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Property of the Jurassic anthracite

(Anthracite from the Seongju Area of the Chungnam Coalfield)

Park, Suk Whan and Park, Hong Soo

Abstract: The anthracite coalfields of Korea are confined to the areas where sedimentary rocks of Permian

and Jurassic are preserved.

The Chungnam coalfield lies in the sedimentary rocks of Jurassic which belongs to the Daedong Super-

group (the Nampo group).

For the property analysis of each coalseam interbeded in Daedong Supergroup, Seongju area is chosen

and twelve coalseams are taken.

Many standard tests have been established for optical analysis (maceral analysis, coalification degree

measurement), chemical analysis (proximate, ultimate analysis) and physical analysis (ignition temperature,

ash fusion temperature, hardgrove grindability index and X-ray diffraction).
The Jurassic anthracite mainly consist of vitrinite and macrinite and the range of the reflectance is R 4y

5.0-6.5 which means metaanthracite rank.

By the chemical composition analysis, it shows low H/C and high O/C value compare with international

average value.

By the physical analysis, it has very high ignition temperature (531-584°C) and ash fusion temperature

(1510-1700°C) and very low combustion velocity (0.2-1.9 mg/min).

The very wide range of the hardgrove grindability index (46-132) means that the grindability controlled

mainly by the structural conditions of coal bearing strata.
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Table 1. Coal seams and sample locations.

Formation Location Adit (level) Coal seam Thickness (m) Seam No.
Baegunsa Muk Bang Muk Bang Bon (9) upper 0.7 15 (JB-4)
Baeg Jae Yang Ji incline (3) middle upper 0.6 14 (JB-3)

middle lower 0.2 13 (JB-2)

Deuksu Deogsu New incline (8) lower 0.7 12 (JB-1)

Jogaeri Deuksu Deogsu New incline (8) upper 0.8 11 (JJ-2)
lower 0.8 10 (JJ-1)

Amisan Gaewha Gaewha Won (6) Geawha upper 0.8 9 (JA-6)
Gaewha middle 0.7 8 (JA-S)

Gaewha lower 0.6 7 (JA-4)

Okseo Gaewha Won (6) Okseo upper 0.4 6 (JA-3)

Okseo middle 0.5 5 (JA-2)

Okseo lower 0.5 4 JA-D

Hwa Jang Simwon (2) Okseo upper 0.3 3 (JA-3)

Okseo middle 0.8 2 (JA-2)

Okseo lower 0.8 1 (JA-1)
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Table 2. Maceral classification of brown coal and
bituminous coal.

Brown coal Bituminous coal
maceral group maceral maceral group maceral
textinite telinite
ulminite
X attrinite o
huminite vitrinite vitrodetrinite
densinite
gelinite
corpohuminite collinite
sporinite sporinite
cutinite cutinite
resinite resinite
liptinite suberinite liptinite alginite
(exinite)  alginite (exinite) liptodetrinite
liptodetrinite chlorophyllinite
chlorophyllinite bituminite
bituminite
fusinite fusinite
semifusinite semifusinite
inertinite  macrinite inertinite macrinite
sclerotinite sclerotinite

inertodetrinite inertodetrinite
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ol = L& (plastic property) ¥ ZL FA} e
A2 F2dt

KEWel TN RILGEEE AA= 5 o
» B #Rd EolA W KEWY —He
HENS ZA5 o mesophase & HKEA =Hed
o] dol HEHEMA L WAHE A o] REW
Aol 2T 9 F90] dolt HERM2E AKX
o RE2BN BHeE Ad=HIT A2E Y Fnad
g3g we k&M EAE #AFH o9
dAlo] doind AL FAF,

o]l ¥t Mo AE Et™ mottlite & o}vix=
REW hel M KifEtkol 1B ool 1o EiFEM
Hel 2 Aot}

O Impregnite & ¥ ¥ vitrinite el Hgd &
d(crack)E 3% A2 Jdehya Qo Fx
(F 2um o/W) 2 A g2 wdsgy gld,

Table 3. Maceral classification of Korean anthracite.

maceral group maceral

hin Graphinite
Graphinite Graphinite B

Impregnite Impregnite
Vitrinite Vitrinite 1
Vitrinite 2
Vitrinite B

Mottlite Mottlite 1
Mottlite 2

Mottlite B

Inertinite Inertinite

Inertinite B
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Table 4. Petrographic composition of Korean anthracite.

(Unit: Vol. %)

coal seam GP P VT SP RE MA MT SF FU SC M
15 (JB-4) 0.5 2 82.0 1 3.5 7.5 3.5
14 (JB-3) 4 50.5 45.5
13 (JB-2) 70.6 1.3 0.9 27.2
12 (JB-1) 86.0 0.5 4 7 0.5 2
11 (JJ-2) 68.0 3 0.5 12 1 15.5
10 (JJ-1) 0.5 1 79.5 2 10.5 3.5 0.5 2.5
9 (JA-6) 1.2 73.5 17.6 1.3 6.4
8 (JA-5) 4 1.5 51 0.5 1.5 10.5 0.5 30.5
7 (JA-4) 8.5 0.5 45.6 1 0.5 5 0.5 1.6 0.5 1 35.3
6 (JA-3) 0.5 47 1 44.5 3.5 3.5
5 (JA-2) 1 50 0.5 0.5 34.5 1 10 1 1.5
4 (JA-1) 0.5 68.5 0.5 0.5 1 0.5 5.5 5.5 17.5
3 (JA-3)
2 (JA-2) 85.5 0.5 0.5 1.5 2.5 4.5 1.5 3.5
1 JA-1) 6.5 67.5 25

GP: Graphinite, IP: Impregnite, VT: Vitrinite, SP: Sporinite, RE: Resinite, MA: Macrinite, MT: Mottlite, SF: Semi-

fusinite, FU: Fusinite, SC: Sclerotinite, M: Mineral
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Fig. 1. Bireflectance of Korean anthracite, (shown by ver-
tical lines).

Table 5. Results of proximate and ultimate analyses.
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coal seam VM FC ASH H,0 T.C H N S 0] Kcal/Kg
15 (JB-4) 5.82 68.11 26.07 2.64 68.59 0.51 0.17 2.12 2.54 5,530
14 (JB-3) 4.66 44.43 50.91 3.31 45.13 0.50 0.20 0.96 2.30 3,840
13 (JB-2) 5.10 53.09 41.81 4.21 53.20 0.61 0.22 1.21 2.95 4,210
12 (JB-1) 6.40 69.81 23.79 3.98 70.12 0.34 0.11 3.56 2.08 5,660
11 (JJ-2) 4.17 £2.79 33.04 3.20 63.50 0.41 0.17 0.13 2.75 4,820
10 (JJ-1) 3.53 65.63 30.84 2.63 66.02 0.40 0.18 0.24 2.32 5,060
9 (JA-6) 5.67 62.87 31.46 4.64 63.46 0.72 0.46 0.70 3.20 4,940
8 (JA-5) 4.05 53.90 42.05 3.52 54.24 0.27 0.27 0.42 2.75 4,170
7 (JA-4) 4.45 49.86 45.69 2.10 50.26 0.36 0.18 0.84 2.67 3,690
6 (JA-3) 7.55 59.68 32.717 2.57 63.31 0.37 0.15 0.72 2.68 4,850
5 (JA-2) 6.06 74.01 19.93 3.08 76.93 0.35 0.15 0.15 2.49 5,950
4 (JA-1) 3.94 53.01 43.05 2.74 53.64 0.46 0.26 0.51 2.08 4,320
3 (JA-3) 5.03 23.18 71.79 0.92 25.23 0.22 0.28 0.33 2.15 <1,500
2 (JA-2) 4.91 77.94 17.15 2.19 78.74 0.48 0.29 0.62 2.72 6,340
1 (JA-1) 5.09 64.91 30.00 2.67 66.83 0.47 0.26 0.69 1.75 4,940
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Fig. 2. The calorific value of the Korean anthracite (Black
dot).
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Fig. 4. The oxygen content of the Korean anthracite (Black
dot).
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Table 6. Chemical analysis of each coal seam ash.

Sample No.  SiO,  ALO;  Fe,0; CaO  MgO  Na,0 KO0 TiO, MnO PO
coal seam (%) (%) (") (%) (%) (%) (%) (%) (%) (%)
15 (JB-4) 53.49 16.13 8.17 1.41 1.50 0.29 1.25 0.61 0.11 0.11
14 (JB-3) 56.68 29.78 2.60 0.99 0.61 0.46 6.64 1.16 0.04 0.08
13 (JB-2) 49.52 32.01 3.06 3.15 0.82 0.85 6.65 1.20 0.85 0.68
12 (JB-1) 56.11 25.29 2.71 9.39 0.28 0.14 1.90 0.46 0.14 0.02
11 (JJ-2) 53.86 32.23 3.33 0.50 0.76 0.64 7.41 0.98 0.08 0.08
10 (JJ-1) 59.32 29.93 2.11 0.26 0.65 0.18 5.70 1.57 0.01 0.03
9 (JA-6) 54.34 28.54 5.14 2.68 1.51 0.25 6.02 1.16 0.06 0.10
8 (JA-5) 55.99 30.55 2.70 0.31 0.83 0.17 7.74 1.23 0.01 0.05
7 (JA-4) 56.21 28.52 3.37 0.91 0.77 0.38 7.93 0.95 0.03 0.09
6 (JA-3) 61.67 29.95 1.84 0.74 0.60 0.47 3.14 0.78 0.04 0.05
5 (JA-2) 59.13 30.60 1.51 0.93 0.54 0.62 5.07 0.96 0.03 0.06
4 (JA-1) 51.44 34.13 4.31 0.54 0.85 2.32 4.90 1.28 0.03 0.09
3 (JA-3) 54.32 33.70 1.18 0.32 0.48 2.90 4.80 1.33 0.002 0.13
2 (JA-2) 52.37 27.57 8.50 2.06 1.22 0.99 5.33 1.03 0.24 0.07
1 JA-1) 53.66 29.64 7.80 0.21 1.48 1.68 4.48 0.77 0.02 0.07
T2 o o1 os  on  on  ee] O e g FA43 kelAA Weh o
2z A& char 7} IRFEED T FRE 1 Kol HhkEe
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Table 7. Results of ignition test.

Ignition Combustible Ignition Average
coal seam  Temp. matter time velocity
(°O) (mg/g)  (min/g) (mg/min)

15 (JB-4) 575 657 355 1.85
14 (JB-3) 531 329 334 0.99
13 (JB-2) 567 529 353 1.50
12 (JB-1) 566 614 372 1.65
11 (JJ-2) 566 357 278 1.28
10 (J3-1) 567 646 366 1.7
9 (JA-6) 567 586 339 1.73
8 (JA-5) 582 529 286 1.85
7 (JA-4) 571 371 241 1.54
6 (JA-3) 566 629 356 1.77
5 (JA-2) 582 643 331 1.94
4 (JA-1) 584 471 302 1.56
3 (JA-3) 565 43 177 0.24
2 (JA-2) 567 700 433 1.62
1 JA-1) 566 186 196 0.95

Fa5 283 WA A 4o dF 9 K
o[BS BMmRsTS BEERso 2 ERS
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o feiEe s SEMMIKILE s & Y
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Fig. 6. Relationship between melting point and MCIL.
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Table 8. Results of ash fusion temperature and mineral composition index (MCI) of ash.

Softening melting Flowing Softening Flowing
coal seam point point point range range MCI
(°C) (°C) (°C) (°C) (°C)
15 (JB-4) 1,320 1,445 1,510 125 65 11.43
14 (JB-3) 1,280 1,580 1,590 300 10 39.05
13 (JB-2) 1,290 1,630 1,640 340 10 44.07
12 (JB-1) 1,320 1,445 1,510 125 65 5.52
11 (JJ-2) 1,310 1,570 1,590 260 20 49.25
10 (JJ-1) 1,290 1,540 1,590 250 50 38.98
9 (JA-6) 1,320 1,505 1,650 185 145 28.95 ;
8 (JA-5) 1,260 1,550 1,580 290 30 42.88
7 (JA-4) 1,305 1,580 1,638 275 58 36.49
6 (JA-3) 1,320 1,560 1,650 240 90 35.67
5 (JA-2) 1,270 1,565 1,600 295 35 38.80
4 (JA-]) 1,280 1,620 1,645 340 25 57.95
3 (JA-3) 1,320 1,680 1,700 360 20 54.26
2 (JA-2) 1,220 1,465 1,543 245 78 32.09
1 (JA-1) 1,275 1,545 1,562 270 17 41.08

AL oA g, WA Hx olE JRE sheet 9 HFE sheet A}

AL o iRt tel A= BRI STl
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WA B 243 Bl B AL dnd
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84~132. 4524 wIZA FEFEHel BIFE "oy
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% ZRE RFa gtk o]d¥ Y dae
7 KRB BEES MRREY 2R $WE
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o 4 fFe Ao AgHd,

X-#% @I
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Landis(1971) & ¢43% 3472 E Z: RER
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I AR BESE 2 Ad dHAdE (002) &
M dgs HaAA-/PEADL e o)
7L e AoRYEH EL A2 graphite
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e AL BEYo,
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Table 9. Experimental results of H.G.I.

Figesk - FhEtk

200 mesh

200 mesh

coal seam over/50g under/50g HG.L
15 (JB-4) 36.90 13.10 97.76
14 (JB-3) 42.91 7.09 59.00
13 (JB-2) 36.26 13.74 101.88
12 JB-1) 40.96 9.04 71.57
11 (J3-2) 37.65 12.35 92.92
10 (JJ-1) 35.21 14.79 108.66
9 (JA-6) 31.52 18.48 132.45
8 (JA-5) 42.53 7.47 61.45
7 (JA-4) 42.06 7.94 64.48
6 (JA-3) 44.89 5.11 46.23
5 (JA-2) 44.12 5.88 51.19
4 (JA-) 41.72 8.28 66.67
3 (JA3) 36.11 13.89 102.85
2 (JA-2) 44.95 5.05 45.84
1 JA-1) 39.02 10.98 84.08

d(002) =3.440—0, 086(1—P?)

A= AAFHRMTE Bk AR &
fiAE 3 (LIRS

anitk 8

PED

AHR3A

N
T
|

\>\\\K

=
|

002
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S ——

1

»

5 l45

65

Fig. 7. X-ray diffraction patterns of anthrncite.

Table 10. Experimental results of X-ray diffraction analysis.

coal seam 26° d(002) A Grap;lgll)zeatlon width l;lglljtz/ height P value
15 (JB-4) 25.1 3.635 G—-d, 1.696 1.808
14 (JB-3) 25.4 3.594 G—d, 2.220 1.671
13 (JB-2) 25.2 3.621 G-d, 1.420 1.726
12 (JB-1) 25.2 3.621 G-d, 1.816 1.762
11 (JB-2) 25.2 3.621 G-d, 2.210 1.762
10 (JB-1) 27.1 3.384 G-d, 2.310 0.590
9 (JA-6) 25.5 3.581 G-d, 2.539 1.625
8 (JA-5) 25.4 3.594 G-d, 2.750 1.671
7 (JA-4) 25.6 3.568 G-d, 3.884 1.577
6 (JA-3) 25.2 3.621 G-d, 2.000 1.762
S (JA-2) 25.2 3.621 G—d, 2.850 1.762
4 (JA-1) 25.6 3.568 G—-d, 2.750 1.577
2 (JA-2) 24.8 3.676 G—-d, 1.629 1.935
1 JA-1) 25.9 3.530 G—d, 2.344 1.430
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