CHAPTER V

LABORATORY TIESTING

TABLE V.1

CHARACTERISTICS IN RAW STATE

f. Percent
loss on
ignition

g. Sp. Gr.

matter, mica
flakes

13.66

2.32

matter, mica
flakes

14.07

2.35

Properties i1C 1D 2A
a. Raw -Light grey . Greyish black Grey to dark
color to dark at - with layers of . grey hard lumps
depth,medium plant fossils.
hard lumps
Color of Grey Grey Grey
powder
-b. Visual Micg flakes, Mica flakes Mica flakes
impuri- carbonaceous - coccasional,car- quartz grains,
ties. (coaly) bonaceous little carbona-
matter matter ceous matter.
c. Slaking Fair Hair Fair
nature
d. pH Te3 T.8 Te3
e, Residue on
150 B.S.S.
Sieve
Percent 1.1 6.2 2.8
Residue
Nature of Fine quartz Fine quartsz Fine quartz
Residue grains, grains, grains, carbona-~
carbonaceous carbonaceous ceous matter,

mica flakes, un-
dispersed clay.

13.42

2«37




CHARACTERISIICS IN RAW STATE,.(Contd.)
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Properties 3A 4C 5B
a. Raw Greyish white Dark grey lumps, Grey hard lumps
golor to dark.grey Homogeneous color
hard £linty
lumps
Color of Grey Grey Grey
Powder
b. Visual Fine quartz Mica flakes on Fine quartz
impuri- grains, mica fresh cut sample grains, carbona
ties flakes, carbo- more, little -ceous matter,
naceous matter organic matter Ferruginous
is more matter trapped
in Jjoints; mica
flakes
¢c. Slaking Moderate Moderate Fair
Nature )
d. pH 79 Te3 1T
e. Residue
on 150
BQSQ‘SQ
Sieve
Percent " 6.5 244 4.5
Residue
Nature. of Little fine Fine quartz, Fine quartz
Residue quartz grains, . grains, mica, sand mica,
carbonace ous carbonaceous carbonaceous
matter, mica and ferruginous matter, little
flakes, undis~ matter, undis- undispe rsed clay
persed clay persed clay
f. Percent 14.31 13.59 14.18
Ticgs on
Tgnition
g. Sp. G‘I‘¢ 2039 2.62 2.29




CHARACTERISTICS IN RAW STALE,.(Contd.)
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Properties 6 7B 8A
a. Raw Grey hard lump White and Greyish white
Color faint brown hard lumps
alternate
layers with
finty fractu-
res,
Color of Grey Pinkish white Faint grey
Powder .
b. Visual Little fine Fine quartz Fine quartz
Inmpurities quartz grains, gsand, faint sand, brown
mica flakes brown ferrugi- specks, carbo-
nous matter, naceous matter
little mica
¢. Slaking Moderate to Non-slaking Moderate:
Nature slow
d. pH 7.0 7.3 7.1
e. BResidue om
150 B.S5.S.
Sieve
Percent 2.4 9.0 2.2
Residue
Nature of Carbonaceous Fine quartz Fine quarts
Residue matter, mica sand, coarse sand little

f. Percent
Loss on
Ignition

g. OSp. Gr.

flakes, undis-
persed clay

12.56

2.41

ferruginous
particles,buff
undispersed
clay

11.86

brown ferrugi-
nous matter,
cgrbonaceocus
matter, undis-
persed clay

13.13

2,08




CHARACTERISIEICS IN RAW STATE,..(Contd.)
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Properties

9

10A

11

a. Raw Color

Color of
Powder

b. Visual
Impurities

¢. Slaking
Nature

d. pH

g, Regidue on
150 B.S.5,
Sieve

Percent
Residue

Nature of
Residue

£. Percent
Loss on
Ignition

g. Sp. Gr.

Grey homoge-
neous

Grey

H

Little carbo-
naceous matter,
mica flakes

Moderate

T

2.2

Fine quartz
g8and, carbo-
naceous matter
mica flakes,
little undis-
persed clay

11.19

2.36

Brown with
grey nodules

Brown

Ferruginous
coarse grained
material

Non-slaking

Te2

10.4

Fine gquartz,
grains, ferru-
ginous grity
matter, undis-
persed clay

1.2

2.52

Grey hard lumps
with occasional
brown nodules

Dirty grey

Mica flakes,
ferruginous
matter in the
joints and
little carbona-
ceous matier

Slow to none
slagking

8.2

3.2

Fine quartz,
grains, little
gerruginouys
matter, carbo-
naceous matter,
buff undispersed
clay

12.84

2.12
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CHARACTERISTICS IN RAW SITATE,,(Contd.)

Properties 12 1% 14

Light grey with

a. Raw Color Brown red Reddish Brown
nodules with grey ?ufgrgolqred
nodules ay
Color of Brown red Brown Greyish white
powder
b. Visual Fine quartz‘ Fine quartz, Fine quartz grain,
Impurities particles, particles, mica flakes,buff
dark red brown red and purple colored
coarse coarse nodules  thin layers
matter ,
c. Slaking Non=-slaking Non-klaking Slow 10 non-
Nature slaking
d. pH 8.1 7.05 6.9
e, Residue on
150 B.S.S.
Sieve
Percent. 12.0 10.4 5.0
Residuq
. Quartz sand Quartz sand
t ki) ; ! )
g:;?ﬁieOf siﬁi qg;§§§§ gritty brown brown coarse
broWh materigl material, buff matter,brown
~vial, more undispersed undispersed
- b
undispersed clay clay
clay
f. Percent 10.84 10.87 10.23
. Loss on
Ignition

g. Sp. Gr. 2,16 2.61 2.32




GREEZN AND DRYING PROPKRIIES

Green properties are those, that prevail while the

plasticizing water is still present in the clay bodies.

Methods of Testing

1. Water of Plasticity (Plastic Basis) 3

Fireclay is ground till it passes through 200 mesh
B.3., Sieve., 100 gm of minus 200 mesh fireclay is taken
into a porcelain crucible, Water from 100 cc, burette is
added drop by drop till clay in crucible becomes just
rlastic., Burette reading gives value of water of plasti-

city (Plastic Basis).

S0lid bodies absorbing or holding liquid in their
pores and forming a mass which can be pressed into any
desired shape, which is retained even after the release of
pressure, are said to have the property of plasticity.
Removal of water by evaporation changes the plastic body

into a hard mass.

Whitelaker, 1935 (Grim, R.G. 1962), observed that

the plasticity is inversely related to particle size,.
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Plasticity is attributed to the finess and shape of the

particles,

2. Green Strength

A small rectangular (about 7.5 ecm x 1 cm x 1 cm)
test piece of plastic mass of clay was moulded with the
help of woaden mould. Green strength is measured as a
transverse bresking strength (gm/cmz) of a test bar suspended
on two narrow supports. In ceramic ware, green strength
should be adequate to permit the ware to be handled. Green

strength is related to particle size and crystallinity.

3 Drv Strength

A test piece similar to that used for measuring green
strength is prepared and dried in air for 24 hrs and then
dried in oven at 105°C for 5 hrs, The test piece is
suspended on two ngrrow supports and traverse bresking

strength is measured in gm/cmz.

The strength of dry clay is an important property and
has a practical bearing on problem of handling. A high
strength body withstands the shocks énd strain of handling,
The particle size of the clays showing high dry strength

are well graded.
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West and Veale, 1953, (Singer and Singer, 1971) have
shown that great increase in dry strength of fireclay
composed of kaolinite or illite is attained by the addition
of small amount of sulfuric and phosphoric acids. The
reaction product formed by the action of acids on clay

minersls, cement or bind the clay particles together.

4. Dry Shrinkage

A test piece similar to that used for measuring dry
strength is prepared. The test piece was marked with two
parallel 1lines 1 cm apart. The test piece was kept over-
night to dry at room temperature and then was dried in oven
at 105°C for 5 hrs, Dry shrinkage is measured as percent
reduction in the length of test piece between parallel
lines. Dry shrinkasge is directly related to the water of
plasticity. It increases with increase of water of plasti-

city and decrease in the particle size.

FIRED PROPSRIIES

In ceramics almost all the properties are inter-

linked and are dependant on heat treatment.



The present author has made a careful study of the
chemical and pyrochemical changes taking place during
dehydration, oxidation and vitrification stages in fireclay,
and suggest the proper use of fireclay, and the rate of
firing. The changes which are likely to take place during
the vitrification of a clay can be predicted by measuring
the incregse in shrihkage, and transverse strength, by
visual observagtion of change in color and impufities at

successive intervals of ‘temperature.

Fired color is the most significant property in the
classification of fireclays for commercial purposes., If g
clay burns to a white or near white color, it has a
possible use in whité ware; if it burns buff the clay could
be tried for stoneware and refractories, while if it burns
to dark red or brown color, its use is limited to the dark
colored structural wares and some che gper forms of pottery.

Fired color depends on the following @

i) The quantity of iron oxide present in the clay.

ii) The presence of other colouring oxides like

titanium oxide.

iii) The composition of the fire gases and the

kiln atmosphere.
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iv) 'The degree of vitrification. Clay is heated at
successively higher temperatures, and it is
observed that other things being equal, the color

depends on rise of temperature.

Firing shrinkage mainly depends on the degree of
vitrification. The amount of firing shrinkage and the
progressive change in shrinkage during firing are important
parameters in testing clays for commercial purposes. A
high shrinkage usually indicates a strong dense body; low
shrinkage indicates that there is a large gquantity of non-
plastics, or the clay has been carried beyond the tempera-
ture at which the shrinkage was minimum. &xcessive shrinkage
indicates the necessity to add non-plastic clay to maintain

proper shgpe and size without warpage, cracking, etc.

The strength of fired clay is not generally used in
determining the degree of vitrification. Strength deteriora-
tions indicate overfiring, when it is caused by development

of vesicular structure.

As vitrification progresses in a clay body, the true
and apparent specific gravity increases with rise in
temperature. Specific gravity serves as an index of the
degree of vitrification. Belinger and lLeonis, 1949,

(Singer and Singer, 1971) observed that in general the larger



TABLE V,3

FIRED PROPERTIES
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Properties 1C 1D 2A
A, Fired proper-
ties at 1100°C
Fired color Dull white, Dull white Yellowish White

and visuzl
examination

Linear
shrinkage (%)

Water’
absorption(%)

Vitrification

Pired proper-
ties gt 1250°C,

Fired color znd -

visual exami-
nation,

Linear
shrinkage (%)

Water absor-
ption (%)

Vitrification

Fired proper-
ties at 1%50°C.

Fired color gnd
visual examina-
tion,

Line ar shrink-
kege (%)
Water S0YD-
tion (% P

Vitrification

upper surface
is reacted
and hecome
yellow,no
cracks, no
specks.,

10
12.72

None

Dull white,
no cracks,
no specks

13
12.15

Fair

Near to white,
bright white,
specks visible
no cracks.

15
5.71

Fair

reacted upper
surface with

yellow tinge,
no cracks,

no specks.

9
13

None

Dull white,
no cracks,
no specks

12.35

None

Near to white,
no cracks,scme
specks of faint
yellow and
white observed,

11
3.82

Fair

upper surface
shows reaction
with yellow
tinge,no cracks
no specks.

10
12.8

None

Dirty white
yellow tinge
turns to faint,
no cracks or
specks.

9
12.1

None

Dull white,
specks with
bright white
color, no
cracks.

N
4.1

Fair
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Properties 34 4C 5B
A, Fired Proper-
ties at -1100°C,
Fired color - Yellowish white, Pgle white, Dull white

and visual
examingtion

Linear
shrinkage (%)

Water
absorption(%)
Vitrification
Fired proper~
ties at 1250°C.
Fired color

and visual
exanination

Linear
shrinkage (%)

Water
absorption(%)

RFired proper-

reacted upper
surface with
yellow tinge,No
cracks, No
specks.

10

12.65

KNone

Yellow to white,
surface shows
more yellowish,
no cracks, no
gpecks.

10

11.92

Ties at 1350°C.

Fired color
and visual
exanination

Tiinear
shrinkage (%)

Water
absorption(%)

Vitrification

Yellow surface
melting is

. observed,white

specks, no
cracks

12

4.95

Fair

upper surface

no eracks, no

reacted,become specks,visible

1ight brown,
no cracks,
no specks.

11

12.82

None

Yellowish
white surface
melted and
become dull,
no cracks,

no specks.

12

12.14

Yellowish
white sur-
face, grey
patches are
vigible, no
cracks are
seen.

14
5.72

Fair

13.2

None

Yellowish
white, no
¢racks or
specks.

10

12.61

Faint yellow
upper surface
covered with
grey patches,
no cracks

12
6.1

Fair
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Properties 6 7B 8A
A, Fired proper-
ties at 1100°C
"Fired color and Dull white, Pinkish white Dull white

visual examina-

tion
Linear

shrinkage (%)

Water
absorption(%)

Fired proper-

ties at 1250°C .

Fired color and
visugl examina-~

tion

Linear
shrinkage (%)

Water
absorption(%)

Vitrification

Fired proper-

ties at 1%50°C

Fired color and
visual exasmina-

tion

Line ar '
shrinkage (%)

Water .
absorption(%)

Vitrificagbtion

no cracks,
no specks

10

11.81

Yellowish
white color,
no cracks,

no specks,
upper surface
is reacted
and become
yellow

13
10;54’

Fair

Yellowish
white with
grey and
white patches
some cCracks
are visible

15

4‘.22

Fair

no cracks, no
gpecks

9

10,52

Faint brown
to white,
surface shows
reaction, no
specks, no
cracks

10
9.23

None

Whitish with

pink and brown

tinge, upper
surface,
melted,white
specks,little
cracks

12

3.05

Fair

noe cracks, no
specks deve-
loped.

12

10.22

Yellowish
white with
some cracks,
surface shows
melting

13
9.63

Fagir

Yellowish
white, with
grey specks
and cracks

15

3'12

Fair




TABLE. V.3 (contd,)
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Properties 9 104 11
A, ¥ired proper-
ties at 1100°C
Fired color and Dull white Brown, no Dull white
visual examina- with brownish cracks and surface becomes
tion tinge, no flakes. pale brown, no
cracks visible cracks and
specks.
Linear
shrinkage (%) 10 9 10
Water
absorption(%) 10.75 10.21 11.25
Vitrification none None None
B, Fired proper~
ties at 1250°C .
Fired color and Yellowish Homogeneous Faint Yellowish
visual examina- white,borders brown small brown, white
tion become pale cracks, no specks,surface
brown, no specks slightly melted,
cracks no cracks
Linear
shrinkage (%) 11 10 10
Water
absorption(%) 10.2 975 10.6
C, Fired color and Pale yellow, Dark brown  Yellowish sur-
visual examina- multing and with white face covered
tion pale brown spe cks, with grey and
surface, no cracks white patches,
cracks,white observed small cracks
specks
Linear
shrinkage (%) 1% 12 12
Water
absorption(%) 3.35 4.12 5.85
Vitrification Fair Fair Fair
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Properties

12

13

14

A,

Fired proper-
ties at 1100°C
Fired color agnd

visual eXamina-
tion

Lineaxr
shrinkage (%)

Weter
absorption(%)
Vitrification

Fired proper-
ties at 1250°C

Fired color gnd
visual examina-
tion

Linear
shrinkage (%)

Water
absorption(%)

Vitrification

Fired proper-
ties at 1350°C

Fired color and
visual exXamina-
tion

Linear
shrinkage (%)

Water
absorption(%)

Vitrification

Dark brown,
little cracks,
no specks

10

9.82

None

Homogenous
brown with
reacted sur-
face,cracks
developed,
specks absent

10

8.22

None

Dark brown,
¢racks obsere
ved, grey
gpecks surface
reacted and
melted

11

4,82
Moderate

Reddish brown,
small cracks,
no specks

10

9.51

None

Brown with
grey specks,
some cracks
are seen

11

8,05

Moderate

Dark brownish
with cracks
and grey
specks

11

5.76
Modergte

Dull white
no cracks or
specks

10

11.72

None

Yellowish
white upper
surface is
slightly
melted, no
cracks, no
specks

11

1175

Fair

Yellowish
white surfaee
slightly
melted, no
cracks, white
specks visible

13

5.71

Fair




PYROMELRIC CONE EQUIVALENIS

TABLE V.4

Fireclay Mines

P.C.E. Value

Classification

I5:1528 Part

(ASTM C27 1958)

-1 - (1974)

1B 30 Near to refractory

1C 30 Near to refractory

1D 28 Semi refractory

Z2A 24 Low refractory

54 26 Low refractory

5C 31 Refractory

4C 30 Near to refractory

58 30 Near to refractory

6 26 Low refractory

7B 29 Semi refractory

88 28 Near to refractory

9 24 Low refractory

10 28 Semi refractory

114 18 Non refractory

11B 22 Liow refractory

12 19 Non refractory

13 18 Non refractory

14 26 Low refractory
Ranipat 31 Refractory

145
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the temperature interval between the point of high density,
lowest porosity and higher the btemperature szt which over-
firing cause, the more useful should be the clay as a

refractory material.

MECHANICAL PROPERIIES

The objective to study these properties was to consider
relationship of clay minéral composition to the properties
of clgy minerals, and to consider how the clay mineral
composition influences these properties. In addition to
the clay minerals, other fractors such as particle size,
distribution, non-clay mineral composition, organic material
and geologic history, control the mechanical properties

of clays.

Atterberg Limits

Liquid Limit - (WL) is the moisture content expressed
as a percentage by weight of the oven dired clay atb which
it will just begin to flow when jarred slightly. The
degree of crystallinity and particle size influences liquid

limit.

The liquid 1imi¥% values for fireclays from Saurashira

vary from 25 to 34. Fireclay showing higher values consist



TABLE V.5

Atterberg Limits -

IS : 2720 (Part V) 1970

Locality Liguid Plastic Plagticity

Limib, Limit. Index,

WL WPy (1P
1 Gadhada(6) 35 24 11
2  Songadh (1C) 38 28 10
%3  Khanpar (24} 28 16 12
4  Palasa (5B) 32 20 12
5 Thengadh (1D) 32 20 12
6 Sadala (4C) 34 21 13
7 - Tarnetar (34) 31 18 13
8 Makansar (14) 28 14 14
9 Vinaygadh (8A) 35 22 13
10 Ratidevali (7B) 27 17 10
11 Immsar (9) 31 17 14
12 Jambudia (13) 34 14 20
13 Saltanpur (10A) %1 14 17
14 Paneli (12) 29 16 13
15 Matel (11) 32 18 14

-y
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of poorly crystalline kaolinite.

Plastic limit (WP) influences liguid limit. It is
the lowest moisture content expressed as a percentage by
weight of the oven dried clay at which it can be rolled
into threads 1/8 inch in dismeter without breaking into

pieces. PFireclays which cannot be rolled into threads

f

at any moisture content are considered non-plastic. The
degree of crystallinity and particle size influences
plastic 1limit. Fireclays from study area shows variation

in plastic limit from 14 to 28,

8

Plasticity index (IP) is the difference between the
liguid 1imit and the plastic limit. It is the range of

moisture content in which clay is plastic.

The plasticity indices for fireclay vary from

10 to 20 usual values about 25 (Fig. V.1).

Particle Size BAnalvysis

The particle size analysis of fireclay is a very
important characteristics, since it influences many other
properties such as plasticity, dry strength, and base

exchange cagpacity. The most feasible method of analysis
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is the sedimentation method, where the rate of settling
of the particles in water is measured and then converted
by stocks low into particle size. The assuﬁption must

be made that the particles are individual and that their
settling rate is the same as that of equivalent spheres,
This requires a dilute suspension and complete deflocu-

lation,

Pre-treatment IS : 2720 Part I (1970)

o

Hydrometer Analysis IS ¢ 2720 Part IV (1970)

Particle size distribution shown by graph (Fig. V.2 to V.6).

Textural classes are computed from gravel, sand,
silt and clay percentage obtained from above mentioned
figures, OTrangular diagram showing textural classes

(Fig. V.7).

Hydrometer Analysis of Material Passing 6% Micron I.S.Sieve

Weight of pre-treated oven dry fireclay 100 gm'.
Hydrometer resding observed at Temp. 26°C
Temperature correction 1 .
Miniscus correction 1.0
Dispersing agent (Sodium Hexa-Meta Phosphate)
Strength ‘ 4%
Quantity used | 100 ml

Correction ‘ 4



"TABLE V, 6

HYDROMETER ANALYSIS

L
B gaget® A

Gadhada (6) Songadh (1C) Makansar (14)
Digm Percen- Dig- Percen- Dige Percen-
meter tage meter tage meter tage
{mm ) Piner (mm ) Finer (mm)} Finer
Than _ Than Than
0 0.600 100 0,600 100 0,600 100
o}
62 0.212 98 0,212 100 0.212 100
&
Sig 0,075 98 0.075 96 0.075 99
U <
0.040 90 0.042 87 0.042 87
o 0.03%0 87 0.030 84 0.030 80
o
2 0.016 74 0.016 71 0,017 67
g 0,012 67 0,012 64 0,012 64
<tt
Gs-)« 0.0081 61 0.0081 54 0.0081 58
4
“E’ 00,0056 54 0.,0056 48 0.0056 48
o]
'Ei 0,0041 48 0.0042 42 0.0042 42
= 0,00%0 39 0.0030 35 0.00%0 39
0,00129 26 0.00129 26 0.00126 29
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TABLE V.6 (Contd.)
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Khanpar(2h) Palasa (5B) Thangadh (1D)
Dige Percen- Dig= Percen- Dig- Percen-
meter tage meter tage meter tage
(mm) Finer (rm} . Finer (mm) Finer
than DR than than
0,60 99 0.6 100 0.6 100
a;é} 0.212 98 0.212 100 0.212 98
29 0,075 98 0.075 97 0.075 96
) <t
0.04 90 0.04 96 0.042 87
0,03 87 0,028 90 0.03 84
'é} 0.017 64 0.017 64 0.017 61
1 o0.012 58 0,012 58 0,012 54
': 0.0081 48 0.0078 54 0.0078 51
‘é 0.0058 39 0,0056 45 0,0056 45
[#)
5 0.0042 32 0.0042 39 0.0042 39
7 0.003 29 0.003 35 0.003 35
0.00129 19 0.00129 22 0.00129 26
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Fig. V-3
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TABLE V.6 (contd.)
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Ratidevali(7B) Lunsar (9) Jambudia (13)
Dia- Percen~ Dia- Percen- Dig= Percen-
meter tage meter tage meter tTage
(om ) Finer (mm) Finer (mm ) Finer
than then than
0.6 99 0.6 100 0.6 100
4]
w'i 0.212 99 0.212 100 0.212 99
[
34 0,075 98 0,075 99 0.075 98
U}
0.042 80 0.04 90 0.04 90
0,0% 74 0,03 80 0.028 90
[¢2]
'é} 0,017 58 0.017 54 0.016 84 .
g 0.121 48 , 0,0125 45 0.0115 80
<y
4§ 0.0083 39 0.,008% 39 0.,0081 67
)
g 0.,0058 32 0.,0058 35 0.,0056 61
[}
éi 0,0043 26 0,0042 29 0.0041 51
B 0,003 22 0.0031 26 0.003 45
0.00129 1% 0,00129 19 0.00126 29
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TABLE V.6 (contd?)

i

an

~1

Tarnetar(3a) Paneli (12) Sadala (4C)
Dig- Percen~ Dig- Percen- Dige Percen~
meter  tage meter Tage meter tage
(mm} Finer (rm) Finer (mm) Finer
Than Than Than
L, 06 99 0.6 99 0.6 100
o
o B 0.212 98 0,212 99 0.212 100
§;§ 0.075 91 0.075 97 0.075 98
0,04 90 0.04 90 0.04 93
0.03 T7 0,03 80 0.028 90
OE; 0.017 61 0.017 51 0.016 71
4 o0.012 51 0,012 48 0.012 64
; 0.0081 45 0,0081 45 0.0078 61
f,; 0.0056 39 0.0056 39 0.0054 54
§ 0.0042 32 0.0042 32 0.0041 48
= 0.003%1 26 0,003 29 0.003 4.2
0.,00129 19 0.00129 16 0.00129 29
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Vinagygadh (8A) Saltanpur(104) Matel (11)
Dia~- Percen- - Dig- Percen- Diag- Percen-
meter tage meter tage meter tage
(mm) Finer (mm) Finer (mm) Finer
Than Than Than
@ 0.6 100 0.6 98 0.6 97
%% 0.212 100 0.212 97 0.212 96
a5 0.075 98 0.075 96 0.075 96
0.04 90 0.04 90 0.04 96
_ 0.03 87 0,03 87 0.028 90
@ 0.017 64 0.016 84 0.016 84
'gi 0.012 58 0.0115 77 .0.0115 89
::), 0.0078 54 0.0078 71 0.0074 77
2 0.0054 48 0.0056 64 0,0052 71
é 0.0042 42 0,0041 58 0.0041 64
= 0.003% 35 0.0029 48 0.0029 58
0,00129 26 0.00126 32 0.00126 45
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3 ' % Gravel % Sand % Silt % Clay
No. Locality (>2.0mm)y (2.00mm to (0.06mm to ( £0.002mm)
0.,06mm ) 0,002 mm)

1 Gadhada (6) Nil 2 66 32

2  Songadh (1C) Nil 4 66 30

3  Makansar (14) Wil 1 65 34

4  Khanpar (28) Nil 2 T4 24

5 Palasa (5B) Nil 3 68 29

6 Thangadh (1B) Nil 4 65 31

7  Vinaygadh (84) Nil 2 57 31

8 Ratidevali (7B) Nil P 81 17

9  TLunsar (9) Nil 1 77 22

10 Jambudia (13) Nil 2 61 37

11 Saltanpur(104) Nil 4 56 40

12 Tarnetar (3A) Nil 9 69 22

13 Paneli (12) Nil 3 T4 33

14 Sadala (4C) Wil 2 62 36

15 Metel (11) Wil 4 44 52
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TABLE V.8

ATTENBERG LIMIT VALUSS IN RELATION TO PARTICLE SIZE

e WP WL IP
hocallty (%) (%) (#)
Thangadh (1D)

1 u 2646 62.4 25,8

0.5 u 39,2 68.8 29,6
Sadala (4C)

1 u 37,2 65.2 28.0

0.5 u 39,9 72,6 42,7
Lunsar (9)

1 36,8 64,2 27.4

0.5 u 39.6 71.4 31.2
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Bffect of Particle Size

The plastic limit and liquid 1limit values increases
with decrease in particle size, and the liguid 1limit tends
to increase somewhat more than the plastic l%mit. Therefore,
most affecting factors are fineness of particles, degree: to

which the particles are cleaved or dispersed.

Another factor is that poorly ordered clay minersls
bresk down into smaller particles more easily than well
ordered minerals, So poorly ordered clagy disperse with
less effort; and it will show less difference in liguid and

plastic limit values with variations in particle size,

Poorly crystglline fireclgys consisting of finer

particles show higher liquid and plastic limits.

Well crystalline fireclays consisting of coarser

varticles show lower liquid and plastic limits.

10N BXCHANGE CAFPACILY

Physical properties of clay minerals are frecuently
dependent on exchangeable ions carried by a clay. Flastic

properties of a clay depends on whether Nat or Catt is the



exchange able cation. The plastic hharacteristios of fire-~
clays can be changed as per requirement by carrying out a

base exchange reaction. In fireclay, common exchangeable

+

cations are Ca++,ng++. X, Na+; HY and common exchange-

able cations are C1l,; SO 2

- o=
NOZ; PO,

Method of Testing

Te Conversion of fireeclay into H' form

1 gm fireclay is kepf on pre-prepared resion. 100 ml
of 0,1 NaCH is continuously added to a column and washing
’is continued for 48 hours at room temperature with occa-
sional shaking. The consumption of NalOH is determined by
titration with 25 ce of 0,1 N HCL, Moisture content of
raw clay is carried out before determining cation exchange.

_(100 x N of NaCH)-4(ml of HCl x N of HC1)

% so0lid
Wt of sample x 56—

Cation Exchange

2. Conversion of fireclay into GH form

This method is similar to conversion of fireclay
into 'H' form, 0.1 N HCl is used instead of 0,1 N NalH .

to convert clay into 'OH' form,



IABLE V.9

I0N EXCHAN G¢ CAPACITIES

Mine Gatiop Bxchange Anion.Exchange
Capacity Capacity
(miliequivalent/ (miliequivalent/

100 gm) 100 gm)

1C 4.08 7415

2A 6.47 T.25

4C 4.04 T.07

5B 5.20 T.49

6 6.44 Te52

7B 6.52 8425

8A 6.06 8.15

9 4.58 8453

104 6.45 12.34

1 8.15 | 10,53

12 9.56 14.34
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Anion Exchange
Capacity

_ (100 x N of HC1)-4 (ml of NaOH x N of NaOH)"

- % solid
Wt of sample x 150

Weiss and Russow (1963) concluded that for kaolinite,
the exchangeable catioms occur bniy on the basal oxygen
surface of the silica tetradedral units, and therefore,
cation-exchange capacity depends upén the thickness of

kaolinite particles.

Cation exchange capacity of fireclays of Saurashtra
shows low values from 4.04 to 9.15 indicating that the

particle size of kaolinite is very small.

Kaolinite in fireclay shows absence of isomorphous
substitution, so it has a small but definite ion exchange
capacity. The sites of the exchange reactivity of kaoli-
nite are generally agreed to he associgited with the
structural OH éroup on the exposed clay surfaces. Because
of the differences in the balance of electrical charges
of those hydroxyl ions along the lateral surfaces and
those formed by tﬁe hydration of silica at the broken
edges of fhe crystals, there may well be more than one

class of exchange sites on kgolinite.
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CHEMICATLT ANALYSIS

Present author has combined normal methods of
silicate analysis with methods given in IS ¢ 1527-1971
for determining major elements of fireclays from
Saurashtra. Na,0 and K,0 were: determined by using flame

photo-meter., The results are shown in Tagble V.10,

The Mineral Make-up from Chemical Anglysis of Fireclay

and the Calculations of Ionic Formula of Fireclay Minerals

The results of the work of Heindle (1932), Phelps
(1950, 59), Weyl (1953}, White (1959), Holdridge (1963},

Norton (1970) are summarised below.

The mineral make-up of the fireclay fraction of a
ceramic body has significant effect on the forming and
firing properties of the ceramic mass., Fresence of
muscovite mica in primary fireclays greatly reduces the
formation of high thermsl expansion eristobalite. The
superior fired color is obtained if T102 content in fire-
clays is less. Presence of sub-sieve muscovite mica is
responsible for the excellent casting and finishing

properties of ceramic bodies, Fine muscovite has a much
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greater'affinity for water than kaolinite of comparable
particle size, which improves forming quality. Organic
matter provides beneficial effects in white-ware forming.
Free quartz in fireclays is important in thermal expansion

and heglth hazard,

Holdridge (1963), devised a technigue for calcula-
ting the major minerals in commercigl fireclsys from
their ultimate chemical analysis. Present author has
followed this technique to célculate mineral make-up of.
fireclays of Saurashtra. This technique can be illustrated

by the following example.

Ultimate chemical gnalysis of fireclay from

Mine 1B,

s . Ignition
3102 Alzo3 Fezos T102 Cal MgO K20 Nazo loss

% % % % % % % %

49.34 32.51 1.34 0.8 0.72 0.15 0.17 0.71 13.66

Te Determinagtion of Mica Content in Fireclay

It is assumed that all Xo0 is presént as muscovite

mica (KZQ’ 3A1203, 3810 ZHZO) and all Na,0 is present

3’
as paragonite mica (NaZO, 3A1203, 2H20).
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Muscovite Paragonite
X0 11.81 % Na,0 8.12 %
41,0, 38.44 % A1,0, 40,05 %
510, 45.23 % 810, 47.12 %
H,0 4.52 % H,0 471 %

(a) The muscovite content of the fireclay is

(0.17 + 11.81) x 100 = 1.44 %

(b} The paragonite content is
(0.71 + 8.12) x 100 = 8.74 %
Total mica = 10,18 %

24 Assignment of A1,0., Si0,, K. O to
e 23 2 =2

Muscovite and Paragonite

(a) Assignment of A1295 to muscovite and paragonite. ¢

Muscovite _ Paragonite
Zotal A1,0; in mica = (0.55 + 3.496) = 4.046%

(v) Assignment of 8i0, %o muscovite and paragonite

Muscovite Paragonite
1¢44 X 0,045 = 0,065 8,74 x 0,0471 = 0,412

Total H,0 in mice (0,065 + 0.412 ) = 0.48 %




-

(¢) Assignment of H,0 to muscovite and paragonite
Muscovite Paragonite
1e44 x 0,045 = 0,065 Be T4 X 00471 = 0,412
3 Determination of Clay as Kaolinite
(41,05, 25810,, 2H,0)
Keolinite
A1,0, 39.53 %
810, 46.51 %
H,0 13,96 %
Total Alp03 41203 Alp0z available
in fireclay in mica for Kaolinite
(32,51 « 4,05 ) = 28.46%
28.46 . 100 71.99% Kaolinite
39.53
4, Determination of free silica @
Total 8102 3102 3102 available for
in fireclay ) in mica Kaolinite
( 49.34 - 41T ) = 44,57
Silica Content in Keolinite = 1122 X 46251 - 53 482 sio,

Free silica = Total silica - silica in kaolinite

44,57 = 33,48 = 11,09 %

173



5e Assignment of HZO to Kaolinite 3

71.99 x 13.96 _
700 = 10,05 % H,0

6. Assignment of ignition logs to Cacaj, Mg603

CaCO 56 Cal0 + 44 CO

i

2
47.8 Mg0 + 52,2 CO

3

MgCO3

il

2

I

(a) 0.72 £ 100

3 1.28 % C‘aCO3

1.29 =~ 0.72 = 0,57% Co,

(b)y _0.15 -
5= £ 100 = 0.31% MgC0,
0.31 = 0.15 = 0.16% CO,
Total CO, = 0.57 + 0.16 = 0.75%
Total Igni- H20 in mica HZO in Cozin CaCO3
tion loss
% % Kaolinite® and MgC0, %

= 2.4 % ignition loss due t0 coaly matter.

Teo (2) Assignment of Fe203 and 2i0,to Tlmenite :

Ilmenite Fe203 67.0 %
TiOZ 3%,0 %
1.34 _ X
67 33
X = % TiQ, in ilmenite = 0.66%
.*. Total ilmenite = 1.34 + 0.66 = 2,0 %

174
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(b) Assignment of T102 to Rutile

Ti02 as Rutile = Total Ti02 - T102 in ilmenite
098 hand 0666
0,14 % Rutile

]

f

8. The calculated mineral make-up of fireclay from

mine 1B is given below in percentage s

Mica - 10.18
Kzsolinite T71.99
Free Silica -+ 11.09

GaGO3 1.29
MgOO3 0e31
Ilmenite. 2.00
Rutile - 0.14

Coaly Matter 2.40

Calculation of Tonic Formula of Fireclay Mineral

Marshall (1949) devised a technique for calculation
of ionic formula of fireclay mineral. Worrall (1959 )
has used this technique to caleulate ionic formuls of
fireclay mineral for fireclays studied by him. ZPresent
author followed this method to eglculate ionic formula for

some of the fireclays from Saurashtra., Illustrated



TABLE

V.11 .

RESULLS OF MINERAL MAXE-UP OF FIRECLAYS FROM SAURASHIRA

f17

Ka0lie JFree - Calo

s . ‘ ree 3 MgCO3 I}me— Rg— Coaly .
ine Mica nite Silica nite tile matter
% % % % % % % %
1B 10,18 71.99 11.09  1.29 0.31 2,00 0,14  2.40
IC 4.55 73.18  17.68 1,32 0.38 1.00  0.47 2,29
1D 6.46 72.96 13,77  0.88  0.21 2,07 0.52 3.08
24 5.00 74,53 13,04  0.86 2,05  3.44 0.23 1.34
2B 4,86 T1.29  16.66 1.68  0.61 3.46 - 1.01
3B 5.43 T75.92 12,53 1.66 0,17 0.85 0.52 0.38
30 4423 68.84 15,90 1.77 3.77 4e85 0.2 1.32
4C  6.26 T70.66 19.18 1.07 0.50 2,03 0.43 2,49
5B 3.68 72,55 18,15  0.64  0.17 0.82 0.43 3.46
6 6.56 68.05 18,38  1.07 0,50 2.36 0,12 2,02
7A 4,52 73,66 16,73 1,54 0,36 1,93  0.46  0.50
7B 4,72 75.08  16.72 134 0.06 1.18 0.80 -
8A 7.28 75.71  11.24 1.27 0,19 2.64 0.06 1.56
8B 5.69 73.76 16.14°  1.30 0.58 1.40 0.34 0.98
9 5.12 73,97 16.74 1.29 0.31 2.25 0.06 0.50
108 3.51 66,30 17.94  1.55  0.50 9.33 0.82 0.05
11 6,02 78.54 ' 9.67 1434 2,16  2.01  0.23 0.56
12 5.01 61.47 22.10 2,41 0.31  9.11 0.54 =
13 6.12 65,04 16.80 1.57 0.57 9.28 0.12 -
14 3,89 71.21 18,80  0.68  0.25 3,27 1.20 0.68




Example of fireclgys from mine 1B is shown in Table V.12.

IABLE VvV, 12

Weight Equiva- Equiva- Number of
Oxide Percen lents lents Atoms per

~tage: per 100gm per Unit Cell Unit Cell
8i0,  53.75 3.5833 9.1530 2.288
A].ZOB 30.65 1.8029 4,6050 14535
Fe203 00.67 0.0250 0.063%9 0,021
Ti02 00,80 0.0400 0.1020 0.260
Cal 00.74 0.0260 .0.0660 0033
Mg0 00,18 0.0038 0.0970 0.048
- - ' 5.481 13,999 -

From chemical analysis it is expected that some of
the alumina is replaced by other atoms. However, with
this structure, the number of octahedral atoms must lie
between two and three and number of tetrahedral atoms

must be equal to two,



The equivalents per 100 gm was calculated by

dividing weight percentage by equivalent weight.

In the ideal kaolinite formula Al, SizosQOH}4
there are 18 ionic valencies (since the number of oxygen
atom is exactly 9) so, the number of cation valancies
must be equal to 18, Four of these are hydrogen, leaving

14 valancies to be filled by A1, Fe, Ti, Ca and Mg.

The total of equivalents per 100 gn was converted
to 14 and each equivalent per unit cell was proportionstely
calculéted from corresponding equivalent per 100 gm. The
latter figures total 13%3.999 which is within the limits of

error of calculation.

Each equivalent per unit cell was divided by

appropriate wvalency giving number of atoms per unit cell.

The position of each atom now must be decided. In
the 'ideal' formula. the number of Si atoms must be equal

to 2, Any deficiency must be made-up by Al+3.

Since within the limits of experimental error, the
number is 2, there can presumably be no substitute of
514+ by 81°%, The remainder of the astoms must be present

as units of the octahedral layer (i.e, substituting for Al)
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or as exchangeable ions. Magnesium, ferric ion, and
possibly titanium are all capable of entering the
lattice, but calcium, on account of its considerable
size, must be present as an exchangeable ion, external

to the structure. Hence the formulz is written as :

(A1+31.535 Fe+§@.021 Ti4+o.26) (Si4+2.288) (05(0H), )
24
Ca”™ 4,033
The arrow indicates that Ca?’ is
external to the main structure.

Fireclay Jonic Formula
Mine .

179

B+ B+ R L4+ ! \
2B (A7 519 77y o5 TiTTG 039) (5177, o35) (05(OH),)

2+
Ca™ .04%

TR nidt A+
3B (8177 g5 Fe™y gq9 TiT g 00g) (81775, 1970 (O5(0H),)

2+
Ca™"y. 044

3+ 3+ 4 4t <
40 (A7) oq6 Fo77g oas TiT g 035) (51T 5 o0q) (05(0HY,)

= 2+
- Ca” 5,027
'3
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34 4+ L4+ 4+ ‘ ;
58 (177 507 Fe™g 01g T1T g, ppg) (8177, oog) (05(0H),)

24
Ca” 5,017

3+ 54 A+ 4+ N
6 (817 496 Teg,051 T1" g 0097 (51775 ogg) (05(CH),)

2+
Cag, 027

DIFFERENTIAL THERMAL ANALYSIS

‘ .o i
In the case of fireclay mineral (disordered kaolinite}),

differential thermal analysis shows characteristic endo-
thermic reactions due to dehydration and loss of crystal
structure, and exothermic reactions due to the formation

- of new phases at elevated temperatures.

The method of preparation of sample for DLA analysis
influénces the result., Spiel et al (1945) showed that
for fireclays, the thermal curve varies with the particle
size of the component minerals, particularly when the
maximum size is about 2 micron. The intensity of the

thermal reaction and the temperéture of the pesk decreases
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as the particle size decreamses. The decrease: in particle
size is due to decrease in crystallinity, which is
reflected in the differential thermal curve by lower’
intensity of reactions and a decrease in the temperature
of the reaction peaks. Because of this reason the
present author has kept the particle size between 0.6 to

2 micron for 211 the samples. Packing density is also
kept neasrly same for all samples because according to
Evans and White (1958) though the thermal decomposition
of loose powdered clay is chemically a first-order
reaction, the decomposition rate decreases appreciably

as the depth of the clay bed or ﬁacking density increases.
Spiel et al (1945) presented a series of curves for
kaolinite diluted by various quantities of an inert
mgterial, showing that the intensity of the reaction and .
thé temperature of the peak decreases as the amount of
material decreases; i.e. one can find out relative éer-—
centage of kaolinite in fireclays from different horizons,
The present author has carried out differential thermal
analysis of fireclays from different horizons of Tarnetar
and Ratidevali mines and has concluded that kaolinite
percentage in fireclays decreases from lower horizons

N

to upper horizons,
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The standard operating conditions for DT4 instru-

ment were as follows

Model

Amount of sample
material

Reference Material

Grain size (P ) of
sample magterial

Location of sample
material

Furnace abmosphere

Sgmple holder

Thermocouples

Heating rate
Packing density
Amplifieation

Paper speed

L J

DTA 02 Universal

100 mg fireelay mixed with

20 mg A1203

150 mg annealed A1203
0.6 ~ 2 micron

Thermocouples locszted
exactly in the centre of
the sample, with direct
contact to the heated
substance

Air, without any current
or turbulence

Platinum crucible @ ™~ 5 mm,
ratio of length to diameter:
4 wall thickness 0,1 mm

10°C/min

Loose packing without -
100

200 mm/hour
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TABLE V.13

D.T.A. RBESULIS OF FIRECLAYS FROM SAURASHTRA

Sample from Wature of Peak Temp- Height
Mine the Reaction erabure of peak
(=) (AT)
Songadh (1C) Exothemmic 455 1.2
Endothermic 535 0.5
Endothermic 600 0.4
Exothexrmic 960 0.6
Tarnetar (34) Bxothermic 400 2.5
Endothermic 540 2.8
Exothermic 950 0.8 ’
Sadala (4C) Exothermic 420 2.3
Endothermic h25 23
Exothermic 950 0.3
Palasa (5B) Exothermic 410 0.8
Endothermic 530 2.9
Bxothermic 945 0.6
Ratidevsli (7B)  Endothemrmic 540 2.8
Exothermie 970 0.6
Vinaygadh (8A) Endothermic 54.0 2.9
Exothermic 950 0.6
Matel (11) Exothermic 390 0.7
Exothemic 450 0.4
Endothermic 535 2.4
Exothemic 950 0.4
Makansar (14) Endothermic 530 . 2.9

Exothermic 950 . 0.6
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Characteristicsg of Pesks

A11 the samples have given broad endothermic peak

A}

of dehydration between the temperature range 70 to 115°C,

At the temperatures of the order of 200 to 300°C,
the oxidation of any organic material begins., The rate
of oxidation depends on the nature of the organic material,
the amount of oxygen available, the ease of its access
through the mass of clay\to the organic material, and
the temperature. This reaction is not shown by any
fireclay though some organic remains are present in some
of the fireclays. At 600°C peak is observea in the case
of fireclay from Songadh (1C) because it contains more

carbonaceous mabter.

The oxidation; of sﬁlfides, present in many fire-
clays, generally in the form of pyrite, begins between
400 and 500°C, Fine grained pyrite in the presence of
abundant oxygen, loses its sulfur and oxidizes with an
abrupt exdthermic reaction in this temperature range.
Fireclays from Songadh, Tarnetar, Sadala, Palasa and
Mgbtel show this characteristies peak as it contains some

fine grained pyrite.
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The sulfur libverated from the sulfides may react
with alumina and/or iron, made available by the partial
disruption of the lattice structures of some of the clay
minerals at about the same temperature, to form compounds
which are resistant to oxidation, the lattice disruption
is that accompanying the loss of hydroxyl from the
structure of the clay mineral. Their presence is often
indicated by a black core showing up in the centre of
fire bricks., In fact, black coring is a particular
problem in the firing of refractory fireclay. The present
author recommends removal of pyrite from these fireclays

before they are used for refractory industries.

Characteristics of Kaolinite Peagk

In 211 the fireclay samples the initial "moisture®
peak is larger as compared to that for well crystallized
kaolinite peak., The main endothexrmic peak is somewhat
lower usually at about 540°C or less. The endothermic
reaction corresponds only to the dehydration of the
mineral. An exothermic reaction occurs when reconstruc-
tion of mineral eccurs ab high temperabture. The exothermic

peak is known to be very much affected by extraneous

materials, e.g. it is suppressed by substances containing



alkali metals., Wahl (1958) concluded that considerable
primary mullite is formed on heating of well-organized
kagolinite, whereas very little develops Lfrom poorly

organized ksgolinite.

Since the exothermic peak between 950 fto 970°C
range, shown by fireclays is small and broad, the ﬁresent
author feels that this peak may be due to the formation
of very 1little prﬁnary mullite from poorly organized

kaolinite.

The effects of impurities on the thermal reactions
of kaolinite have been studied by Gruvey, Henry and
Heystek (1949). Fluxing impurities, present in brick
clays, tend to suppress the thermal reactions, whereas

some oxide additions accelerate the formation of mullite.

The ordered structure of Kaolinite varies considerably
from sample to sample. This peak does not appear to bhe
of a consistent magnitude even for different samples of
same material, but the presence of this peak (exothermic)

may reflect a series of reactions,

DIA curves of the fireclay from study area show a
strong endothermic deflection (upto 2.9A T) between
510 to 540°C due to the dehydration and the decomposition



of the structure, and a middle-strong (small and broad)
exothermic effect between 940 and 970°C; reflectin§ the
crystallization of a spinel phase. (Orcel, Norton, 1939).
The dehydration temperatures of kaolinites depend strongly
on the degree: of disorder of the structure. The DI4 is
suitable to determine the degree of this disorder

(disordered after the crystallographic b-axis).

Determination of the Degree of Disorder

in Fireclay-Kaolinites

Werner and Smykatz-Kloss (1974} devised a method of
to find out degree of disorder in Kaolinites from

fireclays,

Kaolinites from fireclays are frequentiy disordered,
The different sheet packets are disordered in the
direction of crystallographic b-axis by an amount n.bo/3,
During diagenetic process the disorder of kaolinite -
decreases, Sometimes during carbonization disorder is

completely lost,

BEndothermic peak temperature of kaolinites and & T
valves of .this peak decrease with increasing disorder,

as observed in the graph (Fig. V.8).
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Exothermic peak also reflects the degree of disorder.
The exothermic peak appears between 980° and 1005°C in
DIA curves of well ordered kgolinites and decreases down
to 940° + 1°C or still less with increasing disorder.
411 the samples decomposed helow 555°C could be identified

as being disordered.

The A T-values increase with increasing homogeneity
of the samples, but generally decrease with decreasing
grain size, The finer the sample, the more homogenous is
its grain size. So the present author has kept the grain

size (@ ) fraction as 0.6 - 2 micron for all samples.

The classification of disordered kaolinite into
following sub-groups is based on the decomposition peak

temperature alone,

Sub-groups Decomposition peak
Temperature (°C)

Extremely disordered 530

Strongly disordered 530-555

Little disordered 555-575

Well ordered 575

This classification is valid only if the determina~
tion is carried out under the standard operating conditions

of DTA mentioned earlier.

i



‘ 190

According to this classification fireclay from
Sadala (4C) is extremely disordered, and sll other fire-

clays are strongly disordered.

The decomposition peak temperature (td) of 530°C
seems to be very low according to all published DTA
data of ksolinites. Therefore this value is taken as
“Jero Value" for the exact determination of the de gree:

of disorder,

1. The multiplication of the factor (td = 530)
by the AT velue delivers a first index for this

degree of disorder (compare with Sm&katz—Kloss,

1940).

24 The relation of g1l indices to the index of
well-ordered reference material (with the relative
order = 100) gives the degree of order of each
étudied sample in percent of the prder of the
reference kaolinite. The degree of disordef of
all investigated kaolinites is more than Murfrees-
boro, has been chosen a5 a reference material
because it is.fine~grained homogenous and

strongly disordered.
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If the values of decomposition temperature are less
than or equal to 530°C, the calculation of degree of
disorder is almost impossible. In present studies out of
8 samples analysed for DIA, only 4 samples of fireclays
showing value of td more than 530° were calculated for

disorder in kaolinite.

Endother- Exothqr~
nic Peagk mic Peak
(AT) . _(AT)

Kaolinite Murfreesbora 578 (6.1) 983 (2.1}
Fireclay Tarnetar (34) 540 (2.8) 950 (0.8)

540-530 (value considered as zero) = 10, Tarnetar (34).

10 x 2.8 (AT value) = 28
578 = 530 = 48 Murfreesbora (Standard)
48 x 6.7 = 232.,8

232.8 is considered as 100,

So order of kaolinite for Tarnetar Fireclay

28 100 . _
5558 x : = 12,03 %

- egqual to =

100 - 12,03 = 87,97 % disorder.

Degree: of disorder in kaolinite in some of the

fireclays from Saurashtra is given belows



1. Tarnetar (3A) = 87.97%

2. Ratidevali (7B) = 87.97%
3, Vinaygadh (84) = 87.54%
4. Matel (11) = 94.85%

Combination of Differential Thermal Analysis (DTA) and

Thermal Gravimetric Analysis (TGA) of Fireclays from

Wiedemann (1964), Tets and Wiedemann (1968) and
F. Paulik et al (1966), are =mong the pioneer workers in

the field of combined DA and TGA studies.

Thermogravimetric Analysis

Reactions occurring in minerals during thermal
treatment (heating), result in the weight and energy
changes which can be identified and measured very

precisely by thermogravimetric analysis.

The operating conditions for DITA and TGA instru-

ments were as followss:

Crucible oee FPlatinum
Atmosphere ) ess Oxygen free, inert
nitrogen

Furnace ees Kanthal Super
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Heating Rate
Maximum temperature

Tempe rature of
cold junction

IG Range

DTA Range.

Beference Substance

195

6°C/min
1200°¢
2500

ees full. scale of
100 division = 100 mgm

200 uv

ese AR Grade AlZOB

Chart Speed 6" /hour

LR 2

DIA and TGA graphs are given as Fig. V.9 and V.10.

The results of TGA curves indicates guantitative

weight loss due to loss of H,0, CO, or S0, etc.

277 72 3

Results obtained from TGA are given below:

TABLE V.14
Wt of Sample Wt loss Recorded/

Sample before the run Removed after the run

‘ (mem) (mgm)
Gadhada (6) 101.00 14,30
Khanpar (24) 99.15 11.94
Vinaygadh (8B} 99.80 10.35
Palasa (54) 100,00 13.35
Ratidevali (74) 98,90 13,00
Songadh (1D) 99,60 9.85
Jambudia (13) 99.68 10.24
Lunsar (9) 97.26 9.64
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Dehydration curves obtained from the Thermal

Gravimetric Analysis are given in Fig. V.11.

Dehvdration and Phase Change on Heating of Fireclays

Dehydration curves for all fireclays are almost
flat upto about 400°C, showing little loss of water at
low temperatures. Thermal reactions are also absent in
the low-temperature region of DTA curves., DTA curve for
fireclay (poorly crystalline kaolinite) shows a small
initial endothermic reaction indicating that, when there
is irregularity in the arrangement of the kaolinite units,
a small amomnt of water may be present between the layers.
This is in accord with the slightly greater c-axis
gspacing of poorly crystalline ksolinite as compared with

well-crystallized kaolinite,

A series of dehydration curves obtained by the
present author shows that ﬁost of the dehydration has
taken place between 400 snd 600°C, Ross and Kerr (1931)
show that precise temperature for the loss of this (OH)
lattice water varies from kaolinite to kaolinite, and
this variations may be explained by variations in particle
size; since dehydration temperature is known to decrease:

with decreasing particle size, ZPoorly crystalline material
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Fig- V-1
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loses its hydroxyl water more readily than well-

crystallized kaolinite.

A small amount (2 to 3%) of water is retained at
about 600°C, an& this is lost gradually uwpto about 750
to 800°C, where dehydration is essentially complete.
A reduction of particle size, particularly if it is
accompanied by poorer crystallinity tends to reduce the
temperature required for the loss of hydroxyls and
causes them to be lost more gradually over a longer
temperature interval. Brindley and Nakahira (1957} have
deduced activation energies of 65 Kcal per mole for the

dehydration of poorly crystalline kaolinite.

X~RAY DIFFRACTION
As X-ray diffraction patterms are directly related
to crystal structures, they are bvetter suited for the
recognition of structural groups and structural

varieties of clay minerals.

The majority of clay minerals have layer silicate
structures with a marked basal cleavage and platy habit.

The Dbasal reflections generally designated as 001, are



X RAY DIFFRACTOGR

PALASA (58)

ALA (4C)
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easily recognized more particularly when preferentially
oriented aggregateé are used. These reflections, if
indexed 001, 002, 003 ete, give directly the thickness
of the structural layers. The structure of the unit
cell often contains more than one such layer depending
on the manner in which the layers are stacked on each
other., The stacking segquence determines the particular
structural variety of the mineral and generglly is less

easily determined than the layer thickness.

Interpretation of 14A° Spacing

144° Spacing indicates the presence of chlorite,

vermiculite or montmorillonite.

The chlorite mineral is modified bﬁ partial dehydra-
tion at 600° to 700°C so that the 14A° reflection is of
enhanced intensity@> This effect is of particular interest
in regards to iron-bearing chlorite which normally gives

a very weak 14A° reflectiom,

The (001) reflection of chlorite falls at the same
location (002) reflections of vermiculite and montomori-
llonite as observed in present studies, To confirm the

presence of chlorite, heat treatment of the fireclay

N\
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Tarnetar (3A) and Ratidevali (8B) was carried out in air
at 600°C, A%t this temperature heat treatment caused
vermiculite and montmorillionite to coillapse to a
spacing of about 9.5 to 10.5A%, whereas chlorite was
unaffected, In the present studies (Fig., V.14) chlorite
remained unaffected but no enhanced intensity was
observed in 9.5 to 10.54° spacings. The presence of
chlorite is clearly indicated by 14A° spacing. At 600¢C
chlorite is modified by partial dehydration so that the
14A° reflection is enhanced in intensity. This effect
is of particular interest in regard to iron-bearing

chlorite which normally gives a very weak 144° reflection.

As chlorite is very fine grained, ( £ 1 micron)
it becomes very difficult to determine the nature of
chlorite, It appears to be closely intergrown with a
kaolinite mineral. It has not been possible so far to
separate these minerals hence the identity of chlorite

remains unknown.

Interpretation of 10A° 8pacing

10A° Spacing indicates unexpanded mica type layers
or the presence of hydrated halloysite, Mica tends £o e

preferentially oriented parallel to the basal plane.



White (19%0) treated illite with MgCl, to preci-
pitate the exchanged potassium.v The range of basal
spacings extending Lfrom 104° to 144° or more, is
connected primarily with hydration which is extremely
variable in many of these minerals, Therefore, all
these minerals are placed in mica type structural group.
Barshad (1950) considers that the iomic radii, the
valency, and the total charge of the interlayered
cations, as well as the nature of the interlayered
substances seems to determine the extent of the inter-

layer expansion of the mica type of crystal lattice.

Interpretation of 74° Spacing

Spacing of 7A° indicates a kaolinite type mineral.
In 211 fireclays studied by the present author 14A°
chlorite reflection is not pronounced, so chlorite is
confused with kgolinite because (002) reflection of
chlorite coinsides with the (001) of kaolinite. In some
cases if the amount of chlorite is-smali, the (004)
reflection forms only a sholder on the high angle side
of the (002) kaolinite peak. This was not observed in
present samples., A weak 14A° line and a strong 7A® line

does not mean a small amount of 14A° mineral (chlorite)

203



201

and a predominsnce of a TA® mineral (kaolinite)., The
interpretation requires a careful evaluation of the
particular minerals which are present. Following‘
treatments were made to confimm the presence of TA®

gpacing minerals,

1. Fireclay samples were heated to 600°C to
suppress kaolinite peak (Fig. V.14).

At this temperature kaolinite tends to lose its
crystalline character, whereas chlorite is only partially
dehydrated, causing increased intensity of the 14A°

reflection,

2. Since chlorite is soluble in warm dil HCl, it
can be removed from fireclay and easily recognized.
(Fig., V.14). Fireclays from Tarnetar (38) and Ratidevali
(8B) were treated with hot HCl and observed that 144°
spacing disappears, while there is praectically no change

in the intensity of 7A° spacing.

It is, therefore, confirmed that fireclays contain

little chlorite and predominant kaolinite mineral.

%tructure of Kgolinite

Brindley and his colleagues (1946, 1951) explained
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the structure of kao}inite moxre precisely. It is composed
of a single tetrahedral'sheet and a single aluming
octshedral sheet so combined that the tips of the silica
tetrahedron and one of the layers of the octahedral

sheet form a common unit. All the tips of the silica
tetrahedrons point in the same direction and towards the
centre of the unit made of the silica and octahedral sheets,
The dimension of the sheets of tetrahedral units and of

the octahedral units are closely similar in their a and b
dimensions, and consequently composite octshedral-tetra-

hedral layers are readily formed. '

In the layer common to the octahedral and tetrahedrsal
groups 2/3 of the atoms are shared by the silicon and A
aluminium, and then they become oxygen instead of hydroxyl.
Only 2/3 of the possible positions for aluminium in the
octahedral sheet are filled, and there are three possible
planes of regular population of the octahedral 1ayer-ﬁith
aluminivm. The zluminium atoms are considered to be so
placed that two aluminium atoms are separated by a
hydroxyl above and below; thus, making a hexagonal distri-
bution in g single plane in the centre of the octahedral
sheet, The hydroxyl group is placed so that each hydroxyl
is directly below the perforation of the hexagonal net of



oxygen in tetrahedral sheet,

The changes within the structure are balanced i.e,,
there ére no charges on the lattice due to substitutions
within the lattice. The structural formula is (OH) and
814A14O1O and the theoretical compeosition expressed in
oxides is 510, (46.54%), A1,0, (39.50%) and H,0 (13.96%).
In relatively poor crystalline variety such as kaolinite

from: fireclay, substitution of iron and titanium for

aluninium is common.

Kaolinite group consists of sheet units continuous
in the 'a' and 'b' directions and stacked one above the
other in the 'c! direction. The thickness of these units

is zbout TA®°.

The plane between the unit layer is a cleavage
plane. In kaolinite the cleavage is not so pronounced
as in other clay minerals. ©So the mineral is not readily

dispersible in water into extremely small units.

Brindley (1951) has pointed out that distinction
between well crystallized kaolinite and pooily crysta-
1line "fireclay kaolinite" may be made by studying the
two groups of three reflections at 2.55, 2.52, 2,49A°
and 2,37, 2’.33, 2.284°, TFireclay kaolinite shows only
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two reflections at gbout 2.5 and 2.34°, I is observed
for all studied fireclay samples from Saurashtra that
2.5 and 2,.34° reflections are present in all samples

while other reflections are seldom present.

The transition from well-crystallized to poorly
crystallized kaélinite is shown by broadening and
weakening of the reflections with the complete elimination
of weaker ones. The basal reflection also increases from
Tel4 to as much as 7,20A° and éven more for Saurashtra- '
fireclays. The group of lines from (020}/(d=4.46) %o
(002)/(d=%.57) particularly reflect the change to lower
crystallinity. In this region the clearly resolved
doublet (117} and (171) of well crystallized material
gives way to a single band, affording good evidence for

the decrease in crystallinity.

-Characteristics of Fireeclay Kaolinite

The poorly crystallized kaolinite occurs in less
distinet hexagonal flske shaped masses than the well
crystallized variety and the particle size is generally
smaller, The poorly organized material tend to be some-

what more dispersible in water so that there is more
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cleavage between units gnd reduction in particle size as

compared to well crystallized kaolinite.

In the poorly organized kaolinite the structure is
highly disordered along the b-axis with unit layers
randomly displaced by multiples of one third of the 'b'
dimension, There is some randomness in the distribution
of zluminium stoms among octshedral positions. The first
order spacings are slightly higher (7.15 to 7.204°) and
less sharply defined for the poorly crystalline than for
well crystallized, suggesting some occasional interlayer
water between the silicate units. Dehydration curves

(Fig, V.11) tend to confirm the presence of such water.

The operating conditions for the X-rgy diffraction

instrument were as follows:

Instrument used ese FPhillips Holland
X-ray Generator ..o PW 1130/00
Goniometer v.. PW 1050/25
Recorder "eee EM 8000 .
Scanning speed eee 1°/min

Paper speed eeo 10mm/min

Time constant eoe 4 sec

H,V. see 40 kv/15 MA



Receiving slit

" Divergent slit
(Scattering slit)

Target
Filter

210
0.2 mm
10

Copper Kee radiation
Nickel

Results obtained from the graphs (Fig. V.12 and V.13)

of the fireclays studied under X-ray diffraction are given

in Tables (V.15 to V.22).

IABLE V.15

Locality : Songadh(1C) .

X.ray Diffraction Results.

P Observed Calculated . .
(2©)  (a)a° Intensity Inmjensity | oTFY fiertified
~ (Io). (Ic/1) »
5.65 15.62 13 16.66 Chlorite
849~ 9.52 16 20.51 Degraded illite with some
10,00 expandable mineral i . -
interlayer in it
Poor crystallinity
12,20 T.25 40 51.28 Poorly crystalline
: Kaolinite (001)
20,90 4.25 25 32.05 Quartz
24.90 3.57 32 41.02 Kaolinite (002)
26,75 3.33 78 100.00 Quartz
36,50 2.46 6 7.66 Kaolinite (131,200)
37 .60 2.39 4 5.12 Kaolinite (003}
38.40  2.34 5 6.17 Kaolinite (202, 131)
39.40 2.29 6 7.66 Kaolinite. (13%2,201)
2.24 4 5.12  Kaolinite (040, 221)

40,20
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TABLE V.16
Locality : Tarnetar (3C) X-ray Diffraction Results.
(2 ©F (a)° gg“?%ei‘%y %f%‘é%; T Minery Ttentitied
5.68 15.55 12.0 17.14 Chlorite
8.8 - 9.50 20.0 28.57 Poorly crystalline
9.90 \ degraded illite with
some expandable
mineral in it.
12.35 7.16 31.0 44.28 Poorly crystalline
' kaolinite (001)
20,94 4.24 14,0 20.00 Quartz
24,96 3.56 25.0 35471 Kaolinite (002}
26.70 3.34 70.0 100,00 Quartz
35.20 2.55 3.5 5.00 Kgolinite (207, 130)
36.74 2.48 5.0 7.14 Kaolinite (1371, 200)
38,62 2433 5.0 T.14 Kaolinite (202, 131
39,60 2.27 3.5 5.00 Kzolinite (132, 201)
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TABLE V.17

Locality : Sadala (4c)y 3 Z-ray Diffraction Results.

Observed Calculated Minersl Identified

@ , Intensity Intensity (Indices)
(2 ©) (@ (1o) ~ _ (Ic/D)
5e62 15.71 10.5 13.13 Chlorite
8.78- 9.87 23.0 28.75 Degraded illite with |
10,00 expandable mineral

interlagyer within it
Poorly crystalline

12,28 7.20 26.0 32,50 Kaolinite (001)
19.82 4.48 5.0 6.25 Kagolinite (02 -)
20.78 4.27 15.0 18.75 Quartsz

25.00 3.56 22,0 27.50 Kaolinite (002)
26.68  3.34 800 100.00 Quartz

%4.,90 2.57 4,0 5.00 Kaolinite (207, 130)
36.40  2.47 6.0 7.50 Kaolinite (131, 200)
38,30  2.35 6.5 8.13 Kaolinite (202, 131)

39.25 2.29 5.5 6.88 Kaolinite (132, 201)




Locality

IABLE V.18

¢ Palasa (5B)
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Xwrsy Diffraction Results.

Ubserved  (alculated Mineral Identified
(2 @F (a)ae Int??g’%ty Intensity (Indices)
(Ic/I)
5.72 15.44 10.0 24.39 Chlorite
9,00~ 9.67 25,0 56.09 Degraded illite with
10420 expandable mineral
interlgyer within it
_ Poorly crystalline
12,38 7419 26.5 64.63 Poorly crystalline
kaolinite (001)
20,98 4.2% 12.0 29,27 Quartz
25.00 3.56 23,0 56,09 Kaolinite (002)
33.55 2.52 4,0 > 9.75 Kaolinite (137, 200)
56.55 ' 2.46 5.0 12019 Quartz
37472 2.38 3.5 8,53 Kaolinite (003)
'38.50 2433 442 10.24 Kaolinite (202, 131)
39.50 2.27 3.5 8453 Kaolinite (132, 201)
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TABLE V.19
Locality : Vinaygadh (8A) : X-ray Diffraction Results.
0 Observed Calculated Minersl Identified
(2 ©) (a)a° Intensity Intensity
(Io) (Ie/T)
5.72 15443 12.0 20,00 Chlorite
8.8~ 9.65 1645 2730 Degraded Illite with
10.20 some expandable mineral
in it
Poorly crystalline
12.39 Te13% 25.0 5833 Poorly crystalline
Kaolinite (001)
20,90 4425 14,0 23,33 Quartz
24,92 5657 25.0 41.66 Kaolinite (002)
26.84 3.32 60.0 100,00 Quartz
%6400 2449 5.0 8,33 Kaolinite (137, 200)
36,60 2.45 5.0 8433 Quartz
3775 2.38 4.0 6.66 Kaolinite (003)
38450 2433 4.0 6.66 Kaolinite (202, 131)
39.45 2.28 4.0 6.66 Kaolinite (132, 201)
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TABLE V,20
Tocality : Ratidevali (7B) ¢ X-ray Diffraction Results.
Observed Calculated Mineral Identified
(2©3)° (a)s® Intensity Intensity (Indices)
(Io) (Ie/1)
5.60 15,77 11.0 23 .40 Chlorite
8,8~ 9.45 21.0 44 .68 Degraded illite with
9.90 . expandable mineral in
13;2or1y crystalline
12.30 T.19 28.0 - 59.57 Poorly crystalline
kaolinite. (001)
20.85 4,26 13,0 27.63 Quartz
24.90 3457 26,0 55432 Kaolinite (002}
26.60  3.34 4740 100,00 Quartz
36.45 2.48 6.0 12.76 Kaolinite (137, 200)
36445 2034 345 Ted4 Kaolinite (134, 200)
39.25 2.29 5.0 6.38 Kaolinite (132, 201)
40,10 2225 3.0 6.38 Quartz




Locality

: Matel (11)

IABLE VvV, 21
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Xewray Diffraction Results.

o Observed Calculated Mineral Identified
(2 &) (a)e Intensity Intensity (Indices)
(To) (Ie/1)

5,90 14,97 15.0 22,73 Chlorite

9,0~ 9.48 18,0 27.27 Degraded illite with

9,80 some expandable
mineral in it
poorly crystalline

12.38 7.19 39,0 59.09 Poorly erystalline
Kaolinite (001)

20.98 4,23 12,0 18.18 Quartz

25,00 3.56 22,0 33.33 Kaolinite (002)

26,72 3.33 66.0 100.00 Quartz ‘

35.10 2,55 4.0 6.06 Kaolinite (207, 130)

36460 2445 4,0 6,06 Quartz

37.82 2,38 4.5 6.82 Kaclinite (003)

39.52 2.28 5.5 8.33 Kaolinite (132, 201)
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TABLE V.22
Locality s Makemsar (14) s Z-ray Diffraction Results.
o y Observed Calculated . - ey
(2 )° (ayae Tntensity Intensity Mlnef%ldidzngllled
(Io) ~ (Te/1) nalees
5.45 16,20 13 25 Chlorite
8eH- 9.65 19.5 375 Poorly crystalline
10.00 degraded illite with
gome expandable
mineral interlayer
in it. (
12.22 7.24 32 61.54 Poorly crystalline
Kaolinite (001}
20,72 4,28 14 26,92 Quartz
24,72 3459 22.5 43,27 Kaolinite (002)
26,42 377 52 100 Quartz
54485 2.57 4 7.69 Kzolinite (207, 130)
35,75 2.51 3 5. 7T Kaolinite(137,200)
36435 2,47 5 9.62 Quartz
38,15 2.38 3.5 6.73 .Kzolinite (00%)
39.15 2.29 445 8.66 Kaolinite (132, 201)
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TABLE. V.23

-

Tarnetar (3B) Vertical Mineralogical Variation
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ggrlzons (D§Zree0 (Ag) ggﬁ:ggigy Mineral
Fireclay ,
5.58 15.82 14 Clorite
Upper 9.70 9.11 21 I11ite
Fireclay 43 35 7.16 30 Kaolinite
20.75 4,28 32 Quartz
24.75 3.59 18 Kaolinite
26.65 3433 80 Quartz
5.68 15.55 12 Chlorite
9.70 9. 11 20 Iilite
Middle 12.38 7.14 31 Kaolinite
Fireclay 54,04 4.24 14 Quartz
* 24.96 3.57 25 Kaolinite:
26,70 3433 70 Qua?tz
5¢T6 1533 12.5 Chlorite:
9.56 9,24 20 J1lite
Lower 12.38 T.14 36 Kaolinite
Fireclay ,0,06 4.23 17.5 Quartz
25.05 %56 27 Kaplinite.
26.76 343% 66 Quartez




Songad (14)

Vertical Mineralogical Variation

IABLE V.24
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Horizon

Pireclays (vegree)  (4%) Totoneizy ~ Mimeral
Upper 5.62 15,71 12 Chlorite .
Fireclay g 40 9.40 18 T1lite
12,50 7.08 40 Kgolinite
20.75 4.28 29 Quarts
24.88 357 28.5 Kaolinite
26.82 5.32 80 Quartz
Middle 5.65 15,63 13 Chlorite
Fireclay 9 65 9.16 16 T1lite
12.40 T.13 40 Kaolinite:
20,90 4.25 25 Quartz
24.90 3.57 32 . Kaolinite
26.75 3.33 78 Quartz
Lower 5.60 15.77 11.5 Chlorite
Fireclay g 40 " 9.40 14.5 T1lite
12.20 7.25 45 Kaolinite
20.98 4.23 16.5 Quartz
24.98 3.56 35 Kaolinite
26.70 3433 64 Quartz
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TABLE. V.25

Ratidevali (7A) Vertical Mineralogical Variation

Horizons 50 D Observed

g?reclays (Degree)  (4°) Intensity Hinerel
560 - 15.77 14 Chlorite
9,50 9.30 21 Tilite
Upper 12.40 T13 23 Kaolinite
Fireclay 55,75 4,28 14 Quartz
24,82 3658 23 Kaolinite
26.65 73354 71 Quartz
5.60 15.77 11 Chlorite
9.55 9.25 21 Illite
Middle 12.30 7.19 28 Kaolinite
Fireclay 20.85 4,26 13 Quartz
' 24,90 3,57 26 Kaolinite
26,60 534 60 Quartz
5.70 15.49 11 Chlorite
9,65 9.16 20 Illite:
Lower 12.40 ,7‘13 40 Kaolinite
Fireclay 20.98 4,23 13 Quartz
: 24,98 3.56 27 Kaolinite

26.7 3633 47 Quartz




TABLE V.26

Vinaygadh (8B) YVertical Mineralogical Variation

Horizons e Observed o
of (Dezeea} (Aé) Intensity Mineral
Fireclay er ‘
5.62 15.71 13 Chlorite
9.65 . 9.16 21 T1lite
Upper 12.39 Ta13 33 Kaolinite
Fireclay 54,480 4,27 14 Quartz
24.90 3457 25 Kaolinite
26.65 3.34 63 Quartz
5672 15.4% 12 Chloxrite
9055 9025 . 16.5 Illite
12.42 T.12 35 Kzolinite
Tiower
Fireclay 20,90 4.25 14 Quartz
24,92 3.57 26 Kaolinite

26,84 %.32 60 Quartz




To study the vertical mineraicgical variation of
fireclay samples from Songadh (18), Ratidevali (74),
Vinaygadh (8B}, and Tarnetar (3B), were examined by X-ray
diffraction method, Samples of fireclays were collected
from bottom to top horizons of fireclay at’different
vertical interval, X-ray diffrgetogram of fireclay

gamples from Tarnetar (3A) Mine are given in Fig. V.15.

Results obtained from the graphs of the azbove

mentioned samples are given in table V.23 to V.26,

The relative observed intensities indicate that
fireclays from upper horizon contain more percentage of
guartz more illite and chlorite and less kaolinite as

compared to fireclays of lower horizon.

This variation is probably due to upward movement
of ground water during alteration of fireclay. Harmful
constituents such as X, Na' (alkalies) were carried
away by ground water from lower horizons and were concen-

trated in upper horizon of fireclay beds.

i
Scanning Eleetron Microscopy

Freshly cut fireclay samples mounted on stub and
plated with Au~Pd alloy, were scanned under electron

microscope.,
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Fireclays contain appreciable quantities of organic
matter that has undergone various physical and chemical
changes to form bituminous cogl. Organic matter in fireclay
is the result of direct contamination from adjacent coal
seam, but some of it is intimately associated with fireclay
and possibly adsorbed on to it - (Plate V.1 and V.2). Many
coal partings are concentrated in the upper portion of
fireclay (just below coal), where it occurs as underclay.

Organic matter content varies from 0.5 to 2,5 percent.

Gibbsite in the form of nodule was found in Ratidevali
(74) fire clay (Plate V.3). Gibbsite is identified with
the help of X-ray probe unit attached with scanning electron
microscope., It indicates thal beauxitic minerals were
present in fireclay and might have been destroyed through
silicification to form kaolinite. Gibbsite is an index of
intense leaching above ground water table and upward movement
of ground water. Bauxitic minerals might have been respon-

gible for the compaction of fireclays.

Micaceous flakes (Plate V.4) are observed on fresh
cut surface of upper portion of fireclays of Saurashtra.
X~ray probe unit employed to identify these flskes from
Sadala (4C) gave hydrous alluminium silicate with presence

of potassium - probably illite. Presence of illite is



PLATE NO. V.1: Thin partings of coal in Songadh (1B)
Fireclay

2.0U1T>

PLATE NO. V.2 : Contamination of Coaly matter in
Tarnetar (3B) fireclay.



PLATS NO. V.3J Gibbsite nodule in Ratidevali (7A)
fireclay.

PLATS NO. V.4: Micaceous illite along the bedding
planes in Sadala (4A) fireclay.
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further supported by X-ray diffraction studies. Upward
movement of ground water carried Na+, K* ions with them
and formed micaceous flakes on upper portion of fireclay.
These flakes are concentrated along the bedding planes

of fireclay.

Transmission slectron Microscopy

A few milligram of =300 mesh (ASIM) fireclay sample
was taken in a small test tube and diluted with double
distilled water till just few particles of clay appear in
water, with the help of micropipette a drop of water was
taken on a pre-prepared thin film on a grid and was
scanned under Transmission wlectron Microscope after

édrying.

Fireclay samples from Songadh (1D), Khanpar(2A),
Sadala (4C), Gadhada (6), Jambudia (10) and Saltanpur (13)
show the presence of poorly crystalline to occassionally
perfectly crystalline kaolinite. (Plate V.5 to V.16)
Jambudia and Saltanpur fireclay (red) due to leaching of
iron from overlying ferruginous sandstone: A border
of kaolinite crystals from these clays appear corrosive,
Tarnetar (3A) fireclay shows well crystalline kaolinite

crystals (Plate V.11).



PLATE NO. V.5

T.£.M.

Poorly crystalline kaolinite in
Khanpar (2A) fireclay.

Mag. - 48,600

PLATE NO. V.6

T.E.M.

Poorly crystalline Kaolinite crystals
(Subhedral) in Songadh (1D) fireclay.

Mag. - 58,800
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PLATE NO. V. 7

T.E.M.

Poorly crystalline subhedral crystals of
Kaolinite in Sadala (4C) fireclay

Mag. - 55,600

PLATE NO. V.8
T.E.M.

Poorly crystalline Kaolinite in G-adhada(6)
- Fireclay.

#ag._ 58,500
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PLATE NO. V.9
T.E_M.

Corrosive border of Kaolinite crystal due
to addition of iron oxide. Jambudia (13)

Mag. - 48,300

PLATE NO. V.10
T.E_M.

Corrosive border of Kaolinite crystal due
to addition of iron oxide. Saltanpur (10A)

Mag. - 58,800



PLATE NO. V.11 231
T.E.M.

Perfectly crystalline Kaolinite iIn
Tametar (3A) fireclay.

Mag. - 60,000

PLATE NO. V.12
T.E.M.

Perfectly crystalline Kaolinite iIn
Ratidevali (7B) fireclay.

Mag. - 45,600



PLATE NO. 7.13 232
T.E.M.

Poorly crystalline kaolinite crystals in
Vinaygadh (8A) fireclay.

Mag. - 45,600

PLATE NO. V.14
T.E.M.

Poorly crystalline (Subhedral) Kaolinite in
Songadh (1D) fireclay.

Mag. - 44,100
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PLATE NO. V.15
T.E.M.

Corrosive border of Kaolinite crystal due
to addition of iron oxide in Paneli (12)

fireclay.
Mag. - 58,200

PLATE NO. V.16
T.E.M.

Corrosive border of Kaolinite in
Saltanpur (10A) fireclay.

Mag. - 60,000



