Fmem

To facilitate a 51mp1e comparlson of the methods,
Table 1 shows the size of plants, usual sources of
grlndlng time in the ball
mill, and number of employees. Data <can only be ST
regarded as approximate in most cases. The wide C
variation in grinding -time at  Institute B is by
design: soft ash required shorter time than hard .
ash. -Many plants were not completely operational - )

5

at the time of the visit, though thods were.
discussed and'.someggéquipmeqt an materials -.°%
inspected, as detailed above. '

Plant capacity was very smadl in all cases, -
averaging approximately 4 tonnes-per day. . .
Methods were nearly equally lelded betwegen those
burning husk in special’ incinerators and those

buying in ready-burnt material, but most operators . g
bought ready-burnt lime. OPC and aluminates were ' .
always bought ready made. ' - '

Grfinding time varied by several hours about a mean

* . . -

The numbers of employees was difficult to assess . i

in some cases, but averaged approx1mate1y seven

per plant.

The success of the KB operations seemed to vary‘
immensely.’ SQ were well . run profitable

businesses, - wh1lle others were losing money.

Research carried out ih some .institutes had been
applied Dby entrepreneurs, ‘in othexr . cases -
entrepreneurs had installed equipment and were
ready to commence production. Some research had
not " yet got beyond a basic agreement w1th an
ag detalled-above T .
\' ~ .

Mix pr0port10ns used 1in manufacturlng RHA cements
and for their use in mortars are summarlsed in
Table -2. .In general one part of lime has been
mixed with two of RHA by weight, but-with OPC and
aluminates one part has been mixed with only 1.5
of RHA’ For use as mortar the Tepommended mix is
in the “proportions of one part RHA cement to three /"
parts of sand by volume generally, but~this varies
depending upon RHA cement gquality and mortar _
quallty required. : .




4. ' TESTING SAMPLES IN UK | AN

i where possible, and brought. back to England
* . . test under standard conditions. Ashes wer
B Y examined by X-ray diffraction technigues to
determine whether they were amorphous or
crystalline. Ashes were mixed with half their
weight of fresh hydrated lime and then tested 1nr o '
the same way as the ready-made RHA cements./ '
Methods  were based on those specified in the
Brltlgh Standard Specification for Cement, BS.
‘12 1978. . Soundness of the materials was done byF
' the Le Chatelier method, initial and final settlng/
times with the Vicat apparatus, using pastes, when/
-sufficient material was available. o

For compressive strength tests, cements were mi dd

with three timés their volume of graded sand (BS
4451) and cast into 25mm cubes (smaller than ‘BS
12). The guantity of water in each mix was that
, necessary to give a standard workability. : In

addition to testing after 7 and. 28 days storage at - : T
ambient temperature (20 C), an accelerated test '

was carried out using an elevated température
(50°¢). : ‘

. . Table 3 identifies the nature of the samples taken o

at the various places visited. It ig npt possible

to say how representative the samples- were of

production over a long period. R - :

5. RESULTS OF UK LABDRATORY TESTS

“Results of testé are divided Lnto tﬁree separate
' groups. First the samples of ‘as-sold ' RHA cement
"made using local 1lime and - ash, then those
, 'as-sold ' using OPC etc., and ash, and finally the
mixture' of a standard UK 1lime with the ash.

Results are given in Table 4. , . . .
- t o R
r, 5.1 Compresslve strehgth
...... .. ... .i1In accordance wlthf common practlce, 1:3
‘. gcement sand mortar was made but because of small

guantities of materlal available 25mm  cubes were
§cast and cured at 20 C then tested at 7 and 28
. days. Inraddition an accelerated test was carried
out- by keeplng some cubes at an elevated
) . ftemperature of 50°C from day .4 to day 7 cooling
- ' for one hour, then testing. At least three cubes .
- : . were used for each test, and results showed very
: ¢ good reproducibility. -

i

1
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Of the 'as-sold ' RHA cements, the lime/ash 'we."r'."“é"-

not as strong as the OPC/ash in 7. 28 and-47.

‘(accelerated) day tests. The apparent exception,” .

lime/ash B probably owes its higher strength to
the incorporation of 'a small proportion of OPC.
The lime/ash ‘as-sold‘ cements were not as strong
as the mixtures of ashes. with UK lime, in general,
perhaps due to the relative freshness of the UK
lime. . '

.
il

Inspection of- data in Table 4 shows that 7-day
accelerated test results give an. approximate
indication of 28-day strength under ambient. test
conditions. _ A

Overall, the materials gain approximately. three
‘times their 7 day strength by 28 days. This ratio

does not differ significantly between lime and
aluminates, though where OPC is used in .the mix
there 1is slightly faster development of early
strength. - 1 Co.

5.2 Soundness

Le Chatelier 's method, with a s.pJ_it ring mould and .

pointed indicators to amplify any movement, was
used. No significant expansions were found in any
of the samples tested. o T

1
n

5.3 Setting Time .

L

The Vicat apparatus, with its penetrating needle

and attachments was used. Initial setting times-

varied widely from 3 to 30 hours, and final
setting times from 10 to 36 hours.

— . ’ ’ :
Within each of the two groups of ‘as-sold"™ cements

‘(i.e. tHe lime/ash and the OPC or aluminates/ash)
the higher the compressive strength the faster

 were the 'initial and final sets.

L]

5.4 _Crystallinity

Y

X-ray diffraction analysis of each ash sample
showed that three were mainly amorphous while the

. . others were crystalline. Results are detailed in
" Table 5. . )




©. COMPARISON OF PRODUCERS DATA WITH UK
' RESULTS

'The properties of RHA cements which were claimed

for the various. ‘as-sold®' products during the
visit are listed in Table 6, which is in the same -
format as Table 4 for ease of compariscon.

Compressive strengths claimed were up to about
three times greater than those found. in the UK
tests in spite of the fact that smaller cubes used
in the UK would give greater strength. An
exception was the Institute C samples, at 28 days.
Possibly the claimed higher values-were partly due
to materials belng more  fresh. .
Soundness data reported by producers showed
slightly greater expahsions. -

Setting times claimed were faster than UK results
show. Again this could be due to material being
more fresh. The E2 sample was an exception.

Some data was collected on flneness.

7. COMPARISON OF EXPERIMENTAL DATA WITH
STANDARD REQUIREMENTS

There 1is  no existing standard specification
entirely relevant for rice husk. ash ~cements.
Table 7 shows the requirements of standacds for
materials intended for a similar use. . The most
relevant “is IS 4098-1967, the Indian Standard for
Lime-Pgzzolana Mixture.

Producers ' data for ‘as-sold' lime/ash Pproducts
meet the highest requirements of IS 4098 (LP 40),
but UK tests on the same materials show some of
them only satisfy the minimum requiremeht (LP 7).
UK 1lime/ash mixes meet the highest requirement.
Mixes containing OPC, being stronger, exceed the
highest requirements .of IS 4098, and some, even
excged requirements for OPC. . It is ddifficult to
be scertain of the exact composition .of the
samples, and as noted above in the accounts of
site visits, it is known that aluminates, OPC and
PPC are always ,umed in some products, but they may
be incorporated sometimes in others.

‘Initial setting times claimed by producers are
near the requirement of IS 4098. UK tests show
longer initial setting times, «but this 1is
allowable in the standard.




o

-

Final setting times claimed are quite fast, within
the fastest limit of IS 4098.- All UK-tests are
within the slowest rate of that standard. '

Flnenes_s of the RHA cements quoted by some
manufacturers is finer than required for OPCs. IS
4098 requires 10% {(maximum) retained on a
15C-micron sieve, s0o available data cannot be
compared directly with this.

] 8+ . ECONOMICS )
The economics of the various production 'methods;
L were difficult to compare, due to, the different
~ ampunts of fhformation, and the possible
. inaccuracy of information obtained. For example,

the Institute A provided detailed costings, which
applied to the cdmmercial production unit Al, and
although Institute B gave figures, the plant Bl
was so different from the general model that the -
# Eigures mlght be considered 1ipapplicable and no

& *data other than selling price was revealed by the
' entrepreneurs at-Bl. Costs of raw materials vary
~coritinually, and the numbers of workers is

difficult to define accurately.

The price of OPC in India had, been Government

controlled, and kept uniform throughout the

country until one month before the visit. A third

of production was then released on to the free

market, and its price escalated rapidly from £50

per tonne (controlled) teo appfoximately £95 per

tonne_ (free). This would appear to increase the

sellihg price advantage of RHA cement, though it

would increase production cost of those RHA

cements containing OPC. Thus prices wereée in a
- state of flux at the time of the visit teo India.

- b

Nevertheless some comparatlve data is presented in

Table 8. The cost of ash is generally low. In

some cases it is only the cost of transportation

. _ of husk from the rice-mill to incinerator. . Some

expenditure is inevitable in the burning process,

but is not necessarily included in - the figlir@s
obtained and quoted in the table.

Cost of lime must be. important but would vary.

For example at Plant E2 in Nepal the entrepreheur

"2 spoke of preferring Indian lime which was more
- expegsive . than local lime, so the higher figure is
qguoted on  the table. ' :

a




The cost 'of mking RHA cement &tould not always be
obtained. Whege it ¢is high, selling price is
high. SRR R L .

\‘.

t

Selling price of RBA cement varied’ from £27 to
£60, with the exceptl\bn of the Institute D pride.
which was hypothetical, as_ it was not actually in
commercial production. The -plant in Pakistan only,
made RHA . cement - for use_ by the owning
organisation, not for sale, 8o~ no selling price
could_be quoted. ' i .

* -

‘Prices for OPC were obtained ip all three
countries, though not at every location 'visited.
Overall, the selling price of RHA cemegnt  was
approximately 45% of the price of OPC. ‘However
there are two ¢onflicting factors which should "be:
considered as they affect the extent of this
apparent price "difference’ in its effect on the
user of the product. Firstly the bulk density of
RHA cement r;;ay Re only two thirds that .of OPC, so.
for a mix specified by volume (as is commédn) less
weight of RHA cement will be required than for
OPC. The cost advantage of RHA Cement would be
improved therefore to 2/3 of 45% or 30% of OPC.
cost. Secondly, on the other hand, the strength
of the normally suggested 1:3 mix of RHA
cement:sand .for mortars (see above) could be
equalled by a 1less rich (say 1:7) OPC:sand mix.
Thus 2.3 times as much RHA cement may be required
for an equivalent mix, bringimg the cost advantage
to the user ,of RHA cement to 2.3 times 30% or 70%

of OPC cost. . : FE

Gapltal. cost for setting up plant was obtained
from most places visited. There was. no way of
checking the details in some instances. ThHe

relatively low cost quoted for the Pakistan plant
is surprlslng, but may exclude some items of cost
included in the other figures. Cost in Nepal at
E2 includes cost ‘of abortlve experimental
production. Since plants are of different size
outputs, direct comparison ef capital cost has
. little meaning, 'so these figures may be divided by
the plant capacity, §iving for,. India a capital
cost per tonne per day of between £3,000 and
£4,000. s ‘

+ T =
Net annual cost fiqures were obtained from some
places and found to be of the s#me order as the
capital cost. ., For ‘comparison these net annual
‘cost figures may be divided by the annual tonnage
preduced,- when 1t is seen” that net annual cost is




|

LA ":_,.;J;-

s

- . _ .

approximmtely " £20 per tonne; individual figures
-+ agree with the cost of maklng one tenne quoted in
tme same table.

. 1 . :
g . - <

More : detailead calculatlons ‘by “two " of ~ ‘the
‘Institutes lead to ‘calculated returns on

cement can be ‘made using simple technology
not only on laboratory or pglot scale, but
also as a commeYcial venture produc1ng
'several tonnes of" produot per ‘day. - +{

2. ) "'To malntaln productlon,f.sgpplles of raw
- " materials must be continucusly.’available or -
.- ‘stock-piled. Power - must be available
especially for ball mills,. with no more
than infrequent short- interruptlons, or
ball mills must bhe over-size capac1ty to
allow for these 1nterruptlons. ~

3. To _maintain sales of fhet produet
especially when alternatlve materlals are
available, the EHA cement must be of - ‘a

investments of 32% and 20%. - . e
.. f . . L
9. .+ CONCLUSIONS A -
. .1 it has been amply demonstrated that RHA

r

. consistently high *quality. . Jt is best to 7f

burn husk at nd more than 700 C.

4. ~, Several varlatlons of the: basic proeessaare,
available. Ash and llme alone, which

constitute sa - type of lime-pozzolana -,
mixture, <can give a useful .ce enting .
material. When particular local. condltlons 1

permit, the basic mixture -of ash and llme
may be modlfled wlth advantage. v

5. - ControIled _burnlng of husk in sPeolarly
made incinerators though desirable, is not
essential. to preducing a good RHA cegment .
- However' it 1is probably desirabhle in order

"to get a cement of consistent. properties.
Chemical ‘analysis and” . fineness

. determinations might have been done on

'~ these samples with advantage in helping to
und@rstand thelr benav1our.» B

. =8 a

6. Husk burnt in Ylarge quantltles is likely to

'~ be trystalline. Amorphous :ash. is produced

-when smaller quantities are burnt with -

plenty of air. 10 to 20% of carbon in: the -

ash may be acceptable._

-~




7% 7. If ash of varicus quslities is to be :
' ' accepted, it may be necessary to adjust
. ‘grinding -~ times 'in order to develop .
e - suff1c1ent strength in mixes with time. '

[ . : 8.  The ash from plant Al though amor phrous’ and
o : - . Said to be ground very fine; produced
{ : : surprisingly low strength mortars. The
f o o crystalline ash  from Bl produced
“f . surprlslngly high strength. mortars.- &

. L Y

[ 9. The -RHA cement has properties which make it ¢
. St o ~~suitable for mortars and rendering, that is
T ,/’/fe- to say-for use as a masonry cement. Some
;/%/f =~ of the products tested .meet performance’ _ .
o requirements of BS 5224:1976. = Some. meet~>-—  -—- —
e 154098:1967. ‘Concrete for general—work T '
“could be made, though strength: may not be, '
. as high as with OPC. There is no evidence.
that . -RHA |cement concreteuallpws corrasion!
s of embedded steel but at - the present time .
it is not recommended for refinforcea
C _ _concrete work. _ o
i : - : i
. 10. RHA cement may. cost.only ‘45% of the cost of i
- OPC . in 'the market. Mortar made with RHA . .
: cement may cost only 70% of equlvalent OPC :
Sy © mortars. Co ; "

» “

-

T

114 There’ "may' be additional technlcal

o advantages’'in some: possible areas of usé of )

=, : " RHA  cements’. . Heat generated during T
o : X hydration may be less than that of OPC, so
: i lower thermal stresses would result if RHA
cements were used in massive concrete
_ . _structureSJ Where concrete aggregates may
e o - be ‘reactive with 1lime released during
T settlng of OPC, which in some instances has
4 deddt-td dlsruptlve stresses being set .up,
- » ‘RHA cements may pdssibly, show less reaction
o -w1th " those aggregates: " Chemical
' 're51stance, to acids  and sulphates, may be.

Lo enhanced if RHh cements are used instead of "

N o _:I oo OPC. . o ™

-




sides, lime kiln
operating for 3

-

lime - 2 parts ash

by weight, mortars

: . : may be made from 1
S : . ) ' part RHA cement - |

1 . ‘ﬁ.

. . - - wolume .

Detail will vafy chsiderably,'dependingeupon
local circumstances." S :

10. RECOMMENDATIONS = o .

~ . — -
I

1. . Idbinerators.fd: burning husk should allow

. o easily achieved in small incinerators_than
. S ~in large heap -burning. ‘'The temperature

-formatlon of crystalllne ash.

{ 2. Heat generated by- ‘combustion of aSh shauld

‘be-.usefull¥ employed, Ffor example for
drying foodstuffs. . _

/" . . * . . LS

should be adjusted to the minimum necessary
to produce the required propergles in the

. soft and require less’ grlndlng, but if ash
'is. bought in ready burnt, having_ already
contributed 'its heating value in ‘some
process, longer grinding may be necessary

-

¢ o : cement.

_ . i : A
N 12, Guidelines for design of' 4-tonne per day
: ’ small-scale plant burning its own 11mestone-
. and husk to make RHA cement ;
- Capital investment o £12,000
Net annual cost ’ £12,000
Workforce . g peOplev .
Materials ’ _ . 12 tonnes rice
' o £ . husk per day
_ . _ Yoot 2 tonnes limestone
LBt ' . pér« day’
' .. _Equipment to include - €majlll incinerators
' - ' - . : ~with open-work.

- S . . ' - hours per batch -
Selling price . £40 per tonne
Mix proportions’ : RHA cement may
s - ' : R consist of 1 part :

'3 parts sand by

E plenty of cooling air which will also help.
- to keep carbon content low.. This is more-

should be limited to 700°C maximum to avoid "

3.~ The -period of grindirg in the ball. mill

RHA cement. Spec1a11y burnt_ash should be’

in order to produce a satisfatory RHA




-and trepreneurs

‘information.

'‘New areas * for

]

. . 3
. . i

. ) E
i

é

-

At present it would be JGV1sable to market .

the material, as a .cement for masqnry.
Packaging should be clearly marked to

differentiate” RHA cement from other types
of cement.

Liaison should cbntinue with the institutes
already visited.
Institutes :will be . In possession of neéw
Some entrepreneurs had onhy
just commenced production, others had not
started, and one was recommended to make
changes, at the time of the visit, so
subsequent production results would be of
1ntereat._ Further advice might be welcomed

*by—entrepreneura.' ’

Information should .be sought on the
unformlty of product ,quality from warious
plants oveﬁ a long pericd. 'Quality - should
be recordell and producing countries should
compile standard spec1flcat10ns.

applicatlon of thig
technology should be found 1n‘pther rice
growing countries where there 1s a shortage
of cementitious materlals.

-

(7
Irhalation of dust shoulé be avoided as far

as possible, since the ektent of the health
risk is not fulJy understood aEHB£9§ent.
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TABLE 1

el

COMPARISON OF PRODUCTION METHODS INVESTIGATED.
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TABLE 2 MIX PROPORTIONS USED IN MANUFACTURING RHA CEMENT AND IN USE AS MORTARS
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TABLE 3 RICE HUSK ASH MATERIALS SAMPLED
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: N ) . B . . ) . B . . . N . _. T ."._ . .
.\ - TABLE4  PROPERTIES OF RWA CEMENYS, DSTERMINED IN UK LABORATORIES .
' Compressive Strength (MN/m S ! Setting time
25 mm mortar- cubes . S (hours)} Vicat
v 1 . : : Soundness | '
I _ ’ i Sample ) Le Chatellerg, ) , P
- Type and source .of sample ! No. ! i Expansion (mm) | Initial ! Final
T | n |
! | aE g |

. 1) lee/ash products, as sold I : [ .

L India’ A1 ( ) . L 1 ! W - - 30 I 40

SEIN o ST "o } : - | -, -

. 1' - R . . \'t_...‘ .v. . l.] | l } I’ - +
» v |t Nepal Bt .t 6 1. 1. 05 L2 L 20
S TR ET/(ZO% brick dust) 4 | 1 10 | 24
> ' E2 ; .9 1 1 10 =~ 24
l . N 1]
2) OPC or alumlnatea/aah products I
_ i as sold - : : | | ! * I

" " India B ' i 10 . ' : I - -

. ’ Bl (with PPC} L3 I o . 3 10
| ¢ -~ slow set _ ! 15 1 : I 05 28 L
-~ C - normal set ' . E © 16 5 ' | 0.5 3 24

1
: - I i
UK 1i h ! N 1 .
3) Tk Zine/as o | ! | ~ L
India A t 2 ‘ 1 - l - | - )
- B (speclally burnt aah) R P 1 - | - | -
i B1 B | L : 16 | 24 |
. , | [ | . 1 1
e o o .' .' 5 |
B Nepal E S _ ; - | - -
1  E2 : b e | V- T
i J : Eo | 1 | ) i,
i — L SR | 1 . i '
(a) may- 1nc1ude 108 oPC :
(b) not all cubes tested,succesafully .
#
1 e | .
-1 ]
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, . ) R T
— T W_ T — & ] ) K
“ \ - ‘State and Minerals identified - .
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S B " R . o . .
m ; _ m — M .
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szﬁb D A1 2 |, Mainly AMORPHOUS plus minor. .
| - i " crystalline quartsz . _ \
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" . “ ) “ cryetalline quartz .., ¢~ |~ A__. =
| B P13 |  CRYSTALLINE o | .
Jo | . ) | . . ‘...- ot
NEPAL _ E1 m 7 +_ . Mainly AMORPHOUS plus minor _h - .
1 f i crystalline quartz. . I .
| E2 i 8., | Mainly CRYSTALL idymite |, | - :
- _ L | - {510, polymorp _ [ - ’
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_ . .« , . TABLE 7 ' REQUIREMENTS OF STANDARD SPECIFICATIONS. _ e e
o4 . . v-. . .v . . . .. “l ] . .. . . T . . . . - .. . « . . .|. L . + 1 ...—. .
.+~ INDIAN STANDARDS (IS) AND BRITISH STANDARD (BS) R .
L UL A S _ . _ ] S
w.oo__.uu.mm.qum mﬁ.wnmmu — HE m.o_E.mummm 1 Setting Time Vicat f P | . . \ T
- . | Mortar cubes (M¥/m” minimum); Le ommdmpwmw.ﬂ e S T :
I e m N . _ . iy Expansion . | tInitial 1 Pinal. Ty Ewmbwmm. Blaine
. Standerd ., oo 1_14. day——=id—daz—— -28day | (mm maximvm) m?ﬂm Bwnwsﬁ_vm (hrs meximum) | (n°/kg B...B.MH.E._.V
— e —— e . —
IS 4098-1967 Type. LP 40 | 2 - 4 4 ;”H..Mﬂ.n no i - 1 .24 . -
EE FE R | 1 ~_Ty.cracking i o o o]
sime-pozzolana mixiure o i ,\Jl.nn\.i_n\xrkhi T \“ S ‘ i P Sy
: . — - = - _. .||I|I|A‘|\ - “ N . _“.b M . m aum. .m - ..\ - ¢— - b
i X \Jv T .- - . |.. : M . ~ : e . g
_ Ty IRTr )03 o T A A = K
18 1489-1967 o4 TS 25 B 10 " 0.5 | 0T [ 300 hi
Portland-Pozzolana Cement . ; B m - m e h_\ T | R
S . .. . BN j e i u
IS 269-1967" . - 10 ot 05 10 L 225 »
Ordinary Portland Cement. m m e _“ __ . _ : -
o - ! L . _ v [
BS i2:1970 . - o boes p - - = - § - " -
21978 . S T R N 1 10 J 0.75 | 10
Ordinary Portland Cement | “ “ _ " _ I
S o 3 ) _ - _ | ~ |
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