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ABSTRACT

Systematically collected samples of unwashed and washed coals from the Kargali coal
washing plant, East Bokaro coalfields, Hazaribagh district, are examined petrologically. Proxi-
mate chemical analysis is also undertaken. All the analyses show that the coal has been
noticeably beneficiated. The chemical analysis indicates a good reduction of the ash content and
increase in the fixed carbon content for the clean coal. From the petrological analysisit is found
that the clean coal gets markedly concentrated in respect of the vitrinite—the maceral consi-
dered to be contributing mainly to caking and agglutinating properties of coal.

Reflectance studies by Seyler’s method show that both the unwashed and clean coals contain
the reflecting components (of Seyler), Nos. 4, 5 and 6, having values of reflectances 0-92 per cent,
1:26 per cent and 1-64 per cent respectively. But in the clean coals there is a substantial concen-
tration of component Nos. 5 and 6, which are regarded as ‘Coking components’—responsible
for coking characters of coals.

INTRODUCTION

Study of petrological characters of coal is now admitted on all accounts as
of immense importance for the evaluation and proper utilization of coals for indus-
trial purposes. The petrological study is almost a routine work these days with
the coal laboratories attached to industry and research organization.

Petrological study is more vital when question of beneficiation and washing
has to be considered. The possibility of improving coal may be very quickly
and economically determined by petrographic method. At various stages of washing
an evaluation and control of the products are possible and coal fractions intended
for blending may be checked by routine microscopical work (Marshall 1955).

It may be worth while to recall here that ash in Indian coals is very high and
this is true also for the Kargali seam coal at East Bokaro coalfield, Hazaribagh,
Bihar (Fox 1934), which is now being washed at the Kargali washery. During
washing, effort is being made to reduce the ash percentage in coal which not only
raises the grade of coal but makes it more suitable for the production of coke so
vital to the steel industry.

The present work deals with the petrographic studies of the unwashed and
washed coals from Kargali coal washing plant set up recently by the Government of
India in the East Bokaro coalfields and is intended to demonstrate how these studies
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are of fundamental importance and their implication on the beneficiation of coals
which have to cater for the steel industry.

WasHING PRINCIPLE

It will not be out of plave to mention briefly the washing methods adopted
at the Kargali washery. Coal from Bokaro mine and Kargali mine is mixed in
a proportion of 1-2: 1 respectively. This is passed through a set of primary screens
which grades the coal in three different sizes:

(1) Coal above 3" size.
{2) Coal between 11" and 3" size.
(3) Coal below 1}" size.

Coal below 1}” size is being washed in a baum-jig wash box where compressed air
at a very low pressure is passed. Lighter coal is then separated from heavier ones.

Coal above 3" size is crushed and sieved through }” size screen and coal be-
tween 4" and 3" size is mixed with second category of coal. This coal is washed in
a heavy medium washer which contains a fluid of 1-3 specific gravity. This fluid
is made with -200 mesh magnetite mixed with water where the coal is separated
into three fractions, namely clean coal, middlings and rejects. Yield from the
waghery is as follows:

Clean coal = 65-749,
Middlings = 17-209,
Rejects = 10-15%

Washed coal is sent to different steel plants, middlings is being used in D.V.C.
Bokaro Thermal Power Station and rejects are sent back to the mines and dumped
as filling material.

PETROLOGICAL STUDIES

In all the samples, so far analysed petrologically, of unwashed coals from Kargali
seam, duro-clarain is predominant over vitrain and other macerals. True durain
is not very abundant. Fine bands of vitrain are abundant in duro-clarain field.
Granular and massive micrinite is conspicuous as well as resin bodies and micro-
and mega-spores. Sclerotinite is less predominant (Seyler 1938, 1952).

Vitrain, under microscope, is mostly structureless (i.e. collinite), bluish-white
in colour and shows a rather strong anisotropism. In some places, granular mic-
rinite and resin bodies are found to occur within vitrinite bands.

Quantitative petrological analysis was done by grouping the macerals into
three main groups—vitrinite, exinite and inertinite—and determining their relative
abundance by point-counter method (Mukherjee 1955; Mukherjee and Datta
1959).

Percentage of inertinite {fusinite, semi-fusinite, micrinite, etc.) is moderate.
Fusinite and semi-fusinite is characterized by its typical cell-structure and of much
higher reflectivity.

The petrological analyses of unwashed coals from Kargali seam from Kargali
and Bokaro mine are given in Table I.



64 BANKIM MUKHERJEE & AJIT BHATTACHARYYA: PETROLOGIC

TABLE I
Specimen No. Vitrinite ¢, | Exinite %, Inertinite 9 ) Vlz}bal&:;uozaral
BK-2 : 2177 L 6345 | 1056 430
BK-3 23-46 61-83 958 ‘ 12-16
BK-5 38-68 3726 1712 693
BK.6 1662 | 6612 12-80 4-53
BK-7 3960 | 3708 18-20 505
BK-8 3529 | 36-80 21-90 3-80
KKT-1 5450 41-20 0-67 3-40
KKT-2 36-80 52-00 9-40 1:60
KKT-3 2706 | 6260 820 2:04
KKT-4 38-90 57-70 1-70 1:50
KKT-5 39-50 47-60 950 3:20
KKT-6 18-10 69-30 8-40 4.05
KKT-7 34-40 57-20 4-60 ~ 360
KKT-8 L 19440 4670 640 ‘ £30
KKT-9 L 2370 5950 1540 | 2.20
KKT-17 I 8510 464 12-50 i 5-80
i ]
|
Average 32-805 5267 9-99 4-39

On cxamining the washed coals from washery, petrologically, it is found that
there is a marked concentration of vitrinite-—the maceral considered to be contri-
buting mainly to caking and agglutinating properties of coal—in the clean fraction.
The visible mineral matter content is also much reduced. The clean fraction,
therefore, becomes more suitable for coking purposes {Fenton and Smith 1959).
The middlings get somewhat richer in vitrinite and exinite and can very profitably
be utilized in thermal power generation, as is being done now. The petrological
analyses of washed coals from washery are given in Table II.

TasLe 1T
Vitrinite Exinite Inertinite Visible mineral
% %% % matter 9%,

Heavy media Clean Coal 54-7 38-8 6-06 0-31

do. Middlings 36-7 58-1 4-70 0-30
do. Refuse 9.9 49-4 4-80 356
Baum-jig Clean Coal 62-3 31-9 21 3-5
do. Middlings 25-8 49-2 9.4 155
do. Refuse 10-0 50-0 4:2 359

CHEMICAL ANALYSIS

From proximate chemical analysis df raw coal it is found that moisture per-
centage is rather low, varies from 0-9 to 1-4 per cent. Ash percentage is rather high,
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varies from 18-5 to 22-9 per cent. In some it goes as high as 26 per cent. Analyses
of representative samples of raw coals are given in Table T1I.

Tasre IIi
. i Volati X

Moisture % I ma(it?rﬂ“;{, i caiblo:id% Ash %

Kargali Mine 1-2 274 52:9 185
do. 0-9 240 522 22:9

do. 1-4 26-9 531 18:6

do. 12 L2407 52-3 218
Bokaro Mine 1-2 i 28-2 549 157
do. 13 P28 52:3 183

do. 1-2 j 24.7 528 21-8

do. 14 ! 26-7 548 17-1

Proximate chemical analyses of clean coal, middlings and rejects are given in

Table IV.

TaBreE IV

Volatile . Fixed

| i
% Moisture 95 ! matter 9 carbon %, Ash 0
|
Heavy media Clean Coal | 1-71 ‘ 24-42 ! 57-78 1551
do. Middlings l 1-50 i 25:26 42:94 30:30
do. Rejects : 1:32 i 20-00 36-16 12-52
Bauni-jig Clean Coal ! 1-80 ) 26-12 : 5787 14-21
do. Middlings i 1-20 ; 24-20 1 48-60 26-00
do. Rejects i 1-24 1 19-80 i 28-68 : 5028
|

It will be seen from the above analyses that there is & marked improvement in
respect of ash and fixed carbon percentage in clean coal as compared to that of
raw coal.

REFLECTANCE MEASUREMENTS

Seyler (1944, 1955) observed after detailed studies that reflectance of coal varies
discontinuously, unlike other properties, with change in rank of coal. He initiated
a set of ten reflecting components in coal, having distinctive reflectance values,
inereasing with rank and distributed over the coal series. His findings were further
strengthened by the studies of Mukherjee (1952), and others.

In the present investigation reflectance studies were carried out by means of a
Berek slit microphotometer fitted to MOP microscope and on carefully prepared
samples of coal, both blocks and pellets, under standard methods of Seyler described by
Mukherjee (1952). Reflectances were measured on vitrain only. Ten block samples
and 10 pellet samples of coal of each of the Bokaro and Kargali colliery were
examined for unwashed coals. For washed coals, samples examined were five each
from Heavy media and Baum-jig operations respectively. The results of reflectance
measurements on.computation fell into three main groups whose values agreed

S
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rather closely with Seyler’s reflecting components, Nos. 4, 5 and 6 having values of
reflectance 0-92 per cent, 1:26 per cent and 1-64 per cent respectively. No other
reflecting components of Seyler worth noting were found to occur in the vitrains of
the coals. The limited range of the coals cxamined may perhaps be accounted for
this. The results of reflectance measurements on some representative samples are
given in Table V.

TasLe V

Resulls of reflectunce meusurements in cedar oil on « few represenialive swmples.
(Lach reflectance value is the average of ten readings)

Sample No. i Npg-4in per cent. 1 N p-5 in per cent | N -6 in per cent
: : |
0-82 l 1-32 i 143
0-93 | I
0-97 |
BK-1 0-97 i
1-01 !
1-00 !
1-01 ;
1
: 0-93 121
0-97 1-46
1-01 1-32 1-66
BK-1v 1-00 77
1-01
1-01 1-90
0-84
0-85 1-12
0-91
KK.1 0-93
0-96
0-98
0-97
0-98 124 1-65
Clean Coal (H.M.) 0-94 1-32 1-49
1-62
0-98 1-16 1.77
Clean Coal (B.J.) . 1-01 | 1-30 1-52
1-32
Mean | 0-95 ! 1.262 1-61
i ! .
? | ;
Seyler’s values : 0-92 | 1-26 ] 1-64

However, the aim of the present investigation was not to verify Seyler’s findings.

This work took into account the distribution and concentration of Seyler’s reflecting
5B
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components in the unwashed and washed coals from Bokaro and Kargali mine and
their significance if any.

It has been observed that carbon percentage of good coking coals ranges between
88 and 91 per cent. The coking coals which fall in this range of carbon content, when
examined by Seyler’s method, show an appreciable content of Nos. 5 and 6 reflecting
components (Ng) of Seyler. This is evident from the work of Mukherjee (1952).

It may thus be considered that good coking coals contain characteristically the
component Nos. 5 and 6 of Seyler and these components may as well be regarded as the
‘ coking components’ in coal. On this postulation the reflectance studies in the
present investigation were carried out and the concentration of the ‘coking compo-
nents’ in the unwashed and washed coals was determined. It will be worth while
to mention here that these coals are regarded as good coking coals and are being
utilized for production of metallurgical coke for Bhilai and Rourkela steel plants.
The percentage of different reflecting components of Seyler in unwashed and washed
coals are given in Table VI, and will be evident from the histogram (Fig. 1), prepared
on the results of four representative samples.

It is evident from the above results that both the unwashed and clean coals
contain the reflecting component Nos. 4, 5 and 6. But in the washed coals, viz. in the
clean fractions, there is a substantial increase in the Seyler’s component Nos. 5 and 6,
thereby giving a marked concentration of ‘coking components —responsible for
coking characters of coal.

TaBLE VI

Percentage of reflecting components (Seyler)

Sample
N4 Ng-5 Ny-6
- _ . ;
| BK-1 911 66 2.2
Unwashed | BK-10 ‘ 54-8 , 16-1 ! 29-1
Coal KKT-1 f 995 : 1-5 ; —
{ KKT-17 i 64-0 : 24 ! 12
4 e iiiﬁ o i
. |
Heavy media 49-1 i 75 22-9
Clean Coal | 3340m jig |86 241 17-2
1 ) i "
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