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Synopsis :

In order to investigate the differences of coking properties between Australian,
American, Canadian, Japanese and the other bituminous coals, the petrographic
method has been carried out using 54 coking coals connected with customary coking
indices.

The characteristics of coals which could not been explained by usual method have been
made clear that Australian coals include much inerts compared with American or
Japanese coals as explained by the differences between predicted values and observed
values of coke strength. The reason for these differences is that the precision of coke
strength prediction depends on evaluation of coal macerals, especially inert maceral, for

coking properties.
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A Study on the Petrographic Investigation of Coking Coals
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Synopsis:
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Tsugio Miyagawa

In order to investigate the ‘differences of coking properties between Australian, American, Canadian,

Japaness and the other bituminous coals, the petrographic method has been carried out using 34

coking coals connected with customary coking indices.

The characteristics of coals which could not been explained by usual method have been made clear

that Ausuralian coals include much inerts compared with American or Japanese coals as explained by

the differences between predicted values and observed values of coke strength. The reason for these

ditierences is

especially inert maceral, for coking properties.
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that the precision of coke strength prediction depends on evaluation of coal macerals,
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Table 1 Classification on maceral analysis®'®
(1970)
1. Reactives
— Vitrinite

{ Pseudo-vitrinite

" Degradinite
—Sporinite
Exinite Cut}n{te
Alginite
_Resinite

2. Semi-inert

Semi-fusinite

3. Inerts
--Fusinite N .
L. -Fine-grained Mc
Micrinite .
‘ . -..Massive Me
L Sclerotinite

4. Mineral matter

1) Generally, reflectance is next tendency in
satne coal, Inert> Semi-inert>>Reactive.

2} Semi-fusinite and pseudo-vitrinite show opti-
cal anisotropy but pseudc-vitrinite has not
cellular structure,

3) Estimated all of pseudo-vitrinite and a third
of semi-fusinite as reactive when predicted
of coke strength.

4) Mineral matter is calculated by Parr's method
and estimated as inert.

(Ash Sp. Gr. 2.5 ASTM)
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Table 2 Proximate, elementary analysis and the determined coke strength

. L yM C ‘ H | cH| Do T1}3%
. e ~-| % | Ash ' = - C.B.I| S.1

\, Sample coal o (daf) % (d. a. D) Dat.\ Cal | Dat. | Cal
| Alabama Coal I 32.4 1086 35.35! 5.33\ 0.755, 03.4 92.4 s52.9 64.0 0.417 4.201
Moss Creek 27.1 11.7| 87.76; 5.20. 0.711] 90.9/>94 | 43.9>65 0.796 5.725
Kenpton 27.00 11.0| 87.54 5.13| 0.703| 94.2 93.5 59.9| 59.3 1.131;} 4.860
New Piedmond 24.1 9.4 88.22 5.10/ 0.694 84.9>094 | 29.9/>65 0.988] 5.572
Sprague Blend 33.6| 12.4 85.58 5.69 0.799] 88,6, 90.0| 39.6| 52.1) ©0.440 3.424
= West Galf 22.7 7.8/ 88.93] 4.94 0.667 92.6{>94 | 49.6/>65 0.769] 6.502
S Davis Blend 29.7 7.4 89.07| 4.94 0.666] 94.2| 93.3 55.9>65 0.513] 4.696
= Itmann 19.9. 7.2/ 90.28) 4.69 0.623 94.6/>94 56.9 60.0| 1.607 7.202
o Rowland 29 6| 6.7 87.28 5.30| 0.729 92.6| 93.1] 48.4) 65.0 0.515 4.522
s Beatrice 20,3 4.1 90.93| 4.15/ 0.548 94.1/>94 | 53.3>65 1.143| 7.425
& Linco Type 36.8 7.6 85.75 5.29| 0.774] 91.2 90.5 44.9 53.7] 0.417 3.526
« Kyston 18.8 5.5/ 90.71] 4.20| 0.595 91.2 93.7; 56.7, 58.0/ 2.031 7.349
Pittston Blend | 30.4 8.387.55 4.64/0.699] 93.2| 92.6] 51.0| 61.8 0.478 4.192
Harman 32.7 5.6 86.99| 4.77 0.853 92.2| 93.3] 45.4] 63.0, 0.601; 4.575
Wanovec Blend 23.0| 11.4| 87.93) 4.79 0.654 87.2/>94 43.0/> 65 0.728 5.926
Raven Type 30.9 7.3 86.80 4.86 0.725 91.2 93.1| 45.5/>65 0.466 4.613
Royal 20.2 7.0\ 89 11| 4.60 0.619] 93.8| 93.6 51.4‘ 57.9] 2.126] 7.234
Liech Hard 26.8 11.7) 87.000 5.30 0.730 92.8 93.5 55.7| 58.8 1.341] 5.099
Limington 38.4 7.6/ 81.10| 5.68 0.840/ 85.4 85.1 29.1, 12.0 0.910] 2.783
Nebo Coal 31.20 11.1/ 86.19, 5.54| 0.771] 94.2| 92.4] 51.8 60.7| 0.345 4.310
! Harro Creek (S) 22.2| 8.9 88.51 4.87 0.660 95.00>94 | 64.4 61.3 1.454 6.788
u # (N} 22.9| 9.0 87.80| 5.08 0.694] 93.8 93.8 67.9 59.2] 1.699 6.464
= Newdell (1) 38.3 0.2 82.77] 5.72| 0.829; 79.4/ 85.0) 29.7 18.1f 0.601 2.769
S South Bulli 24.09 11.0/ 88.78| 5.08 0.687| 91.5 93.0 48.7 55.0/ 1.588 4.754
Coal Cliff 21.7] 10.3| 89.45 4.74 0.636 91.4] 93.2| 40.4) 56.9) 1.840) 5.470
5 Liddell 42,1 8.3 80.28 5.41} 0.809| 75.0/ 85.5 15.0] 15.7] 0.566 2.946
= Moura 30.7 9.5 87.25| 5.32 0.7211 91.9 92.5 41.4] 45.0f 0.837 3.8366
ot 5. Black Water 30.1 6.4/ 85.64 4.61| 0.692) 86.0] 92.4] 44.8 37.7 1.180 3.743
g Black Water 28.11 8.1 86.94 4.67 0.704 85.9] 92.9| 44.5 50.0, 0.982] 3.876
<« Wollondilly 29,9, 10.0| 86.26] 4.54 0.603 88.8 92.1 40.8 33.3] 1.033 4.244
Huntrey 31.6 11.9) 87.31 4.66/ 0.722 93.5 92.4 51.5 58.1| 0.419) 4.206
Goonyella 28.0| 7.0 87.73| 4.80 0.709 92.5 93.4] 43.5 56.8 0.831 4.602
Newdell (2) 40.7| 6.2 82.55| 5.21 0.827] 81.8 81.6 34.0 25.8) 0.473 2.7350
Abersea 41.3 9.0/ 81,74 5.10 0.654] 66.8 85.9 12.8 16.6] 0€.709% 2.868
Daiyon 38.3| 9.3] 82.42 4.74J‘ 0.763| 77.1 88.90 4l.4/ 22.5 0.732 3.066
. Line Creek 21.9. 10.8 88.32 4.92 0.668 78.1 93.8 34.5| 59.2 1.685 6.270
o Elk River 21.8] 9.2 90.31' 4.83 0.642| 92.6 93.4/ 59.0| 57.5 2.154] 6.773
o Vicary 24.5| 9.9 87.88) 4.600 0.628| 89.4 94.0] 42.6 65.0f 1.017] 5.323
< Balmer 21.0| 11.5| 88.86| 4.15 0.633| 89.2] 93.5 44.3 58.2| 1.832 6.123
K Lusscar 23 1| 9.1| 90.00| 4.28 0.625 91.8] 92.9 47.4 55.8 2.372 5.833
Smoky River 20.0| 6.2/ 90.50 4.53 0.601 91.2 93.5 55.5 57.3] 2.237| 7.146
) Utoku 42.6 7.2 82.58| 5.26L 0.764 82.SI<40 25.2 L 0.166  2.796
J Ashitoku 44.0 7.2 82.45) 6.05 0.881; 61.8/<40 11.5 — 0.134] 2.365
& Oubari 41.2] 6.7 86.20| 5.42| 0.806) 81.3/<40 27.00 — 0.114 2.666
=, Kogane 40.2 8.9 86,15 5.20{ 0.809| 79.2| 45.7 23.5 6.0/ 0.2i5] 2.822
Miike 46.0/ 8.1 83.43 5.74 0.826] 50.7<40 8.4 — 0.162| 2.579

v |

0 South Yakut (1} 37.8 10.8 88.44l 5.89; 0.799 88.51 83.9] 40.1| 49.0; 0.444] 3.303
ad # # (2 29 0| 7.9089.91 5.53 0.738] 92.4, 90.8) 51.9 36.6 0.183] 4.328
7 Kuznets 05 15.9 8.8/ 91.31| 4.21] 0.553] — - — — — —
5 » K-10 23.6| 7.3 88.74 4.82 0.651 82.9| 92.6 34.4] 54.5 2.455 5.515
- Swaziland 17.2| 6.6/ 90.94 4.65 0.614 47.3, 92.0) 12.9 48.5 4.18% 6.948
< | Flobane 25.5 13.8 87.74 4.65) 0.636, 81.5‘ 92.3 31.4| 49.0 2.193 4.640
Z\ Sawang 34.5 15.0) 83.38| 5.47/ 0.787 85.9 92.1 SZ.GE 36.00 0.815 3.692
51 Kathara 38.4 11.8 83.05| 5.47| 0.790) 48.1‘ 91.8 17.7| 35.0/ 0.802 3.637
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Table 3 Maceral analysis

e Maceral Vitrinite
cont T ' "“-Vt-t,’.r}_)f,_ﬁ 5 | 6 | 7 ‘ 8 ‘ 9 | 10 | 11 ‘ 12 ‘ 13 | 14 ‘ 15
Alabama Coal 0.322.7)|68.3| 87
Moss Creek 1.5 17.5173.5| 7.5
Kenpton 0.5| 85|65.522.5| 25| 0.5
New Piedmond 1.0|111.0|23.0(15.7| 0.7 0.3} 1.6 {13.8
Sprague Blend : 0.5, 6.5/12.,5[32.0|43.8| 4.5 0.2
= West Galf ; 1.0 6.5, 4.3| 7.3/11.8!25.3(19.8
& ¢ Davis Blend 1.5| 7.5|38.6|26.0| 2.0| 1.5| 2.5 4.7
- Itmann 3.0 2.5 8.6 (233
g Rowland 0.3| 6.0/40.5]49.7| 3.3]| 0.2
o Beatrice 1.3 22,0
g Linco Type 0.5| 7.0 38.5!40.5{12.5| 1.0
e Kyston 3.0 | 11.0
Pittston Blend . 2.3 8.5{31.9|46.5| 45| 2.0| 2.8| 1.5
Harman 05| 65(31.5/39.2| 65| 1.0| 3.5 | 9.3
Wanovec Blend 0.5 1.5 8.5|15.5|12.0 | 10.0| 24.0 | 16.0
Raven Type 0.2| 4.3(30.3|4.9| 60| 10| L7]| 3.7
Royal 1.0} 6.0|39.3
Liech Hard 9.0 | 60.5 | 30.0 0.5
Limington i 8.0|59.4|31.8] 0.8
Nebo Coal 0.3 0.7 5.3 | 62.4| 31.3
Harro Creek 5. ) 0.3 0.7|21.0|68.0| 8.7
" # N ! 0.2 1.7|44.7|50.9| 2.3
= Newdell (1) 10.2 | 30.6 1 36.7 | 15.3 6.1 1.1
] South Bulli [ 2.1 | 38.4|50.3 8.2 1.0
© Coal CIiff 6.1121.4]42.0|24.0| 3.8
= Liddell 2.0 131.0 | 49.0 | 16.0 2.0
- Moura 4.7131.3147.3 15.0| 1.7
=l S. Black Water 9.0143.143.8| 3.8| 0.3
@ Black Water 1.0 |27.062.0]10.0
< Wollondilly 2.6141.6 | 52.7 3.1
Huntley 0.2 1.0721.0{61.8| 16.0
Goonyella 0.3] 1.0|68.4 | 30.0| 0.3
Newdell (2} 18.3 |157.9121.3| 2.5
Abersea 10.5 | 55.7 | 27.5 | 6.3
Daiyon 5.0(3l.5|42.5|14.5| 3.0| 3.0! 0.5
, Line Creek ' 1.5 {11.5 1 43.2 | 36.5 | 4.5
© Elk River 0.31 1.5(23.5{26.5|35.7
o Vicary 1.3] 2.0} 9.5|48.2]29.5| 8.5 1.0
g Balmer 2.0(24.0/]29.0|27.0|12.0
S Lusscar 2.5 | 4.0(13.3]50.7|27.0 2.0
Smoky River 1 | 0.4 | 13.5 ]| 60.6
Utoku | 0.7013.7 | 46.0131.0] 8.3 0.3
W Ashitoku i 3.0 | 36.6 | 49.6 | 10.8
a Qubari I 0.3 |15.7|52.7 | 30.3 1 1.0 !
= Kogane : ! 0.5 | 65.0 | 33.5 1.0 !
Miike i % 14.4 | 36.5 | 38.9 9.7 0.5 i C
U South Yakut 1. | 0.2| 2.5 31.8]50.8 57
o ) ! 1.6 | 2.0|12.2|79.2| 5.0
v Kuznets OS. ! 1.2 1.2
g ” K-10. ‘ 1.0 4.3 | 10.5 | 10.8 | 15.8 | 22.0 | 20.5 | 10.3
- Swaziland | 0.5 1.2| 1.0 1.2 0.8 0.2 1.3 ] 11.0
< Flobane i 0.8 1.9]18.3 1 44.4| 23.2 4.0 4.1 2.0
o Sawang 1.0 6.0,47.6 |43.7! 1.7
= Kathara 14.0 | 51.8 | 32.5 | 1.7
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Fig. 1 Petrographic composition of the coking
coals
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Table 4 Coking properties of coal macerals

Carbonization behavior

Woody tissues-depending on rank,

Maceral

Vitrinite

shows woody structure clearly, or
is structureless. Principal constit-
uent of most coals, fuses during
carbonization providing primary
coke bonding agent.

Fossilized remains of spores and

Exinite

cuticles. Resins and reminants of
algal bodies also are found in this
group. Minor constituent of coal,
very fluid during carbonization,

provides some bonding.

Opaque, structureless entity, occurs
as dispersed, finely divided parti-
cles, or in relatively large masses.
Inert, non-fusing during carboniza-
tion.

Semi-fusinite| Viewed as the transition stage bet-

ween fusinite and vitrinite. Fusin-
ite like cell structure often not
present. Partly fusing, Partly inert,

during carbonization.

Fusinite [ Appears as well defined woody,

[ cellular body with opaque cell walls,
| Cells may or may not be filled
with mineral matter. Inert, nonfus

ing during carbonization.

Calculated from ash and sulfur

Mineral

matter from Parr's formura. Inert during

! carbonization.
I
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Collinite : South Bulli

Collinite : Itmann

Telinite : Oyubari

Telinite : Newdell

Pseudo-vitrinite : Kuznets K-10
Photo. 1 Photomicrographs of main macerals (Vitrinite group)
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Sporinite : Davis Blend

Cutinite : Abersea

Resinite : Ashibetu
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Sporinite : Linco
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