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- 'PREFACE s

The use of the ash resﬁlting from burning rice
. ‘husk as a cementltlous Q1nder in conjunctlon with
lime-has ‘been rece1v1ng 1ncrea51ng attention over
recent years. _ It wouid appear to offer the
a attractive prospect df prov1d1hg a low-cost
’ alternative cement by simple’, village-scale
technology-using a reaglly available agrlcultural
waste material. The need for such materials is
clear as the. conventlonal blnder, Portland cement ,

. L 1n ‘rural’ communltlesf Where, 1ndeed 1ts hlgh— ;

. v - strength, rapid ‘etting propertles are not of !
- primary importyrice .to ‘the’ low—rlse building or

" simple civil en 'neerlng work: typlcally under taken

in these areas. -

7 v, N . »

- The basic research and. development work into rice 4
“husk ash (RHA) :. cement technology“ has Dbeen 1l//
~undertaken by a variety of institutions and
individuals, principally in the . Indian
sub-continent, and séveral attempts have been made
to commercialise ‘and ‘disseminate the technology.
N Reports orn this work are sparse, and in particular
\there has been a -lack’ of 1ndependent compara@ive
ata on the various approaches -used; these, it
" wi ll be seen' from this report, contain significant
.differences in terms of the final product and the
preduction process used. These dlfferlng
, "~ approaches were adopted for good reason and, as in
‘ all appropridte technologies, it is unlikely that
a single process will emerge as being the unique
solution for all situations. This report is not,
therefore, intended to be a guide 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 contemplatlng
the use of such a material in their own region.

S

The. report must be read with all the usual -
cautions; in particular the laboratory tests were
performed on ‘grab ' samples and- should not be seen

as definitive or statlstlcally 31gn1f1cant.

Our thanks are due to those people and
. _+institutions visitéd who gave their time and.
R shared their experiences freely with the compilers 3

of this report. L TEe

~3

F. R. Almond, Intermediate“Technology Industrial
Services, February 1984. A
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SUMMARY *
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. The purpose of thevﬁbur—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 commeércial productlon plants
were included,. and samples were collected for
later analysis ;n the UK. . :

Some . of  the completed fesearch. still‘awaited

“mfapplicatlonk but some was being applied.

ﬁ~exceeded

i

Commercial productlon was often held up through
non-delivery of raw material, failure of power
supplies or mechanical breakdown, but some rice
husk ash cement was belng made, sold and used.

Research workers had found that it was necessary
to limit the tempSrature of the burnlng husks to
'no .more than 700°C to obtain an amorphous ash
which would be reactive with lime, although in’
some productlon processes this temperature was

v

3

It had been found that the .ash needed several .

" hours of grinding to produce a sufficiently fine

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

In most cases the cement was made. by m1x1ng one
part of lime -with two parts of rice Rusk ash (by‘
weight). Sometimes ordinary Portland cement . was
used in place of 1lime. - It was commonly
recommended .that for 'building use, one part of
rice husk ash cement should be mixed with 3 ‘parts
sand (by volume). - : - o

The rice husk' ash- cement ' is much cheaper’ than
ordinary Portland cement for a’ given weight and in
spite of richer mixes béing used ‘'in practlce it is
Stlll 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 in UK laboratorles are given and
are compared with manufacturers' claims and with
requirements in the most relevant Indian and
Brltlsh Standard Specifications. *

\ :
The rjcé husk ash cemehts often exceeded the
requirements of the Indian Standard for

Lime-Pozzolana Mixture. 1In general they should be
suitable for use in making mortars, renderings for
walls, and some lower ﬁtreMgth» requirement
concretey : B

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

I3
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1. " INTRODUCTION S A .

“Throughout the world eighty million tonnés of husk
become  available each .year .during thelbrocesélng

of rice. Some is used as packaging or fuel, but
-the greatest proportlon s dumged as a waste
by-product. - S

.Several institutes have 1nvest1gated tﬁé

propertles'of the ash of the burnt husk,
contains a high proportion of silica, and there
has. b€en some commercial exploitation of its
‘pozzolanic . reaction .with lime +to form a
cementitious material of potential use in the
bulldlng and construction industry.” Research was
.carried out in the United States by/P. K. Mehta,
and later the first meeting of the ug;ted Natlons
““(ESCAP) National Focal Points for Regional Centre
- for Technology -Transfer (Bangalo;e, India), in

which

1978 decided that RCTT should promote, rlce husk

ash (RHA) cement technology In cdnsequence,
“three international RHA cement workshops have
taken place; at Peshawar (Pa&éstan 1979), Alor

 Setar (Malaysia 1979) and Dglhi (India 1981),
where information was preserted and discussed.
Training centres, compilation of a .Standard
Specification, study of se€ in RQuilding and

preparation of a manual/ on manufactuire were
recommended . An infor atlon centre has been

establlshed%at Bangalore

_Techhology . Industrial Services

The Intermedlate X
(ITIS) unit™%pf the Intermediate Technology
review- of the

Development Group/requested a
current state /éﬁ{ this art of producing a
erial from rice husks
Indian sub-continent. It was ‘already known that
development rk had been done there by several
organisatiofis. Various claims, reports and
publlcatlons*gave a confu51ng picture of the
situation’ and there was no overall comparative
review of the subject.
potential benefits of nmklng these materials in
India and also in other rice growing areas of
developing countries to increase the supply of
‘building materials, espe01ally where ordinary
Portland cement was expensive or scarce. Such use

would also effectively dispose of and_utilise, an.

agricultural waste,” improve rural économy and
generate employment with low capital costs. ITIS
‘wished to be in a position to make recommenda‘tions
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.

in the

ITIS recognised the-

o~

B




‘and ‘other centres of 1nformatlon.e

'utlllslng the process. of each institute.

¢
NN

c R
) ; %
rofessor D. J. /Cook, ‘Associate Professor 1n the
Department of Civil Engineering at the University
of New South Wales,‘accompanled the author
part of the visit. o ’ ;
‘ /' : : o ’
2. SITE/ VISITS I '

Dlscu551ons on research the

o

into various'

processes were held at six institutes and visits =~

were,nade to 1nspect. the commerclal enterprlses
The map
visited
This section of

(Flgure 1) shows the location of mlaces

"the report describes discussions and site. visits

/

Nepalese Rs.

beén sold to entrepreneurs.

ut a more detailed comparlson of- ’methods,

propertles of the products and economlcs 1s made
1n later sectlons. : ~

Conversion “of 1local ‘currencies
based upon rates
visit namely:

into Sterling is

£1 equlvalent to Indian Rs.
Paklstanl Rs. 19.

le,
24,

2.1 INDIA

Research Instltute A

Small experimental units for. burning husk. had been
built. armd operated and ‘know how' and services had
It was claimed that a
consistently good product was best obtained by
controlling the burning .temperature of husks to
less than about 600 _to 6% Ci#.in order to produce
active amorphous ash. ~ HigheT temperatures were
said to result in a,crystallige lesS-reactive ash.
- N 5

Ready-burnt ash such as ‘that\.

parb01llng of rice had been foundX
belng up to 95% crystalline.

unsatlsfactory,
Early laboratory

_experiments with a round ‘brick-built incinerator

.retain "husks and ash had:'the advan

acceptable. P
variations in ash residue aftér burning,
/ to 28% by weight' of husk, - and silica content of

w1th little ventilation (Figure 2) d%f not produce
good ash. A small square incinerat /(Flgure 3)
of open brickwork with metal mosqult 'nettlng to
ges of less

thermal mass, air. A

and dgreater

access /for
satisfactory reactive ash was féai ed to be .
ent of the

produced The fairly high carbongfpn

ash produced did not prevent,/it from. being
Different sources of husk ‘had shown
from 20

from 82 to//§6%,
used

the ash was

although all these
could be

satisfactorily. In order to

~for

operating at the time of the B

obtained from'

T

Ly

L

[




- included bYoundary wallls, storage

" for rice Thusk- was

' was ‘calculated- at. £220: Db

the desired high standard it was
recommended that, for commercial manufacture, the
He produced at the’' same location, 1limestone
rought in and burnt in kilns under the same

carefyl supervision as; used .in burning husks,

- than purchasingf‘ready—made lime. from the
existiing market. Hydraulic lime, wh@ch can
produce some calcium silicate “itself, was ‘found
satisfactory. = Too high a proportion of lime in
admijture with -ash 'was said to delay the
development of strength of the product in use, and
a we'ght ratio of 1:2 /lime:ash was used.
B /// .
To obtain sufficiently fast reactlon,rates between
ash and lime it was necessary to. g¥ind the ash in
a ball mill for one hour, then add 1lime, and
contiinue milling for a furth half hour to mix
the | components. -~Entrepreneurs were encouragéd to
the?ash for 1.5 hours /to be more certain of

1n1ng the necessary fln ness. They were also

city than that requlreﬁ 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, 1ts 51ze being 1. 5
X 1.5 m with a 15kW moto '

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

for rural use adjacgnt to a rice mill, was
reckoned -to be the minjimum econgmic size. Such a
plant would'be run by -gine people (one supervisor,
one lime kiln operator [and 7 unskilled laboureérs).
The Institute listed items of capital. expenditure,
of which the ball mill complete with ball charge
was the most expensive at £5,000, followed by an -
allocation of nearly £4,000 for ciwil works which
4

aad equipment
accommodation, and the} gost of 1000m™ of land at
£1,200. A lime kiln and husk incinerator (scaled

‘up from the earller‘EXp rimental design) were each

priced at £500. -Other_litems brought the total of
fixed capital to £12,00
The annual costs of runn'ng the plant for 330 days
per year at 90% capacity\were also indicated. 'Raw
materials were a small rt of the whole:r cost
aken as . charges for
transportation only, so the 1950 tonnes required
per annum would, cost £\,-180" ‘300 "tonnes of

;Limestone plus transponit would cost £1,800.
LCinder for burning the

limestone would cost
£1,300; electricity, chiefily for the ball mill,
this seems to be an

underestimate. Depre01at1 n of equlpment would
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be énticipated at £750, largely due to wear of the
ball mill shell, " which might last only three
years. Salaries of. 4£2,250,. and similar -amounts
for interesmf on loans and for .packaging plus a
number of smaller items would give a total annual

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

estimated selling price of £27 per tonne this
would yield &”return‘on,investment of 32¢%.

The above selllng price was .mdch lower than the
lowest price for ordinary Portland cement (OPC) of
at least £40 per - tonne. One thigd of the ' OPC
production in India myst now be sold on the open
market (Since February 1982), and it commands an

) even higher price, up to about® £95 per tonne. RHA

" products were.

cement therefore appearsi_very'
economically. - . e
Agreements had been signed with entrepreneurs \in
four States for plants with 4, 4, 3.and 10 tonnes
per day “capacities ‘respectively. Agreements are

made with a payment by entrepreneurs for plant

commissioning, 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 50°c) . - No

specific standard for RHA cement existed but the
dgenerally assessed Dby the
requirements of. IS 4098. SpeCification for Liime -
Pozzolana Mixture. There was littlé feedback of
detailed information from plants at the time of
the wvisit, except from one which® was visited'
later, as part of the review. The larger plant
which had two mills, each. 1.8 x 1.8 m, was

.réported to be not working; due.to some mechanical

failure.

Six more parties weré abeut to 519n agreements and
urther 400 eaninies had been received °

It was envisaged that in ruaral communities village
»people would bring,their rice to.a local mill ‘and
could purchase RHA cement from the adjacent plant,
taking it to their® villages using the same
transport as for the rice. -° B

Experiments

carried. out by the Institute

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

attractive:

Fair-faced brickwork built w1th RHA

-

-
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. cement:sand , mortar (1:6 by " volume) (Figure 4). _
showed satlsfactory ‘performance as. a mortar. _ RHA (,3

- .cement was _not recommended for relnforced concrete : '
. _work. o . , : e ;

- %
Production .Plant Al (using technology of' .
Institute A): ~ T ' '
, , - " Approximately eight workers were seen to. be bu51ly cu PO g
_engaged Eight 1nc1neratorsswere being operated
'c ip spite of rain and wlnd at . the- time of  the
’ visit, which- made working conditions difficult
(Figpre SL. 3t wa s observed>that unburnt husk was. . } -
in and around the bottom area of . some o .
1nc1nerators,iyet fortun&tely the workers*mmnaged (
.. . to avoid collectlng unburnt materlal with .the ash. W‘fﬁg
. . - . It :was "said that a thermocouple enabled burnlng T
- Co temperatures 'to be. monitored and controlled but
there -was some difficulty 1in " obtaing ng, a
meanlngful readlng with the instrument when placed
1n a plle of hot ash 1lying 4n a storage she%. -

. P
oyt - .

et

: 7
- Two br1ck-bu1lt lime kilns weré at the- 51t€? ¢Oﬂb
"was 'to the de31gn~of .theée . Kﬁadl;ﬁnd Vlllage
- Industriés Commission, but was not used, since the .
workers preferred the other: .which was built to <
= . their own traditional de51gn. It was 3.25m hlgh
Lo ‘approximately-2 m diameter internally at the top,
e kT - tapering to 1.5 m at the base. No ‘lime burning
S - was possible at the time of. thé: ;visit because .
= * limestone deliveries from the . quar’rles had been-
. disruptéd by landslides whﬂch had dislocated road
“ transport. A 51mple flat? area was.. aVallabIe for
~ slaking gquicklime with water. < -
The ball mill (Flgure 6) 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. - : /

+a

’!

- When * the product was being made it was sold and
used lobally, though some was transported to the
nearest city. Its -performance was- 'said -to be !
%atlsfactory and when inspected, it did appear so.
It had been used for constructlon.ﬁboth in the
plant and in-the adjoining rice mill for mortars,

. renderings and for construction of a  flight of
; steps. - . N
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Resedrch Ifstitute B

. An- amorphous ash obtained by burning husks at

less than 750° C, 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 fyel, so
that it might not be cheaply available in a few
years ' time, for burning in special incinerators.
Consequently a technlque which could be modified™
ac¢cording to-prevailing conditions was advocated.
Although 2 hours grinding was adequate for
amorphous ash, longer periods of grinding, of 6
hours or so, could be effective ip increasing the
strength of cements made from more crystalline
aSh To conserve enargy and-improve efficiency of
production, appropriate- mlnlmum”grlndlng‘tlmes”"”
should be used for each particular ash. Up to 10%
carbon had not proved, deleterious. T

Where husk was availableyweontrolled bur g at a,
sufficiently low temperature would give a hi hly '
reactive ash which needed little grimnding in or
to obtain adequate cement strengths. A
cyllndrlcal metal wire mesh. basket, 1.2 m high and
0.6 m in. dlameter, llned,w1th a--finer wire netting
to 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 provided at
the. chlmney base so that with it open, air. could
flow in at the base or with it closed,; air woqﬁd
be 'drawn in through the. husks.in the basket.  Titok:
fire. was allowed to burn up through the husks,
volatile matter from them entering the chimney and
shooting out of the:top in a large flame. As husk
burnt the top level fell, and was topped up with
more husk. The. whole lot was burnt out in less
than two hours™ 1In theory the volatiles could be
taken off from the chimney  for combustion
elsewhere, though duct®¥ng would diminish the
drapight through the fire. HoweVver this might be
the basis of wutilising _the fuel value of the
husks. Alternatively, rows of such incinerators

-

- might be operated under- some device which needed

heating (e.g. in the drying of food crops). There
was no convenient method of removing ash and the’
incinerators had to be tipped over by hand.

»

2




The BET method for 'determining speciflc surface
area of husk burnt in a laboratory furnace had
shown. a decrease in area with increasing burning

of the ash, it was inferred from this. relationship

but no direct temperature readings seem to have
been taken from the 1nc1nerator.

T -

Ash was used for two different products. One was
produced by grinding ash and mixing with ordinary
-Portland cement (OPC). The other was made by

lime were bought as available on the market.
- The suggested size of ball mill for both products

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 Dballs, 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.fime and ash varied; for every part

,// added depending upon- requirements in use. It was
o satisfactory for masonry and foundations or
./ general concreting work, but never for reinforced

/ part by weight OPC with from 0.5 to 1.5 parts ash,
2 depending whether high or ordinary strength was
ya . required. ~.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, dependlng upon whether strong or normal

properties were needed. : - o [
"For practical use as mortars, the lime ash
.« material would be mixed with sand.in volume ratlos

to 5 dependlng upon properties requlred

' . " be remembered that although these cementing
: materials are sold -by weight they are 1less 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 twice the volume

-- temperature. After determining the surface area

that temperatures had been approximately 4OOOC,

grinding ash and hydrated lime together. OPC and

= was..l.5_x 1.5.m, with-a - 25kW -motor; capable --of

concrete.” Proportions of OPC to ash ‘could be one:

from 1:1.5 to 4 and the OPC-ash material from* 1 12

It was empha51sed that in practlcal use it should .

by weight of lime, from 1 to 2.5 of ash might be -
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\ ) ) . LV .
to obtain the same- weidght ratio  to sand .and

aggregate. Cubes had been cast and. tested to
‘ascertain the properties obtained when: used in
construction. Strength after 28 days was fairly

high, a 1:3 .mix of the OPC- -ash material- to sand

-being stronger than 1:3 lime-ash .to sand. Pieces

.remaining from the test were inspected and

appeared to be of good quality.

& 3 TN T ’
It cost. approximately £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

prev1ously, but as {OPC prices on the free market )
were rlslng at the tlme, RHA cements apparently
“-gained an- advantage. e k - e e e e

The ‘suggested .production< 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 fixed
capital required.the ball mill cost at £4,500 and
land at £1,200 were similar to the ‘flgures
provided for Institute A. AlloCatlon for buidings
etc at £1200 was not directly-comparable with A as
boundary walls etc., were not mentioned. Total

" fixed capital was therefore approximately £7,000.

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 packing were difficult to assess with varying

_raw material prices, but may be between £8,000 and

£14,000. Higher cement-content products will
lncrease cost.

Ind an patent no: 142966 existed on the process.
Many enquiries about the procesagwere 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 productlon
and there was some dohbt about ' the  others.
Production -of these plahts was generally the
lime-ash material. :

s\

. In addition there ‘Wwere 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.' '

T
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Numerous enquiries had been received from India
and from overseas. ' The following criteria were

suggested before considering development.

1. Is there the‘"ability to absofb_ the

. technology?
2. Does the necessary infrastructure exist? .
3. Does sufficienﬁkneed>for the product exist?
7 -:«\

Production Plant Bl (using technology of .
Institute B) — . ' -

The plant had tﬁree entrepreneurs who engaged
eight workers. : - -

‘At the time of theé visit husks were being burnt .
-(Figure-8)--in-a-large open-pile 2.5 m-high, partIy "~~~

contained by a circular brick wall 16 m in
diameter. The consultant from Institut®®gglaimed

to have advised agalnst this procedure which he

forecast would give ash with low reactf51ty“f A
quarter of the contents in the whole encldsed 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 1nc1neratlon area .

The proprietors said they were planhing to
construct a large brick built type of incinerator.

b

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 was.

.being made for'sale at the time of the visit.

When in production 1 part of lime was mixed with
1.5 parts of ash Dy _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 1lime, _in _the . same _proportion,. for —.an- .

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




every bag. Due to difficu_lties. in, obtaining opC,
some product was made using ‘1 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 planming to increase production.

Mix proportions for mortar and concrete were
_‘..;clearly stated - by weight 1:4 cement:sand and
©1:2:4 cement:sand:coarse aggregate and by volume.
1.75:4 and 1.75:2:4 respectively. 50% less mixing
- ' water than required for OPC was indicated. .

{

- e ——The products from -the - works: Jwe'r‘”e “gaid to  be much
in demand. -

Tt Research Insti'tute C ' °
In the process developed during the preceding. 5
s years, ready-burnt husk ash was bought usually
‘ from rice mills where it had Ween burnt in 1 metre
high piles. Alternatively ash from husks burnt
for parboiling of ricde might be used. Two parts
by weight 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 Institute. The c¢onstituents 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 ignition temperature for
the husks though 700°C 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, :

although “weakéer at 7 days, were stronger at 28

days than if OPC were used. . et .
’ . > a -
Some reinforced concrete samples had been ke in%

water for up to. two years ' soakingmbut ‘not™®nough”

was known at the time to-make any“recommendations.

The rice husk cemeht. had been used successfully : .
- for - making-—the - rendering- on- the -small-building- -~ -~ ~—

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 : o
a plant, complete with lime kiln, was said - -to be LA
£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
N ‘ ~ various chemical. and other tests, and. giving a

: sample economic feasibility report. The report -
indicated that a plant of 16 tonnes per day

- capacity, operating 24 hours a day, 300 days a
oo s gy, would reguire 27ball mills, costing a total
Lo of £18,000, other machinery and fittings £3,000,

" pre-operative expenses of £4,000, contingencies
£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 worklng.at "the Institute were
building productlon plants at two locdtions. At
one, accommodatioh buildings were still under
construction. However, adjacent to the Institute.
construction had been finished and equipment
i installed; and this latter plant -was. visited.
“ ) Three more parties had the know-how and had been
] trained. They planned to set up plants soO there ’
= would be productlon in three States.
Production Plant Cl1 (using technology of
Institute C) -

To enable ex-students from Institute C to obtain

- practical industrial experience. in manageméent 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 (Figure 11)4,,,,had¢—been——’ﬂ—”'

. assembled ‘ready for commi'ssioning a few days
before the visit, but unfortunately the 1.8 x 1.8
‘ball mill was found to have mlsallgned ‘bearings -
when it was first run, so it was being dismantled
at the time of the visit. Such a mill was too

e oo o heavy to  man-handley—so—shear—legs~ with  lifting T
. tackle had to be brought into lift it. The mill “

was to take a charge of 2 tonnes, plus the weight

S

\
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of the balls. Husk; ash was . to be bought “in

‘ready-burnt, Dbut two 1lime kilns 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 té call

on the advice of the Instltute s staff.

(This plant .was reported to be\WOrk;ng now. )

A . N .

-

Research Institute Dr

r

The process utilised not only rice husk, but also.
lime sfudge waste from the sugar industry." 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 trepch.. A fire

was started at one end and allowed to burn right

- through to the other. The- cooled balls were then

@

ground for one hour to give a- product which would‘

be marketed as ‘a llme—pozzolana. -

Approx1mately\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. heatln% wa s
rimportant, 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’ theostaff
reckoned the ‘ash was 50% crystalllne at 700°C and
750°C was the absolute maximum permissible. To
convert the 1lime in the "lime sludg% into
guicklime, a , temperature of over 800 C was

necessary.- The crude trench burning method was '’

.claimed to give sufficient temoerginrfa- though
‘actual measuremen owed only 700°C. The trench

method allowed excess air, which helped to burn
off ‘carbon from the husk, and to remove carbon
dioxide from the decomposing lime. 12% residual
carbon gave maximum reactivity. Burning time. is
adjusted o0 give a reasonably white ash.

Setting times of 0.5 hour initial and 10 “hours

e finat-were  TEPO ed.” Concrete made from the RHA

cements (1:2:4. | cement :sand:coarse- -aggregate)
was less strong tHlan when ordinary Portland cement
was used. Where no  fired clay bricks were




available, RHA cement was suggested as a basis for o B
' concrete block mahufacture. -

Estimates: for productlon cost had been made prlor v

to commer01al application. Land, buildings, K ' o

machlnery etc., -contributed to a capital cost of <

£10,000 and a .similar amount mlght be requ1red to -~ '

meet annual costs. oL B , : PR o

/ LIS
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: © The renderiﬁg (1:3 RHA cement:sand) .on a brick s
\ T wall, fully exposed to the weather for six%, years
) ~was inspected and found to be in good condition. - N

N Some entrepreneurs were .reported to have done .
\\:UL experiments, and. it. was K hoped -that one would - R
N\ : commence production withinla few months but at the -
T - time . of the visit there thad been no commercial , .
- \\~ - exploitation of the proces
E ‘ N . R \\‘ .
\ ‘ 2.2 . NEPAL - .
\ Research Institute E : . ‘ . : ' .
- The method used involved.oollection of ash (from . o

“ parboiling of :rice 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 propor.tion of
ordinary Portland cement was added sometlmes.

TN The product was not recommended for feinforced
concrete construction. )
Mortar could be made by mixing the ,product with } «
C ' three parts sand. However it was said  that an cL P
~ equivalent low strength mortar could be. madé&-with =~
-1 OPC, using _eight parts of-sand, so to compete, the

.

————price of RHA cement must be much lower than that )
, _ -7, -. of OPC. In~Kathmandu RHA cement sold at £55 per . N o
e v tonne while OPC was £90/tonne. It was claimed. g

« ! th&t Government contracts gpecified OPC and never
: T, RHA cement, so reducing thé chances of the use of

- L . the "-latter. - However, ‘the current. demand for
' ~ cement ih Nepal was said to, be 300,000 tonnes per B}
e * . | year; only 40,000 tonnes .was produgced locally. :

’ Demand should not fall since the Government 's five:
- o ‘year plan for 1985-90 was to concentrate on house
‘ ‘ " building. Bringing in 1mported cement, over the

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

]




/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 -’
wifth demand. ) .

The Institute ‘had basic laboratory facilities 4dnd

some RHA cement test results were reported,

indicating reasonably good properties.

Twenty applications for details of the production

process were said to have been received from \
entrepreneurs. Two were already said to be

operatang within Kathmandu, and three others were

. reported. * The product was said to be selling |

well: The Institute reckoned it would .cost
£10,000 to set up a commercial plant.

Production Plant El (using technology of
Institute E)

1

Rice grains for human consumption were being
roasted on small husk-fire ovens. The husk ash
was raked ‘into piles. out-of-doors (Figure 13),
from where 1it*® was 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. . oY : \ —

. o
N T

Setting times of 1.5 hourss Iﬁlﬁlal “and 3 5 hours

_final--were” “laimed. A water requirement of 40%

was quoted. ~-Only about half a ‘tonne could be.
.produced per day, but it sold well.

1

Production Plant E2

An entrepréneutr commenced'production'gf RHA\cement» ‘

three years previously and had- spent over £6,000 : .
to date. He had bought ‘know-how' of an early =~ ° a
method that Institute E had .apparently offerdd.

The method consisted " of making balls from, rice

husks and lime sludge, so’'was -similar to that seen -
at Institute D, but ,the éntrepreneur had no )
success w1th the method so changed to anothér. He S

built two- large circular brick and concrete domeds

kilns, 3m high and 6m in diameter (Figure 16).

The ash was mauve in colour, and the only way it

could be removed. was by “someone entéring. the v p

I




dusty inside of the kilns. The ash was ground in
three locally-made ball mills of each 0.9m long

and 0.6m in‘diameter (Figure 17). Ball mill 1life
was said to be two years. Lime and ash were mixed
and put in gunny bags for sale,. Ma ximum
production rate was 0.75 tonne per day. A stock

of some 9 tonnes was seen, which might deteriorate
with long periods of storage.

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

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

Since the properties were poor, and it was likely
that ash temperatures were too high, it was
suggested that husks be burnt in 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 F

Rice husk was being used increasingly as a fuel,
for example half ,of the existing brick kilns were
said to use it, so 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 Dbetfer chemical resistance
than OPC, so 1t could be of particular use, for
example for flcocors 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'ﬁhat the method could Dbe

tried out in a model village to build.confidence

with: the people, then preseuted tq others as a
proven package. The estimated cost of setting. up’

was - only £1,600, and might be take&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 were burnt in special incinerators made from
oil drums,-or in large heaps, but in either case
the ‘temperatures were said to be limited to 600 to
700" C. After grintdding, 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 standing. 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

10% of OPC gave better workability.-

e%Adjacent to the_,EEEQLQLOrieS~3were 'well—équipped
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 (using tecﬁnology of
Institute F) '

3 Ui
N,

The Agrihulture Corporation had been producing a
large 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 hlgh at
600°C (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 husks as fuel increased
and it was foeund 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 Ballabgah.
Left - unsuccessful design. Right  successful design.
Dr. S.C. Ahluwalia (CRD). Prof. D.J. Cook (Univ. NSW)
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Figure 8. Heap burning of rice husk at Kurukshetra
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Figure 9. Mr. Lalit Wi'[il new ball rriill at Kurukshetra
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Figure 13. Rice husk ash is raked out from small oven

Figure.15. Author and Mr. R.D. Shrestha
with bagged cement for sale at street-side
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Figure 17. Mr. M.P. Dabadi with three ball mills at Patan
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3. " COMPARISON OF PRODUCTION METHODS AND e e
RECOMMENDATIONS FOR USE . ; -

[

To fac1lltate a 51mp1e comparlson of the methods,
Table 1 shows the size of plants, usual sources of

., - the basic raw materials, grlndlng time in the ball

mill, and number of employees. Data can only be T
regarded as approximate in most cases.  The wide '
variation in grinding ‘time at Institute B is by . -
design: soft ash required shorter time than hard 53
ash. -Many plants were not completely operational -

at the time of the wvisit, though thods were.

discussed and some@géquipmegt and materials .7
inspected, as detailed above.

Plant capacity ‘was very sma<dl in all cases, .
averaging approximately 4 tonnes: per day. . _— -
Methods were nearly equally d1v1ded betwgen ‘those

burning husk in special’ incinerators and those

buying in ready-burnt material, but most operators . | ",

bought ready-burnt lime. OPC and aluminates were o' .
always bought ready made. ’ . E

Grinding time varied by several ‘hours about a. ‘mean

-of 3.5 hours. , ,

The numbers of employees was difficult to assess . |
in some cases, but averaged approx1mate1y seven

per plant. '

v

The success of the B operations seemed to vary iy

immensely.’ Some were well . run profitable
businesses, - whlle others were losing. money.
Research carried out ih some ,institutes” had been
applied by entrepreneurs, in other . cases -
entrepreneurs had installed equipment and were
ready to commence production. Some research had

not ~ yet got beyond a basic agreement w1th an

. entrepreneur, as detalled-above S .

4

Mix proportlons used in manufacturlng RHA cements
and for their use in mortars are summarlsed in
Table 2. .In general one part of llme Hhas been
mixed with two of RHA by weight, but_with OPC and
aluminates one part has been mlxed/w1th only 1.5
of RHA. For use as mortar the -fecommended mix is
in the proportlons of one part RHA cement to three/ﬂ
parts of sand by volume generally, but~this varies
depending upon RHA cement guality and mortar
quality required. ' : ‘
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.4, TESTING SAMPLES IN UK

1

g

where possible, and brought back to England
test under standard conditions. Ashes’ wer
examined by X-ray diffraction technlques to
determine whether they were amorphous or
crystalline. Ashes were mixed with half their
weight of fresh hydrated lime and then tested 1n» o )
the same way as the ready-made RHA cements.
Methods were based on those specified in the
Britigh Standard Specification for Cement, BS

12:1978. . Soundness of the materials was done by /

the Le Chatelier method, initial and final settlng/

times with the Vicat apparatus, using pastes, when/ ’
sufficient material was available. '

For compressive strength tests, cements were i}ged«
(

with three timés their volume of graded sand

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

“(50°¢) .

-

addition to testing after 7 and, 28 days storage at
ambient temperature (20 9Cc), an accelerated test
was _carried out using an elevated température

¢

Table 3 identifies the nature of tﬁe samples taken e
at the various places visited. It is not possible
to say how representative the samples- were of
production over a long period. Y g .

«

5. RESULTS OF UK LABDRATORY TESTS'

,, .

“Results of testé are lelded LhtO tﬁree separate

" groups. First the samples of aS*SOld RHA cement
"made using local 1lime and  ash, then those

H

<

‘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. , , , . s
. - f o .
5.1 Compressive strepngth

'fIn acgcordance w1th/ ‘common practlce, 1:3

: cement:sand mortar was made but because of small
i quantities of naterlal available 25mm cubes were

. cast and cured at 20 C then tested at 7 and 28
: days. Inraddition an accelerated test was carried

ki

cout- ‘b¥ keeplng some cubes at an e€levated

13

: temperature of 50 °c from day .4 to day 7, cooling

for ome hour, then testing. At least three cubes.

~were used for each test, and results showed very

< good reproducibility.

1
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Of the ‘'as-sold' RHA cements, the 1lime/ash were-
not as strong as the OPC/ash in 7, 28 and. j7.

'(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. » . '
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. - S

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 '

5.2 Soundness

Le Chatelier 's method, with a split ring mould and
pointed indicators to amplify any movement, was
used. No significant expansions were found in any
of the samples tested. S T

’
~

5.3 Setting Time . .

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.

.

5.4 _Crystallinity

N

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.




6. COMPARISON OF PRODUCERS DATA WITH UK
' RESULTS

.

'The properties oﬁ RHA cements which were claimed

for the wvarious. 'as-sold' products during the
visit are listed in Table 6, which is in the same
format as Table 4 for ease of comparison.

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
sllghtly 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,céllected on fineness.

7. COMPARISON OF EXPERIMENTAL DATA WITH
STANDARD REQUIREMENTS

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

Producers * data for ‘'as-sold' 1lime/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 requirement (LP 7).
UK lime/ash mixes meet the highest requirement.
Mixes containing OPC, being stronger, exceed the
highest requirements .of IS 4098, and some, even
exceged requirements for OPC. . It is difficult to

be scertain of the exact composition .of the

samples, and as noted above in the accounts of
site visits, it 1is known that aluminates, OPC and
PPC are always ,used in some products, but they may
be incorporated sometimes in others.

‘Initial setting times claimed by producers are
near thé reguirement of IS 4098. UK tests show
longer initjial setting times, -but this |is

allowable in the standard.

sremanidtRg
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Final setting times claimed are quite fast, within
the fastest limit of IS 4098.7 All UK-tests are
w1th1n the slowest rate of that standard

Fineness of the RHA cements quoted by some

manufacturers is finer than required for OPCs. IS
4098 requires 10% (maximum) retained on a
'150-micron sieve, so available data cannot - be

compared directly with this.

8+ . ECONOMICS

» ]
i

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 ipapplicable and no

& -data other than selling price was revealed by the
entrepreneurs at.Bl. Costs of raw materlals vary
continually, 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 wvisit. A third
of production was then released on to the free:
market, and its price escalated rapidly 'from £50
per tonne (controlled) te appfoximately' £95 per
tonne frea) This would appear to increase the
sellihg price advantage of RHA cement, thoudh it
would 1increase production cost of those RHA
cements containing OPC. Thus prices were in a
- state of flux at the time of the visit to India.
- . -~
Nevertheless some comparative data is presented in
Table 8. The cost of ash is generally Ilow. In
some cases it is only the cost of transportation
. ' 4 of husk from the rice -mill to incinerator. Some
expenditure is inevitable in the burning process,
but 1is not necessarily included in - the figdfes
obtained and quoted in the table. ’

Cost of 1lime must be: important but would vary.
For example at Plant E2 in Nepal the entrepreheur
"« ' spoke of preferring Indian lime which was more
expepsive than local lime, so the higher figure is
quoted on  the table. :

“




AN IR
The coét‘of\ﬁagéﬁg RHA cement tould not always be
Wh

obtained.
h i gh - ’ ’ A ™~ ¥

\.

.

Selllng price of RﬁA cement ‘wvaried- from £27 to

£60, with the exceptlon 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, sd\no selling price
‘could_be quoted ‘ . S .

L]
- -

Prices for OPC were obtained iy all three
countries, though not at every location visited.

Overall, the selling price of RHA cement: 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 tﬁ?
user of the product. Firstly the bulk density of

RHA cement Way He only two thirds that .of OPC, so .

for a mix ‘specified by volume (as is commén) 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 nogmally 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. ‘ : y :

Capital 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 surprising, but may exclude some items of cost
included in the other figures. Cost in Nepal at

E2 includes cost “of abortive experlmentalt

production. Since plants are of different size
outputs, direct comparison of 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.

]
[ - «

Net annual cost figures were obtained from some

places and found to be of the same order as the

capital cost. . For ‘comparison these net annual
‘cost figures may be divided by the annual tonnage
produced, - when 1t is seen' that net annual cost is

3

e it h&s 'hlgh selllng prlce 1§'
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approkimntely"£20 per tonne; individual figures
+ agree with the cost of making one tonne quoted in

the same table.

'Institutes lead to
investments of 32% and 20%.

More

]

1

’9. .

. ) . .
e . - €
v

calculations‘ﬁby two ’of"the
calculated returns on

detailed

- - : 4
oot

CONCLUSIONS N o

It has been amply demonstrated “that RHA
cement can be 'made using simple technology
riot only on laboratory or p¥lot scale, but

also as a comme¥cial venture produ01ng

several tonnes of- product per day

'To malntaln productlon,f.supplles of raw

materials must be contlnuouslyiavallable or
'stock-piled. Power - must be available
especially for ball mills,. with no more

.than infrequent short- interruptions,'or

-However' it is probably desirable in order’

ball mills must be over-size capac1ty' to

,‘I}

allow for these 1nterruptlons. (/

To vmaintain Sales of fhe product
gspecially when alternative’ materlals ‘are

available, the RHA cement must be of ‘a

consistently hlgh*quallty gt is best” to
burn husk at né more than. 700 c. :

Several varlatlons of_therba51c'process«are,

available.
cdonstitute wa - type of

material. When particular local conditions
permit,
may be modlfled w1th advantage.

ControIled._burnlng of husk in spe01aI1y

made incinerators though de51rab1e, is not
essential. to produc1ng a good RHA cement.

"to get a cement of consistent . propertles.

Chemical

analysis and fineness

'Rdetermlnat%ons might have been done on

Ash and lime alone, which .
lime- -pozzolana - .
mixture, <can give a usefui ce@entlng,u

the basic mixture -of ash and llme

- these samples with advantage in helping to

undgrstand their behav1our., e

.-G" ﬁ""

" Husk burnt-ir large quantltles is likely to

be trystalline. Amorphous :dash. is produced

~when sSmaller quantities are burnt with-

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

ash may be acceptable.,

P

ey

AT

5




. 777 T7.  If ash of various qualities is to be.

O ‘grinding - times 'in order to - develop g

;/Z/( ~ ~of the products tested meet performance’

=& ‘ * RHA, cements'. . Heat: generated durlng ' v

L T ~ i : ‘ ) &v’»g ' . e' ) - b
accepted, it may _be necessary to adjust

L~ suff1c1ent strength in mixes with time.

8. The ash from plant al, though amorpﬁous and
‘ said to be ground very fine; produced
surprisingly ‘low strength mortars. The
crystalline ash - from Bl produced
. surprlslngly high strength. mortars.' &

AN

9. . The RHA™ cement has propertles ‘which make it !
. H///sultable for mortars and rendering, that is

— .. to say-for use as a masonry cement. Some

requirements of BS 5224:1976. Some;)geet\éwe T T
154098:1967. ‘Concrete for general‘ work R .
“could be made, though strength may not be.
"as high as with OPC. There is no evidence|
that ' RHA ,cement concretecallows corrasion:

. of embedded steel but at  the present time .
it i$ not recommended for rehnforced i
concrete work 7 : .

8 :

. 0. RHA cement may cost. only 45% of the cost of Ly

» OPC in the market. Mortar made with ‘RHA S

: cement may cost only 70% of equ1valent OPC ,

Cy - mortars. S / ¥

» B /
~ . / X

e oo™

11y %here’ 'may'- be additional ' technlcal
. advantages’ ‘in some. possible areas of usée of

=L hydratlon may be less than that of OPC, so

"~ lower thermal stresses would result if RHA

PR cements were used 1in massive concrete

o ”structures» Where concrete aggregates may

- T be "reactive with lime released during

settlng of OPC, 'which in some instances has

i ledd-to disruptive stresses being set -up,

-~ - RHA cements may’ pOSSlbly show less reaction

o -with = +those aggregates: * Chemical

resistance, to acids and sulphates, may be.

. enhanced if RHA cements are used instead ?f -
- . OPC.

‘e . -



small-scale plant burning its own llmestone
. and husk to make RHA cement:
- Capital investment o £12,000

fformatlon of crystalllne ash

o [2. Heat . generated by ‘combustion of ash should
IR ~be-. usefull¥y employed, for example for
A drying foodstuffs. -

".3. + The -period of grindirg in the ball,K mill
: should be adjusted to the minimum necessary
to produce the required propergles in ,the

) =i . soft and require less grlndlng, but if ash
L : . 'ls. bought in ready burnt, hav1ng,already

-process, longer grinding may be necessary

' . . cement.

: . & S ‘ :
N 12. Guidelines for design of 4-tonne per day

Net annual cost . £12,000
Workforce o 8 people- .
Materials ' , . 12 tonnes rice
P A . husk per day
. A Y o 2 tonnes limestone
e . peryday’
‘ .. _Equipment to include © - .gmafll incinerators
' ’ ' - ‘ with open-work: -
" ~ sides, lime Xkiln
b 11-mi111,
. - - o , operating for 3
S T St ; ’ - hours per jbatch -
Selling price £40 per tonne
Mix proportions’ S RHA cement may
- . ‘ : . consist of 1 part s
lime - 2 parts ash
by weight, mor tars
» may be made from 1
s : - ) ‘ part RHA cement -
vt -~ 3 parts sand by
S S . W - e - - volume-. " o
Detail will vary considerably,; depending - upon
local circumstances." S '
.. 10. ~ RECOMMENDATIONS . ' . -
1. Incinerators for burnlng husk should allow
T plenty of coollng air which will also help.
o //‘ to keep carbon content low. This is more -
- J/ edsily achieved in small: incinerators}than
v ’ . in large heap -burning. "The temperature

should be limited to 7OOOC maximum to av01d”

RHA cement. Specially burnt ash should be’

contributed its heating value in *‘some

in order to produce a satisfatory RHA




*by*entrepreneurs.‘

" be record

*

i

as possible, sirice the ektentvif_iiE health

risk is not fully understood at present.

L -
At present it would be advisable to market .

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

differentiate” RHA cement from other types
of cement .

Liaison should continue with the 1nst1tutes

-and trepreneurs already visited.
Institutes :will beé in possession of néw
information. Some entrepreneurs had only

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
1nterest.‘ Further advice might be- welcomed

¢
*

Information should be sought on the
unformity of product .,quality from warious
plants oveg a long period. 'Quality-should

and producing countries should
compile standard spec1flcat10ns.

;New areas - for application  of this

technology should be found in “pther : rice

growing countries where there is a shortage
of cementitious materlals.

- -’

: . -

Inhalation of dust should be avoided as far

o




COHPARISOﬁ OF PRODUCTION METHODS'INVESTIGATED;

TABLE 1
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TABLE 2 MIX PROPORTIONS USED IN MANUFACTURING RHA CEMENT AND IN USE AS MORTARS
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TABLE 5 RESULTS OF X-RAY DIFFRACTION. ANALYSIS OF RICE HUSK ASHES

.

. - .ﬁ .
n . ) ,.. 4 k4
r T T 1 S !
| o ~ ., | State and Mjinerals identified _
-Country - | Location w Sampl® No. w " _in Ash .
. 4 Dy ! N - -
m i m . J ...... “_ _ — : 4 _ . . |
INDEA oy 12 ls Mainly AMORPHOUS plus minor. - |
y | | . , | crystalline quartz
|l B . P12 { Mainly AMORPHOUS plus minor |
a 1 | crystalline quartz .- #° - |
“_ Bl m 1% M_ﬁ CRYSTALLINE o
. : ‘ r
.l N - I | - : .
NEPAL _ B . # 7 ‘|~ Mainly AMORPHOUS plus minor
o | d crystalline quartz . ‘ _
| B2 L 8., | Mainly CRYSTALL idymite |
. “ | A P Amwom polymorp : !
m I - - : 4 ]
. __ ' |
I o < | ' | |
7 . -
) ~ -f ) a v
u ) ] ¢ V ‘
) s ,
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