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ABSTRACT.

Several samples of vitrains and of a few other constituents of coal have been studied
by the X.ray diffraction method. The vitrains so far examined indicate the presence of two
characteristic rings of mean spacings 3-7-3-8A and 2-1-2:3A which are analogous to the
spacings of corresponding prominent rings in the case of graphite. A strong small-angle
scattering is invariably present. The diffraction pictures of vitrain, durain and fusain
are distinctive among themselves. The durain picture is a superposition of the pictures
of graphite and ash. The pictures of vitrains from the Jharia and Raniganj field suggest
a striking difference in rank and quality. This is in accord with the findings from chemical
analysis.

I. INTRODUCTION.

Since the discovery of X-rays in 1895, among the numerous important
uses has been that of the application to the examination of coal. In this type
of investigation the pioneer was H. Couriot ! who, in 1898, submitted anthracite,
bituminous coal and other fuels to X-rays and obtained in their radiographs
nearly every detail of the intimate structure of the mineral matter. Some
attempts were later made to apply X-rays to the study of coals2 by shadow
photographs and to correlate the results with chemical analysis, But it
has only been since 1924 that radiographic and radio-densimetric methods
were systematically and extensively employed, with improved technique, by
(. Norman Kemp3 to the study of coal structures. Owing to the varying
absorptive power of the ash of a coal, the shadow photographs obtained
indicate in a remarkable manner the distribution of ash in coal and hence
enable the variation of such distribution in coals from various coal-seams to
be traced.

Torrester,* availing himself of the X-ray equipment of Norman Kemp,
took radiographs of twenty-four samples of Indian coals in order to compare
them with the result of washability tests.

In 1927 C. Mahadevan® commenced a systematic study of Indian coals
from various seams widely scattered, by the Debye-Scherrer method of X-ray
diffraction. In a series of interesting articles he drew certain important
conclusions on the subject quite in accord with the findings of Sir Lewis
Fermor from chemical and other sources. Since then no further X-ray studies
on coal have been attempted, so far as the present authors are aware.
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As coal is an important mineral of industry and its systematic study
may lead to vast possibilities from both academic and industrial points of view,
the authors have taken up a systematic and extensive study of the coal structure
on gimilar lines to and in continuation of Mahadevan’s work with a more
powerful X-ray-unit and larger substance-to-plate distances.

Vitrain is generally regarded as representing the fundamental coal-
substance. It is, therefore, considered that an exhaustive study, by means
of X-rays, of vitrains from different seams of the same district as well as of
different districts may throw some light on the rank and quality of the coal
substance. This paper presents a preliminary report of the results of this
investigation. An attempt is also made to correlate the X.ray diffraction
patterns of the various samples of vitrain with their composition as ascertained
by proximate chemical analysis. A few other constituents of coal have also
been studied in this connection.

2. EXPERIMENTAL.

The X-rays used for the examination of coals were the Cu-K radiations
emitted from the target of a Siegbahn-Hadding tube. The copper anticathode
is cooled by means of tap water but the aluminium cathode by a pumping
arrangement suspended from the ceiling. The high tension as supplied by
an oil-cooled transformer to the cathode of the X.ray tube is rectified by a
kenotrone. The high vacuum was obtained by a four-stage mercury-diffusion
pump backed by a Cenco pump. The leak was maintained by the needle-
valve on the low vacuum side. The tube runs smoothly when the primary of
the transformer is supplied with an A.C. supply of 140 volts. The secondary
current was 15 milliamps and the high tension supply usually 35-40 k.v.

A very intense X-ray beam is usually obtained under these conditions
and the X.ray tube runs smoothly almost without attention. The time-
exposure needed is usually 1 hour, or 2 hours when a nickel-filter is used.

The camera consists essentially of a platform carrying at one end a brass
rod with a fine circular hole bored along the axis and at the other end a plate-
holder. The hole opens out wider at the end close to the plate holder.
X-ray-duplitised film is cut into suitable size, enclosed in a black-paper cover
and then secured inside the plate-holder by screw attachments. A brass disc
about 2 mm. thick has a circular orifice at the centre much wider than the
opening of the slit. This orifice serves as the container of the substance.
The disc can be attached with great ease to the end of the slit farther from the
window of the X.ray tube.

The coal samples were first of all finely powdered and then inserted into
the hole of the brass disc which was then placed on the slit. The powder was
then exposed for an hour or so. To cut off the direct beam a lead-shield is
used and is shifted for a while at the end of each exposure to register the
direct beam. Wherever necessary the same sample was exposed for longer
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periods using the Ni-filter. When the background showed general blackening,
the filter was invariably used. The exposed films were all developed in Rodinal
developer for 5 mins. at 18°C.

The photographs show the Debye-Scherrer patterns in the form of con-
centric rings. The inner and outer radii of the rings were carefully measured.
The spacings corresponding to each ring were then calculated from A = 2d sin 8

where tan 20 = % where R is the mean radius of the ring and D the substance-

to-film distance, and the other terms have their usual significance.

Tasre III.
Substanco. colowstodm A | planess | imtensity.
Graphite & .. .. 3-40 (002) v.8.
213 (100) 8.
2-03 (101) 8.
1-81 (102) w.
1-70 (004) m.
1:55 (103) w.
1-23 (110) s.
1-16 (112) .
Si0, (Silica) B} . 295 (100)
425 (010)
3-35 (011)
A1203—(Alumina) .. .. 4-01 (100)
4-01 (010)
3-54 (011) o
3. REsULTS.

Several samples of vitrain have been subjected to X-ray and chemical
examination and the results have been embodied in Tables I and II. For
comparative analysis of the different constituents of coal the vitrain, durain
and fusain of Singareni Colliery have also been examined. The results of
these and of the fusain of X seam Jharia are also entered in Table L.

All the diffraction pictures of vitrains as well as of the other constituents of
coal exhibit a strong scattering at a small angle corresponding to a spacing
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of nearly 1238 which is probably due to the presence of a carbon complex of
large molecular units. For the complete elucidation of this phenomenon a
separate investigation into small-angle scattering would need to be carried
out. The vitrains so far examined have two characteristic rings which corre-
spond to the mean spacings 3:7-3-8A and 2:1-2:38. The first ring is much
stronger and sharper than the second ring. These spacings are analogous to
the spacings 3-4& and 2-1A characteristic of graphite. The spacing 3-7-3-84
refers to the inter-layer distance between hexagonal networks of carbon and is
in accordance with the fact that the minimum distance of approach between
carbon atoms in adjacent organic molecules ¢ lies between 3-4-3-95.

On careful scrutiny of the tables and the X.ray pictures it would appear
that the characteristic diffraction rings of Raniganj Series vitrains are distinctly
broader than those of the same from the Jharia coalfield although they are all
broader and more diffuse than the corresponding rings characteristic of graphite.
This shows that the crystallinity of carbon is less perfect in these vitrains
than in the graphitic carbon and as crystallinity matures with age the vitrains
from the Jharia field are older than those from the Raniganj field. This is
evident on reference to column 8 of Table II. It seems probable therefore
that the X-ray diffraction patterns may enable us to distinguish between vitrains
of the Jharia and Raniganj fields. The examination of a larger number and
range of specimens would be desirable.

In general the interspaces between rings in pictures of vitrains belonging
to the Jharia field are much clearer than those of the vitrains from the Raniganj
field. An exception has, however, been observed in the sample from XII
seam Alkusa (North and South). Diffraction pictures for vitrains Nos. 4 and 5
possess other sharp but weak rings indicating comparatively high ash-content.

This is in accord with the chemical analysis which also points to the
comparatively high ash-content, high moisture and high volatile matter but
low fixed carbon in the vitrains from the Raniganj field as compared with
those from the Jharia field so far examined.

The diffraction pictures for durain and fusain from Singareni Colliery
are themselves distinctive. The picture of fusain from X Seam Jharia also
differs from that of Singareni Colliery. The pictures indicate that the durain
and fusains contain large percentages of ash. In durain the spacings 3-878
and 2:894 are due to Cu Kp reflection, whereas the spacings 7654, 4404,
2-614 and 2-36A refer to the ash content and the remaining to the graphitic
carbon. In fusain of Singareni Colliery the spacings 4128, 2.64, 2:354
are ascribed to ash while in fusain of X Seam Jharia only 4-44A and 2-54&
refer to ash, the remaining spacings in each case refer to graphitic carbon. The
fusain of X Seam Jharia seems to possess a lower ash-content compared with
that from Singareni. The ash-content of durain and fusain is mostly silica
and alumina. This is in accordance with the data in Tables I and III.

The work is in progress.
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