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Use of flyash from two thermal power plants in conjunction with ten red and black soils of varying texiure,

region of Mirzapur district (U.P.) has been investigated.

ture clay fly ash building bricks. Fly-ash addition to the soil modifies the drying behaviour, reduces

shrinkage, contributes to strength development in optimum proportions depending on the plasticity, parti-

foks of strength 75 to 200 kglem®, water absorptio
een thanufactured in the field by the addition of 15 to 35
Bie o 950° — 1026°C.

pilot plant trials and field production of such

L
Natignal Thermal Power Corporation Ltd. at Shalkiinagar

uctien

rmal power plants in India are producing lar-
rowing tonnage of flyash as waste which is eo-
foublesome to dispose off. Weinheiner?, Th-
Nelles?, have examined the physieal and ch-
_properties of flyash with a view to evaluating
ibilities for commercial utilisation of this mat-
brick making. They have opined that this
ould not compete with low cost clays, From
vestigations'carried out later by Minnick and
Biretka and Browan+ Butterworth®, WattsS. and
thers”®, it has been concluded that the flyash
ction with surface clays or shales can be adv-

d mineralogical composition and the nature of extraneous matter present in the soil. Good quality build-

n 10 to 19 percent and bulk density 1.6 to 1.9 glec have
percent flyash by weight of the soil at a firing temperd-

bricks were undertaken by U P.S.E.B. Kilnsat Obra,

and private brick manufacturers in MirZapur district,

.'!yaslresfrom Obra and Renusagar Thermal Power Plants. Several crores of bricks have been mantfac-
'/_{:h show a saving of 20-25 percent coal during firing in Bull's kiln, better burning and improved quality of
wetion. Small proportion of salt retention in bricks exists which is mostly in the forns of calcium

ntributing to scum formation over the brick surfaces which becomes insignificant on hard burning.

antageously used in the manufacture of bricks provided
both the materials are available from the sources within
a reasonable distance. The production improvements
include:

. Reduction of lamination in the brick body,
(2). Controlling effect on drying and firing shrinkages,
and (3). General deepening qf colour.

Since the flyash addition to clays his a marked eff.
ect on the plasticity, particle size distribution, chemical
and mioeralogical composition, doubts heve been rais-
ed if flyash could be mixed in any proportion with all
the clays, The feasibility of the manufacture of bricks

* The pApsr was presented in’ Natlonal Seminar on Building Materials-Their Science and
Technology held at New Delhion 15-16 April, 1982,
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from flyash in conjunction with Indian soils is therefo-
re, being studied by Central Building Research Instit.
ute, particularly for those regions where flyash is eco-
nomically available and the voils do not yield good
quality, durable building bricks 0.4, This paper deta-
ils the results of investigations carried out on alluvial,
red and black Vindhyan soils of Mirzapur district
(U.P.) for their suitability for brick manufacture, util-
ising flyashes from U.P, State Electricity Board’s Ther-
mal power, plant, Obra and Renusagar Power Company
Ltd., Reousagar, U.P. :

2.0 Characteristics of raw materials
2.1 Soils ‘

The Vindhyan Soils from three characteristio geo-
logical formations in Mirzapur district, namely Aundi.
Singrauli series, Paraspani series B and Dudhi asso-
ciations  were selected for the iovestigations. The
soils from sites Kota Village (K), Aundi turn at Bina
*Aundi and Singnauli Pipri roads crossing (AD): Bina
Village (BN) representiog Aundi Singrauli serics 2,2
Jayant Coalmines near Dudhichua Colooy (JT) repres-
enting Dudhi Associations, and Obra (OB), Pipri (PP)
sites repressatiog Paraspsai series Were collected upto
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Fig.l. Thermograms of clay fractions from Yindhyen soils of
Mirzapur (U.P,). . § y ]
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2 m depths for brick making studies, These yo, o
residusal type, uan_dy to clayey loam, hard, sticky, m”;
sansitive and are generally weathered Productg of thy
parent rock gneisses, granites, quartzites, apg sandsqg,
nes ' The yurface soils overlying .thess sites are mop. |
tly blackish in colour which turn yellew to brownj,h 0
red at depths depending on drainage, topOBfﬂphim e
variations ete. and invariably contain nodulay concre;,
ons at depths mostly calcareous, ferruginous and gjlje.
cous in nature, The physical and chemica) Propertis;
of these s0ils examined show that most of the 0ilsary
clayey to clayey loam with the exception of OB, whigh

- is sandy and K,, PP are sandy loam, the organic carh.
oD, water soluble salts'and hydrogen ion Coneentratioy ;
vary in the range of 0.18 to 0,30 per cent, 0,04 to 0,16
parcent and 6.7 to 7.8 respectively, The resvlts of
particle size analysis and mechanical analysis and plage
tic properties of various soils are given in table 1, whi.
ch suggest that 70 to 90% of the clay asosiated wigh
theae soils is colloidal in nature, The results of chem.
ical analysis and base exchange capacity of 6oilsare
given in table 2, which invairably show very high ailica
alumina and silica sesquioxide ratios becauso of the |
presence of high proportions of free silica and RyOyin
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4 showlng water absorption of briquettes fired al var-

Fig.4. Plots showiog bulk densily of briqueltes firod at various
temperatures from Yindhyan soils,
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the extraneous matter presentin the soil. The ‘miner-
alogical analysis of these soils were carried out by X
ray, differentisl thermal (Fig 1.) and petrographic tech-
niques, the results of which show. the presence of the
following minerals in order of predominance ; .

Kota Soils 1 Muscovite, disordered kaolin,I quarlz,
(K1, K2) magaoetite, and orthoclase feldspar,

Aundi Turn Soils :
(AD-1, AD-2) Muscovite, disordered kaolin,

quartz, magnetite, feldspar, ex-

panding group of clay mineras

ls, haematite,

Muscovite, diserdered i:aolin,
montmorillonite group.of clay

Bina Soils g
(BN-1, BN-2)

minerals, phlogopite, haematite,

quartz and plagioclase feldspar,
Jayant Soils 3 Muscovite, kaolin, quariz, hae-
JT) matite, feldspar, '

Obra & Pipri :
Soils.(OB & PP)

Kaelin, miea, quartz, hasmat-

atite,
2.2 Tly Ash
Tho pulyerised fuel ashes (flyash) from U.P.S.E.B.

ite, feldspar, magunetite/ haeme




INDIAN CERAMICS

Table I: Particle Size Analysls and Plastic Properties of Vindhyan Soils of Mirzapur (U,P.)

Properties  Soil Sites K-l K-2 AD-1 AD-2 BN-1 BN-2 T OB-1 o—a.-z_“?l;-
. P ‘——E\

A. Particle Size Analysis, ) i

1 Pdrilclq‘s above lmm siz_a%- 1.83 2,07 5.46 1.16 0.96 0.51 1,78 0.38 - 3.15 3.60

2. Clay, %" Co212 36.0 27.4 27.6 30.5 3.2 | 382 13.3 319 166

3. Silt9 15.4 21.0 28,5 34.9 19.2 9 NS 126 285 199

4. Sand, 9 63.4 41,0 44.1 7.5 50.3 369 303 74.1 9.6 ¢

5. Colloidal Fines®, 18.9 33.2 23.3 226 27,0 27.8 313 913 256 13

B. Limit ‘Values, Iy :

1. Liquid Limit 25.4 37.0 397 369 4.0 338 380 - 306 |, s37 30

2, Plastic Index 12.9 202 21.1 17.3 17.5 15.9 184 70— 330 °  qg9

C. Actlvity Co.efficient, 0.69 0.56 0.77 0.62 0.57 0.50 0.48 —_ 1.03 06
Y .
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Fig.6. Plots showing water absorplion in briquetts with different

proportions of fly Ash addition in Viodhyan

950°C and 1020°C f

soils and fired at

thermal power plant, Obra (U.P.) and ‘Renusagar pow.

gFiny!
1

W

]

er Company Ltd., Renusagar (U.P)) were utilised for =

brick msking studies, The chemical analysis of boty

the flyashes are given in table 2, which indicate the pre
esenee of 0.6 to 2.5% unburnt carbon and less than 19
50s. The mineral constituents present in the flyashes
were identified by X-ray and petrographio analysjs,
whieh indicate the presence of mullite, magnerite, qua-

, T'Z, cristobalite and plagioclase. The water goluble

extracts from both the flyashes show the presence of
calcium sulphate in the form of gypsum/ gypsum an:

hydride,
3.0 Brick making properties

Drying Behaviour

Experiments were earried out with two sets of
mixtures. One by preparing the composite mix of soi

Is of each site upto2 m depth and secondly various °

propartions of flyesh frem 10 1o 50 %, by weight of the
soil were mixed with the blepded mixtures of each site,
The mixes were thoroughly dry mixed and then watersd

sufficiently and manually processed to prepare a hom: «
ogeneous plastic mass having sufficient workability for =

hand mouldiog the bricks, The hand moulded brisks .
of size 22.5 x 11.25 % 7.6 cm and bars of size 25 X 2.5
X 1.25 cm were subjested to sun drying and alse in8
conslant.room temperature maintained al a temperate
ure of 2/°*2°C, The bricks moulded from soil mixes
without any flyash additien from all the sites cracked
on drying under sun excepting the bricks from lﬂﬂd"_
soil of Obra-1 and Pipri. The linear drying shriokag®
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Results of Chemical Analysis and Base Exchaoge Ca-
pacity of Soil and Fly-ash Samples from Mirzapur
U.P):

e

Fly Ash From

~ Soil Samples from Sites

; K-1. .AD-1 BN-1 JT Renu- Obra
j g © Sagar

Chemical Composition

6 -0.63 093 163 L0 - &
450 638 594 1.5 057 250
7421 6245 68.90 64.25 5537 5630 -
3,% 12.59 16,04 11.82 5.85 13.60 ra
de,% 537 9.06 8.70 16.22 © 2691
de,% 4.90 8.07 7.64 15.15 - —
rous ! )
xide,% 047 099 1,06  1.07 - -
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Fig. 8 Plots showing soluble salts in briquetles at var!oul teme--

peratures from Yiodbyan solls,

7]{'1

“-Zz2Qg~"
11

LTI

-

—

[<2]
T

Soluble Salts , °/»

- -
o o
~J I~
T T
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6. Calcium
Oxide,% 1.44 1,88 142 2.62
7. Magnesium
Oxide, %
8..Sodium
Oxide, %
. Potasium
Oxide, %
0. Silica :
Alumina,% 10,0 69 10,0
11. Silica:
Sesqui-Oxide,
% 80 52 6.8
B. Base Exchange

1.67 ; 2,5
0.27 1.33 1.08 144 0.29 2,0
0.22 L.15 098 0.96 0.37 0.4
046 1.80 192 156 0.64 l_Q.GO :

17.8 AL, e b

Capacity meq/ ; s
100g of clay 39.7 48.8 59.9 39.1 L =

at the workable moulding moistures of brieks and ba-
rs from all the sites, are given in table 3, which indicate
that the bricks under normal conditions of sun drying
crack when the linear drying shrinkage excecds 6%. On
the addition of fly ash, the drying behaviour of soils




Table3: Optimum Requirement of Fly Ash addition for Mou-
" Iding Bricks and Their Drying Charaoteristics from

INDIAN CERAMICS

Vindbyao Soils of Mirsapur District (U.P.):

sl Mix Propor- Mouldjog Linear Linear
Boil from tion 9% by =~ Moisture Dryiog  Drying

Sites weight of Bricks %  Shrin- Shriok-

i kige 9% age 9

No. Soil Fly Ash With" " Without
Flyash Flyash
I. K-1 g8 3¢ 20.8 4.0 7.2
2, K2 75 25 23,0 6.0 8.1
3. AD-1 75 -25 26.3 60 " g4
4. AD-2 65 35 257, 50 i
5. BN-l ¢5 35 23.2 . 50 ' 84
6. BN-2 75 "~ 25 22.9 5.5 7.2
7. 9T - q0 30 23.3 5.5 —_
8. OB-1 90 10 19.4 3.5 5.0
9. 0OB-2 70 30 242 4.5 —
10. PP g0 20 24.8 4.5 53

Table4: Firing Gharacteristics of full size bricke (22.5x 11,25
: x 7.6 cms) from Vindhyan Soils of Mirzapur District

(U.P.) by the addition of optimum proportion of flyash,

980°C 1020°C
Soil Site  Compres- Waler Bulk Compres- Water Bulk
sive stre- absor-_ dens-  sive sire- absor- den-
ngth ption  jty- ngth ption  sity
kg/em? %  glec  kglem? 2 gfee
1. Kota- Soils
K-1 99 12.5 1.60 147 12,2 1.95
K-2 83 12,4 ].62 140 13.8 1.82
2. AundiTurn Rl L
. Soils : Jab
AD-1 153 13.3 1.67 189 11.1 1.83
AD-2 167 13.9 1,58 196 102. 134
3. Bina Soils
BN-1 108 134 1.5 169 1.7 1.7
BN-2 143 127 L 219 105 1,85
4, Jayant Soils
JT 141 12,9 . 1.68 180 11.2 1.79
5. Obra Soils.
0Bl — o - 162 ' 164 11
oB-2 . — — 151 183 1.54
6, Pipri Suils
rp —_ —_ —_ 189 19.7 1.50

.

Aprjl "%
from all the sites is largly modified, thereb
the linear shriokage below 6% when tije Crackigy
bricks during drying is eliminated. The optimugy L 4
oportion of flyash essentially required (o by m[x]::

with the soils to check drying losses in brickg are giy
en in table 3, iy el

Y redugjy :

3.2, . Firing Characterisllcs; ; ; )
The firing behaviour of seils, possessing °]ﬂ§e'y o,
clayey loam textures, without the addition of flyash
could not be examined as the bricks moulded frg
ese soils cracked on drying. ~ On the addition of oplis
mum proportion of flyash to the soils (Table 3) fro ;..‘L
Kota (K1,K2), Aundi Turn (AD-1,AD-2), Bina (BN:.p
BN-2) and Jayant (JT), the briquettes of 8iz6 7,5 x 5,0."
x 3,75 cm were hand moulded and fired in the tempgp. . -
ature range of 800°—1060°C, maintaining a firing rate
of 100°C/ hour & and soakiog period of 5 hours i an f
“electric furnace. The results of compressive streng(h,
water absorption, bulk density are given in figures 2
to 4, The results show that in all these soila the strep.
gth increases, the water absorptien decreases and (hy e
bulk density increases with the increase in firing temp.
erature beyond 900°C. However, there is no apprecis
able improvement in strength between 800—900°C ex.
cepting in the case of ‘Aundi and Jayant soils wherein
steep rise in streogth, and fall in water absorption ogc: :
urs above 800°C. Similar behaviour has been observed
in the case of Obra and Pipri seils wherein the strength
increases and water absorption decreases with the jng:
rease of firing temperatures, In the case of Obra—1 -
and Pipri, wherein dryiog is no problem, flyash additi- !
on in the range of 10 to 3.9, by weight of the seil aff-
ecis the strength and bulk density and increases the
porosity. (Fig.5 to7). The salt retention in_ bricks coms,
taioing flyash gradually decreases with the increase of
firing temperature and becomes almost constant below .
0.08% in the temperature range of [000° 1060°C (Fig.
8). Most of the salts retained in the brick bedyarein
the form of sulphates of caleium and free lime, Cryst:
allised salts from the water soluble extracts were furt:
her identified by X ray and petrographic analysis whe |
ich confirm the presence of gypsum and gypsum anhy: =
dride. These salts do not contribute to any apprecis:
ble efflorescence or deterioration of brick surfaces due
to their low solubility, from the results it may be con:
cluded that the optimum firing temperature for thes
bricks is 1000°+20°C,

m th

o,

Wi




rlies of Full Size Clay-Flyash Bricks.

.a bricks of dimensions 22,5 x 11,25x 7.6 em
optimum proportions of f.lyauh (Table 3)
at two temperatures 980° and 1020°Cin an

%omprcssivo strength, water absorption and
ity when tested as per 18:3495-1976 ase given
_ The results show that the bricks of streng-
., 20 kg/em?, water absorption 10—2069% and

ity 1.50—1.95 gf/cc eap be manufactured in

actured did not show any perceptible efflore-
[he colour of the bricks was brick red and
metallic ring when struek,

Obra sieved flyash by weight of clayey plas-
Obra and 20—25% sieved, Renusagar flyash
of Kota soil were mannually mixed, watered

icous plastic clay mass s0 obtained was used
moulding of bricks. The hand moulded bric-

ure range of 950°—1020°C. The drying and
s8es were minimum within 5 to 7 percent as
rally found in commercial production of cony-
‘bricks.  Fifty Jakh bricks at Obra and two

in three grades on the basis of colour, shape

ks were first class, 10 to 20 percent second
nd 8 to 12 percent third class, The manufuctured
DIicke When tested as per 15:5454— 1969 showed stre-
D8Ih 75 to 150 kp/cm? and water absorption belaw 16
ent from Obra soils and 80—200 kg/cm? and wat-
Erabsorption varying in the range of 10 to 14 percent
ta seils. The brieks did not show any perce-
efflorescence and conform to 1S :10i7—1975,

PEICe

use of fly ash offers a considerable saving in
f3umption which has been found to vary in the
¢ £2.5-3.0 tonpes of grade I coal per lakh of

Obra and 5 | 7 tonpes grade II coal per lakh
at Kota, -

erature range of 980—1020°C. The bricks .

cks at Kota were manufactured, They were .

g sound. 70 to 75 percent of the mapufact-

. 1 _ ' INDIAN CERAMICS = o 5

The eost of production of clay-flyash bricks duris
ng 1977 78 was comparable to that of vonventional
bricks and worked out to be Rs, 84/1000 bricks at Ko--

taand Re. 95/1000 bricks at Obra. The slightly hig '

her cost of production at Obra as compared to the co-
st at Kota is attributable to the higher-cost of gradre I
coal used at Obra, . 5

Conclusion

1. Ten samples of red and black Vindhyan soils from Mira-

apur District pessessing sandy, losmy to clayey texture, rich in
siliceus & ferruginous extrancous matter and containing disorde-
red kaolin, mica, and small proporiions of expanding group of
clay minerals were examined for brick making propertiesin con-

juoction with local flyashes from Obra and Renusagar Thermal
Power Plaots.

2. The use of flyash largely modifies the drying behaviour

of roils, reduces dryiog shrinkage & checks cracking of bricks ;

duriog drying. The optimum requirement of flyash addition va-
ries with the mecbanical composition, texture, drying and firing
behaviour of the soils. i

~
3. Addition of 15-35 percent flyash on the dry weight of Vi-
ndhyano soils yields building bricks of strength 75-200 kgfcm3,
water absorption 10-19 percent and bulk density 1.6 to 1.9 g/ce

ata firing temperature of 950°-1020°C, The bricks manufactured
were free from efflorescence. . :

4. Thelarge scale production ofclay flyash bricks at vario-
us kilns_il_hp the region was undertaken, where in a saviog 0f20-25%
in coal was achieved during firing in Bull's kilo and the quality
of bricks manufactured was also improved. Salt retention in the
form of calcium sulphate and calcium oxide exists which do not
redily effloreca, scum appears in low temperature burnt bricks,
which is reduced oa bard burniog at 1000°-1020°C.
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