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ABSTRACT

Four western Canadian coals were cleaned to three ash contents in
pilot-scale heavy-media cyclone, water cyclone, and flotation ecircuits. Two
of the coals had an ASTM rank of medium volatile bituminous, one was high
volatile bituminous and one was low volatile bituminous. Ash reduction was
in the range 2.9 - 4.8% and this was insufficient to affect the free swelling
indices of 3 of the 4 coals. Other thermal rheological properties, the
Gieseler maximum fluidity and Ruhr dilatation increased as ash was removed
from the cocals. Petrographic analysis revealed that coal cleaning had en-
riched vitrinite in the clean coal products of at least two of the coals.

Cokes were made in 460-mm and 310-mm width pilot-scale ovens.
Stability factors increased as ash decreased at rates in the range of 1.6 -
4,7 stability points per one percent ash. This was accompanied by higher coke
hardness factors, smaller mean size of the cokes, and less coke reactivity to
carbon dioxide. The removal of large shale particles appeared responsible for
the substantially increased strength of coke made from one coal. Cocke micro-
scopy showed that ash reduction did not affect substantially the types of op-

tical anisotropy in the cokes.
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INTRODUCTION

Coal is cleaned before cokemaking to reduce the ash and sulphur con-
tent of the coke entering the blast furnace where they decrease productivity.
Ash decreases productivity not only because it requires heating and fluxing
but also because it reduces coke quality. For example coke strength and
abrasion resistance is decreased, reactivity to oxidizing gases 1is increased
and the coke size distribution is widened (1,2).

The magnitude of these effects for western Canadian coal are, in
general, unknown. Some results have been published by this laboratory, for a
low~ and a medium volatile coal using laboratory-cleaned coal. Technical-
scale coke oven results were only obtained for the low-volatile coal and
showed that reducing the ash content by U5% increased the stability factor by
29 points, and increased the coking pressure from 7.3 to 14.7 kilopascals.
Surprisingly the thermal rheological properties of the coal showed no or
little change. Considerable improvement in these properties was found however
when the medium-volatile coal was cleaned (3).

The present program was carried out to obtain data on how reduction
of mineral matter in western Canadian coals by methods that simulate commer-
cial cleaning, affect the thermal rheological properties of the coal its
petrographic analysis, carbonization behaviour, and the quality of its coke.
The results should be of use in the cleaning of coals, selecting coal ash
contents for resource evaluation and predicting coke quality from rheological
properties. The economic aspects of coal cleaning are not considered, but it
is hoped the information may assist in developing traditional and new markets
for Canadian coals.

The project was sponsored jointly by CANMET which paid for the coal
cleaning and the Canadian Carbonization Research Association. Coal companies
donated their coal and were asked to specify a 'commercial' ash content, or,
for coals not in production, what they considered to be a 'commercial' ash
content. The coals were cleaned to this ash content and to two other levels
of ash selected in conjunction with the company, one below and one above the

'commercial' level.




COAL CLEANING

The coals were cleaned by Birtley Coal and Minerals Testing, Calgary,
Alberta. The bulk samples of raw cocal were homogenized and a sample taken
for sink-float analysis. Washability curves were determined on the 19 x 0.6
mn and 0.6 x 0.21 mm size fractions.. The following is a summary of the
method of pilot plant washing carried out by Birtley.

Plus 19 mm coal is crushed in a jaw crusher. The 19 x 0.6 mm mesh
coal is slurried with a magnetite-water slurry of the required specific grav-
ity and fed to the 356 mm DSM heavy media cyclone. The overflow (clean coal)
and underflow (shale) are washed with water sprays to remove the magnetite and
collected in barrels.

The 0.6 x 0 mm coal is fed to a 152 mm DSM water-only primary cyclone
set for the desired ash content with the aid of an adjustable vortex finder.
The overflow is directed tp a 0.25 mm rapped sieve bend, the oversize consti-
tuting the cleaned product which proceeds to the Eimco disc filter for de-
watering. The primary cyclone underflow with make-up water is fed to the
secondary 102 mm cyclone the overflow of which is directed back to the feed
of the primary cyclone and the underflow of which is the waste product of the
circuit.

The underflow from the sieve bend proceeds to the froth flotation
circuit. First it passes through a thickening cyclone which removes the
undesirable -325 mesh slimes (the overflow which reports to the waste product)
and provides a feed of correct density for the froth cells. These are two
Birtley-Humboldt Multi-Wobble cells in series. The reagents used are kerosene
and methylisobutylecarbinal in the ratio 4 to 1 applied at the feed entry
point. The froth is directed to the disc filter along with the clean product
from the water-only cyclone circuit while the tails enter the waste product.
The filter cake is air-dried at 20°C on a heated bad to less than 12% moisture
then combined and thoroughly homogenized with the clean coal from the heavy-
media circuit.

The feed, product and waste of each circuit and in addition the sieve
bend overflow and underflow, the filter cake and the cyclone overflow and un-
derflow are sampled and the ash content determined.

The four coals, A, B, C and D, were each cleaned to three ash con-
tents. Details of circuit yields and ash content of the circuit clean coal

and reject are given in Appendix A.




Table 1 summarizes the ash content and free swelling index of the
raw and cleaned coals and the yields of clean coal obtained. As required the
differences between the high and low ash products is not excessive i.e., 2.7,
3.6, 6.3 and 4.1% for coals A, B, C and D respectively. The cleaned products
from a particular coal had identical free swelling indices except for those
from coal D which had indices of 6, 7 and 8 for the high, medium and low ash
content products. The ash contents of the cleaned coal and the free swelling
indices appearing in Table 1 were determined by Birtley and are in good
agreement with those obtained later by CANMET and which are used throughout

the remainder of this report.

Table 1 - Ash content, yield and free swelling index
of the cleaned coals (Birtley results)

Raw High Medium Low
coal ash ash ash

Coal A

%ash, % 13.7 8.5 7.3 5.8

yield clean coal, % - 87.3 73.4 69.7

F.S.I. K¢ 7 7 7

#®specific gravity - 1.60 1.49 1.40
Coal B

®ash, % 8.9 6.8 5.1 3.2

vield clean coal, % - 95.8 88.6 82.2

F.S.I. 8 Bs &4 L}
¥®specific gravity - 1.63 1.56 1.25
Coal C

%ash, ¢ 27.9 9.3 6.6 5.0

yield clean coal, % - 67.7 62.0 54.9

F.S.I. 7 8 &; &;

#8gpecific gravity - 1.45 1.30 1.22
Coal D

#ash, % 14.2 10.6 8.4 6.5

yield clean coal, % - 85.6 69.4 51.4

P.S.1. y 6 7 8

#Rspecific gravity - 1.37 1.28 1.22

®air-dried basis

®apecific gravity of heavy-media cleaning circuit



The rank and proximate analysis of the cleaned coal samples are given

COAL PROPERTIES

in Table 2 and their ultimate and ash analysis in Appendix B.

Coals A and B
have a ASTM rank of medium volatile bituminous (mvb), Coal C is high volatile

A bituminous (hvAb) and Coal D is low volatile bituminous (1lvb).
fixed carbon content of the Coal D samples is 78 .4% (dmmf) which is close to
the dividing point between lvb and mvb, 78%.

The average

Table 2 - Rank and proximate analysis of cleaned coals
- Coal A Coal B Coal C Ccal D
Aan Bigh Med. Low High Med., Low High Med. Low High Med. Low
ASTM rank . lvb ard avh avd nvb Evb hvAb hvAb  hvAb 1vd 1vb 1vb
International systes A3 a3 32 432 433 833 633 634 634 421 432 433
Carbon (damgb) 89.1 88.8 88.8 91.7 90.8 90.9 86.8 86.5 86.2 92.0 91.4 90.9
Proxizate analysis (db)
Ash % 8.2 7.1 5.3 7.9 5.1 3.1 9.6 6.6 5.1 1.2 8.9 6.8
VYolatile matter 28.8 2%5.1 5.8 22.9 23.5 23.8 30.6 32.2 30.2 19.6 20.4 21,2
Fixed carbon §7.0 67.8 68.9 69.2 70.8 713.1 59.8 61.2  64.7 69.2 70.7__72.0

The thermal rheological properties of the
3. The Gieseler maximm fluidity increased as ash
except for the medium and high ash samples of Coal

ties, Fig. 1.

removed as did the total dilatation, (c+d), in the

7able 3 - Therral rheolcgical properties of the cleaned coals

The melting range of the coals also

inereased as ash was

Ruhr dilatometer, Fig. 2.

Coal A Coal B Coal C Coal D

Ash, % 8.2 1.1 5.3 7.9 5.7 3.1 9.6 6.6 5.1 1.2 8.9 6.8
F.S8.1. 1 7 7 8 8 8y 8% M 5 75
Gisseler Plast

Starc, °C 845 4Ry BRI 434 432 430 418 412 409 449 kug L1
Fusion temp, °C - - - §R8  HHT  LMB 428 427 425 466 449 153
Max fluid teep, °C %60 362 461 467 468 466 452 453 452 475 476 4713
Finai fluia temp,°C 367 W72 476 489 391 k9A 879 W79 879 888 493 496
So0lid temp, *C 580 480  u8s K94 458 497 483 483 483 495 500 501
Melting Ranga, °C 22 28 35 35 39 (1 65 67 70 39 47 £5
Max F, ¢d/a 2.6 2.5 4.8 72 101 120 495 655 645 7.5 19 58
Pilatation

Softening temp, °C %13 H17 415 402 132 395 381 377 380 %16 412 405
Max cont teasp, *C 452 U462  &s7 5§52  uuT 44T 429 W21 430 466 455  Lu3
Max dilat'n temp,*C - - 471 473 474 472 453 459 460 - 482 475
Contraztion, ¢, 3 24 22 26 25 25 24 32 30 20 15 21 25
Dilatatica, d, % M{l N1l 24 -1k 9 1 u7 53 58 Nil -3 21
c+d, % 0 [y 2 11 BL 37 79 83 88 0 18 46

samples are shown in Table
was removed from the coals

A which had similar fluidi-
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PETROGRAPHIC ANALYSIS

Petrographic analysis of the four coals are given in Table 4.

Mean

maximum reflectance, Ro’ a measure of coal rank varies from 0.91% for the

high-volatile coal C to 1.36% for the medium-volatile coal D.
highest vitrinite content 74.4% and coal D the lowest, 49.0%

Coal C has the
for the high ash

sample. The quantity of reactive components in the coals is also shown and
Table N - Petrogrephic analysis o1’ cleaned coala
Coal A Coal B Coal C Coal D
Ash, § 8.2 T1.1 5.3 7.9 5.7 3.1 9.6 6.6 S, 1.2 8.9 6.8
LIV 120 1,20 1.20 .31 1.32 1.32 0.91 0.91 0.94 1.36 1.36 1.36
Yitrinite % 58.7 64.8 65.1 58.0 60.1 60.8 T0.3 78%.% 72.% %9.6 57.1 62.5
Exinite % 0.1 0.2 0.2 0.0 0.0 0.0 1.9 2.5 2.6 0.0 0.3 0.0
Semi-fusinite § 19.9 18,9 18,6 25.0 28.6 25.% 1N.9 12,9 15.1 331 27.2 25.2
Hicrinite § 9.8 8.9 6.0 5.0 5.0 X.9 2.2 2.8 2.8 9 N0 6.1
Fusinite % 7.8 7.3 7.2 7.4 T.1 1.3 5.4 3.1 4.6 6.7 5.9 2.%
Hineral matter $ 4.5 3.9 2.9 NS 3.2 1.8 5.3 3.7, 2.8 6.3 5.5 3.8
Reactives § 65.4 69.9 T1.5 70.5% 72,4 73,3 7.2 81.2 90,0 65.5% 71.0% 75.1%
Stability index 49.1 55.2 52.5% 56.3 57.9 59.0 N1.6 37.8 N2.3 53.2 53.7 6%.0
Hinersl matter free basis
CANMEY )
Vitrinite § 61.5 67.8 67.0 60.8 62.1 81.7 ™3 TT.3 MG 52.3 60.%5 65.0
Exinite % 0.1 0.2 0.2 0.0 0.0 0.0 2.0 2.6 2.1 6.0 0.3 0.0
Semi-fusinite % 20.8 15.% 19.2 26.2 5.8 25.9 15.7 13.% 15.% 5.3 28.8 26.2
Micrinite § 9.8 9.3 6.2 5.2 5.2 5.0 2.3 2.5 2.6 5.2 4.2 6.3
Fusinite § 7.8 7.6 7.4 7.8 7.3 7.% 5.7 M2 AT 7.2 6.3 2.5
Laboratory 4
Vitrinite § 54.8 57.8 60.2 8.6 S57.% 61.1 68.9 69.5 69.% 53.6 57.2 62.6
Exinite § 0.8 0.5 1.5 0.2 0.2 0,0 6.6 6.5 6.4 0.0 0.0 0.0
Semi-fusinite § 26,2 22.6 21.0 31.1 18.2 21.5 15.7 15,1 1%.1 28,0 z2.7 18.8
Micrinite § 6.5. 6.8 6.7 5.7 7.0 7.0 5.3 5.0 A.8 7.6 7.6 S.9
Fusinite g 12.0 12,3 10.6 13.8 17.210.% 3.% 3.8 4.2 1.7 12.5 12.%
"based on 50% semi-fusinite reactive
i3 used to obtain the stability index. CANMET defines reactive components as

the percentage vitrinite plus exinite plus one third semi-fusinite unless the
total amount of semi-fusinite in the coal is greater than 20% when one half
of the semi-fusinite is added to the vitrinite and exinite.

When the results are examined on an mineral matter-free basis it be-

Results from CANMET and a second Laboratory,

IA'

4 (see Appendix B for vitrinite reflectance distribution).

comes clear that vitrinite has been concentrated in some of the cleaned coal

products.,

are shown in Table




Results from both laboratories agree that the vitrinite content of
cleaned products from coal D increase progressively as ash is removed so that
the lowest ash product has about 10-13% more vitrinite than the highest ash
product. Both sets of results show an increase of about 6% vitrinite between
the high and low ash products of coal A, but disagree on coal B the CANMET
data indicating no vitrinite enrichment, laboratory A an enrichment of 12.5%.
Both sets of data show no change in vitrinite content on an mineral matter-
free basis for the cleaned products of the high-volatile coal C. In general
vitrinite enrichment is usually at the expense of semi-fusinite but sometimes

Ay

at the expense of fusinite.

COKE PROPERTIES

Coke was made in the Carbolite oven at the Western Research Labora-
tory in Edmonton and in the Ottawa 310-mm width oven at the Energy Research
Laboratories. The Carbolite oven has a width of 460-mm and cokes a coal
charge of about 300 kg. It is electrically heated and because the walls are
constructed of silicon carbide which has a high thermﬁl conductivity the flue
temperature is programmed to start at 875°C and increase at the rate of
15°C/h to 1130°C. The coal is charged with sufficient moisture to give a
bulk density of 800 kg/m3 (dry) in the oven. The gross coking time is
normally between 16 and 18 hours. The narrower Ottawa oven cokes a 250 kg
coal charge and also has silicon carbide walls heated electrically. The flue
temperature is programmed to start at 900°C and increase at 19°C/h to 1070°C.
The coal bulk density aimed for is 817 kg/m3 (dry) and the gross coking time

is about 9 hours.

CARBOLITE OVEN

The quality of coke made in this oven improved as ash was removed
from the coals. Duplicate tests at each ash level were carried out and the
stability factors, hardness factors and mean coke sizes of the cokes produced
are shown in Table 5. Complete carbonization results are in Appendix C and
the stability factors have been plotted against the ash content of the coal
in Fig. 3.

The coke strength, as measured by the stability factor, is remarkably

dependant on the ash content of coals A and B. Reducing the ash content of




coal A by 1.1%, from 8.2 to 7.1% ash, increased the stability factor from
46.6 (average) to 53.2.

58.5%. For coal B the improvement is larger.

3.1% ash.

Table

5

- Coke properties - Carbolite oven

Stahility factor
Hardness factor
Mean coke size, mm

Coking pressure, kPa

Stability factor
Hardness factor
Mean coke size, ma

Coking pressure, kPa

Stability factor
Hardness factor
Mean coke size, mm

Coking pressure, kPa

Stability factor
Hardness factor
Mean coke size, mm

Coking pressure, kPa

COAL A
% ash in coal
8.2 7.1 £.3
47.6 45.6 53.9 52.5 52.3 57.6
59.8 60.5 63.1 64.0 68.1 66.8
58.6 55.9 56.1 56.3 52.8 53.8
1.6 2.8 1.2 4,2 3.2 1.5
COAL B
$ ash in coal
7.9 5.1 N S
39.5 39.0 51.6 52.3 63.0 61.4
67.6 67.4 69.0 68.2 70.7 71.0
62.5 62.0 58.9 58.4 55.6 5h.9
12.8 6.5 27.1 19.4 27.8 36.5
COAL C
4 2sh in coal
9.6 6.6 5.1
39.1 38.7 §4.3 46.2 u7.9 ug.h
61.4 60.1 64.6 64.6 63.8 64.9
59.2 59.7 56.9 57.4 57.4 54.9
3.3 3.8 2.8 8.2 3.2 4.1
COAL D
$ ash in coal
11.2 8.9 6.8
57.7 58.5 61.1 62.3 66.1 64.9
£5.5 66.3 69.3 70.0 71.9 71.3
£66.8 69.9 61.7 64.0 61.2 59.9
6.8 4.6 2.0 9.9 2.5 7.4

Coals C and D showed smaller but nevertheless significant increases

in coke strength as ash was removed.

for coals A, C and D for all ash contents investigated but increased to high

levels as ash was removed from coal B, Table 5.

A further reduction of 1.8% increased the factor to

The coke strength increased
from 39.3 at an ash content of 7.9% to 52% at 5.7% ash and finally 62.2 at

The maximum coking pressure developed during carbonization was low
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OTTAWA 310-mm OQVEN

Coal of each ash content was carbonized once in this oven. Blends
containing coals A, B, C or D with coals E and/or F were carbonized to deter-
mine to what extent the ash content of A, B, C or D affected the coke quality
of the blend. Results appear in Appendix C and are summarized in Table 6 and
Fig. 4.

The strength of coke made in this oven improved as ash was removed
from the four coals but not to the same extent as occurred for coke made in
the Carbolite oven. For coal A the differences in the stability factors be-

tween the high and low ash products are 11.9 for the Carbolite oven coke but



Table 6 - Coxe proporties - Ottawa 310-mm oven

50% A
37.5% £
1003 A 12.5% F
% ash in cnal A 8.2 7.1 5.3 8.2 5.3
Stavbility factor 50.6 50.7 56.2 56.9 58.5
Hardneas factor 63.0 61.1 68.9 68.7 65.7
Mcan coke size, ma ‘ 49,5 48.8 45.7 50.8 49.0
Coking pressure, kPa 8.3 3.6 5.6 4.0 6.5
) 50% B
37.5% E
. 1008 B 12.5% F
% ash in coal R 7.9 5.7 3.1 7.9 5.7 3.1
3tability faotor | 50.6 5%.9 61.3 55.3 57.0 59.0
Hardneas fuctor T71.1 71.5 72.3 63.3 68.0 68.5
Mean coke aiz2, ma 55.4 19.5 5.7 51.1 50.8 59.3
Coking prassure, kPa 13.8 21.0 27.6 22.6 14.1 19.2
75% C
100 C 25% F
$ ash in coal C 9.6 6.6 5.1 9.6 6.6 5.1 ]
Stability factor ¥3.1 48,7 46,7 55.8  57.8  57.8 W
Hardness factor 63.2 66.6 66.3 68.3 69.7 68.5
Maan coke size, ms 50.8 §7.2 56.2 52.8 51.3 51,6
Coking pressure, kPa 5.9 6.4 5.9 10.5 14,9 13.4
50% D
37.5% E
1008 D 12.5% F
% ash in coal D 1.2 8.9 5.8 1.2 8.9 5.8
Stability ractor 53.1 59.0 62.5 58.7 61.8 61.0
Hardness factor 67.5 63.4 72.9 69.5 69.5 711
Mean coke size, m 6t.0 55.9 52,1 54.9 52.3 51.3
Coking pressure, %Pa 3.4 4,3 25.5 8.4 R 19.2

only 5.6 for the 310-mm oven coke. Similarly, for coal B the differences are
22.9 and 10.7 and for coal C 9.3 and 3.6. For coal D the differences are
much less, 7.4 for the Carbolite oven coke and 9.4 for the 310-mm oven coke.
Maximum coking pressures in this smaller oven were similar to the
Carbolite except for coal D with the lowest ash content which produced a
higher pressure, 25.5 kilopascals. '
The two medium-volatile coals and the low-volatile coal were blended

with coal E, an eastern Canadian high-volatile coal, and cocal F, a low-vola- ‘




iR

tile coal from the Appalachian coalfields of the United States. Blends con-
tained 37.5% E, 12.5% F and 50% of either coal A, B or D. Coal C, the high-
volatile coal was blended with 25% low-volatile coal F.

In general the coke stability factor was higher for the blends
containing the least ash but the differences are relatively small. Coal A
with 8.2% ash produced a coke with a stability factor of 56.9 which increased
to 58.5 when the coal contained 5.3% ash. Coal B produced cokes of 55.3,
57.0 and 59.0 stability at ash contents of 7.9, 5.7 and 3.1% respectively.
The values for coal C were 55.4 at 9.6% ash and 57.8 at both 6.6 and 5.1% ash.
Coal D with a 11.2% ash content produced a coke with a factor of 58.7 which
increased to 61.8 for 8.9% ash but decreased slightly to 61.0 for the 6.8%

ash sample.
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COKE REACTIVITY

12

The reactivity of the cokes produced in the Carbolite oven were

measured using the Nippon Steel Corporation test.

Cokes of high reactivity

to carbon dioxide are believed to be detrimental to the performance of blast

furnaces, especially large furnaces, and it is therefore of interest how

reactivity varies with the ash content of cokes.

2

In the test 200g of 20-mm

coke 1s gasified by 5 L/min of CO, for two hours at 1100°C, The percentage

weight loss is recorded (Fig. 5) -and after cooling the coke remaining is
tumbled in an I-drum for 30 minutes and the amount retained on a 10-mm screen
is called the 'strength after reaction’.
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50:0p ™ T ,R: ll“
z///»~371=r~‘L“. sl >
w/, -~ COAL B
:_\3 40-0F 1
g L
5 g
o -
W
x 300+ - -
doaL ¢ COAL D
L
. L
20-0b—% == ® CARBOLITE CVEN
5— © OTTAWA OVEN
3
5 60:0fF 1
[
Q
<{
i
[« 4 1.‘
&
o 500 -1
w
=
o
-
(&
&
@ 40:0f COAL B .
[
[ .
L ] 1 L
4.0 6-0 8-0 10-0 12-0

ASH CONTENT (MASS %)

v

e
gt M

Fig. 5 - Coke reactivity; reaction ¥ and strength after reaction versus ash

content of coal
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Figure 5 sﬁows that the reactivity is higher and the strength after
reaction lower, the greater the ash content of the coal (and hence coke). The
broken lines in Fig. 5 for coal D are results for coke made in the Ottawa 310~
mm oven and show good agreement with Carbolite oven coke. A further point of
interest is the high reactivity of coke made from coal B compared to that made
from coal D. Both coals are of similar rank (Ro = 1.32, 1.36 for B and D
respectively) and a petrographic analysis that is not dissimilar, Table 4.
However coal D does contain a broader range of vitrinite groups, Appendix B.

COKE MICROSCOPY

Cokes were examined microscopically to determine quantitatively the
type of optical anisotropy present. Samples were hand-crushed to -30 mesh
and mounted in cold-setting resin before grinding and polishing. Two pellets
were made for each sample and five hundred areas were assessed for their
optical anisotropy on each pellet. Basically two main categories are recog-
nized. Inert or material that has not melted or softened during carbonization
and is isotropie, such as fusinite and some semi-fusinite, and material that
has become optically anisotropic. The latter category is divided into a
number of types which describe the form of the anisotropic areas:
mosaic anisotropy:

approximately equiaxed grains of optical anisotropy, classified
according to size
domain anisotropy:
large areas of optical anisotropy usually associated with mosaic
anisotropy
flow anisotropy:
elongated grains of optical anisotropy
ribbon anisotropy:
long 'ribbon-like' areas of optical anisotropy of varying width
folded, creased anisotropy:
large anisotropic areas that are folded, sometimes with cracks, or
appear 'creased' or undulating due to polishing relief.

Not all isotropic material present in cokes is inert. Some has
melted and is identified by its irregular shape and porosity and called
isotropic (reactive). As the rank of coal increases the anisotropic types
present in their cokes change from isotropic to fine to coarse mosaic to flow-
type (4).
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Examination of the results in Table 7 for coxes made from coals B, C
and D in the Carbolite oven show that the types of anisotropy occurring are N
not greatly changed by ash removal. (Further experience with this technique
is required before it can be determined if the greater amount of mosaic aniso-
tropy present in the high ash samples of cokes B and D and to a lesser extent
C, bottom of Table 7, is significant). The amount of isotropic inerts (fusi-
nite + semi-fusinite) is about the same for all three cokes of coal B (in
agreement with CANMET coal petrography, but not laboratory B's) and for all
three cokes of coal C (in agreement with both laboratories). The coke made
from the low ash sample of coal D has 5% less inerts than the other two
samples, again following the trend of petrographic analysis.

-

Table 7 - Coke microscopy - ubalysis of carbon anisotropy

Coal B Coal C Coal D
Coal ash content 5 7.9 5.7 3.1 9.6 6.6 5.1 11.2 8.9 .8
Isotropie {resctive) % 0.4 0.0 0.0 0.9 1.0 1.9 1.0 2.1 n.6
Very fine mosaic 4 0.4 0.% 0.9 4.1 3.2 1.7 0.4 0.1 0.2
Fine mosaic 5 9.0 6.8 9.5 23.6 15.4 17.5 5.9 7.6 7.5
Medium mosaic 5 18.0 15.1 10.8 51.9 58.8 56.6 30.7 23.4 25.6
Coarse mosaic 5 1241 9.4 1.7 0.7 0.9 0.8 11.2 9.7 13.3 -
Damain anisotropy 5 3.6 13.3 11.0 2.0 3.0 B 2.2 0.9 1.1
Tlow anisetropy 5 9.5 6.9 7.6 0.2 0.0 0.0 13.2 20.0 17.9
Ribbon anisotropy 5 2.1 0.7 1.0 0.0 0.0 0.0 0.6 1.5 201
Folded, creased
anisotropy 3 0.2 0.0 0.6 0.2 0.3 0.1 5.0 4.5 7.1
3emi-fusinite 5 82,7 5.0 45.1% 14,8 15.2 16.3 25.2 24,5 20.2
Fustnite s 1.8 2.4 1.8 16 2.2 1.0 n.6 5.7 4.3
100 100 100 100 100 100 109 100 100
Reactive aarbon 5 55.5 52.6 53.1 83.6 82.6 82.7 70.2 69.8 5.3
Inert carden ) LL LY | %6.9 16.4 17.4 17.3 29.8 30.2 .5
Types of anisotropy on inert-free bansis
Isotropic (reactive) § 0.7 0.0 0.0 1.1 1.2 2.3 1.4 3.0 2.8,
Very fine mosaic 5 0.7 0.8 1.7 ¥.9 3.9 2.1 0.6 0.1 0.3
Fine mosaic 3 16.3 13.0 17.9 28.3 18.6 21.2 8.4 10.9 10.92
Medium mosaic 3 2.5 28.7 20.% 62.1 71.2 68.4 3.7 33.5 3.9
Course mosaic 3 21.9 17.9 22.0 0.8 1.1 0.9 16.0 13.9 17.6
Domain anisotropy 3 6.5 5.1 20.7 2.4 3.6 5.0 3.1 1.3 1.5
Plow anisotropy % 17.2 13.1 14,3 0.2 0.0 0.0 18.8 28.7 23.7
Ribbon anisotropy 3 3.8 1.8 1.9 0.0 0.0 0.0 0.9 2.1 2.8 i
Folded, creased
anisotropy % 0.4 00 13 g:2 0.4 0.1 7.0 65 9.4
100 100 100 TG0 100 100 100 100 100 .
Mosaic anisotropy } 4 72.1 60.4 62.0 97.2 96.0 94.9 70.1 61.4 62.6 ‘

Lo

Flow anisotropy 21.9 39.6 28.0 2.8 ) 5.1 29.9 8.5 7.4
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It is not easy to compare the amounts of inerts found by petrographic
examination of the coal with the amounts found by examination of the coke be-
cause of the unknown volume change of the macerals during coking. (This has
been attempted previously and some volume change figures are available (5)).
However, when the amounts of semi-~fusinite plus micrinite plus fusinite in
coals B and D (37.9 - 39.2% and 35.0 - 47.7% respectively) are compared to
the amount of inerts in the coke (44.5 - 47.4% and 24.5 - 30.2% respectively)

it is necessary to conclude that coal D contains a much greater proportion of

reactive semi-fusinite.

Finally the types of optical anisotropy and their amounts in cokes
prepared from éoals B and D are seen to be very similar when compared on an
inert-free basis,.Table 7, in accord with the similar rank (Ro) of the coals.
Both have 60-70% mosaic anisotropy with medium mosaic as the predominant type
but with substantial proportions of fine and coarse mosaic, The lower rank
coal C has cokes with 96% mosaic anisotropy also mostly medium mosaic with
some fine but little coarse mosaic.

DISCUSSION

COAL CLEANING

Maceral analysis of the coal samples revealed that coal cleaning has,
in some cases, concentrated vitrinite in the cleaned product. To investigate
further maceral analysis was carried out on samples taken from 13 points in
the cleaning circuit during the cleaning of coal A to three ash levels. Re-
sults are given in Appendix D on an ash-free basis together with their ash
content and their weight percentage of the raw coal processed.

Examination of this data shows that maceral "mass balances" do not
close sufficiently accurately to make detailed statements possible. Probably
some samples were not truly representative and in some cases high ash and
small particle size have made petrographic analysis less precise, and in other
cages impossible.

However, two definite conclusions can be drawn. Firstly, vitrinite
contents are about 10% higher in the -28 mesh material of the crushed raw
coal. This fraction is almost 30% of the raw coal and is fed to the water

cyclone and flotation circuits, while the +28 mesh proceeds only to the heavy-



media circuit.
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Secondly, the coal floated in the heavy media circuit is

enriched in vitrinite, Table 8. The difference in the amounts of semi-fusi-

nite in the floats and sinks increases from 5.6% for the high ash sample to

10.5% for the medium ash sample to 27.3% for the low ash sample.

Table 8 - Maceral analysis (ash free basis) of heavy-media cyclone

floats and sinks for coal A

High ash Medium ash Low ash
SG 1.6 SG 1.45 SG 1.4
Floats Sinks Floats Sinks Floats Sinks
Vitrinite 61.6 57.0 62.4 55.9 T1.1 41,4
Exinite . 0.1 . 0.4 0.0 0.1 0.2 0.2
Semi-fusinite 22.0 27.6 23.3 33.8 18.0 45.3
Fusinite 9.1 7.9 9.5 6.2 4.0 9.4
Macrinite 7.2 7.1 4.8 4,0 6.7 3.7

COKE QUALITY

The strength of coke made in both ovens increased as ash was removed

from the coals and this was accompanied by a decrease in the mean coke size

as seen in figure 6.

Results in Table 6 show a similar trend for blends.

Thus ash reduction leads to smaller less fractured and hence stronger coke.

Ash behaving as a coke antifissurant has been noted and discussed previously

by Mayer (2).

Tabie 3 - ASTM stability factors of cokes produced in the Carbclite oven (average)
and Ottawa oven and their difference AS

Coal A
8.2 7.1 5.3

Coal B
7.9 5.7 3.1

Coal C

9.6 6.6 5.

Coal D
11.2 8.9 6.3

Carbolite u6.6 53.2 58.5
Ottawa 50.6 50.7 56.2
AS -4.,0 2.5 2.3

39.3 52.0 62.2
50.6 54.9 61.3
-11.3  -2.9 0.9

38.9 45.3 48,
43.1 48.7 U6,
“4.2  -3.4 1,

IS I Y P

58.1 61.7 65.5
53.1  59.0 62.%
5.0 2.7 3.0

Table 9 compares

ovens.

the stability factors of coke produced in the two

Although agreeing that strength increases as ash is reduced the ovens

w
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Fig. 8 - Maximum coking pressures, Carbolite oven versus Ottawa 310-mm oven

produce cokes with substantially different stability from some of the coal
samples. Except for coal D the differences between the Carbolite and Ottawa
oven factor, AS in Table 9, are negative for the high ash coal samples and

positive for the low ash samples. Linear regression produces the equation
Y = 0.585X + 22.42

where X and Y are the stability factors for the Carbolite and Ottawa ovens
respectively, Fig. 7. Hence the differences are largely explained by the
smaller Ottawa oven producing better cokes than the Carbolite in the low
stability range. The smaller oven has a levelling effect and this has been
noted previously (6).

Reasons for this levelling effect are unclear but it may result from
the major difference in the cokes produced in the two ovens, the coke size
distribution. Figure 8 shows there is an excellent linear correlation between
the mean size of coke from the two ovens and that it is about 8mm smaller for

the smaller oven. This in turn is attributed to the differences in width and
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at least in part to the faster coking rate of the smaller oven, 38mm/h to a
centre-temperature of 900°C compared to 33mm/h for the Carbolite oven. N
Hardness factors of cokes produced in both ovens are similar. The
regression line in Fig. 9 suggests the factors are on .average 1.3 - 1.7 points
higher for cokes made in the Ottawa oven. Maximum coking pressures developed

during carbonization are also similar with one noticeable exception, Fig. 10.

The lowest ash sample of coal D exerted a pressure of 25.5 kPa in the Ottawa
oven but only 5.0 kPa (average) in the Carbolite oven. Pressures in both
ovens were low for the high and medium ash samples and this suggests the
coking pressure of the low ash sample is particularly sensitive to the
carbonization conditions.

Coals B and D are of similar rank and maceral composition. Their
coal and coke properties show at the same time, some remarkable similarities
and differences.

The highest ash sample of B contained only 1.1% more ash than the
lowest ash sample of D so direct comparison is not possible. However, the
plots of maximum fluidity, melting range and to a lesser extent total dilata-
tion (c+d) against ash content reveal that a line common to both coals may be
- drawn through the points. The same is true for the mean coke size for coke Y
made in both ovens, Fig. 6. Conversely the coke stability factors are very
different as can be seen in Fig. 3. Coal B at 7.9% ash has a factor of 39.3
while coal D would be expected to be 63.6 at this ash content.

Large shale particles in coal B are believed to be at least partly
to blame. They were quite evident in the cokes of the two higher ash samples
of this coal, but not in any of the coke samples of coal D. Coke was exten-
sively fractured around the shale particles, and was therefore more easily
broken in the drum test.

The approximate amount of shale particles larger than 1.7 mm present
in the coke oven charge was measured by float/sink analysis for coals A and B

(unfortunately not coal D), Table 10.

Table 10 - Shale in coke oven blends

Coal A Coal B
wt % ash in coal 8.2 7.1 5.3 7.9 5.7 3.1
wt 3 shale +1.71 0.18 0.02 0.002 2.0 0.8 0.01
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Differences in the types of anisotropic carbon in the two cokes have
already been discussed. The higher inert carbon content (i.e., fusinite +
semi-fusinite) of cokes from coal B may be the cause of the significantly
higher reactivity of this coke.

Fractures open to the surface caused by shale particles may be a
further contributing factor, but the lowest ash coke which contained few shale

particles suggests the contribution is small as its reactivity is still high.

- CONCLUSIONS

Reducing fhe ash content of the coals

enriched their vitrinite content in comparison with other coal

macerals for two of the four coals

- increased their Gieseler maximum fluidity, Ruhr dilatation and
melting range. Free swelling indices were unchanged for three of
the coals

- inereased the maximum coking pressure of two of the coals

- increased the stability factors of cokes made from the coals, by
1.6 - 4.7 points per one percent ash reduction

- increased the coke hardness factors

- decreased the coke mean size, apparent specific gravity and reac-
tivity to CO2

- did not affect the types of carbon optical anisotropy present in

the cokes.
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APPENDIX A

Summary of Coal Cleaning Data

A B o . D
Ash in raw coal 13.7 8.9 27.9 14,2
Ash in clean coal % 8.5 7.3 5.8 6.8 5.2 3.3 9.4 6.5 5.0 10.6 8.4 6.6
Yield clean coal % 87.3 73.4 69.7 96.2 88.6 B2.2 67.7 62.0 54.9 85.6 65.5 51.4
Heavy m-dia circuit
Coal fzd Y] 71.8  71.1 71.4 69.7 69.7 69.7 68.6 68.6 68.6 68.8 68.8 68.8
Yield clean coal % 83.9 69.9 65.1 94.0 85.7 82.0 65.6 58.7 49.0 88.8 67.7 45.0
Ash in clean ccal % 7.9 6.0 4.3 7.7 5.6 2.9 9.2 6.2 L | 10.6 7.6 4.8
Ash in reject b3 51.9 35.6 33.2 64.3 58.8 48.5 76.6 69.6 59.6 47.2  29.6 22.8
Water cyclone circuit
Coal fed ) 28.2 28.9 26.8 - 30.3  30.3 3.4 31,4 314 31.2  31.2  31.2 o
Yield clean coal % 96.4 96.3 95.6 - - 99.3 98.2 89.0 B84.4 81.2 95.4 91.6 83.4 “
Ash in clean coal % 1.4 11.7  10.9 - 4,7 4.4 11.5 9.4 8.7 12.3 11,5 11.0
Ash in reject % 41,9  41.4 38.3 - 47.3  38.1 64.1 59.9 5S4l 51,6 42.3 29.7
Flotation circuit
Coal f=a ' 12.2 12,4 11.0 - 9.0 8.9 10.2 9.7 9.4 9.8 9.4 8.5
Yield clean coal % 93.5 90.1 89.7 - 86.5 T15.4 92.9 92.5 91.5 93.1 84.5 78.8
Ash in clean coal § 10.9 10.2 9.4 - 3.1 2.9 9.0 8.6 8.2 10.9 10.5 9.7
Ash in reject % 38.8 40.1  38.4 - 26,1 15.5 55.7 _54.1 48.2 63.2  35.0 29.0
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APPENDIX B

Ultimate and Ash Analysis (Dry Basis) of Cleaned Coal

Ash, %
Ultimate analysis
Carbon
Hydrogen
Sulphur
Nitrogen
Ash
Oxygen (by
difference)
Ash analysis
540,
11203
Fe203
T102
P205
Ca0
Mgo
505
Na20
K,0

2

v8

V9
Y10
Vil
yi2
v13
vid
vVi5
vVi6

Vitrinite Reflectance Groups

3.5 1.9 3.9

18.8 27.9 26.0 1.2

35.8 31.8 31.2 18.6 19.8 17.0

0.6 3.2 3.9 36.5 37.9 40.6
1.7 2.5 3.0

26.7 29.0

40.1
3.5

43.2
2.2

Coal A Coal B Coal C
8.2 7.1 5.3 7.9 5.7 3.1 9.6 6.6 5.1
81.0 81.9 83.6 83.8 85.1 87.8 77.6 80.2 81.3
4.8 4.9 4.9 4.4 4.6 BT 4.9 5.2 5.2
0.24 0,25 0.24 0.72 0.59 0.51 0.71 0.7% 0.69
0.9 0.9 0.9 1.3 1.3 1.3 1.3 1.5 1.5
8.2 T.1 5.3 7.9 5.7 3.1 9.6 6.6 5.1
4.9 5.0 5.1 1.9 2.7 2.6 5.9 5.8 6.2
49.2 51.8 50.0 56.6 51.3 ul,6 59.2 57.7 58.3
26.7 29.3 29.6 18.6 18.2 19.0 28,4 25.7 26.7
1.8 6.7 7.7 8.8 11.4 9.3 6.0 5.2 u.8
1.5 1.5 1.% 0.7 0.7 0.9 1.2 1.3 1.3
0.8 0.9 0.9 0.3 0.5 0.7 0.9 1.3 1.3
1.2 1.4 1.8 3.3 4.6 7.1 1.6 1.6 1.5
0.6 0.8 0.5 1.8 2.0 2.3 1.0 0.9 0.9
0.9 1.1 1.1 3.2 5.6 8.5 0.8 0.5 0.5
1.7 2.0 2.2 0.6 0.9 1.7 6.1 0.1 0.1
6.6 0.6 0.7 2.6 1.8 0.6 2.6 2.2 2.1

10.9
54.3
7.2

Coal D
1.2 8.9 6.8
80.7 82.4 84.1
4.8 4.6 4.8
0.39 0.37 0.37
.3 1.2 1.3
1.2 8,9 6.8
2.0 2.5 2.6
56.5 55.7 55.7
25.5 26.6 28.1
4.8 4,1 3.8
1.7 1.0 1.3
0.5 0.6 0.7
2.9 2.8 2.5
0.8 0.8 0.5
3.0 3.0 1.7
.7 1.8 1.8
0.6 0.5 0.5
.0 2.3 1.9
2.5 6.3 3.8
0.5 - 1.9
1.0 1.1 4.y
4.9 1.1 12,5
5.2 9.1 30.6
19.6 25.1 1.5
4.4 12,0




e ®

AZPENDIX C ’
Carbonization Results

QOven taal no. Cc-21 C-22 c-19 C-20 c-23 C-24 c-2% c-26 c-27 c.28 C-29 -39
Description Coal A Coal 4 Coal A Coal 4 Coal &4 Coal s Coal B Coal P Coal B Coal B Coal B (Coal 3
8.2% 8.2% 7.1% 7.1% 5.3% 5.3% . 7.9% 7.9% 5.7% 5.7% 3.13 3.3
ash ash ash aah ash ash esh ash ash agh ash ash
CAPBZUIZATION CONDITINNS
Molsture In charge 3 3.2 3.1 3.2 3.h 3.3 3.4 2.8 3.1 2.8 2.9 3.2 3.1
Mirus 3 ea (§ ms2h) } 80.08 79.6 82.8 82.0 82.0 82.2 80.4 80.4 84,3 8%.3 8a2.2 8.2
ASTM cone bulk density(wet) l(g/l3 790 782 793 782 793 782 798 190 796 768 782 752
Coal bulk danaity in oven(dry) \t;/l3 790 823 823 803 820 803 833 822 , 830 L3} 809 831
C2RZZLTZ2ATION RECULTS
Gross coxing time himin 16139 15152 16156 17111 16159 17:09 16153 16358 17307 17:10 17:00  16:22
Firal cen"m™ temperuture *C 1067 1076 1062 1056 1054 1060 1051 1080 1054 1062 ' 1059 1122
Tize to 900°C centre temp. h:mn 13139 12:52 13156 W1 13159 14:09 13:5) 13:53 143107 14110 14:00 131322
Tira tn 1000°C ceantrw temp. himin 14336 15100 14159 15318 15303 153105 15102 ILFLL] 15:06 15310 15:08 13:56
M.xizuz wall presaure kPa 1.6 2.8 1.2 X2 3.2 3.5 12.8 6.% 271 19.4 27.8 36.8
Cuem yield 3 72.3 7.7 73.4 70.0 72.6 69.1 171.7 712.9 73.5% 73.8 72.3 73.2
oY% SCHEEN ANALYSIS
(cuzulative § rutained on)
102 m sleve - - - - - - - - - - - -
76 21.% 18.3 13.9 14.58 10.0 8.7 26.2 27.0 20.3 19.5 10.2 9.5
51 . 63.5 57.6 59.3 60.6 50.7 57.0 68.6 67.6 61.8 61.7 56.6 56.7 o
33 82.8 17.8 83.6 83.8 81.3 81.7 83.5 82.8 83.2 81.7 87.9  Bu.€ w
% . 91.3 88.6 92.7 91.6 92.2 92.0 94.3 93.4 93.6 93.3 95.9  9u4.9
19 93.0 90.5 94,1 93.1 93.6 93.6 95.8 94.7 95.6 95.3 97.0  96.5
13 93.6 91.4 98,6 94,0 9n. 4 94.3 96.6 96.1 96.6 96.4 97.6  97.2
Purcentage -13 ma (breete) 3 6.4 8.6 5.2 6.0 5.6 5.7 3.4 3.9 3.4 3.6 2.4 2.8
Mcan coke size - 58.7 55.9 56,1 56.1 52.8 53.8 62.% 62.0 58.9 58.4 55.6 54.9
CCKE PHOPERTIES
Appacant spacific gravity 0.97 0.98 0.98 0.95 0.96 0.9% 0.95 0.95 0.94 0.93 0.92 0.91
Proxizats analyais (db); ash } 1 11.1 11.2 9.7 9.5 7.8 1.9 9.3 9.1 6.1 6.7 5,1 4.1
volatile matter 1 1.8 1.4 1.4 2.0 1.4 1.2 1.8 1.7 1.% 1.5 1.5 1.2
fixed carbon 1 87.1 87.4 88.9 88.5 90.8 90.9 88.9 85.2 92.1 91.8 85.5 94.7
Sulprur (4d) 3 0.23 0.21 0.23 0.24 0.23 0.22 0.57 0.57 0.53 0.56 0.%9 0.49
ATTM SOKE TUMBLER TEST .
Stapility factor 3 47.6 45.6 53.9 52.5 59.3 57.6 39.5 39.0 51.6 52.3 63.0 61.4
Hard:iass factor 3 59.8 60.5 63.1 64.0 68.1 66.8 67.6 67.4 69.0 88.2 70.7 71.0
J15 CSZE TOMBLER TEST
30 ravs €0 om nieve 3
25 om usieve 1
15 =2 sieve 3 90.1 89.4 92.3 92.5 93.1 92.5 88.5 88.5 91.9 91.8 4.9 94.5
150 revs S0 om uicve 3
25 &3 sleve 3
15 = sleve 3 75.1 75.0 79.9 80.2 82.9 81.1 4.7 73.8 80.1 80.1 85.6 85.4



APPENDIX C (Cont'd)

Osan test ne. c- C-33 __ C-3n c-3§_  ¢-3 c-31. c-39 c-Ao [ L T ] C-43 Cons
Cescription Coal C Coal C Coal C Coal C Coal C Coal [+ Coal D Coal D Coal D Coal D Coal D Coald
3.6% 9.6% 6.6% 6,63 5.1% 5.1% 11.2% 11.2% 8.9% 8.3% 6.33 6.4
ash__wah  wh  eah  wsh  agn _ash __ aeh _ seh  esh  ash  aam
CARSONIZATION CONDITIONS
Moisturs in charge 3 3.3 3.9 3.1 3.1 3.0 3.9 3.0 2.8 2.8 2.8 2.6 2.5
Minis 3 na (b mezh) 3 83.5 83.5 82.6 82.6 9.7 $1.7 79.0 79.0 19.5 79.5% .6 7.6
ASTH cone bulk density(wet) kg/md 18 m 790 783 786 183 788 193 190 705 185 798
Coal tulk dersity in oven(dry) kg/a’ 815 822 820 [T (T4 s20 (3] 82 a1 2 [HS I 3T
CAREINIZATION RESUL!!
Croas coxing tizs !ulllll 16153 16:51 11127 N 1110 1702 16155 lSlS? 15232 16300 17102 17:07
Final centre tempersturse o 1097 1096 1067 1061 1082 1056 1065 1092 1110 1085 12 10539
Time te $00°C centre temp. hiain 12153 12151 w27 LYY ] Wil 1MW02 1315% 12158 12132 13108 14302 1307
Tine to 1000°C csatre temp. hiaia w38 14130 15118 15136 15108 iLY3 ] \LI2) 13 1L} 13118 W W3l 15105
Maxisua will pressure kPa 33 3.8 2.8 8.2 3.2 X.1 6.8 A.6 2.0 0.9 2.5 T8
Coke yield 3 68.3 9.2 9.5 69.3 9.3 T70.6 7%.8 715.0 76.3 7.9 76.7 5.5
Crr.K SCPEE! ANALYSTY
(cunulative § retalned on)
132 ma sieve 1.2 3.2 0.0 0.0 1.} 0.0 10.6 nw.é A6 N7 1.7 1.0
7% 21.0 19.7 .9 1.2 13.0 9.0 32.0 36.8 23.2 8.7 18.9 16.0
51 6.0 66.5% 61.6 65.4 62.9 57.3 76.4 70.3 6.9 T72.1 T1.0 T71.2
3 83.7 o 8x.3 88.0 86.4 85.6 88.0 8.2 85.6 8.2 90.5% 838.7.
25 g2.8 93.3 9.8 95.2 9.5 (1K} 93.0 9.8 93.7 93.8 95.9 95.2
19 95.2 9.8 96.1 - 96.68 96.8 96.% 94.0 9.9 95.0 98,9 96.6 $6.0
13 96.3 96.4 96.9 97.3 97.% 97.2 94.8 95.6 95.8 95.7 97.1 95.8
Pcrceatage -13 £a (breeze) 4 3.7 3.6 3.1 2.7 2.5 2.8 5.2 [N | §,2 X3 2.9 3.2
Mean coka atze - 59.2 59.7 56.9 57.% 5T.4 54.9 66.8 63.9 61.7 64.0 61.2 53.9
COYXE PRCPERTIES
Apparent apecific gravity 0.91 0.93 0.90 0.89 0.0% 0.8% 1.08 1.04 1,00 1.01 0.98 0.96
Proxizats analysis (db)j ash s 13.2 13.2 9.3 9.3 7.1 7.2 13.0 13.0 10.6 10.6 8.5 B.5
volatile matter 4 1.7 1.5 1.8 1.6 1.3 1.3 1.5 1.8 1.5 1.6 1.4 1.8
fixed carbon 3 85.1 85.3 88.9 89.1 91.6 9.5 85.5 85.2 87.9 87.8 90.1 B3.7
Sulphur (4b) 3 0.60 0.60 0.59 0.58 0.57 0.5% 0.3% 0.33 0.29 0.30 0.28 0.26
AST™ COXE TUMBLER TEST
Stadility facter 3 39.1 38.7 %N.3 16.2 7.9 N8.% 51.7 58.5 61.1 62.3 66.1 64.9
Rariness factor 5 61.% 60.1 64.6 68.6 63.8 6%.9 §5.5 66.3 69.3 70.0 71.9 71.3
J1S COXE TUMBLER TEST
33 reva 50 =a sieve b
25 om siave 5
15 na siasve 4 89.7 89.2 92.1 92.6 93.% 93.0 92.8 92.8 93.5 9N $5.5 94.8
150 rove 50 mz sicve b3
25 ma aleve 3
15 am sieve ] .S 73.0 9.4 79.8 80.5 80.7 81.7 81.9 83.0 8x.0 86.1 85.8
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APPENDIX € (Cont*d)

Quen, tasl no. 172 m 173 175 774 785 119 784 789 787 788
Lescription Coal &4 Coal &4 Coal A 50% A 508 A Coal B Coal B Coal B 503 B S0% B 503 B
8.2% 7.1% 5.3% 8.2% 5.3% 7.9 5.7% 3.1% 7.9% 5.7% 3.13
ash ash ash ash ash ash ash ash ash ash ash
37.538  37.53E 37.5%8 37.5%¢ 37.535%
12.5%P 12.5%F 12.55F 12.5%F 12.5%F
C2RECHTIZATION COHDITIONS .
Mc.sture in charge 3 3.0 3.0 2.8 2.8 3.0 3.0 2.8 3.0 3.0 3.0 3.0
M.n:s 3 za (6 mesh) H 89.5 88.x% 91.0 - - 88.9 89.3 88.9 - - -
ST cuae tulk density(wet)  kg/ad - - - - - - m - 1T . T m
0,1 Sulk oenaizy in oven(dry) k&/l3 ’ 788 780 786 782 788 783 % 778 783 772 T45
CAPESHIZATION RETULTS )
Grols coxing time hiain 9:20 9:10 9110 9115 9100 9305 8:55% 9:05 9:00 8:5%
Final centre teczperature *C 1082 1077 1071 1082 1066 1066 1060 1077 1060 1060
Tima n 97.°C cenlre temp. h:min 7345 7355 8:00 7385 7345 7355 7155 7:40 8:00 7355
Tims to 10U0%C centre temp. h:imin - - - - - - - - - -
Mzilzan w@ll pressure kPa 4.3 3.6 5.6 4.0 6.5 13.8  21.0 27.6 22.6 W1 19.2
Coxs yield H 76.9 76.4 76.2 75.7 75.4 7.7 19.3 79.1 76.7 75.% 76.1
CH7E ZCREEM AMALYSIS '
(~umilative $ retained on)
102 ma sievs 0.6 0.0 0.0 0.7 0.4 2.6 0.6 0.0 0.0 0.3 0.0
7€ 7.8 5.3 3.2 6.3 §.1 15.8 5.9 2.3 6.0 5.8 3.5
51 43.3 40.9 32.4 45.2 82,1 §1.6 k2.5 33.1 §7.2 47.0 46.8
kL) 71.8 72.8 65.8 75.9 72.8 73.5 T71.6 63.9 78.4 75.6 75.8
25 §1.7 92.8 92.6 94.9 gh.2 82.7 93.5 93.5 94.3 94.2 94.6
19 93.5 94.6 95.2 56.7 56.3 55.8 6.0 96.2 96.3 96.% 96.7
13 94.3 5.4 95.9 97.6 97.3 96.8  97.1 97.1 97.1 97.2 97.5
Percentage ~13 ma (breezs) H 5.7 4.6 5.1 2.4 2.7 3.2 ) 2.9 2.9 2.9 2.8 2.5
Mean ccke size
-] 49.5 48.8 k5.7 50.8 9.0 54.4 89.5 k5.7 51.1 50.8 50.3
COXE PROPERTIES
Apparent specific gravity 0.966 0.939 0.936 0.921 0.911 0.939 0.915 0.92% 0.892 0.862 0.857
Proximate analysis (db); ash 3 10.9 9.5 7.6 8.1 6.1 8.7 6.3 3.8 7.0 5.5 4.3
volatile matter 3 1.2 1.2 1.2 1.4 1.5 1.9 2.1 2.1 1.5 1.5 1.5
fixed carbon 3 87.9 89.3 91.2 90.5 92.4 89.4  91.6 84.1 91.5 93.0 4.2
Sulphur (db) b4 0.23 0.21 0.23 0.53 0.51 0.48 0.41 0.37 0.66 0.57 0.52
ACTM COKE THM3LER TEST
Stanility factor 3 50.6 50.7 56.2 56.9 58.5 50.6 54.9 61.3 55.3 57.0 59.0
Hairdness factor H 63.0 61.1 68.9 68.7 63.7 7.1 7.5 72.3 §9.3 §6.0 €8.5
JIS AOFE THMHLER TELT .
3G ravs S0 mn sleve 3 17.5 25.2 15.0 16.5 15.0 16.0 6.0 1.9 13.8 23.% 17.8
25 m sieve 3 86.5 8€.1 71.8 88.3 88.6 82.1 B83.3 88.4 86.6 89.6 87.8
15 = sieve 3 g92.8 91.9 gh.4 94.1 94.9 92.3 93.1 9%.6 93.5 94.% g4.7
150 ravs 50 mm ajeve 1 2.5 6.3 5.6 3.3 6.8 3.0 1.7 k.5 4.5 8.3 8.0
25 == sieve 3 70.2 68.4 69.5 72.3 70.0 58.2 63.5 72.4 70.7 4.2 73.0
15 s sieve b3 80.4 79.5 84,2 83.8 80.7 80.5 82.0 85.5 82.6 83.7 84.0

Lz




AUPENDIX € (Caal'dy)

O7.a test no, 797 736 795 801 802 800 811 812 843 537 Iie 33d
Descripiion Coal C Coal C Coal C 758 C- 153 C 758 C Coal D Coal D Coal D “08 D 5C% D 534 D
§.63% 6.6% 5.1% 9.63 6.63 5.1% 11.23 8.93 6.8% 11.23 8.53 6.2%
ash ash ash ash ash ash ash ash ash ash ash ash
258 F 25% F 258 F 37.585  37.5%E 37.58%
12.5¢F 12.5¢F  12,3¢7
CARSC:-’IZATI-')N ZINLITIONS
Koistus~e !r, charge § 3.1 3.0 3.1 3.6 3.1 2.9 2.8 2.8 2.8 z.3 3.0 2.3
Minys 3 za (6 mesh) 5 90.3 87.6 89.8 - - - 84.3 87.7 88.3 - - -
ASTM zose bulk density(wet)  kgmd 780 715 115 801 825 8oy 793 169 715 69 71 165
Czal tuik 4wasity in ovenldry) ve/a3 790 794 715 812 830 803 806 o0& 1% 812 780  E0s
CHEBIIIZATICN RIuITS
Greas coxing tice h:min $9:10 $9:00 9110 9:30 9:30 9140 9:15 9:15 9:05 8:55 9:05 G:20
Final centre tesperaturs *c 1071 1043 1071 won 1054 1071 12717 1060 1060 1043 1083 1060
Tiat 3 500°C centre tump. k:izin 8:10 8:1C 8:05 §:15 8:35 8:25 7145 8:05 7:50 7:50 7:55 8:10
Tize t9 10.3°C centre teap. h:ain - - - - - - - - - - - -
Hoxizua wall pressure (%Pa L.y 6.4 5.9 10.5 .9 13.4 3.4 4.3 25.5 8.4 7.4 10.2
Cocs ylm.Q 3 72.1 72.5 70.0 76.2 74.8 73.9 80.2 80.9 30.3 17.5 1.4 76.5
€228 ShpLTN AMALYSSS
{(~uzulative § retained on)
102 slave 0.0 0.0 0.2 0.0 0.0 0.5 7.8 2.8 Q.0 1.8 0.9 0.0
75 5.0 30 2.6 7.9 5.3 5.5 25.7 LI | 10.2 1.3 9.6 6.1
51 47.9 37.7 34.2 2.5 x3.9 7.1 63.1 57.3 47.2 55.9. 52.2 85,7
33 77.0 70.6 68.3 80.2 78.3 79.5 81.1 79.% 78.1 80.5 78.7 9.9
3 93.3 92.6 §2.5 9.9 95.1 95.5 93.4 9%.1 9k. 4 9L.9 95-0  §+.5
19 95.7 95.5 95.% 96.2 96.% 96.8 987 95.3 95.9 96.5 86.5 96.1
13 96.9 96.5 56.6 96.5 97.2 97.5 95.4 $6.0 96.7 $7.2 97.5 97.0
?urccr‘:tuc ~13 za (bresze) 3 3.1 3.5 3.4 3. 2.4 2.5 8.6 8.0 3.3 2.8 2.5 3.0
Vean coke alze - 50.8 47.2 46,2 52.8 51.3 51.6 61.0 55.9 52.1 L) 53.3 51.3
CoKF. PROP-RTIES
Azparent specific gravity 0.916 0.891 0.874 0.927 0.91% 8.907 1.030 0.982 0.956 0.987 0.922 0.906
Fruxicata anilysis (db); ash 4 13.1 9.3 T.3 1.3 8.5 1.2 13.1 10.8 8.9 9.1 7.6 7.2
volatile matter 3 1.3 1.4 1.5 1.2 1.0 1.3 1.1 1.6 2.3 0.9 0.9 0.7
fixed carbon b 85.6 89.3 91.3 7.5 90.5 91.5 5.8 87.6 8%.0 90.0 91.5 92.1
Seiptur {4A%) 0.61 0.53 0.53 0.59 0.58 0.57 0.35 0.21% 0.19 0.57 0.5 0.53
A TOWE TLABLER TEST
Stability tactor 5 53.1 A8.7 0.7 55.4 57.8 57.8 53.1 59.0 62.5 58.7 61.8 61.0
Hasdress faclor 5 63.2 65.6 66.3 63.3 §9.7 §8.5 §7.6 69.% 72.% §4.5 §9.% T1.1
JIT COXE TUMLER TEST
30 revs £ = sinva b 17.3 6.0 LI 21.% 8.5 0.2 231.5 n.g 28.3 1.5 24,8 X7
25 m aicve 3 82.3 83.% 82.5 se.x 85.7 87.9 85.7 85.% 911 90.2 90.0 9G.5
15 na 3leve s 91.7 92.3 92.3 93.7 98,3 M.y 92.4 93.3 9%.9 9.0 ”.5 b
150 Mvas 50 = alevae b} 0.8 0.5 0.0 6.1 L} 2.2 - 8.2 9.3 15.% ) 9.2 10.9 8.3
25 na sleve § 61.8 6.9 60.5 Tv.7 68.2 5.6 T0.7 5.8 79.0 .3 76.% 78.0
15 ca alcdy b T7.8% 79.7 79.7 8.8 83.9 86.6 81.0 ° J‘_&._’.i 86.0 8x.8 84.3 85.0
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APPENDIX D

Petrographic analysis of samples from coal cleaning circuits

HIGH ASH

MACERAL ANALYSIS ON ASH-FREE BASIS

RAW COAL
100% WT CLEAN
14:3% ASH REJECT
VIEJSF|F (M COAL
. 57:3]0-2|281{8-06-4
-28 meV\+ 28 mesh
W.C. FEED HM. FEED S.G6.16 H.M. FLOATS
282% WT 71:8% WT 60:2% WT
12:5% ASH 15:0% ASH SHALE 7:9% ASH
VIE|SFIFlm VIel srliFim 11:6% WT VIE|SF {FI|Mm
I56210-0(2 1'5{7-4{4-9 57810-31268-4{64{7-| 51'9% ASH 61'6{0-1{22-:0{9-1{7:2
VIE|SF{F|M
I57-0{0-4{27-8{7-9{T"|
W.C. O/F
272% WT wW.C. U/F
11-4% ASH 1-0% WT
VIEJSF|FIM

VIE|SF|F|M

l67-2 10-:0{22:4(6°1] 4-3|

v

Y A Y N Y ey

|
|
|
|
|
|
I
|
|
|
|
|
|
I
41:9% ASH :
|
i
1
|
!
I
|
|
|
|
I
!
|
L

S.B. U/F S.B. O/F
15:1% WT 12-1% WT
13-5% ASH THICK. C. O/F 9:2% ASH
V|E|SFIF|M 2'9% WT V|E|{SF|F([m
lss-alo-ozu-z 0-6/4-3 16-7  ASH 68:110-0[242[3-314-4
¥ v]E]sFlF]m
FLOT. FEED e el sl Sl i FLOT. CONC.
122% WT 1114% WT
12 7% ASH FLOT. TAILS 10-9% ASH
V|IeE|SFIF|m 0:'8% WT V|IE|SF|F|Mm
ls«.lo-a 21:4{7-7[61 38:8% ASH [63-4/0-0j21-5]9-556
V{E]SFIF{M
158 410-0 25-402 4-6
CLEAN COAL
V...VITRINITE E...EXINITE 87-3% WT
SF....SEMI-FUSINITE F...FUSINITE 8:5% ASH
M.....MACRINITE VIE|SFIF|M
61-5]0-0[25-2]8-0 53




30

APPENDIX D (Cont'd)

MEDIUM ASH

MACERAL ANALYSIS ON ASH-FREE BASIS

L e o m e s e e e . TR S S TR D evew S S T YEAN BN WL - rh A MRt e S CRAM S SRGS S S

RAW COAL
100 Y% WT | , I CLEAN
14-3 % ASH | REJECT |
V [E[SF|F]mM | | coaL
59-9(0-1 26-7]&547 | }
-28 me;h/\+ 28mesh : }

[ w.c. FEeD HM. FEED |..3.6.145 A[HmM FLoATs
28:3% WT 71-1% WT | 1 49- 7% WT
12:8 % ASH 14:-9% ASH \ shate1!] 0% asH
vielsFlF(m vielsFlFium 2!-4%ml-vesrru

sa-uoqzu-zL-wo sa-s‘owlzn 7-9}»0 Pl xm.6% ASH hszaoo 23-5!9-5 a8

{ V,LE srt uly
w.C. O/F { {5590 t{338le204-0f |
27-8% WT | |
11-7 % ASH WC. U/F ||
vie[sF{r[m { 1% WT |
ro-sjo2fie-2|r1[2e Il 41-4% asH ||
7 : viE[sF[r u||
S.B. U/F [ Wanl S Rnat Rl St {
153% WT i J
13-6% ASH , T s.B. osF
VE|SF|F|M | 1] 12-5% WT
le7-dlo-1]i86 [a-als7 | | THiCK.C.o/F |1]_9:8% ASH
\ 2.9% WT i{v EOLSF Flu
4 I']i5.9% asH |I[roebokoojs4ap-o
FLOT. FEED ErvTelselrull
12:4% WT ‘ : -|-{-{-|-]1[FLOT. Conc.
13:1% ASH 2% wr
V]E[SF]F [N L rFioT. TaILS : 10:2%_ ASH
68-7/0-2116-7194 5-3’ | 12% WT | vieisF|Fm
1140-1% ASH ‘paeLo 231|9-6/2:8
{ {v e |sF FsLu i
lk2-7002!-4 12 Ol o
CLEAN COAL
V... VITRINITE E...EXINITE 73.40/‘ wT
SF...SEMI - FUSINITE  FE...FUSINITE 7-3% ASH
M.... MACRINITE v]E[sF|F[m
pm jo-2 27~sl&o 58]

DRSS
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APPENDIX D (Cont'd)

LO

W ASH

MACERAL ANALYSIS ON ASH-FREE BASIS

RAW COAL
1I00% WT
13-7 % ASH l REJECT : CLEAN
I | COAL
v SFIFIM i
58-4|0-328 3/8 1|49 i :
-28 me;t//\+ 28 mesh | I
!
W.C. FEED H.M. FEED 1 S.6. b4 i H.M. FLOATS
28:6% WT 7T14% WT i | 46:5% WT
12-1% ASH 14-4% ASH \ SHALE : 4-3% ASH
VIE|SFIF[M VIE|SF|FiM 249% WT V|E|SFIF |m
69-2/0-1{20-0]7-0(3-7 59 9l0-6 [24-3|8-3/6-9 : 33.2% ASH | | [7+1|o2)i8 0[a-0k-7
| { TYTEsFTrm!
v | [ar4jo-2las-3jo-qfa-7f |
W.C. O/F | |
27:3% WT w.c. usF I
10-9% ASH I} 3% wr |!
VIE]SF{FIM | | . 38-3% ASH ||
67-30-3]19-7 |7-3{5-4 Ll v]e|sF]Flm]]
JEEEREEY
A4 : I
S.B. U/F S S.B. O/F
14:0% WT | 1| 13:3% wrt
13-2% ASH | TThick. c. o/F ||| 8:6% AsH
v]efsF{FIM 30% WT {|{v|elsFiFim
66-4/0-0120-5|9-1 {3-9 : 17-2% ASH || se-ro-z}zoaase-z
V{E|SE [FIM]]
|
FLOT. FEED ' J el el Rl el I} FLOT. CONC.
11:0% WT > 9.9% WT
12-4% ASH : FLOT. TAILS |!] 9-4% ASH
VIE[SF[FM 1% WwT 3 sr’FlM
64-610-0j23-2 8-6{3-4 : 38:4 % ASH } azsoozre!xoal%
vie|sF|F[m
{ 58';[01 24-4[12.2|5-0 l
CLEAN COAL
V..... VITRINITE E..EXINITE 697% WT
SF...SEMi-FUSINITE F...FUSINITE 5.8% ASH
M....MACRINITE vi|E SFFIM
k&}40-32?_‘37916-l

—d.




