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PREFACE

FLYASH 1s a waste material available in plenty from
Thermal Power Stations of Gujarat., All generated waste
poses serious environmental problem and calls for its
efficient management and disposal. Future expansion and
creafion of new thermal capacity by lignite fuel will also

add to this problem.

FLYASH Uses Conference is organised by iNDEXTb to create
awareness among architects, Builders, Engineers, Brick
Manufacturers etc. for constructive uses and for producticn

of value added Fly ash based product projects in the State.

I am pleased to place before you the Technical Papers and
project profiles presented in the bock which will be of

immense use to the delegates and promising entrepreneurs.
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UT ILIZAT 10N OF FLYASH
MANUFACTURING OF BUILDING BRICKS

By

Dr C.Rajkumar
NCB,New Delhi

ANTRODUCL ION

Real is ing the seriousness of disposal problem$ associated
with themanagement of 30 million tonnes ( 1990) of flyash,
annually produced in India, Naticnal Council #r cement and
Building Materials (NCB) has been studying the util isation
potentials of this material.The studies conducted so far
have shown that manufacture of building materials or
components, particularly bricks and blocks, is the most
promising direction of utilization{1,. The technology
developed in NCB has been tried at laboratory and pilot
scale levels and found to be suitable for commercial manu-

facture of good gquality bricks.

The paper discusses the process of manufacture developed at
NCB, performance evaluation of bricks, experience gained
during the manufacture of bricks at pilot plant scale,
observat ions on a three year 0ld building constructed of the
bricks and the issues related to the industrialisation of

Fflyash brick technology.
MANUFACTURING PROCESS :

The manufacturing process broadly congists of three opera.

tions, namely,mixing,pressing and curing.Dry mixing in a blender
002/00




disperses the various raw materials to form a homogeneous mix.
This is.followed by addition of water and mixing the wet mass
in an edge mixer. In order to ensure that the finished product
has the required dimensional tolerances, the bulk mixture is
placed into moulds of stipulated size and pressed using a
mechanical press and having a predetermined ram travel. Both
plastic and semi-dry methods of moulding were tried. To ensure
uniformity in shape, dimensions and strength, semi-dry method
of moulding using mechanical press 1is recommended. After
moulding, the bricks are cured in a wet and hot medium of
saturated steam. The aim of curing using heat is to speed-up
the process of setting and hardening of green bricks, thereby
achieve the desired strength and other physical and mechanical
properties in a shorter period. Before curing in steam the
bricks are air cured for 24 - 26 hours depending upon the
ambient temperature conditions, mainly to gain the minimum
s%rength required for handling and to resist internal pressure
that are likely to develop during steam curing.

Material flow adopted in this process is shown in Figure-1
(enclosed). Various methods of curing were tried, namely, hot

water curing, steam curing at atmospheric préssure and
autoclave curing. For the pilot &cale production steam curing
at atmospheric prezssure was &tdopted as it had a number of advan-
tages over the other methods.Hot water curing requires longer
period and results in poor surface finish,damege to edges and
handl ing of bricks becomes cumbersome,Whereas,steam Quring

t
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process obviates all these drawbacks and results in better

gual ity bricksf Autoclave process entails higher capital
investment as well as higher energy requirements.Steam curing

is the middle course which has been found to give quality bricks.
Accordingly, the bricks were steam cured for a time cycle of

10 to 12 hours.
RAW MATERIALS :

For the manufactﬁre of lime-flyash bricks the basic raw
materials required are flyash, lime, gypsum and sand, of which
the last mentioned one is optional. The proceés is based on
the reaction of lime with the silica of flyash to form calcium |
silicate hydrates which constitute the main binder in these
products. Depending on the characteristics of the flyash

to be used and the strength requirements'of bricks the propor-
tiona of the different raw materials are selected. The ranges
of raw material proportions followed are : Flyash : 70-80(%);
Lime: 8~15(%); Gypsum: 2~5(%) and Coarse sand: 0-10(%).

Flyash

Indian flyashes essentially contain 70 -85% silica, alumina and
iron oxide together. The giass-content generally varies
from 20 to 20%, which is low compared to Buropean flyashes
(2. The chemical and physical characteristics of Indian
flyashes tried in the current investigation are given in
Table -1

e lf o



TABLE - 1

Character istics of Indian Flyashes

Constituent/Parameter Range

hY

1. Chemical Analysis (%

A’IzO3 16,6 -~ 31,3
Fe,0; 3.8 - 12.5
Ca0,, | 0.9 = 1.9
MgO 0.6 = 1.1
Nazq' 0.15 =~ 0,3
K20 S . O.[-I- - 0099
LOI 0.7 - 9.2

2. Fineness ( cm / gm) 2430 - 2632

Z2. Lime reactivity (N/mmz) 4,5 « 5,5

Flyash for manufacturing bricks should weferably satisfy the

following requirements

* Available SiO2

0, should not be less than 15%
-

should not be less than 25%

#*  Available 41

2
# Available MgO should not be more than 5%
#* L0I should not be more than _ 12%

o5/




Lime

Lime plays an important role, making active A1203 and 5102

in the flyash to hydrate resulting in certain physical «nd
chemical properties. Whereas hydrated lime was used in the
pilot scale process, quick lime is recommended for industrial
product ion. When guick lime is used, the wet mass should
have a water content close to that required for completing the
slaking process. If the slaking continues even after the
moulding operation is compléted,'the moulded bricks are likely
to show cracking dge to volumetric expansion of quick 1ime.

As the lime industry is not well established, the quality of
raw material varies signifiéontly and it is necessary To énSure
proper quality control in terms of following technical

requirements.

¥ Available Ca0 should not be less than 60%.
* Slaking temperature should not be less han 60°C
and its slaking time should be within 15 min,

* Available MgQ should rot be more than 5%.
Gypsum
Gypsum plays a key role in speeding up the hardening processes
and contributing to early strength. Its purity should be

above 35%.

Sand
Coarse sand is recommended to achieve proper grading of the
bas ic mix thereby imparting good compactability to the semi-dry

mix. Addition of sand was also found to check formation oi
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Laminar cracks caused by entrapped air attemptihg to move

towards the surface.

FERFORMANCE EVAIUAT ION:

As burnt clay bricks are the popular walling material, any
substitute should at leést meet the minimum requirements for
tie former. The composition of lime-flyash bricks wes designed
on this basis. Lime~ flyash bricks made 5y NCE technology arsa
comparable to Graue 100 - 125 fired clay bricks. Table - 2,

gives their comparative properties..

\
Eﬁ@@ﬁl;ﬁﬁ.
COMPARAT IVE PROPERT IES OF DIFFERENT TYPES OF BRICKS
Type of Brick  __ ____ . ... Properties e
Comp.  Stren-  Water Dens ity Shrinkage
. gth absorp- kg/cu m
N/Sg.mm tion % _ |
Hand pressed 7 - 9.5 15-20  1250.1450  0.087
flyash bricks _
Machine prezsed 10 -~ 17.5 1217 1550~1650 C. 079
flyash bricks#* o ‘
Burnt clay 10 20 max. 1700 -
Gragde 100

* Maximum pressure applied 8 N/Sq.mm

e o7/ es




LONG TERM EFERFORMANCE s

Under the action of €O, in the air, Ca(OH), present in the
flyash bricks changes to CaCO3 and it is known as carbonztion.
To study the variations in development of carbonation fromt in
flyash bricks exposed to outdoor and indoor environmente,

25 mm diameter cores were extracted from an existing flyash
brick wall which had been in service for at least three years.
The wall hed not been given any rendering and thus had been
exposed to the CO, present in the environment. The extracted
cores were split into halves and exposed surfaces were sprayed
with 1% phenolphthalein to identify the progress of carbonation
front. While the exterior surface showed advancement of
carbonat ion front to a distance of 20 mm (average,, the
corresponding value for the interior surface was 50 mm(4verage).
This would imply that the indoor bricks get carbonated faster
than outdoor bricks, +the increase in the present case being as
much as 60%. The difference could be attributed to the higher
rate of hydration that continued in the outdoor bricks

whereas in the case of indoor bricks, the hydqration was contro-

1led within the residual moisture available within the brick.

The bricks exposed to outdoor environment for a period of five
years were found to be fully cerbonated. This period could be
longer for well-compacted, mechanicélly pressed bricks.

Measurements made on bricks of different ages show that within

e a8/
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a period of 3 months, the carbonation front had extended to a
distance of 10mm (all round) from the external surface., In any
manufacturing unit, the finished products are likely to be kept
exposed to outdoor environment for periods ranging from few
days to some months. Particularly, when the demend is slack,
a month's storage is likely, in which case if the quality of
bricks is not satisfactory, it could be further affected by
carbonat ion. In such situatibns, the bricks would have got
carbonated to a larger extent wven before its use in construc-
tion. Bricks, which had a rendering of 10 mm cement mortar
plester, were‘examined and found to have been well protected
from carbonation effects. This was not true for bricks

rendered with lime wash or cement paint.

To assecs the reduction ¢n Strength due to Ldrbondthﬂ brlck
eApOued to outdoor env1ronmcnt for ilve yegrcland dbOVF were -
iebted.' Thelr compieSSLVC‘strength_was:ﬁund'to be b Q0 - 9 5
N/Sq.mm, thp average belng 7.9 Nj'sq nm.  When the :c‘esulto were
Compared‘wlth the orlginal strength the rcductlon in utrength
Wab oboerved to be about %. Thlb'obbervatlon r@lthu to"
brlCKH mdde by handemouldlng dnd hbt water curlng and hence9
tuc level of reductlon in btrengtn sho&ld‘be Laken W1th some
I‘e»lﬂ’v«ﬂ::Lcma For ma.chme made brlcks ‘thc reductlon in |
btrength is not 11{e1y to exceed ZO% as reported by other'
1nvc5t1gator5.' In view of the reductlon in strength the

o

5pe01floatlon formulated by Chlnese auLhOTItlEa (2. btlpulate

-E-]n:n-l- +]r\A uﬁl‘!.—:i'ln"\-l ql‘ﬂnhcri'_h cﬁ"" h?t'lnl(s "-\F"f‘m‘ﬁ 1111 carhnnest inn




OBSERVALIONS_ON_PROTQT YPE CONSTRUCT ION

A protytype house was ponstructed.using lime-flyash bricks
manufactured on pilot scale. The unit was provided with

normal 0penings for doors and windows and setbacks for receiving
cupboards. The consﬁruction was kept under observation to
assess the performance of lime-flyaéh brick masonry.The walls
were left unplastered and thus the external faces were

exposed to different weather ing agents. The following

observat ions were made over a three-yéar period.

¥ Number of bricks showing horizontal hair cracks
were 8% on exterior and 2% on interior surfaces.

¥  Damages to edges, after the construction of brick
masonry not not iced. |

# ‘WEatherlng of external Surface,gsuch as peellng or pop-

. outs not neticed.

% Debonding of mortar along vertical Jjoints - -
noticed at a.few locations.

The unit continues to be under observation to assess its

long ferm performdnce. |

INEUbTRIALISALION OF FLYASH BRICK TECHNOLOGY"

'Whlle the technology of manufacturlng flyash brlcks is well
euuabllshed, it is necessary to consider a number of techno~

economic aspects, if it is to be made economically feasible.

:.10/.
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*# In the wet flyash system of disposal, the bottom
ash and flyash get mixed and the final‘separation of
the materials in the ash pond further complicates
ensuring'of the quality requirements of the flyash.
When the raw material is collected from such a source
it becomes necessary to have a much higher target
strength to achieve the required characteristic
strength cof bricks. A number of new thermal power
plants are establishing dry flyash collection system
which would ensure supply of flyash within the accepta~-
ble range of variation in the chemical compositions

and other parameters.

* The percentage break-up of the manufacturing cost of
flyash bricks is shown in Figure-2(Enclosed,.Though
these values may be typical to the cases investigated,
the indicstions are that the cost of lime and the
expenses on fuel and power are likely to be the sensitive

factors in costing.

The break-up is representative of a plant of capacity
100,000 bricks per day working 220 days and 90% capacity

utilizat ion.

i TranSportatioﬁ of flyash is cumbersome and adds to
the cost of production. While working out the cost
analysis of bricks it wes found that the transportation
of flyash beyond 50 km will make flyash bricks unattractive
| A1/
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11
pricewiSe compared to other products.
The supply position of burnt clay bricks vis-a-.vis
demand is not satisfactory in most urban situations.
Under such circumstances, flyash bricks ere an
economically viable alternative building material
provided the demand centres are close to the thermal
plants producing flyash. Transportation of finished
product beyond 100 km is also not recommended &s it

adds to the cost of bricks.

Where a substantial lhous ing activityéis projected
and a steady demand for ten yeears oréso could be
guaranteed, a brick manufacturing unit of installed
capacity of 100,000 bricks per day aﬁd above could be
economically viable. The level of méchanisation will

depend upon the production capacity envisaged.
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Phys ico~chemical Characteristics of-
Flyash from thermal power plants of
_ Gu Jaxat

AR AR A TR T TR LT B Tapr TR RN LA 1R AT

Dr U D Detir

Joint Director

Gujarat Engg.Research
Institute, Vadodura 290007

1.0 The report covers physical as well as chemical proper-
ties of flyash from five Thermai Power Stations of
Gujarat. . The Report highlights the Pozzolanic properties
of flyash. It also covers the properties of flyash
produced from Gandhinagar, Mithapur, Sabarmat i, Ukail
and Vanakbori Thermal Power Stations. Total 59 samples
of flyasﬁ_were collected from these Thermal Power Stations.
The testing of flyash was done ag per IS:1727-1977. Out of
which %2 samples failed in lime reactivity test, 20 in

fineness test and 2% in compressive strength test.

ANLROTUCT ION

Flyash is a waste material available in plenty from
Thermal Fower Stations. It is a finely divided residue
resulting from combustion of pulverised coél, which is
transported by fuel gases of boilers. At ordinary
temperatures, flyash in presence of moisture can chemically
react with calcium hydroxide to from compounds possessing
cemet it ious properties. Thus, this waste miiterial can be

¢-1Lf-/no
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utilized as szzoléna gither with lime or ih past
replacemént-of cement. Flyash is also used in preparaticn
of lime flyash bricks, flyash concrete, lime pozzolona
mixture, ¢intered flyash, light weight aggregate and

lime flyash cellular concrete block & slabs etc.

Flyash when used with cement has ollowing advantages !

a) Fixes free lime in concrete ahd mortar by forming
stable silicates.

b) Reduces bleeding, shrinkage and heat of hydration. of
cement. ' | , ,

c) Reduces alkali-aggregate feaction and controls
sulphate attack |

d) Reduces permeability

e) Improves workability and plasticity

f)  Reduces ost of construction

Availability of flyash :

Flyash is available from Industries or Power Plant which
utilize pulverised coal as fuel for boilers. With the

growth of Industries are availability of flyash also increasés.

Availability of fiyash at five thermal power stations of

Gujarat for the year 1990 is as under :

«15/.
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O s 50 meB o S g e WS TR O e L s nd e Ry P A R Y o T g ) Bt ae e e B b an B R g dain mca e R Mk Gt W S B by Rl g s aa Y Ry B

Sr Power Station Annual output in

No Metr ic ton?igﬁfgifﬁlzum“mmn
01 Ganghinagar ' i 1,80,000

02 lithapur _ 1,711,000

0% =abarmati ' | 2,80,699

o4 Ukai ©6,00,000

05 Wanakbori 12,220,298

e A T, v Py ST eyt T T S 5 T8 kA T AR st PR Ty gy G A SR My AN e ) s TV £ 5T g ey T8 S R TR, PR g A e Y arh g fon S Rl T s pra S ik S

Necess ity of testing of flyash ¢

Tt is expe:iénoed thet the gquality of flvash produced from
thermal power stations differs on account of quality of

coal used, process of combustion and method of collection of
flyash. Varistion therefore, may occur of various parameters
of the final product. For use in construction industry,
uniformity in Quality of flyssh is quite essential., At the
same Ttime, the flyash should possesses pozzolona properties,
which can be observed through physical and chemical test only.
Physical tests as lime reactivity, compressive strength,
finenest can be performed as per I3: 1727~ 1967 while in
chemical analysis percentage constituents of silicon dioxide,
Alumiﬁa oX ide, Iroﬁ oxlide, Magnesium oxide, sodium oxide,

sulphur trioxide and loss of ignition are to be determined.

16/,
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4,0 Requirement :

The valueé of various parameters for ascertaining quality
of flyacsh are prescribed as Iz 2872-81 under the title
'Specification for flyasn for use as pbzzolana and
Admixture'. The limits 5pecified in L: 3812-81 are as

under :

A- Physical Requirement :

T g s o TS £ sare aer T g o T e 7 o ek i A D Sy P by v e B Vg T T Pty S0 T eTa e W T 48t T b SR ST T4 e B oh R

~-8r.  Characteristic oo, Requirement =
No. Grade- 1 Grade- 11
a)  Fineness specific , 2200 2500

surface area in cm /g
v by Blain's air permea-
bility method,minimum

b) Lime-reactivity 40 20
average compressive2
strength in kg/ cm

minimam

c) Compressive strength Not less than 80% of
of pozzolona cement - corresponding plain
mortar at 28 days in cement mortar.
kg/ 2

17/
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B. Chemical Requirement

Sr Characteristic oo Bequirement % by wt.
No . Minimum Max imum
a. Silicon dioxide ' 70 -

+Aluminium oxide
+Iron oxide

b Silicon dioxide z25 -
Ce Magnes ium oxide - 5
d. Total sulphur as - 3
sulphur trioxide
e. Available alkalies as - 1.5
; Sodium oxide
f. Loss of ignition - 12.5

Sample collection and its testing 3

Flyash samples were collected everj momnth from five thermal
power stations of Gujarat. Total 59 samples of flyaﬂh-were
collected during the year 1990 regularly every month. The
Samples collected were tested for ascertaining their physical
properties and chemical constituents as per IS 1727-67. All
test results of flyash Samples are presented vide table

1 to 5. QGraphical representation of these test results is

given vide plate 1 to 10.

.18/,



6.0 Discussion of test results :

18

Test results reveal that almost all the samples of flyash
.satisfy the requirement of chemical coustituents as 1aid~down
in IS 3812 - 81 except for about 8 samples from Mithapur
Thermal Power Station in which silica content 3¢ less then

35 per cent and 2 samples have limits of sulyhate ( 803)
conternt more than required value of 2 percent. There is a
great variation and failure in lime-reactivity, fineness md
compressive strength values._ Out of total 59 samples tasted
30 samples failed in lime~reactivity t:at, 20 samples in fine-
ness test and 23 éamples in compressive strength test
Percentage failure of these test values power station~wiae

is indicated as under :

Percentage failure of Flyash

- VS Sy 0T g T TR i Rk R L A PR Ry Sl A i g SAE s ) BT ey oy T 41D s Ty 13 A S OB e W gy S O B A e A

Sr Station - Lime Fineness . Compressive
- No. react i~ strength
vity
01 Gandhinagar - 33 23 25
- 02 Mithapur 58 58 25
03 Sabarmati . 45 c6 45
04 Ukai 50 - 25 42
05 Wanakbori ' 72 73 45
42 55 2

b B s BB i g i s P Sk G AP S e gy . B 1 1 B iR VR ok K s S S it Mt it 7ot TNy T PP il iy Pl b ¢ M P e R 4873 et P e 6
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It is seen from the table that flyash samples from

Gandhinagar thermal power station is of better quality

.compared to that of flyash from other thermal power staltions.

Reconmmendat ions and conclusion @

Flyash finds extensive use in verious field provided

it is of good and uniform quality. Flyash produced from The
power stations differs widely in quality and the

quality from each powef station is alsc not uniform and also
not upto the required standard. Such quality of

flyash restricts its use as Pozzolanic material.



< Test Results of Flyesh from Gendhinager Thermsl waer Station

N et E R TR Fiam L T R T L S T TS T TR A IT A e o R T e e T R e T L ST AT ML R, R S S i e
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Sr Months of Chemical fnalvsis(%) Physical qupertleu

B

No. the year. u102+A120? SlO Tigh SO Razo Toss  Time Fine-~ (ompress-  Compressive
1990 : “ ¢n reac- ness ive Stren~ estrength
-:-erO2 igni- tivi- in gth of of plain
~ tiorn. Ty in m2 pozzolana cement
kg/ o 2Cm - cement mortar at
2 mortar at 28 days,;in
28 davs kg / om
2
———-.l.—.——vﬂca-al-n'-'——-—‘g.nh T ey pam T e g TP £ G Cvamem ar2 AW FTM gy Fe Yow BES TN PR BUW P BA TTr Sikdem e '—"—_-“—ﬁ-f'-".:.mru:;ua=am-. e gy S by W 2a -:}-'le-{—g/ Cm Ak W Ty T e WU TSI YR TR S s Db 2w S
01 January 29 56 Z.0 1.0 0.60 5.0 2z 2250 160 180
02 February S5 62 1.5 Nil 0.60 2.8 22 1200 145 180
03 March 94 62 1.7 0.14 0.70 1.2 22 2400 120 180
04 April 6 64  0.60 nil 0.20 2.6 22 2500 160 _ 200
05 May 95 59 0.80 0.20 0.30 4.0 22 2700 155 2Cn
06 June 2g - 57 0.70 HNil «25 5.0 4z 2000 160 200
07 July 5 58 2,0 0.60 0.60 2.7 Z8 2100 140 - B0
08 August B2 ' 60 2.0 Nil 0.26 6.6 26 1200 120 180
09 Septenber 91 57 2.1 0.20 26 2.9 48 2600 170 200
10 October 92 62 2.2 « 20 .28 6.2 60 2200 150 189
_11 November gz : 65 .2 1.70 0.17 5.9 22 2200 120 180
12 December g2 61 2.2 0.8 0.1 1.1 22 100 160 180

e s o S paa T T Sy K S ey, TR {7 R S 1 S W WE G W Erm S 7 g G SR M At Sy i R SO T S o e e P e e B B ey G A3 Ah S . o P P R A by o e e A MLy W m Tt S B, R W T
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Test Results of Flyaol

Irom Mithanur
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R N A

Trermal Power sStation

Sr Month of o e
No the year ~102+a1 Fio, ¥Me0TTEC, Na,0 Loss  Lime Fine~ C(ompress~ Compressive
1990 B - on reac- ness ive stre~ sirength of
-'-Fe O, igni~ tivi- in cmlé ngth of plain cement
~ tion ty in g pozzolqna mortar at
_ w2 cement 28 days in
kg/ci mortar at X /o
28 d.ayS in %8/ ¢4
_ kg/cm

01 Jenuary 65 27 1.7 1.5 0.8 15.0 20 1800 160 180

O2 Februery &1 24 5.0 Z.5 1.4 16.0 24 1500 150 180

0Z March 66 28 0.80 2.8 0.80 17.60 26 1200 145 180

04 April 76 iz 0.20 1.50 0.60 8.60 26 1200 185 220

05 Hay 71 200 2.7 2.2 0.80 9.0 = 25 2500 160 220

C6 June 7% 26 4.0 2.0 0.8 1.0 27 1250 150 180

07 Jduly 76 20 5.0 Ze 1.0 S.30 25 1500 160 200

08 August 75 =20 1.7 0.16 1.1 8.0 28 1500 120 180

09 September 96 2 1.7 0,16 0.26 2.2 24 2040 170 200

1Q October 9z 59 247 Nil @ 0.26 2.7 22 2000 175 180G

11 Nivember 9z 58 2.1  Nil  0.26 2.7 2z Z04C 180 200

12 December 98 60 1.2 Nil G.2 1.7 25 3000 150 180
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Test Results of Flyash from Sabarmati Thermal

FPower Station

e
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Sr Months of

No 2350Ye3r Egbgihﬁzof 8102‘M@ETk”Sbér’ﬁTEETTEEEE

¢F6202 igni-

- tion.
01 Jenuary 84 60 2,0 1.70 0.60 2.0
02 Febmary o1 56 2.8 0.10 0.65 2.4
02 March 95, 66 2.0 Nil .0.80 0.40
04 April G4 64 0,60 Nil _0.37 2.0

05 May 8g 64 C.60 Nil 0.40 2.8 -
06 June 91 64 G.70 0.20 0.20 2.0
07 July 84 52 2,0 Nil 0.40 2.0
08 August 83 54 3,6 1.2 - 0.18 1.2
09 September S0 57 2.8 0.80 0.14 2.0
10 October 91 50 1.90 Nil  0.26 2.2
149 November g2 60 1.80 Nil 1e1 1.4
12  December 98 62 2.0 0.4 0.22 1.4

2

Lime Fine- Compress-

e ey

“Compress ive

reac- negs Iinive stre- strength.
tive- cm ngth of plain
ty in of pozzo- cement
2 lana - mortar at
kg/cnm cement 28 days in
mortar at
o8 days ~ k&/om
in
OISO <74, MU

z2 1800 146
21 2800 145
12 1200 126
Z4 2100 150
50 1250 140
25 2150 166
26 2200 150
26 2200 170
2z 28 145

2200 120
26 2600 150

2000 450

20

180
180
180
200
200
200
200
180
180
180
18C
180
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Test Results of Flyash from Ukai Thermal Power Station

o
Sy Morths of _ Chemical nna1;51s ) P@y31ca1 Properties .
o the year 0, 2i0 MO la,0 Loss Lime Flne— Compress- (Compress ive
1690 - on reac- nes ive stren- strength of
igni- tivi- in gth of plain cement
tion. ty in cm? pozzolana mortar at
cement mor&28 days in
kg/cm tar at 2
23 days in k8/cm
kg/cm
01 January 56 2.0 Nil < 0.40 2.0 z2 200 140 180
02 February 60 2.0 Ni1  0.320 1.40 28 2400 145 180
0Z March 59 2.6 G.8 0.20 2.0 25 2000 120 180
04 April 61 2.0 Nil  0.30 1.60 13 2000 170 200
05 May 61 2.0 Nil C.26 2.0 20 2800 160 200
06 June 61 2.0 Nil .30 1.7 47 2100 150 180
07. Jduly 51 z.0 G.5 .20 2.0 zZ4 2200 120 180
08  August 64 0.9 Nil 1.7 0.5 26 2600 178 220
08 RSeptember 6z 2.6 Nil 0.5 1.3 zZ0 2800 160 220
10 October 63 0.8 0.6 0.5 0.5 24 2200 140 180
11 November 62 to4 Nil Qo 1.7 22 2000 150 180
12 December 64 0.6 0.4 0.6 0.5 20 2*0C 160 180
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< ' Tast Results of Flyssh from Wanskbori Thermal Power mctation
3 L5 of rlyasn : nakoory lnermal rower Ltavlon
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Sr Months of _____Chemical Analvesis (%) . Physical Properties
No.the Year 810, +41.0, 810, Mg0 ~ S0, Na,0 Loss ILiIme Fine- Compress-~ Compressive
1990 27273 2 - 2" on reac- ness ive strength
- wFe O . igni- tivi- in strength  of plain
2 3 tion. ty cm2 of pozzo- cement mortar
in lana cementat 28 days
- 2 mortar at in
kg/cm S
g/ en 28 days in kg/cm®
kg/cm

01 January 94 55 2.0 0.60 0.20 1.8 28 1600 170 180
02 February . 94 54 2.0 0.60 0.20 2,0 2% 1800 145 180
03 March 9% 55 2.0 0.50 0.40 1.6 =~ 21 1700 150 180
O4 4pril 97 66  0.40 0,60 0.40 1.2 15 1240 . 160 200
05 May g4 67 1.80 Nil 0.%0 0.60 20 1200 170 200
06 June S5 66 2.0 Nil 0.40 0.70 22 1570 140 200
07 July 97 62 1.6 Nil 0.560 1.40 21 2000 140 180
08 September 9% 61 Z.1  0.50 0.18 1.20 20 ~ 2500 180 220
09 October 95 62 2,2 Nil 0.2 1.40 28 2300 170 220
10 November 96 62 2.0 Nil 0.30 1.40 32 1600 180 220
11  December 98 60 1.2 Nil 0.2 4.70 27 2700 120 180
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LOW, COST FLYASH UZ TLISAT ION TECHNOLOGY

By
Mr D D singhvi
(Flyash 1cchaolog13t)
Managing Director
LEC Cements &
Constructions Limited
Ahmedabad.
- Huge quantity of flyash generated from thermal plants has
caused a gilgantic pollution problem. The efforts for its
utilisetion in many gainful purposes have been made since late
sixties by varbus researcin institutions and public enterprises
but nothing nas really been seen yet in commercial utilities.
It is a matter of disappointment that inspite of long time
resSearch in this fileld flyash utilisation in the country could
not reach even upto 2% of its total generation. The tituation
ie still worsening day by day due to increase in coal consumption
in 0l1d and new installed thermal power stations. It is now high
time to find the reasons br past failures and emerge with the
practical solution to increase the utilisation of flyash. After

detail survey in this respect, it is revealed that the main

hinderances for restricting flyash utilisation in the past were~

1« Unawareness in the public, regerding new and improved
technologies, as the same were not properly propagated.

2. 4vailability of the high capital cost oriented technologies,
producing building material at higher cost than similar
convent ional material.

3. Neither any Government orgasnisation nor research labora-

tories have ever made serious efforts to produce and 6/
« 20/ .
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4. Non-availability of the desired quality of flyash.
5. Uptil now, flyash based building materials were not secen
in the market hence its public acceptability could not

be ascertained.

To achieve the objectives of maxinum utilisation of flyash
in gainful utilities, the following facilities should he

provided to the prospective entrepreneurs -

1. A&llotment of land on easy terms at a place nearer to the
source of flyash ( power sfation ) |

2. Supply of flyash in dry state and in desired fineness
by selection of the particular E & P hoppers.

2. HMaking avaiiable indigenous low cost machineries for
product ion of flyash bricks, blocks, slabs, tiles,
activated pozzolana, portland pozzolana and lime
pozzolana cement.

b, Mak ing available Simple, indigenous menufacturing process,
producing quality materials as per building norms oy
Indian Standard SpecificationS, either cheaper or at par
in cost with sinilar conventional wuilding materizsls of
sMimrmmiﬁysmm&w@.

5. Government should provide incentives in taxes ad also in
marketing by compell ing public institutions, housing
boards etc. to use these materials.

27/
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-AREAS OF UTTLISAT ION OF FLYASH

1. Manufacturing of construction materials.

2. Constructicon of road, and development of agrioultufal land,
mines spoils, irrigatisn projecta.

2, Extraction of metals.

4, Manufacturing of utility products, like cleaning power,

dry distemper,sodium silicate etc.

FLYASH BASED CONSTRUCT ION MATERIALw

1. Activated Pozzolana

2. Portland pozzolana cement

2, Lime Pozzolana cement

4, Flyash Bricks -'

5. Flyash lime gypsum hollow/solid masonary blocks
6. Flyash concrete heavy-duty pavingdlabs

7. Lime pozzolana concrete flooring tiles

8. Lightweight aggregate

9. Road construction material
 PRODUCT.ION OF. FLYASH BRICKS
BRICKS:

Bricks used in masonary construction work are of various kinds,
with different manufacturing processes, dependlng on the

brick-mix contents.

1. S80il or mud stabilised bricks, in which no firing 1s needed
. 028/0
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*  Feel its fineness by rubbing it between thumb and finger.
It_should not be coarser than colgate tcoth powder.

#* Taﬁe a pinch of flyash and rub it'lightly on your pali.
Clean the palm with the other hand. No black spots
remain on the palm. Resultantly, the unburnt carbon in

ash 1is tolerable. -

RAW MATERIALS:

A mix of flyvash, lime, gypsum, sand and set accelerator is
prepared by intimate mixing in suitable blender/mixer, Manual
mixing will not give the desired resulls and hence hand

mixing should be avolided. The formulations of economical brick-
mix is the speciality of this technology, which ultimately gives

compress ive stfength of 80 to 110 kg/Cm2 to the flyash bricks.
The content of flyash in the brick mix be kept at 80% to 82.5%.
WATER:

' The water/brick mix ratio be maintained between 6 to 7%.This
percentage changes with differentbr ick- mix raw méterial ratio.
b bgll prepared from the wet mix be rolled or pat on the palm.
L very little quantity of water should be seen on the top
after patting or rolling of the ball. No dpoplet or flowable

water should be seen.




MOULDING :

For moulding the bricks, we get so many types of indigenous

+

machineries like 3=

a. Manual press ( without power )
b.  Vibro-press { with power )
Ce Hydraulic press, with or without vibration

d. Screw press with or without wire cutting
arrangement

e, Tamping head moulding machines

Bes ides the above, imported plants are also available, but
they are mainly for sand lime autoclaved bricks. Soil or mud
stabilised bricks manufacturing plants are also available in
some couniries like France, Belgium and Germany. Selection

of the machinery depends on the brick-mix contents.

For manufacturing "Flyash lime stabilised bricks" the best
suited machinery is "vibro-press" machine, which is an
indigenous low cost machine, and can be run by ordinary &emi-
sakilled worker. Its production capacity is 1000 bricks/shift
and can be operated for two shifts without any operation or
maintenance load. The maintenance cost is so low that it can be
ignored. 15 lakhs bricks can be‘produced from'each machine, |
and by this time you can change all the major parts, and the

machine is then ready for next lot production.

31/
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The stabilised bricks, after moulding, are further hardened by
curing., The chemical changes occur in the brick-mix contents
after moulding, and heat of hydration 15 evolved. The rate of
evolution of heat of hydration depends on the contents and
their ratios in the mix. Faster the evolution of heat of

hydration, earlier will be the setting.

By the process of curing -

a, the effect of release of heat 6f hydration is mitigated
and lowered; and

b. Sufficient water for alkali solution is provided to
accelerate pozzolanic reactiqn.

There are different processes of curing -

1. Steam curing under high pressure,(normally called
autéclaved curing).

2,  Steam curing under normal pressure

Z. Hot water dip curing |

Lo Hot water air curing

5 Water tank curing

6. Water curing in open air

The cost of curing in all the processes vary and minimum

cost involvement is in “water curing in open air®,and max imum

oc32/n
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cost involvement is in "autoclaved pressurised curing".

In this case, curing of flyash stabilised bricks is made by

hot water curing in opewn eir. Water is heated by low cost solar
collector and further increase in temperature of water

is made by covering the brick stack by black tarpaulin after
watering the stack by solar collector hot water. Unpressur ised
hot water vapours are produced and it moves in whole of the
stack between individual bricks. It accelerates the pozzolanic

reaction, and reduce final setting time.
PROCESS

T Varidéus raw materials of brick-mix, in desired proportion
are blended intimately in dry or wet form. Water/brick-mix
ratio is maintained as explained above.

2. The wet brick-mix is fed into the machine mould. The
vibration is given for a while and the mould is again fed.
The stripper head is pressed and vibration is given
s imultaneously for about B seconds. The mould ic lifted

~and 4 bricks produced palletiia removed and kept on the
platform for air-drying.

Next day, the bricks produced on tie previous day are

N

put in the stack. The stack is formed with much care
to see that curiné water and air for drying reaches to

every brick. -




10.

L
i

After % days the solar collector hot water in small quant ity
is pured on the fresh stack without any pressure.
LAfter 5 days, the solar collector water is poured on

the brick stack for 2 times a day.

The bricke stack after each watering are immediately
covered with black P.V.C. tarpaulin, with a clear space
of 250 mm from the top layer of the bricks, inside the

closed covelr.

The curing is continued for 15 days and the tarpaulin
cover is removed. The bricks are then left in the stack
for drying for 7 deys. In winter season, parabolic =solar

reflectors are used for drying or heating the bricks stack.

The bricks are ready for despatch after 22 days, from the

date of manufacturing.

The compressive strength of the bricks produced from the
brick-mix and manufacturing process suggested herein,

will be 80 kg/Cm> to 110 kg/Cn-.

The cost of production of 1000 bricks of 225x110x'75mm

size with labour cost comes to Rs.400 to Rs.450.
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'FLYASH BRICKS
Manufacturing ProJject
COST ESTIMATES

(Fdr production of 10000 bricks/day)

Particulars
1. Land
2.

Building & Civil

Works

(Size: 225x110x75 mm)

Qty.

5000 S.VErs

Machineries - _
a. Vibro-press brick

moulding machines 6 Nos.
b. Blender 1 No. -
c. Handling Pallets = -~

120 S,.Mtrs.

Value

(Rs.lakhs )

On Lease
Re. 1.00

Rs. 1.50
Rs. 0.2
Rs. 0.40

Lot R s R

CTOTAL FIKED ASSETS k. 3.25
Work ing Capital Margin '
a. One month block for
- 2.5 lakhs hricks
@ RBs.450 per 1000 Nos.

Bs.1.12 lakhs, for raw
materials and labour.

b, W.C. Margin @ 25%

TOTLL PROJECT CO3T

PROFITABILILY

i, Cost of production for . :
%20 lakhs bricks @ f.450 per
1000 (with raw materials
& labour ) ‘

ii. Utilities

Electricity ~ Rs.12000
Water - k. 6000
Misc.consumables - Rs. 6000
Repairs & Maint. ~ Rs. 12000

L T O ]

s, 0.25
RS- 3‘50
Bs. 1%.50

0035/50




iii, Interest on Rs.3.25 lakhs
‘ @ 18%
-0~ Bs.1 lakhs@ 18%

lv. Lease zmount of land

v. Administrative overheads
@ Bs.8000/-/month

Sale proceeds of 30 lakhs bricks
@ Bs. 700 per 1000 Nos.

Net profit per year on fixed
investment of B. 3.25 lakhs (148%)

s« 0.76
. 0.60
Bs. 0.96
. 16.18
Bs. 21.00
s.  4.82

ot36/o-
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FLYASH LIME GYPSUM HOLLOW BLOCKS
Manufacturing Project

COST EST IMATES
(For production of 2000 blgcks/day)
(8ize: 400x200x100mm)

Part iculars Qtv. Value _
(&. lakhs

1, Land 5000 5,Mtrs,  On Lease

2. Buildings & Civil Works 120 S.Mtrs, . 1.00 .

3. Machineries -
a. Vibro-press brick

moulding machines. 6 Nos. s 1.50
b. Blender 1 No. : Rse 0435
¢. Handling eguipments,- Bs. 0,40

tools solar collectors
and reflectors

d. Wooden pellets - Bs. 0,45
e. Moulds - Rs.0,30

Mg e A e

TOTAL FIXED ASSETS  R. 4.00

4, WOrﬁing Capital Margin

a. One month block for 50000
Nos. of blocks @ Rs.3/-each
t5.1.5 lakhs, for raw
materials and labour Rse Q.40

Ve AT

TOTA4L PROJECT COST fse 4440

T gy T

5. PROFITABILITY

i. Cost of production for 6 lakhs Bse 18400
blocks @ &s.3/-each (with raw
materials and labour)

qi, Ut ilit ies

Electricity - B« 12000
water fee 6000
Misc.consumabl es kse 6000

Repairs & Maint. Bs. 12000

N mamarag LK.




iii. Interest on RS.J.25 lakhs @ 18%
-do=- 1.50 lakhs @ 18%

iv. Lease amount of land _
v. Administrative overheads @ s.8000/~

6. Sale proceeds of 6 lakhs blocks
@ Is. 4. 50 each

Net profit per year on fixed
investment of Is.4.0 lakhs {(156%)

e 0.81
K. 0,60
s« 0.96
k. 20.73
Bs. 27.00
k. 6.27

1

Note: Vibro-press brick moulding machines are common
for manufacturing bricks and blocks, by change

over of the moulds.

o7
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FLY ASH UT ILISATION ~ 4 PROSPECT IVE
FOR THE PRODUCT TON OF BUILDING MATERIALS

By

Dr R B HaJjels

Dy.Director

Central Bullding Reaearch
Inst itute, Roorkee

Fly ash is a finely divided powder thrown out as a waste
material at the thermal power plants dsing pulverised coal
to réise steam in the boilers. It is carried away from the
boilers by flue gases and is extracted from them by me-
chanical collectors or electrostatic precipitators or a

combination of both.

Investigation carried-out since early sixties at CBRI and

other research centres in India have shown that :

(a) Average values of different chemical constituents
in Indian fly ashes fall well within the range of
the average values of fly ashes produced abroad.
The Indian fly ashes, however, contain relatively
higher amounts of 8i0,, 41,0, and unburnt fuel as
determined by loss on ignition ( L.O.I.)and lower

amounts of Fe,0; and S0..
. i i

(b) Mineralogically, Indian fly ashes contain mullite,
magnet ite, haematite, quartz and appreciable
quantity of glass as found in fly ashes produced

alsewhere.
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(c) The fraction passing 44 micron I: sieve in Indian fly
ashes is comparatively lower. For instahce, whilé
most of the American fly ashes had more than 80 per cent
of the materisl passing 44 micron sieve, only 2 Indian
fly ashes out of 22 samples were found to belong to this
category. <ome of the rsasons for this can be attributed
to the fact that at present most of the Indian thermal
power plants, the fly ash is collected by mechanical
collectors and even this fraction is mixed up with the
coarser fractions collected in middle and bottom

hoppers.

(d) As compared to foreign fly ashes, Indian fly ashes

are less reactive. This is attributed to :

i} higher content of coarse particles,
ii, -higher water requirement for a given degree of
workability of cement mortar and concrete, and
iii) lower confent of sphercidal glass.Treatment
with acid addition of alkalies and some trace
chemicals, grinding, sieving, and recalcinetion
are known to enhance pozzolanic activity of flyash.
(e) Chemical composition and physical properties of fly ash
| varies from sample to sample eﬁen at the same plant. |
4 study on in-plant variation in the quality of flyash
produced at some of the power plants, however, Showed
that the individual test values generally remalned

within the limits specified in IS:3812-1981 specification
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for fly ash for use as pozzolana and admixture!.

(f) As coal is a variable material, flyash therefrom is
also a variable byproduct showing variable characteristic
properties as speclfic surface, hence reactivity,

. carbon content, gilven in Figure - 1.

There are at present over 60 thermcl power plants in India,
producing about 35 million tonnes of fly aéh EVery yeul.
With further addition in capacity of the existing power
plants and commiss loning of some super thermal power plants,
the annual production of fly ash is estimated to be about

37 million tonnes by the year 1989--90 and is expected to be
doubled by the turn of the century. The serious problem of
fly ash disposal will thus get worsened further in the vears

to come.

CURRENT ASH DISPOSAL PRACT IGES

Sl gl Sy Sy N ]

At the thermal powef plants, fly ash is currently disposed off

in the following manners

In the wet systen, fly ash is mixed with water and sluiced
to settling ponds or dumping areas near thg rlant. Being
cheaper than any other manner of fly ash removal, it is

most widely used at present. Availability of large areas of
waste land for ponding, unrestricted water supply, regular

emptying of filled-up ponds, are no doubt, essential for

-
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satisfactory operation.

2.2 Dry System

P

In the dry system, fly ash in dry form, is generally carried
away pneumat ically into an overhead silo or a storage

bunker at the plant. Removal of dry fly ash by mechanical
means such as screw feeders, could be resorted to only when
the quantity of flyash to be handled is small or there are some

other special reasons,

Large quantities of fly ash can be disposed off in building

of roads and cembankments, reclamation of low-lying land end
réque dumps, filling of mines, treétment of polluted waters
and unsuitable soils for agriculture. These uses are well
known and are adopted, whenever reguired snd wherever applica-

ble.

NVIRONMENIAL POLLUT ION BY FLY ASH

frrnro iy myark et ot g ey sl on S

4ccording to World Health Organisation, the air quality
standards should ensure that the concentration of the
contaminants does not cause any direct or indirect adverse
effect. IS: 10192(Part 1) 1982, requirements for ambient
air quality with regard to sulphur dioxide (802) and

suspended particulate matter ( S£M) are

. z
30, concentration - Not to exceed 60 ug/m” as annual
: ar ithmat ic mean
SPM concentration

. . _
Region 4 - Not to exceed 200 ug/m”as annual
24 hours arithmatic mean

.
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Su

=z
Region B - Not to exceed 200 ug/m” as annual
24 hours arithmatic mean

2
Region C ~ Not to exceed 200 ug/m” as annual
, - 24 hours arithmatic mean.

Emission of huge quantities of-fiy‘ash, generally, much’
higher than the sSpecified maximum 1limit of 500 ug/m3 for SPM,
is a common sight at the thermal power plants. It pollutes
the environment and 18 a great nuisance for people living in
nearby townships,Indian coal being low in sulphur content,

pollutior of atmosphere due to 502 is fortunately negligible.

While fly ash primarily containz insoluble inorganic const i-
tuents such as 5i0,,41,0,, Fe204, Cal and Mgo, traces of

radio activity has alto been detected‘ih some fly ashes produced
abroad. Indian {1y ashes require thorough examination in this
regard. | |

LRENDS IN FLY ASH UL IL ISAT ION

There are nearly fifty major areas where fly ash, can be
utilized.Almost all these areas have been investigated in

Indiz. as follows @

(a) For the manufacture of portland pozzolana cement,
pozzolans metallurgical cement, masonry cement,
0il-well cement, low heat portland cement.

(b} Raw meterials for manufacture of Tow energy ordinary
portland cement.

(¢) Fly ash concrete, mass conorete, cellular concrete
floating concrete,etc.

(d} iggregate, sintered fly ash light weight aggregate
for concrete.
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(e) To construct structural £ille, high way embankments,
dams and dykes, filling of mines.

(f)} Construction material for high-wsys, roads.

(g) Land reclamat ion and soil ﬁzodifica‘t ion

(r)  Fly ash based bricks/blocks, cellular concrete
biocks/ slabs.

(i) Filler for fertilizer, paints, cleaning/washing
powder, poly-propylenes, asbestos,etc.

{j) Recovery of minerals and elements like iron,
aluminium & titanium,making of ferro-silicon alloy,
rare elements such as Ge, Ga, Rb, etc. '

(k) Separation of cenoshperes for using in insulat ing

cable tape and fabrics, acoustical uses etec.

While reclamation 0f low-lying land and refuse dumps and
building of roads and embankments has been the méjor arce for
flyash utilisation, extensive R & D work has been carried out
in India and abroad on the utilisation of fly ash in the
production of different building materials, which can be

produced from Indian fly ashes, is given below :
PORT L&ND-POZZOLANA_CEMENT

The portland-pozzolana cement conforming to IS:1489-1976

can be manufactured using fly ash and gypsum or by intimately
blending together portlend cement and fly ash in suitable
proportions. The intergrinding method is convenient to

adopt as‘it does not require any major addition to the plant

and equipment already available at a cement factory.
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The portland-pozzolana (fly ash) cement is suitable for use
wherever ordinary portland cement is gsablé under normal
conditions. It produces 1less heat of hydration, increases
water impermeability, reduces alkali-aggregate reaction.and o)
offers greater resistance to attack of aggressive waters than
ordinary portland cement. It is, therefore, particularly
suitable for marine and hydraulic structures and other mass

concrete constructions.

Ready-Mixed Fly Ash Concrete

Portland cement concrete in which a part of the cement has
been replaced with fly ash is termed as fly ash concrete.

When it is prepared and supplied to consumers in a plastic,
unhardened, ready-for-use state, it is called ready-mixed

fly ash concrete. The process of producing ready-mixed flyash

concrete consists of the following two operations :

a} Proportioning of fly ash concrete mix.

b) Betching and mixing of different ingredients.

The flyash concrete is proportioned so as to attain its

28 day compressive strength equal to that of the corresponding
plain cement concrete. Different proportioning methods

including the one developed at CBRI, can be used for this purpose.
The batching and mixing of different ingredients is generally
done at a central batching and mixing plant. Some-times,different
ingredients are taken in a truck mixer at the batching plant and
are mixed elther during Jjourney dr on arrival at the site of

delivery.
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The ready-mixed concrete has the advantages of better,
quality control, reduction in wastage and pilferage of
materials, labour and supervision, which are normally associated

with concrete prepared at site.

 Precast Fly Ash Concrete Building Units :

The use of fly ash concrete in the production of various

types of precast building units such as concrete building
blocks (solid or hollow,, RCC transmission poles, columns,
beams, hollow core slaBS, doors and window frames, etc.,

has been made in a limited way by differentéorganiSations in
India. It was observed that bfeakage of these units during
handling at the time or removal from the casting yard and
subsequent stacking &r water curing was more. The higher
breakage was attributed to their having lowef strength at 1 or
2 days when the units were removed. . Work done at CBRI has
shown that fly ash concrete with 20 per cent'less cement, by
weight ; than the corresponding plain cement concrete, can be
50 proportioned as to attain equal 1-day comﬁressive strength.
With equal 1-day strength, precast fly ash céncrete units can
be lifted and handled without higher breakagé.than the corres-
ponding plain cement concrete units. Large humber of

precast hollow concrete building blocks, flooring and roofing
units such as cored units, channel units, cellular units were
prepared using flyash concrete having 20 per cent less cement,
by weight. The strength and other properties were found to be
comparable with those produced using correSponding plain cement

concrete.

s !
I
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Sintered Fly Ash Lightweight Aggresate

The manufacture of_sinteréd fly ash 1ightweight aggregate
(SFALA) involves (1) pelie%ization or nodulisation of fly
ash and (ii) sintering of Tly ash pellets or nodules at 1100°-.
1206505 The pelietizatioh of fly ash is done by feeding flyash

into a tilted roteting pan under a fine spray of water.

" The rotary motion of the pan causes the material to cascade

and with this pellets are formed which are strong te withstand

subsequent handling.

Normaliy, fly ash contains sufficient amount of unburnt carbon
to provide for the fuel required_for sintering. The sintering
of the pellets is generally done either in a vertical shaft
kiln or on a moving grate sintering strand. The use of
rotary kiln has been tried on an experimental basis,

4 stationery grate sinter pot is also reported to have been
successfully used in Polaﬁd. The production of SFALA form

of the Indian fly ashes has been successfully carried out

on a pilot plant moving grate sintering strand at CBRI.

The aggregate is suitable for use in the production of
structural 1ightwéight concrete and precast lightweight concrete
building units for use/as load bearing and non-load bearing

elements.
Lime-Fly Ash Cellular Concrete
To produce lime-fly ash cellular concrete quicklime, flyash

and gypsum are taken in certain proportions and wet mixed

B
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in a high speed mixer to fofm a thin slurry., A small amount
of aluminium powder is then added and mixed into the slurry.
Hydrogen gus liberated by reaction between lime and aluminium
aerates the slutry which is poured into steel moulds to about
2/3rd depth and leift undisfurbed to set. The stiffened
material is out into blocks of desired sizes which are then
sutoclaved at a steam pressure of 11-12 kg/cmg. After taking
out from'the autoclave, the blocks are allowed to cool and

stacked for use.

The cellular concrete consists of fine grained gilicate

- structure having small non-communicating air cells. It can be
produced to conform to different dry bulk dens ity requirements
in the range of 400 to 1442 kg/mj. It possesses low thermal
conduct ivity (0.07 to 0.21 kcal/m/hr/°C for density 400 to
1000 kg/m3) and a good fire resistance. Like wood, it can

be sawn, chiselled, planed, Screwed and nailed. Its Building
units having dry bulk deunsity of 700 kg/m3 or higher are
suitable for load bearing walls in buildings of 2 to 3 storeys
and partition walls in multistoreyed buildings. Its low |
dens ity permits use of large building units with saving in

the cost of'handling and construction.
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4.6 Fly Ash Building Bricks

Good quality high strength building bricks can be produced
from fly ash using sodium silicate, cement or lime as binder.
The mixture of fly ash, binder and coarse fillers such as
bottom ash, cinder, sand, etc., in suitable proportions, 1is

moulded into bricks under pressure. while the sodium

silicate bonded bricks are burnt at 1060°C -~ 1150°C. The lime

bonded fly ash bricks are autoclaved under saturated steam

at a pressure of about 14 kg/cm2, the cement bonded flyash

bricks are water cured at ambient temperature to obtain

the desired strength and dried before use.

4.6.1 FLy Ash-Sand-Lime Bricks

The CBRI process of making fly ash~sand-~lime bricks was
patented in 1972 on the bagis of investigations started
since 1968. The process essentially cons ists of moulding
under pressure(not less than 200 kg/cm2 a semi~dry mixture
of flyash (70-90 parts),. sand{10-20 parts) and lime(7-10
parts )into bricks, and autoclaving them under sSteam pressure
of 10~14 kg/cm2 saturated sfeam for 4-6 hours. The process
produces bricks of wet compressive strength 190-250 kg/cm2
waber absorption B=15 per cent, depending on the quality &
grading of flyash and quality of lime.The process shows 30%
Saving in energy as compéred.to production of burnt clay

bricks.
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The flow sheet diagram of the process is shown in Fig.2
and the effect of steam pressure on the compressive strength
of bricks in Figure-3. The Institute is setting up the first
commercial plant of fiy ashpsandwlime bricks, 36000 bricks/
day, for Demodar Valley Corporation at Durgapur{(West Bengal)
and_alSO helping the National.Thermal Power Corporation of
India ( NTPC and. other prospective clients in planning of

future plants of fly ash sand-lime bricks.

These developments assume Specicl significance in Indie

where agricultural soil otherwice used for making burnt clay
brick has to be conserved and also energy saved at all

costs; with special features of aubstantiél utilization of

fly ash and reduction of air-borne pollutants. The test results
of the bricks, made in the laboratory pilot plants, from DVC

local rew materials, are given in Table - 1.

TABLE-1

Properties of Fly Ash-Sand~Lime Bricks(DVC)

e o S g o S S 0] 3 0 iy B39 e oy i T AR AL s v s U8 W) s S T s e s s aae o P b MM W TR Ty i B S g BT L T et gny TRV rom i a0 g

Mix Composition  Auto~ Conditions Vet Com~ Bulk
claving pressive Dans ity

igg' Send Lime Press- Duration étrenggh (kg/mz)

(by Weight) ure (kg/cm”)
| (kg/cm% (Hours )

70 20 10 14 6 106 1422

70 20 10 14 4 105 1410

70 23 7 14 6 90 1415

60 20 10 14 & 117 . 1500

60 20 10 14 6 ' 112 1485
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Clay Flyash Bricks

The process of manufacturing clay-fly ash bricks from

all types of soil is similar to that of normel clay building
bricks production except that a certain amount of fly ash is
mixed in the cléy before moulding bricks. The actual amount

of fly ash added varies é&ccording to the plasticity of the
clay and could rangé from 20 to 70 per cent, by volume, as the
clay charges from moderately plastic to highly plastic.The

fly ash acts as a good opening material and effectively

‘eliminates drying shrinkage cracks in the bricks produced ifrom

highly plastic clay. The unburnt carbon in flyash provides
extra fuel forbburning during firing. 7The rate of fire travel
during burning of clay-flyash bricks in the brick kiln is

also increased. In a large scale production trial,overall
fuel consumption per lakh bricks has been found to reduce by
4=5 tonnes and production of first class bricks increase

by 15 per cent. The characteristic properties of clay flyash

bricks from Black, red asnd alluvial soils are given in

Figure 4,5 & 6.

The flyash building bricks are usable in place of common

burnt clay bricks for 211 types of brick masonry.

Portland Cement Clinker

Being comparable with clay as a source of 5102 and A1203 fly
ash has been found suitable for use, in place of clay in the
raw mix for producing portland cement clinker by semi-dry

process.The nodules of the raw mix containing flyash are burnt
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in the rotary kiln at 1250°C instead of 1450°C normally

employed for conventional raw mix containing clay. Besides

;as substantial saving in fuel consumption, the uge of ash in

the raw mix has been found to enable production of cement clinker
with MgO content of 6 per cent without causing unsoundness in the
final cement. In this way, it helps in the utilisation of magheg-
s ian limestone of marginally higher MgO'content, which at present

is not used by the cement industry.
Oil-Well Cement

Oil-well cement is used for cementing the Sféel casings of
oil-wells to the rock formation. Work carried out of CBRI has
shown that fly ash can be intérground with portlamnd cement
clinker, gypsum and some additives in certain proportiong to
produce cement conforming to the requirements of an oil-well
cement., Such flyash baaed cements ar: reported to have been

successfully used in oilwell cemehting abroad.

Masonry cement is mainly intended for use, in place of

ordinary portland cement, in masonry mortsr:s, It imparte the

much desired properties of high workability, plasticity and

water retentivity to the masonry mortars. Work carried out at CBRI
has shown that masonry cement conforming to the standard speci-
fication IS: 2466-1967, can be produced by intergrinding

2 parts of fly aczh, 2 parts ofhydrated lime and 1 part of
portland cement or 2 parts of flyash, 7 parts of portiand.cemént_&

5 parts of gramilated blastfurnace slag with suitable quantity
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2 ;\‘

of gypsum and air emtraining admixture.

USE OF FLY ASH IN MASY CONCRELE IN INDIA

There have been only soeme scattered examples of the use éf
flyash in mass Concrete although the beginning was made in
Rihand Dam in early sixties. But certainly the trend has not
rercolated deep in the construction of hydraulic strﬁctures

in the country.

Generelly the replacement of cement by flyash has been to
an extent of about 15 tc 20 per cent, by mass, in cement mortar
and concretz, the typical exémplea for such appliceations have

bgen given in Table 2.

TABLE -2

Use of Fly Ash in Hydraulic Structures in India

1 Structure  State  Cement Replaced  cource of
No (Per Cent) Fly Ash

01 ZGurgaon Canal Haryana 15 Delhi

02 Jawahar Sagar Dem Rajasthan 20 Delhi 'C!
02 Kakki Dem Kerala 20 Nevvell
04 Marora PBavrrage U.pP. 15 Narduaganj
05 Rihand Dan U, P. 15 Bokaro

06 Sone karrage Bihar 15 Bokaro

G7 Umium =roject Assam Not Available Durgapur
08 Chandil Tan Bihar 25 Lalcher
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The phenomenon of relatively lower strengths at early ages

in concretes and mortars with partial replacement of cemenf

with pozzolana is well recognised. This loss in strengtn,
however, 1s more or less made up.at later stage. The level of
structural strength requirement in dams in relatively low and the

rate of conctruction is also low, reaquiring a large span -of time,

‘may be a year or more, to achieve the full design load. As Such

flyash concrete and mortar can and have been uSed to advantage

for such constructions.

Fly Ash for Road Pavements

A large quantity of fly ash could be utilized in roads and
ambankment constructions lime : fly ash: sand in 1:3:9 or
lime:fly ash: sand; course aggregate in 1:2:20:40 ratio are
particularly suitable for road pavements Table 3 shows the savings
in conventional materials and cost in the use of fly ash in

pavement layers, except in sub-base.

Table -3
Fly Ash Utilization in Different Pavement Layers and
.. Saving Effected

Specification Flyash Reqguirements Savings Iin Perce-
Per Kilometer nt .
(Tonne ) Conven-  Cost
1 ional '
Hard
Stone/
Soil
Fill/Embankment Material 9600 75-100 -
Sub-Base '
1. Lime Flyash Stabilized 120 100 20~320

Soil
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Sub-Base/Base Course

1. Lime Flyash Concrete 117 20 -l
2. Lean Cemert Flyash 97 7 20 ]
Concrete '

%, Lime Flyash WBEM 21 20 C =7.8

Wearing Course

7. Cement Flyash Concrete 52 e 6

2. Roller Compacted 75 - 15
Concrete

2. Flyash as o Filler 40 ~ 10-15

Material in dAsphaltic
Concrete .
(thickness : 10 cm )
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The highlight intial cost of construction is offset by the long
life and les: maintenance cost.

Techno~Economic Viability of Fiy Ash Utilisation

Techno-eccnomic feasibility studies on producing different
building materials from fly «sh, carriled out &t CBRI, huave shown

that 3

a) Production of portland-pozzoluna cement using flyazh
conforming to Ils: 2812 ~ 1981, iz a viable proposition.
In fact, some of the cement factories in the country afe
already wsing fly ash in the production of portland-
pozzolana cement. A major impediment in the large scale
use of fly azh is none-availability of fly ash in dry form.
At most of the thermal power plants, the Ifly ash disposal
system delivers wet fly «sh. The transportation of flyash

from thiermal power plants to cement works situated
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apart over long distances poses another problem. Another

factor which works against fly ash utilisation in the bproduction
of portland-pozzolana cement, is the easy availability of

brick bats from brick kilns, situated near a cement plant, at

a comparatively cheaper rates.

Production of sintered fly ash aggregate ( SFALA ) provides an
opening for large scale fly ash gtilisation, S ince more than
one tonne of raw fly ash is required to produce one tonne of
SFALA. The laboratory and pilot plant\trials carried out at
CBRI.have established production of DFALA from Indien fly ashes
and its use in precast ligntweight concrete huilding units. The
CERI pilot plant has now been Shifted to Bandel at the request
of W.B. State Electricity Board and SFALA is being produced on
it using Bandel fly ash. CBRT has developed technology for
producing 30 tonnes SFALA per day in sintering hearths. For
large production, say'doonzoo tonnes per day, a moving grate

s intering strand would be required.

Production of lime-fly ash cellular concrete us ing upto
80 per cent fly ash in the raw mix is economically viable.
In India, cellular concrete has been produced first by
Hindustan Housing Factory, ﬁew Delhi, using cement and

. :
ground sand in the raw mix and marketed under the trade name
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of !Vayuten'. Subsequently, its production was taken up by
the Cellular Conecrete Plant, Ennore, Madras and Siporex
India Limited, Pune. It has a big scope of use in high-rise

huildings and oti.er housing projects.

“About 25 million clay-fly ash building bricks have alrcady
been produced in the country by NIPC «nd other

public Sector Undertakings and Frivate brick menufacturers.
Bes ides establishing techno-economic feasibility,

the production of clay-fly ash bullding bricks in such a large

numbers indicates big &scope of fly ash utilisation.

Product ion of fly ash-~sand-lime building bricks is

technicslly sound proposition and is of particular

advantage in areas where good quality brick_making clay is

not available. DVC has taken up establishing a fly ash-sand-
lime brick plant at Durgeapur. The plant and machinery for setting

up the plent is avallable indigenously.

STANDARD SPECIFICATICNS ON FLY ASH

A survey of standards of different countries for suitability of

fly ash for use in cement and concrete is summarised in Table-4.
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TABLE -4

Survey of Standards of Different Countries for Suitability
of Fly ish for Cement Manufacture Puhed on Its Chemical
Composition.
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LACUNAE IN PRESENT INDIAN STANDSRD SPECIFICALION FOR FLY ASH

Cons idering the special needs of hydraulic structures, flyash
of requisite and consistent quality sihiould be made available

in the market in the required quantity. On perusal of Indian
Standard Specificatidns, IB: 2812=-1981, it is seen that there
are Serious lacunae in specification requirements of fly ash
which hinder the use of fly ash iIn mass céncrete and structural

concrete construct ion.

(1. Packing of Fly #sh

I5: 2812-1981 "Specifications for fly ash" already provides

a clause for supply of fly ash in bulk or in bags. 4t present,
the fly ash.is not available in bags from thermal power stations.
The relevant clause (No., 9.2} should be implemented for

effective quality control.

(2) Loss on Ignition

In Indian fly ashes, the loss on ignition, which mainly represents
the unburnt carbon content is less than 6.0 per cent in
majority of the cases. 48 such, it i3 felt that the maximum
loss on ignition may be revised to 6.0 per cent against the
present‘limit of 12 per cent, as in the specifications of U.s5.4.
and Japan to improve the quality of fly ash.

(3) Fineness (Specific Surface ),
.The specifications prescribes only a minimum value of fineness

~of 3200 cmz/g for Grade I fly osh. There is thus no upper 1init
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to the fineness. This may be revised Yo prescribe range in
values as in BS: 3892 so that fly ash of reasonably uniform
Quality is produced and marketed. This range can be 220-400

mg/kg.
CONCIUDING REMARKS

Large quantities <f building meterials aré required to meet

the demands of building incdustry which is estimated to build

nearly 6 million awslling units in urban areas alone during

Seventh Five Year Plan Period. With increas ing migration from
rural to urben ereas, *he demand for housing is likely to

increase, There shall, thus, be a tremendous scope for the

growth of building materiel industry and the prospects of
utilisatiOn.of different building materials from fly ash such
as'portlandwpozzolana cement precast fly ash concrete building
uniﬁﬁ, clay-fly ash building bricks md fly ash-sand-lime bricks, are

are considered bright.

Several processes have been worked oul including their techno-
sconomic feasibility reports for mass construction of fly ash

s building matérial, India does need a2 break-through in |
adopt ing these techmologles, purely in view of national priorities
in housing, such az introducihg alternative building materials,
solving disposal problems of {lyash which may touch a

productlion picture of 20 million tonnes/year in the next decade,

and most importantly for cafeguarding the ever-polluting
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environment around many thickly populated urban and rurel

areas.

Fdrtunatelyg the above mentioned wisdom has dawned, of

course guite iate, in the government and in private construction
sector as well as in building materials industries. The CBRI,
Poorkee with its accumulated expertise will continue to

take a leading role in this stupendous task for realizing the
caerished goal of channelling the utilization of fly ash

tihrough an effectivé9 planned and phased programme.
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Flyash Utilization project reports on
glazed wall tiies, ceramic tableware-
artware industry and acid resistance

S <240« .
1
Dv
Dr T ¥ Dan

Scientisgt in~charge
Centrel Olass & Ceramic
Fosecrch Institute
Narocda Centra.

UTILAZAT ZOW On FLY ASH A1 CERAMIC TADLEWARE AND ARTWARE INDUSTRY

The produution of crockery and artware from the conventional -
rew materiszis I3 a rmunning process for the ceramic industries.
Wi+th the 'u\uwccan“ of the growth of ceramic industrieS, the
utilizatjﬁn of some hewel materisl 18 an inproved process.

Large quantities of fly ash are being produced from varidus
thermal power plants of this country based on pulverized coal
firing. Heavy clay and structural p;oducts like buillding bricks,

3

tiles, blocks have already been prepared successfully.

Keeping in view CCGCRI Naroda Centre has developed an. apbroprlate
Technology by utilizing the 1y ash in vableware and.art—ware
a,

Se wares ~‘eesed the characteristic as stoneware

industry. I
and can he adeovtod bty medium and swpala scale sectors. The

technology 15 co~t c¢ffegctive dug te the nse cf Indigeneous
maéhimrrieﬁ which are locally available and also the

raw materials. For meoking a perfactly white glaze, it is
advised to use frit glaze ard to fire Tthe wares in shuttle

or tunnel kiln where firing problem is very less. The single

fired materials can be fired in down draft kiln &lsc by the
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application of coloured glaze on the ware for bet%er outlook,

Neture of Fly Ash

It is refractory and abrassive in nature. Its particle size
is very fine and specific surface area varies from Z500-8000
cmZ/g. The chemical and physical characteristics of fly ash
suggest that it can meét the specifications Br a Siiiceoué

or aluminous motefial. It contains maximum silica having
crystalline ahd amofphous glessy phase. Among the cfyStalline
phases there are QUarfz and mullite etc. and in amoﬁﬁhous

phase, it contain silica and silicates of aluminium.

Manufacturing Process

The important steps in the process are :

1. Preparation of batch by choosing suitable raw materials
including fly ash. -

2., Grinding and nixing.

2. Shaping in jigge;ing and casting.

4. Drying and finishing of the products.

5. Biscuit firing at 1100°C - 1250°C with 1 hr. soaking
in case of using frit glaze and glecst firing at.1050°c—
1100°C. |

6. Single firing with coloured glaze at 1250°C with 1 hr.
soaking.

7. Inspection.
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 advantages of using Fly Ash

Fly ash contain silica in the range of 50 - 60% It can be
hetter substituted in place of quartz. Quertz is a hard lump
and Il reguires more grinding to get arfine-productoFly ash
is a fing powder materisl so It can be mixed with the body

cempes ttions even in blunger which is cost effective.

4 comparative statement of fly ash tableware with stoneware

as per ISs 2838-1964 is given here.

Regquirement : Stoneware Fly ash ware
1. Craze resistance The wares should The wares are craze
be free from craze. resistant.
2. Water absorption It shall not be Water absorplion
‘ more than 3% less than 1%
3. M.0.R. kg/cm? The M.0.R. valw.e M.0.R. value is

should not be less 510 kg/cm2
than 350 kg/cm2
4. Res istance of body The resistance of The resistance of body

to acid body to acid shall to acid is 99.2%
not he less than
99%
5. Rezistance of The loss in wt. The loss in wt.is
glaze to acid shall not be more 8-9 mg/dm2
‘than 10mg/dn”

Majer equipments

Ball Mill, Blunger, Jigger-jolley preferably automatic and
De-airing pug mill.
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The fixed capital cost on building is 22 lakhs and the fixed
capital on plant is k.20 .lakhs.

Working Capital

Working Capital corresponding to 75 days manufacturing cost is
~about 10-12 lakhs.

Preconstruction cost estimate

Rs. 52 lakhs.

Return on investment

About 25% after deduction of tax on returns.

Appendices

A, Specification of major equipment cost.
B. Cost of land and building
.C. Detailed project report

Highlights

1. Comparable to stoneware.

2. Easy and plenty availability of fine raw materials saves
time and energy during processing.

The manufacturing process 18 very Simple and requires no

L& Y]

sophisticated costly machineries.

4. The procecss is economically viable.

5. It gives sufficient strength and attraction and satisfy all
the conditions as per IS in stoneware items.




B. ACID RESISTANCE BRICK FROM FLY-ASH

e 4 DR S ey o

( CGCRI Technology for commercial wbiliz

Y

Acid Resistance bricks (Tiles ) which resist
used in most of the chemical plants for the'
hcid or alkalies or other solvent (acid in ng

are used, as lining in gdifferent types of ves
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ation)

gorrosion are mainly -
storage tanks of
ture), 4.R.Bricks

sel to prevent

corrosion, Furnace chimney, power-plant chimney, irrigation

canals, etc.

=

Central Glass & Ceramic Research Institute, N
developed @ process for manufacturing icid Re
Fly 4sh, with other ceramic réaw materials., F
‘from power plant. 4s sucﬁ;'there is no any
of fly ash., Now-a~days cement plants are uti
manufacturing‘of pozzolana éement. We have u

A.F.Co., Sabarmati. The chemical composition

Chemical Analysis

aroda Centre has
S istance bricks from
1y Ash is the waste
s ignificant - value“
lizing flyash for
sed flyash of

is as under

L. E.Co.Power~ Gandhinagar Surat

Plant . Power Flant N
§10, : 56.70% 58.06% 54,48
41,0, 24,45 22,61 22,50
Fe203 3 4. 50 6.80 4.96
T 10, : 1.62 1,50 0.70
Cao : 2.48 2.78 3,58
MgO s 1.45 1.68 0.16
Na_0 : 0.56 - 0.50 0.40




K20 H 0.50
S0, : C.82
101 3 6.62

99.70

Marmfacburing Technigue

.87

0.72

4070

s e ™ol 5

99.66

Wis Ve e

G
0.75
1.25
10.92

o e A

99.70

i o P Ly W

Fly ash, Felspar, Non-plastic clay, plastic clay are the

principal ¥aw materials. Mixing of all these raw materials,

moistening, seiving, pressing, drying and firing in furnace are

the manufacturing steps.

Froperties
1. Water absorption : :
2. (Cold crushing‘strength :
3. Flexural strength 5
4. Shrinkage of brick :
5. 4&icid resistance:Loss in i)
mass - 11)
iii)
iv)
v)

i

2,80 %
750 kg./cm2
116 kg./cm2
8,5% -

V.75
0,62
0.632
0.82
0.68

%
%
%
%
%

Except walten absorption, all the tests pass through Ist Grade

quality of A.R. Bricks as per IS: 4860 - 1968,

Salient Features

* A waste material viz. Fly ash is the main row material which

is available in plenty from all thermal power- plants and big

cherical plants.

* The process is very simple.

* It i3 an economically viable process.
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Major Equipments

Muller mixture, seiving machine, pulveriser, press and furnace etc.

Economics

Tt is estimated that a unit with a capacity to produce 2 lakhs
nos. of bricks per annum would need an investment of R.2%0,00 lakhs

(approximately).
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C. ULILISATION OF FLY AsH FOR DEVELOPMENT OF GLAZED WallL TILEs

The use of fly-ash for making pozzolanic cement, cement

concrete, bricks, light weight synthetic aggregates and in thé
construct ion of roads and pavements 1= well-known. The Central
Glass and Ceramic Research Institute, Naroda Centre has investi-
gated the possibility of utilisation of fly-ash for making glazed

wall tiles.

Fly-ash, plastic clays, calcite, etc. were used for body preparé—
tion. Red lead, borax, boric acid, felspar, whiting, china clay,
etc. were the raw materials used for the glaze preparation. The
fly-ash collected from a locel thermal power station had the

following composition :

510,~ 56.70%, A150 - 24,45%, Fey0x - 4.50%, Ti0, - 1.62, VgO-1.45,

NaEO - 0.56, K20~O.5O, 603- 0.82, LOI - 6.62.

The Crystalline phases in fly-ash are observed by X-ray and ITi
‘measurements were mainly free cuartz, mullite, heamatite,

magnesite etc,

Several composition were tried for wall tiles. The batch compo-
sitions were wet mixed in a potlor ball mill. Water of the
body was removed by plaster of Paris moulds and dried in the
dryer. The semi~dried body was sieved and tiles were pressed

under a pressure of 300 Kg/cmz.
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The dried tiles were biscuit fired at 1050 ~ 1100 °C and

glost fired at 950 - 960 °C in our electric furnace. The

lead borosilicate fritted gléze maturing at 950°C- 960°C

was developed in this laboratory for wall tile body.

For fitting, the batch was fired in 5 kg. refractory crucible

in an oil=fired furnace at about 1300°C, The frit was mixed

with canina clay and was ground in pot mill.

The sieved ground

material was mixed with water to have glaze of prescribed

specific gravity.

biscuited tile and fired.

The glaze was applied on the surface of the

Comparative study of performance of wall tTiles made from flyash

and as required by BIS: 777-1970

4 A o A, TS B AT T A

R A R Y

A . e gy i T e S ves A S n o i TV i TR s e e ik T s e S £ i g Vo w EL TS SR R e e ST e e S e A8 ke B e 3 ks WYy T et 2 o i e

Properties
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Water absorption

Impact stfength

Chemical Resistance

- T RTY WS W8 gy . KA gy it W7k F s iy s en

Wall tiles made
from flx:ash

hen e, W g

16,0 - 16.5 %

0.02-0.022 kg.
fm/cm by pencdulum
apparatus (as
described in

BIs: 777-1970

When tested by the
method described
in BIS:777 sthe
glazed surface of
the tiles did not
show deterioration.

gt sy AR W gy s RO B O i

Performahce required
as per BIS:777-1970_

Shall not exceed 18.0%

Tiles when tested

for impact strength

as described in IS:777
shall not have value
less han 0.02 kg.
fm/cm.

When tested for
chemical reeistance
by the method descri-
bed in I3:777 shall
show no deterioration
in glaze.
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Further developmental work of the above product is in progress.

Pre-des ign cost estimates for the process on glazed wall tiles
from fly-ash

1. FProject capital outlay :

Rs. 16,00000 - 17,00000 (approx.) for 200 tons. glazed

tiles/annum.

2. Working cepital ( for 75 working days )i

Rs. 4,50,000 - 5,00,000

3. Cost of production of the tiles :

Rs. 0.91 per tile ( 4% " x 4 ")

List of machineries :

(1}  Blunger

(2)  Ball Mill
(%) Filter press
(4) Granulator
(5) Tile press
(6) Kiln

(7) FRotary kiln or tank furnace for making frits
(8) Roller mill

(9) Tile glazing unit by water fall method

(10) Weighing balance. |
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CERI FLY ASH BRICK : A REWARDING TECHNOLOGY

by
Samir Sen & S.N. Mukherjee
Central Fuel Research Institute
Dhanbad, Bihar,(India )

ANTRODUCT ION :

Brick 1is an essential yet the commoanest of all building
materials. Its requirement in the country is unending and

the gap between the demand and supply i3 ever increasing.

If one carries out strength-weakness-opportunities~threat (SWOT)
analysis, the present tTime would appear to be the most

oﬁportune for modérnising and mechanising the brick industry.
The potential threat of the coal ash (both fly ash and bottom
ash) from the 66 existing thermal power stations with pulverised
coal firing system need hardly be underscored from thé view
point of pollution hazards and enormous waste of cultivable agri-
culture land being used for-the dumping of ash. Clay brick
industry is also destroying the fertile top soil to the

- extent of 50,000 acres every year now. India is far behind
many advanced countries in utilizing this waste material and
compared to the topmost 58% utilization in France, followed by
West Germany and U.K., not more than 3% of fly ash is being used

in India.

From the present level of 30-40 million tonnes per year of coal
ash production, the estimated increase by 2000 AD will be about

125 million tonnes per year, with 15% annual rise in Tthermal
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capacity slated for the decade. It is nob difficult,therefore
to foresee the intensity of the ccological problems that would
arise if proper care is nect taken for the disposal of fly ash.
It is estimated that about 28,300 hectares of storage land would

be required for tie fiy ash if nol utilized at all.

The National Housing Policy estimated a total of 200 billion
bricks as the requirement for the period 1990-95, The present
manufacturing cepacity can meet upto 2721 billion bricks thus
leaving a huge gap between the demand and suprly. Government of
India through the Ministry of Urban Developmert has established
the Building Materials and Technology Promotion Council(BMTPC)
which 8trives to improve aﬁd modernise the conventional brick .
industry. There is alsc & working Group 8a fly ash utilization
constituted by Government of India wh’':h have recommended C O & Y
cial utilization of fly ash through manulacture of building bricks.
Even the existing pover plaﬂﬁs may have to undertake with high
capital investment, at the instance of Department of Environment
and Pollution Control of the Government of India, instellation:
of Flectrostatic Precipitators(Esl) to clieck particulate

matter escaping into the atmoaphere. To meet the exponentially
rising demsnd of the brildirg bricks, the only cption most ’
probably would ke to rely on alternatives of the clay bricks.
Time is not only ripe fof promoting modern technologies, but

also most conducive to augment oroductlon of building bricks

at the present juncture with the maximum use of fly ash -~
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absolutely a waste material otherwise from the thermal

power stations.

T ECHNOLOG ICAL, DEVELOFMIZIN AT CFRI: - ;

Among all the available technologies ior the manufactufe

of buillding bricks from fly ash, the CFRI technclogy appears
to‘be the most suitablé and 1s already commercialised. Even
though the CFRI Scientists developed the technology and subse-
guently patended in 1970, the first demonstratibn activitias
began .in 1977 under the 2egis of West Dengal Hous ing Board

for construction of some cf their utility buildings at Asansol
Satellite Township Project, utilizing about 4.5 lakhs of fly
ash bricks produced from a 1000 bricks per shift fly ash brick
plant. These buildings have stood the test of time for over

- 14 years now and subsequently, in 198v the first commercial ven-
ture in the private sector has infused furtiier confidence among
many more entrepreneurs and organisations to go for licencing the
CFRI technology for industrial exploitation. The technical and
economic feasibility of the project have also been established
by WBHB, NRDC, W.B. Consulting Organization, Chem. & Met.

Des ign Co. Pvt. Ltd., Development Consultants Ltd., etc. and all
havz uphaeld the economic viability for the commercialization of
the process. Of late, a spete of recognition has come to the CFRI
technology through the C3IR Technolegy Award - 1991, NRDC R-Day
Award - 1992 znd also the Bangur.liemorial Award - 1990 for

innovative technology of the Bharat Chamber of Commerce (awarded
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to M/s Jagatdhatri Brick Industries Pvt Ltd. for successful

entrepreneurship based on CFRI Technology ). :

The CHRI FProcess 1

Utilizatlion of fly ssh for bullding bricks appecars to be a nmust.

- The CFRI process utilizes the unique pazzolaric property of

£ly ash which is susceptible to react with lime and sand in pres-
énce of moisture of cdevelop complex calcium silicate hydrate
compounds and éteam curing helps to complete the reaction, thereby

imparting strength to the Lricks.

The CFRI procecss for producing the building brick is simple.

80% of fly ash (even bottom ash in admixture; with 10% each

of sand and lime (with_TO% Cz0) are mixed, after the addition .

of 0.2% accelerator (inorganic chemice” }] with water for moulding
the bricks in a rotating table~press operated hydraulically
(100~200 kg/cmz), The bricks are uniform in shape, size,

dens ity, strength,'etc} after neérly 2 days of natural drying
and %4 hours of steam (2 to 2.25 kg/cmz) curing at about

125°C. The scope of the CFRI technology for fly ash brick is
gnormous with nearly 58 miilion tonnes of fly ash being produced
annuelly from the TPS (Flowqhema), Some essential aspects of
the raw material reouirements and the quality of the fly ash brick

are given in Table-1.



82

TABLE-1

Salient Properties of CFRI Fly Ash Brick
A, Raw Material Recuirements for 100C Fly Ash Bricks
(Size 250 x 125 x 75 rm)

Fly Ash (unburnt carvon / 10% ) : . 2780 kg
Sand (Clay & Mica<{15%) . 350 kg
Lime ( Ca0 65-70%) : 250kg
Accelerator (Inorganic Chemical) : 7 kg

B.  Properties of Fly Ash Bricks

PIpTe &
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1. Wt. of the Brick : 2.6 Kg
(Size 250x125x75mn)
2. Bulk Density ;2 La 1.55 g/ce
Z. Cold Cruuhlng Strength : 100-150 kg/cm2
4. (BIS Specification for Class-I burnt clay brick = 75 kg/cm )
L. Water Sorption Capacity : fa 20 per cent
5. Not affected by Salt and Alr H Efflorescence proof
6. Free Lime Content : 0.25 %
7. Expansion due to moisture move-
ment i fa + 0.06%

PLUS POINTS OF CERI TECHNOLOGY :

The time tested advantages of the fly ash Brick produced by the
CFRItechnology are :

: 2
1. Cheaper and stronger (crushing strength 100-150 kg/cm )

2. Saves energy as no firing of brick is required, instead stea-
cured.



3 Uniform quality machine made bricks
4, Less mortar reguirement between layers of bricks
5

. Lower water a sorptiocn capacity, better. insulation and
less seepage

6. Even plastering of outer walls may be avoided

7. Not affected by salt, air and water (no efflorescence )
8. Help conserve invaluable top soil for agriculture

Q. Higher unburnt carbon (upto 10%, is'tolerated in fly ash

10. BRadio-activity in the brick is negligible to cause any
concern{tested at BARC )

STATUs OF CFRI TECHNOLOGY .

In 1986, the first commercial plamt of 20,000 bricks/day in the
private sector was commissioned by M/s Jagatdhatri Brick Indus-
tries Pvt Ltd., under the aguildance of CFRI at Barrackporé

near Calcutta. More than 12 million bricks have already been pro-
duced in this plant and sold in and around Calcutta. These flvy
ash bricks have also been tested and used by WEHB,Military Bngg.
Servicss, PWD(Roads & Housing), Calcutta Electric Supply Corpn.;
Howrah Improvement Trust, etc. in West Beﬁgal for many of their

constructional activities,

The second commercial plant, based on CFRI technology, of

capacity 30,000 bricks per day has been put on stream at

Raichur, Karnatake by M/s Bright Bricks Pvt Ltd. Another plant of
similar capacity is also being set up at Vijéywada by M/s Thirumala
Flyash Tech, Pvt Ltd. The biggest manufacturing unit for the

fly ash brick (cap. 90,000 bricks per day) is in advanced stage
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. of construction at Bandel 1in West Bengal under the aegis of
pulver Aéh Projects Ltd. of West Bengal Small Industries Corpn.
at an estimated cost of Rs.10 crores. This project is receiving
essential financial support from HUDCO & the National Housing
Bank. Depending on circumstances of raw materials supplv, equip~'
ment, etc.,\fhe project cost of a minimUM-economic unit of
20,000-20,00C bricks per day (as at B%rrackpore) may require now
Rs. 80 to 100 lakha. o

CFRI has already released the licence for commercial utilization .
of this technology, through NRDC, to more than 12 firms in the
country and the different stages of various fly aéh brick
projects, based on CFRI technology, are presented in Table-~2,
The production costs refer to brick size of 250x125x75mm and
cost will be reduced by Rs .60/~ per thousand for the size
225%112.5x75 mm. The ex-factory cost of thousand bricks is
around BS.850 to 920/- (including interest and depreciation and
~ teking the cost of lime as Rs.1200 per tonne). Major plant and

| machineries include puiverisér for lime, belt conveyors, miXers,
‘Hydraulic Press, curing trolleys and chamber, boiler, electric

motor, transformer,etc.
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of Gujarat at Ahmedabad on March 21,1992,
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Table -2 -
CFRI Fly #sh Brick Technology Licenced to
Entreprerieurs & Organisations
(48_on March,1992 )
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31 Name & Address : Year Plant Location Status
No Cap.
(Bricks )

1. West Bengal 1977 1000/ asansol, Produced 4.5 lakh
Housing Board Shift W.Bengal bricks.in 1977~
Calcutta 78, inoperative

thereafter.

2. Jagatdhatri 1982 20000/ Barrack- Produced more
Brick Industry Day pore, than 12 million
Pvt Lta. W.Bengal bricks & under
Barrackpore, regular produce

W.Bengal tion.Contempla~
_ : : ting installat ion
3rd Brick Moul-

_ ding Press

3. Jyoti Industries 1982
Calcutta

4. B K Poddar, 1083
Calcutta _ ‘

5. A L Chopra 1984
Caloutta ) | _

6. Pulver Ash Proj.Ltd. 1984 90000/ Bandel, Construct ion work
2 & 2% Black Burn W.Bengal in progress &
Lane, Calcutta ' expected to be

in production
199293

7. Dakshinesweri 1984
Builders,W.DBengal

8. Shree Krishna 1885 100000/ Tribeni  Work in progress
H8h Bricks & Day W.Bengal

Allied Products(P)
Ltd. $ Calcutta

9. Bihar State 1987
Industrial Dev.
Corpn., Patna

10: Jandpriya Develop= 1988
_ers Ltds, Caleutta
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Table~2
(Continued )
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11. Bright Bricks 1989 20000/ Raichur In production
(P) Ltd.,Raichur Day Karnataka s8ince 1991
Karnataka

12. Thirumala Flash 1990 30000/ Vijaywada Likely to be
Tech. (P) Limited Day Andhra-  commiss ioned
Vijaywada , Pradesh  soon
Andhra Pradesh '

NB :

Two more private entreprenceurs from Bihar and West Bengal
are in advanced stages of neégotiation for their proposed

fly ash brick plants at Patratu and Bandel respectively,

while many others from all parts of the country are

showing active interest in the manufacture of fly ash
bricks. |
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UT ILISAT ION OF FLYASH - 4 STiTE OF VAGUENESS

By

Mr 4 K Basu

Development Consultants

CaLCUITA
Utilization of Fly Ash, which was hitherto been considered as
waste material, has assumed a great importance during the past
few years, specially with regard to utilise the same as
substitute Br building materials. The reasons for gaining
momentum in this status emerges out from the pollution control

" and hazard for which both consciousness and requirements are

increas ing.,

Flyash have 'Puzzolonic characteristics! that is the properties
aqhieved when reaction of calcium oxide with water takes

place to form a compound with low solubility and high cementing
properties. Thus, flyash after mixing with lime can be used

for various building materials.

However, sSince the utilisation of fly ash for using it as
different types of building materizls have gained momentum,
the news items on these subjects are béing focussed in diffe-
rent news media in a variable nature of reporting. The rent
items starting from the claims of individual personalities as
weli a8 corporate bodies claiming development of technologies

and usages which are at variance so far as cost structures of
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different produce and the nature of usage thereof without
giving requisite minimal details required for appraisal and

appreciation.

Thus, the confusions are created when news/review items come
out with captions “CEMENT FROM FLY ASH" OR "FLY ASH I3 AS GOOD
AS CLAY AWD CHEAPER TOOY,

Tt is needless to menticn that with enormity of flyash gencrated
and‘with the question of comservation of top soils from pollution
control point of view for keeping the ecological balance, the
meaSures iﬁ this directilon have to be taken in a much faster
pace. But these measures are to be taken in a well controlled,
organised manner, to a fruitful direction keeping in view.the
long term consideration. In most of these new items/ reviews no
positive aspects of the technologies afe described & confined
within the genéralised statements about the utilisation of flyash,
which left a void ahout the aspvects described and thus the

confus ion created.

Basically the flyash can be used mainly on two aspects of buil-
ding materials that is -etther using it as a cementation
Mmaterial or for manufacture of bricks. Aside the fly ash

can be used in development of land, road, mines, agriculture

and ilrrigation projects in the manufacture of wtility products
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and in the extraction of valuable material frcm fly ash.

For construction materials number of technologies have been
developed namely, Portland Pozzolona Cement; réadynmade flyash
concrete; precast fly ash concrete building units; sintered

fly ash light weight aggregates, lime fly ash cellular concrete;
fly ash building briQKS etc.

The Government policy mekers have realised the problem of
waste utilisation and have set up the National Waste Management
Council vide Circular No. 17(1)/87~P2/HSMD dated 25.,1.1990.
This council has been set up for streamlining the approach

for utilisation of waste material of which flyash constitutes

a major ingredient. The purpose is to guide the effort

in its proper direction and keeping in view the long term
approach attains a status of 'Proveness' and do not get

165t in short term vagaries with disco-ordinated effort.

The fly ash ﬁtilisation as mentioned above may, thus, ba
divided in two main categories as building mater ials that
is (i) Utilisation as é cementation material and (ii)

Utilisation in *Fly Ash Bricks ' making for building and

industrial structures.





