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: ABSTRACT i
The acidic red loam of Manipur valley, formed as a result of trapspoited weathered fines from the rocks
of Disarg series and shales, sandstone, siltstone and Jerruginous materials of Arakan and Naga hills, contain 4
muscovite, illite, kaolinite, goethite, chert (polycrystalline guartz), soda potash feldspar and chlorite clay

minerals,

The bricks manufactured from these soils turn porous, yield poor strength and crack on burning at.

temperatures 300-400°C, which has been attributed to clogging of pores in brick body due to thé presence of 16-
36% colloidal fines and rapid evolution of gases during oxidation of organic carbon, pyrite, ferruginous materfals

ete. present in the soil.

13

The bursting of bricks during firing can be checked by the addition of opening miaterial as grog or local’

3 sand (10-30%) by weight and firing at a controlled rate not exceeding 50°Cf{hour.
cm?, water absorption 3 to 12% and bulk density 1.60 to 2.18 glcc can be manufactured in the firing range of

1000 to 1050°C. w

At the request of Industries Department, Manipur
state, investigations on’ the suitability of acidic soils
covering the ceatral valley of Manipur state was under-
taken* for the manufacture of good quality “building
bricks,’ Ths brick industry in the state has been
facing serious ' problems "as (1) 40" to:55% of the
moulded bricks crack duriog drying and " burst during
firing (2) high cost of liring bricks (3) efflorescence and
salt retention in fired bricks obtained from kilns where
Assam coal, generally known to contain.high sulphur,
is used as fuel. A process to develop bricks of strength
200/350 * kg/cm® water absorption 5-10% and bulk
density 1.80 to 2.10 gfcc'and ‘the results of investiga-
tions tO‘estainsh"lhe’factoraicontribuling to firing

“losses have been reported in the paper, !
- Soil Characteristics of Manipur Velley.

The soil of Mainpur valley has been broadly cla-
8sified as red loam containing very fine grained sand,
silt and clay?, The deposits are of recent age and
have been formed as a result of transported weathe-

Bricks of strength 70-250kg| "

Fidy

red fines from Naga and Arakan bhijlls. Concealed
beneath theni are the rocks of Disang series and sha-
les, which show spheroidal weathering in the form of
compact sandstone, siltstone and ferruginous materials,
The occurance of lignite seam associated with bluish

. grey clay is common around Imphal, - This alluvium
{is plastic and is used for brick manufacturing,

The soils from 5 kiln sites from Canchipur village
on Indo-Burma Road at 4th mile stone from Imphal
were selected for the studies. The particle size distribu-
tion, Atterberg’s limit, organic carbon, hydrogen ion
concentration and chemical-analysis of the soils are
given in Table 1. The soils are acidic in nature, pH 6
to 6.8, rich in organic carbon, 0.11 to 0.8% and con-
tain nodular goncretions which disintegrate in suffic- .
ient wetting. It appears from Tablel and 2 that the
total fines in soils 1 & 2 is higher than that present in
soil samples 3 & 5 but the liquid limit for all these four
soils is comparable. It indicates that the proportion of
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non-clay fraction below 0:002. mm-in'soils.1 & 2 is gra-

ater than that of 3 & 5 and does not. contribute to inc-’

rease the liquid hmit. The presence of high proportions
of organic carbon in-soils 1,2 -and 5 (0.75 to 0.82%),
however, improves the plastic properties. and. increases
the acidity of the soil. ‘

Mincralogical Studies :

The chemical analysis of hydrogen peroxide trea-
ted clay fraction from soils-2, 4 & 5 (Table 2) show a
silica:alumina ratio 3.1, 2.3, 4.0 and: silica-sesquioxide
ratio 2.5, 1.2, 2.8 respectively, The actjvity coeflicient
vaiying from 0.57 to 1.17 (Table 1) for all the samples
show that these clays can be classified as normal clays,
which according to Skempton® are geoerally known to
contain halloysite, illite and chlorite group of clay
mioerals., The soils are rich in.organic catbon (0.11 to
0.829%) and the base exchange capacily vary between 41
to 55 m, eq./100 gm of clay (Table 2). This suggest that
the clay mineral associated with the soil could be hall-
oysite (kaolinitic)/illite (mica group). The observed
values of baso exchange capacity are slightly: high,
which could be attributed to the presence of organic
matterfcolloidal particles and the lerruginous matter
present in the soil!. The soils.1 & 3 contain 0.27, 012%
waler solubles respectively mainly in the form of cal-
cium sulphate and magoesium . sulphate (Table 1),
which may however contribute to the development of
scum and efflorescence, The total sulphur in soil is
high varying in the range of. 0.098 to 0.136%, which
may oxidise on burning to form soluble sulphates in
fired brick bodies.

The result of petrographic analysis on soils (frac-
tion retained on 150 and passing 90p 1S sieve) show
the presence of quariz, chert (Cryptocrystalline qua-
riz), goethite, pyrite and minor amounts of- feldspar
and chlorite. Iron minerals occur as coatings.-and as
an slteration product, covering silica graios fully or
partially.  These alteration products consist mainly
of goethite, Pyrite grains occur independently. Quariz
grains are generally rounded to sub-rounded in shape
and show the presence of fissures and cracks filled up
by ferruginous impurities indicating the effect of exces-
sive weathering. Chert exists in considerable propor-
tions. Amongst accessory constituents, feldspar as an

-inter-growth of potash-soda feldspar and chlorite as an
alteration product are present.

The clay fraction free from organic mater was
used for X-ray-and differential thermal analsis. The
thetmograms oblained from samples 1 to 5 (Fig. 1) sh-
ow endothermic peaks at 100-110°C ip the temperature
range of 100-200°C, 520-550°C and an exothermic peak
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*at'960-980°C indicating the presence of kaolinitic vand

illitic group of clay minerals; The'endothermic peak at
310°C and exothermic at 420-440°C suggest the- pres-
ence of goethite/gibbsite and pyrité. The X-ray results
for these samples show the characteristic lines 10.1,
4.49; 2.56-and 7.11; 3.57; 2.33;'1.49; indicating the pre-
sence of illite, -muscovite arid kaolinite respectively®.
Goethite; magnetite, pyrite, quariz and-a little amount
of corundumnis also present.in all the:soils.

- Moulding and drying characteristics of bricks :

. Briquettés of size 7.55 x 5.08 x 3.53 cms obtained
by extrusion process and full size bricks (22.86x11.-
43 x 7.. ems) shaped by hand moulding process were
dried under sun. The bricks did not show any deforma-
tion on moulding or warping and cracking during dry-
ing. However, all tho.bricks cracked on firing below
900°C while bricks from soils 1 & 2 burst into pieces
at lower temperatures 300-400°C, A similar observa-
tion has been reported for bricks manufactured from
marine clays of Kar'dla® and. alluvial clays of Tripura’
and Asarsol®,

The expansion and contraction characteristics of
bricks during firing from soil samples 1 & 5 were
therefore investigated using Malkins Thermal expan-
sion apparatus. The extruted mass of clay boedy was
used to mould the bars of size 7.62 x 1.27 x 1.27
cms for the study. The edges of the specimen were cut
in such a way that the two end faces were plain aod
perpendicular to the Jength-of the piece. The specimens
were oven dried at 105°C, The green specimens Were
fired in the thermal expansion apparatus at a firing
rate of 6°C/ minute. Similar study was also conducted
on prefired specimens; The rcsults of . expansion

-and contraction - occuring in: the green -and prefir-

ed specimens at various. temperatures during firing
cycle are-given'in fig. 5. The results show 1two inflec-
tions occuring 1n the (emperalure ranges of 150 to
250°C and 500 650°C These inflections also appear
in prefired specimens indicating the reversible volume
changes in the brick ‘body due to transformation of «
quaris lo f quariz 8201112814, Eygther, the linear
expansion occuring in the temperaturs range of 150 to
250°C is 0.1%. which increases to 0.64% in the
temperature range of 500 to 650°C. This causes suffici-
ent stresses in the brick body to crack during firing.
The cracking may be further aggravated as a result
of the gases formed in the bricks body during decom-
position of organic matter, oxidation of pyrite and
other ferruginous materials present in the soil,

The oxidation of organic matter depends on M
the nature of clay organic complexes, (2) amount of
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oxygen available and (3) grain size of the clay body
providing access to the ingress of oxygen as well as
expulsion of gnses (4) temperature, Theso renctions
are time dependent, It is considered that the gases
readily evolved at temperature 300-400°C/ 500-650°C
and at faster rate of firing do not get easy access to
flow out from the non-porous structure formed as a
result of clogging of pores by colloidal particles
present in the brick body (Table 1). These gases get
entrapped and eventually expand to burst the brick
body. Such results have bsen reported for porcelain
badies *¥ marine soils rich in organic matter and some
alluvial clays 78,

Bised on these observations, the eracking during
firing was checked by the addition of 10 to 30% erog
(clay cilcined at 700°C) or local sand and firing at a
controlled rate not exceeding 50°Cfhour. Full size
bricks and briquettes were therefore moulded by the
addition of grog and local sand in optimum propor-
tions (Table 3) and were fired at the above rate in an
electric furance. The results of strength development
at various temperaturs of firing in briquettes are given
in Fig. 2 and for the bricks in Table 3.

The strength and bulk density increases with the
increase of firing lemperature upto 1060°C, The bloa-
ting in briquettes from all the soils occurs at tempera-
tures above 1060°C when bulk density and compressive
strength decreases and water absorption increases sli-
ghtly (Fig. 2,3,4). It may be noted from Fig. 5 that
abrupt shrinkage in bricks occurs beyond 900°C. This
explains the sharp increase in strength 16, 19 17 occuring
in the brick body as a result of the formation of glassy
matrix bonding insitu the crystallites as ‘spinel!mullite

etc. formed from the clay mioerals illite/kaolinite pre-

sent in the soil,

Full size bricks from the soils containing grog and
local sand in optimum proportions (Table 3) were fired
at temperatures 950,1000 and 1060°C. The bricks of
strength 80 to 350 kgfcm?, water absorption 3 to 129,
and bulk density 1.60 to 2.16 gfcc can be manufactured
on the addition of grog from the soils at temperatures
1000 + 50°C. On the addition of local sand the stren-
8th is slightly reduced (Table 4) and common building
bricks of strength 70 to 150 kg/cm® and water absorp-
tion above 5%, can be manufactured. The recommen-
dations for the manufacture of such bricks have been
adopted by the industry in the State of Manis

pur.
Conclusions :

I. The red loam of Manipﬁr is highly weathered
containing nodules of silt and sand stones. Mineralogi-
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cal studies show the presence of illite, muscovite and
kaolinite, goethite, chert, pyrite. Feldspar and chlorite
ure also present as accessory minerals,

2. Cracking of bricks during burning occurs at
300-400°C due to the presence of organic matter, pyrite
and ferruginous materials in the soils and nonporous

Structure of the clay body containing 20 to 32% colloi-
dal fines, -

3. The cracking of bricks can be checked by the
addition of opening material asg grog and -sand (10 to
30%) and controlled firing at a rate not exceeding
50°C/hour.

4. Bricks of strength 70 to 250 kgfcm?2, water
abserption 3 to 12% and bulk density 1.6 to 2.18 gfce
can be manufactured from Manipur soils by the addi-
tion of 10 to 30% grog or local sand.
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TABLE—1
Physico Chemical Properties of Imphal Soils
Soil Samples 1 2 3 4 5

Mechanical Analysis
Particles

<lp

colloidal % 23.7 36.8 240 14,5 16.5
Purticles

<2n

clay % 40.6 43.6 30.6 18.6 301

Silt 9% 30.5 27.0 46.0 48.0 39.5

sand % 28.9 29.4 23.4 334 30.4
Atterberg’s Limit

Liquid Limit 59 57 60 43 59

Plastic Limit 31 32 25 24 - 31

Plasticity Iodex 28 25 .. 435 19 28

Activity-Coeflicient 0.69 0.57 1.17 1.02  0.93
Organic Carbon (%) 0.75 0.78 0.16 1 0.82
Soluble Salt (%) 0.27 0.06 0.12 .06 0.09
Calcium Carbobalte (%) Nil Nil Nil Nil Nil-
pH 6.1 6.1 6.7 68 ° 6.2

TABLE—2
Chemical analysis of Imphal Soils
Soil Sample 2 4 5

Loss on Ignition 9 10.04 10.14 9.04
Stlica (5i0,) % 51.55 43,76 53.82
Ferric Oxide (Fe,0s) % 7.08 9.57 8.92
Alvmina (A1,0,) % 27.21 31.99 22,75
Calcium Oxide (Ca0) % 1.26 1,38 0.77
Magnesium Oxide (MgO) 9, 1.55 1.64 1.76
Alkalies etc. (NayO+K,0) % 1.31 1.26 2.94

Base exchange capacity, meg/
100 gr. clay 41 51 55
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TABLE—3 H |
Firing characteristics of full size bricks ;‘ :
(A) Requirement of opening Soils Samples ﬁ l
matorial, 1 2 3 4 5 o
Grog or Sand 30 30 10 Nil 20 "
(B) Properties of Fired Bricks : 5 o
Grog Addition Bricks from Soil samples i ~
Properties Firipg Temp. 1 2 3 4 5 H g
0°C iy Q0O
1. Comprossive 950 86 91 100 97 100 4 o)
Strength Kgfem? 1000 178 210 254 246 266 : /M
1060 270 324 385 355 325 g g e
o
Z
]
=
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=4

Fig. 4—GRAPH SHOWING THE WATER ABSO-

(Percent) 950 13.6 122 153 17.7 16.2 O
1000 8.1 6.4 59 82 8.7 H S
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