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Laikdih seam coals from Junkunder and Laikdih Deep collieries, Raniganj
coalfield, have been investigated by X.ray radiographic and diffraction
methods. The mineral matter is mostly fine- and medium-grained and in
such intimate association with coal that it is difficult to remove by washing.
Kaolinite, apatite, dolomite, quartz, anatase, siderite and gypsum have been
identified. The same type of minerals have been identified in vitrains. The
amount of mineral matter in vitrain fraction is in the order:; maximum in
fraction of S.(i. greater than 1-35, lesser in fraction of 8.G. less than 1-25,
and least in fraction of 8.G. between 1-25 and 1-35. The variability of mineral
matter at different sampling sites in the same seam, at different locations
even in the same mineral colony, and in the vitrain band is discussed in
relation to conditions of deposition and coal formation. Source of phos-
phorus is mainly apatite and possibly a mineral of the Beudantite or Plumbo-
gummite group. An occurrence of ‘radiating siderite’ has been observed
similar to the occurrence reported by Forrester (1936) from coal of seam X1V,
Barakar measures, Jharia coalfield. The Laikdih seam coal vitrain gives a
{002) reflection of 3-5-3-6 A, which is the prominent feature of normal
vitrinites. It also gives a low angle band at about 17 A characteristic of the
C content and coking nature of the coal. °

INTRODUCTION

X.ray radiographic and diffraction techniques have been used by many
workers in the study of coals. Radiography helps in the location and study of
distribution of mineral matter in coals. The pioneer in this type of work was
Couriot (1898). Kemp (1924, 1929) developed it considerably for the esti-
mation of ash content in coals. X-ray diffraction technique was applied
to the study of some Indian coals by Mahadevan (1929, 1930a, b, 1935, 1940)
who reported the existence of layers comparable to those in graphite. The
method was used by other workers also (Riley 1943; Blayden et al. 1943).
One of the most comprehensive X-ray diffraction work on coals and coal
macerals was done by Cartz and Hirsch (1960) who used advanced interpreta-
tive techniques developed by Diamond (1957, 1958). In the study of Indian
coals, radiographic method was first used by Forrester (1936) and later by
Chatterjee (1947, 1952) in connection with washability studies. Mahadevan
(1929, 19304, b), Dhar and Niyogi (1942), Mitra (1953, 1954), Mukherjee (1953),
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Sultana (1960), Sultana and Misra (1960) and Safia Mehdi and Datar (1960)
have investigated Indian coals and allied materials by X-ray diffraction
techniques. These studies have considerably improved our understanding of
the nature of Indian coals. The highly variable nature of Indian coals makes
it necessary to gather as much information about them as is possible by appli-
cation of modern methods, before one can make significant correlations. The
constitution of mineral matter, their location, the type of diffraction effects
observed from different components are all important features. As a part of
the coal research scheme of the Geological Survey of India, it was decided to
study coals of the Laikdih seam, Raniganj coalfields, using X-ray radiographic
and diffraction methods, the results of which are presented in this paper.

EXPERIMENTAL PROCEDURE .
Materials

The coals were block samples collected by Chandra and Paul (1962) from
the Laijkdih seam at Junkunder and Laikdih Deep collieries of Raniganj coal-
fields.

Methods

For X-ray radiography, the coal samples were cut and shaped like paral-
lelepipeds of thickness about 2 cm. Radiographs were taken using a Raymax
Watson Victor X-ray unit working at 40 kV, 20 mA. With the specimen in
contact with the cassette containing the double coated Ilfex industrial
film at a distance of 90 em from the target, exposures were of the order of a
minute. Radiographs were taken with the X-ray beam parallel and also
perpendicular to the bedding plane.

For X-ray diffraction study of the mineral constitution the samples of
coal (or fractions as the case may be) were powdered and packed in the sample
holder of a Guinier type camera with Al foil on both sides (cellotape gave
undesirable halo). Patterns were recorded with crystal reflected Cu-K alpha
radiation. In some cases a 114-6 mm diameter cylindrical camera was also
used. . ‘

For recording the amorphous bands, a 57-3 mm diameter cylindrical
camera was used with filtered Fe-K alpha radiation. Specimen powder was
tightly packed inside a lindemann glass capillary.

Vitrain was ocarefully detached from coal. After powdering to 100
mesh size, different specific gravity fractions were separated using zine
chloride solutions of adjusted S.G. Three fractions were obtained, viz, less
than S.G. 1:25, between 1-25 and 1-35, and heavier than S.G. 1-35. The
middle fraction covers the range of densities for pure vitrains as given by
Fermor (1928, 1930a, b). The different fractions were then quickly washed
with dil. HCl followed by distilled water and dried at 70 °C. Specimens
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prepared by washing directly with distilled water soon after separation were
found to be contaminated by basic zinc chloride ZnCl, .4Zn(OH),. In some
cases small pieces of vitrain ground to cylindrical shape were also used. For
recording low angles, a Philips 114-6 mm diameter camera was used with the
special beam trap.

REesvrrs AND DISCUSSIONS

Mineral Matter (Whole Coal)

Some of the radiographs are shown in Figs. 1 to 10. Table I gives the
mineral constitution of the different samples. It is seen that kaolinite,
apatite, quartz, anatase, dolomite and siderite form the main mineral matter
in the coals studied. The radiographs show presence of fine-grained (Figs.
1 to 5), medium-grained (Figs. 6 and 7) and coarse-grained (Figs. 8, 9 and
10) mineral matter in these coals. The fine-grained mineral matter is distri-
buted throughout the coal even in vitrain bands, and is difficult to remove by
washing. This component is mainly kaolinite, which is found as a major
component at all locations. In some cases, dense fine-grained mineral matter
occurs as bands parallel to the bedding plane (Figs. 1 and 2). The photo-
graphic density of radiographs of vitrain bands is variable suggesting presence
of variable amounts of mineral matter in them. Presence of cleats is shown
in Figs. 3 and 4.

The coarse- and medium-grained mineral matter occurs in many cases as
thin bands or veins parallel to the bedding plane and in some cases as iso-
lated grains (Fligs. 6-10). It is also clear from Table I that the coarse- and
medium-grained mineral matter which includes apatite, quartz, anatase,
siderite and dolomite are not uniformly distributed at all locations but show
wide variations. This is because of their localized occurrence. Appreciable
variations are found even within a coarse-grained mineral assemblage. The
radiograph of coal block from location 8'—0" to 8'~6” (Table I) of Junkunder
colliery is shown in Fig. 10. X-ray patterns of materials from small drill
holes 1 to 8 of this block are shown in Fig. 11. Kaolinite is present at all
locations. As is to be expected from radiograph only traces of mineral matter,
mainly kaolinite and siderite, are present at drill hole 1. TFrom drill holes 2
to 5, mainly siderite of fine crystallite size is present, with a little apatite at
drill hole 2. Radiograph shows that mineral matter at drill hole 4 is very
coarse. But siderite which is the main component here is of fine crystallite
size ag seen from the nature of the pattern. Apparently the siderite is not
well crystallized. In drill holes 6 to 8, the major component is well-crystal-
lized apatite, with traces of siderite. Gypsum in detectable amounts is
present at drill hole 6. In addition to showing the variations of mineral
constitution within the same mineral colony, this study indicates that in
investigating the mineral matter in coals by X-ray diffraction, the usual
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method of powdering a piece of coal and taking a little of the powder for
analysis, dilutes the mineral matter and thereby masks useful details. A
better appreciation of the specimen can be made by (1) preliminary radio-
graphic examination of block specimens to locate positions of mineral con-
centration, (2) isolating these portions either by suitable ctitting or drilling of
the blocks, and (3) study of these materials by X-ray diffraction methods.
Well-crystallized siderite (identified by X-ray patterns) occur as isolated
rounded grains (Figs. 8 and 9) with needle-like crystals growing outwards.
These radiating crystals are confined to the bedding plane (Fig. 9). The
nature of the occurrence suggests that the rounded siderite grains were origi-
nally trapped in the coal probably during the coal forming stage in the depo-
sitional basin. The radiating crystallites grew later from trapped solutions
along directions of least resistance; these obviously lying in the bedding plane.

Mineral Matter (in Vitrains)

In general, the amount of mineral matter is very little. Kaolinite,
anatase, quartz, dolomite and siderite have been identified in vitrains. The
fraction of S.G. greater than 1-35 contained the maximum mineral matter,
The least amount was in the fraction of 8.G. 1-25-1-35. X-ray radiographic
and diffraction studies show that it is mainly the fine-grained mineral matter
that is associated with vitrain.

In the X-ray diffraction pattern of the coals there are very diffuse lines
with spacings 571 A, 297 A. The variation of intensity of these lines in .
different patterns suggests that they belong to the same mineral. Further,
diffuse lines are present at 3-51 A and 1-91 A, Though the above lines cannot
be unambiguously ascribed to any particular mineral, one interesting pos-
sibility is that it may belong to a mineral of the beudantite or the iso-structural
plumbogummite group. Such a mineral has been found by the author to be a
constituent of the intrusive lamprophyre associated with coal seams (to be
published). The mineral is fine-grained and there is evidence that it is even

Fias. 1-9. 1, X.ray radiograph of coal from Laikdih seam at Laikdih Deep colliery. Top
section between 1’~2* and 1’8 from floor {(coal). X.rays parallel to bedding plane. 2, radio-
graph taken with X.rays perpendicular to a side face of above block. 3, X-ray radiograph of
coal from Laikdih seam at Laikdih Deep colliery, middle section. Location between 4'-8”
and §-3” from floor (sand). X.rays parallel to bedding plane. 4, same block as for Fig. 3
(side view). 5, X.ray radiograph of coal from Laikdih seam at Laikdih Deep colliery, middle
section. Location between 2'-0” and 2-6” from floor (sand). X-rays parallel to bedding plane.
6, X.ray radiograph of coal from Laikdih seam at Junkunder colliery, No. 2 section, 13’~0” and
13’-8* from top of seam. X-rays parallel to the bedding plane. 7, X-ray radiograph of coal
from Laikdih seam at Junkunder colliery, No. 3 scetion, 22°-0 and 22'-6* from top of
seam. X-rays parallel to the bedding plane. 8, X.ray radiograph of coal from Laikdih seam
at Junkunder colliery, Ne. 1 section, 1’-0” and 1’~-6” from top of seam. X.rays parallel to the
bedding plane. 9, same block as for Fig. 8, X-rays perpendicular to bedding plane,
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present in vitrain, where it occurs along with kaolinite. It was most probably
deposited along with the clay and other minerals in the coal forming basin.

X-ray Patterns of Vitrains and Vitrain Fractions (Amorphous Bands)

All the three fractions gave a strong diffuse band with a spacing between
35 A and 3.6 A (Figs. 12 and 13). This was the most prominent band in the
fraction between 8.G. 1-25 and 1-35. It was found that the diffuse band given
by small solid pieces of vitrain was stronger than that given by powder sample
(Fig. 13); an effect probably due to the greater amount of material (in greater
compaction) in the irradiated volume in the solid sample. A sharp line with
a spacing of 3-52 A overlapping the diffuse band at its maximum intensity
region was frequently an important feature of such patterns. This is a linc
due to miineral matter (kaolinite and anatase have lines in this region). It
seems possible to get by trial and error, pieces of vitrain comparatively free
of mineral matter and to study the diffuse band given by them. However,
such a study will only be selective. The (004) band at about 2:12 A was
extremely feeble and was not clear in many cases. At low angles there was a
very weak band with a spacing of about 17 A (Fig. 14).

Fres. 12-14. 12, X.ray diffraction pattern of vitrain fraction of 8.G. 1-25-1-35
from Laikdih seam coal, Junkunder colliery. 57:3 mm diameter camera, Fe-K alpha
radistion. 13, X-ray diffraction pattern of a piece of vitrain ground to nearly
oylindrical shape. Sample from Laikdih seam at Laikdih Deep colliery. 573
mm diameter camera, Fe-K alpha radiation. 14, X.ray diffraction pattern of same
piece as for Fig. 13, taken with 114-6 mm diameter camera using special beam
trap; ¥e-K alpha radiation.

The coals studied here belong to the Damuda series, Barakar coal
measures of the Raniganj coalfields. These coals were laid down in Permian
times in the depositional basins covering an extensive region from central



AN X-RAY INVESTIGATION OF COALS FROM LAIKDIH SEAM 61

India to Bengal. They are best developed in the Jharia coalfield. The
Barakar measures are also found in the Ajay area at the north of the Raniganj
coalfields. Ball coal has been reported near the sampling sites in the present
study (Chandra and Paul 1862). As is known, they suggest retransportation
of partly coalified material. The evidence is strongly in favour of the ‘drift’
theory of formation in contrast to the ‘growth in situ’ theory. The results
obtained in the present study can be viewed against this background.

A striking feature is the highly variable nature of the mineral matter at
different locations as revealed in this study. This is another aspect of the
observation that the nature of the Barakar coals is highly variable; even of the
coal from the same seam when traversed from place to place and from floor to
roof (Forrester 1936). According to Edgecombe and Manning (1953) the
mineral matter in coal can be grouped into two categories: (1) the ‘inherent’
mineral matter associated with the coal substance and having its origin partly
in the coal forming flora and partly in very fine sedimentary material insepa-
rably intermingled with the coal, and (2) ‘adventitious’ mineral matter derived
from the shales and clays associated with the coal seams and from mineral
infiltrations such as pyrites, marcasite, siderite, calcite and ankerite. This
‘adventitious’ mineral matter is not distributed homogeneously and is loosely
agsociated with the coal as dicrete particles. It constitutes the major portion
of the inorganic matter of coal. The ash content of Indian coals has been
classified by Chatterjee (1947) to be derived from the following sources: (1)
the inorganic mineral matter originally present in the plant. This is the
congtitutional ash or inherent ash which is rather impossible to remove by
washing, (2) extraneous heavier mineral matter known as ‘dirt’ such as pyrite,
shale, gypsum and carbonates like calcite, ankerite, aragonite, dolomite,
siderite, etc. Separation of these is possible by hand picking or washing, and
(3) what is termed the ‘true’ or ‘fixed’ ash which is disseminated more or less
uniformly throughout the entire coal substance and cannot be removed.

Much of the mineral matter detected by radiography in the present in-
vestigation is very fine-grained and hence cannot be removed by washing.
As mentioned earlier, the medium- and coarse-grained mineral matter oceurs
mostly localized. Considering their small size and their occurrence, only
small reduction of this ash will be possible by mechanical means. At the
time of deposition the mud became mingled with the coal material to such an
extent that the ash in these coals should be considered mainly of an inherent

nature.
It was shown that the mineral matter is variable even in the same colony.

Firstly, they may represent mineral matter that were trapped under different
depositional conditions. This is possible especially with drifted material.
Secondly, it cannot be imagined that the minerals retained their original
nature after being trapped in the coal substance, The radiating crystals on
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siderite grains show that a certain amount of change took place after depo-
gition.

It has been observed that even vitrain containsg mineral matter, mostly
fine-grained, though localized isolated grains are also seen. The ash content
of vitrains from Gondwana coals, on an average, is between 1 and 4 per cent
(Chatterjee 1952). This variability is seen in the variable photographic den-
sity of radiographs of vitrain. As regards the nature of mineral matter,
almost all of the minerals found in the dull coal have been detected in vitrains
also. This can be understood from Fermor’s (1928) observation that the
bright coal is a colloidal substance which has clarified itself by chemical segre-
gation. During this segregation, the fine-grained mineral was tenaciously
retained by the organic matter. The variation of the mineral matter is a
result of the different extents to which the clarification has progressed.

As regards the ash, alumina is mainly present as kaolinite. Iron usually
occurs in coals as pyrites, marcasite, siderite and as ferrous or ferric oxide
associated with clay. No pyrites or marcasite was detected. They may have
escaped detection because of their isolated occurrence. However, siderite is
present both as isolated grains and as fine-grained material. This appears to
be the main source of iron. The presence of apatite explains the source of
phosphorus. However, all the phosphorus may not exist in this form. The
beudantite—plumbogummite type mineral—may also -be a source. In addi-
tion, primary phosphorus may also exist in the pollen grains and spores of
the plants from which the coal is derived. Fox (1930) has traced the high
phosphorous content in many of the Gondwana coalfields where peridotites
occur to the calcium phosphate leached out from peridotite and deposited in
the coal (Gee 1932). As mentioned, the apatite was incorporated during the
depositional stage. Rich phosphate rocks such as the apatite rock of Dhal-
bhum lay within the drainage area of the basins in which the Damuda coal
seams were deposited (Fox 1927).

The occurrence of siderite grains with radiating crystals deserves special
mention. It was Forrester (1936) who first noticed the ocourrence of what he
termed ‘radiating ankerites’ in a coal from seam XIV, Barakar measures of
Jharia coalfields. He could get only one instance of this occurrence. The
present author also could only get one instance in which this peculiar type of
siderite grains exist. This is probably due to the fact that such occurrences
are more or less localized and hence liable to be missed. Forrester noticed
two types of siderite grains, viz. rounded and oval, both highly contaminated
by coaly matter. He could not, however, give any reason for the difference in
shape, but has recorded that the grains were aligned more or less parallel to
the bedding plane. A small spherical siderite grain with radiating crystallites
will record more or less as an oval grain in X-ray radiographs taken parallel to
the bedding plane. Further work with coals from different seams and fields



AN X-RAY INVESTIGATION OF COALS FROM' LAIKDIH SEAM 83

will be necessary to ascertain whether or not this type of occurrence is found
in all cases. TFor the present it may be noted that the two cases reported are
both coals of Barakar measures, but belonging to different fields,

The (002) spacing of 3:5-3-6 A recorded for the vitrains of these coals is
the most prominent feature of normal vitrinites. The Laikdih seam coal
from Laikdih Deep colliery is reported to be a good coking coal which yields a
better coke than the coal of the same seam from Junkunder colliery (report of
Coal Survey Station, Raniganj Coalfield, period Jan.~Dec., 1959). On ‘unit
coal’ basis the carbon content of Laikdih seam coals at Junkunder colliery is
87-6 per cent. For vitrains from Laikdih seam at Laikdih Deep colliery the
C content is 87-8 per cent (Sultana 1960). For coals of carbon content greater
than about 84 per cent, a band with a spacing of about 20 A has been noted
(Brown and Hirsch 1955). Ergun ef al. (1960) have recorded an 18 A band
for a high volatile vitrinite of 83 per cent C. The value obtained (17 A) is
somewhat lower than the above values and is the result of visual observation
and the fact that only filtered radiation was used. The C content of the
Laikdih seam coal is near the reported C content (near 89 per cent) of coals
for which the 20 A peak has maximum intensity. Further, a 20 A band is
also a characteristic of a coking coal. The low angle band is, therefore,
consistent with the C content and coking properties of the Laikdih seam coals.
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