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Abstract—The effects of pyrolysis conditions on the pure structure of chars were studied for Dong Won an-
thracite, Australia Coalex(HD) bituminous coal, Victoria subbituminous coal and Pakistan Lakla lignite.

Sample chars were prepared under the condition of final pyrolysis temperatures of 800, 925, 1000°C, and pyrolysis
heating rates of 2, 10, 30, 100°C/min and 900°C isothermal (about 6000°C/min). Micropore surface area, micrepore
volume distribution, mean pore diameter, and macropure volume and macropore surface area of chars were
measured.

Pore volume of chars was affected by macropore of chars, and pure surface area was largely affected by micropore
of chars. The pore surface area and the pore volume of char were increased at the higher final pyrolysis temperature,
the higher pyrolysis heating rates and lower the rank of cuvals.
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Table 1. Chemical properties of sample coals

Fris

<A

Coal mine Korea Dong Won ‘Australia AL}Stra!ia Pakistan
Coalex (HD) Victoria Lakla
ASTM classification anthracite bituminous subbituminous B lignite A
(medium volatile)
Proximate H30 (%) 5.30 2.89 12.10 25.25
analysis V.M. (%) 3.61 21.65 45.31 23.50
Ash (%) 25.97 12.04 1.38 25.92
F.C. (%) 65.12 63.42 41.21 25.33
Ultimate analysis C (%) 67.6 71.84 62.51 39.84
(moisture free) H (%) 1.04 4.08 4.46 3.28
N (%) 0.22 1.48 0.55 0.77
S (%) 0.61 0.38 0.27 4.45
Ash analysis Si0y (%) 49.3 65.64 12.53 21.52
Al,04 (%) 33.6 32.12 13.75 18.67
Fe,03 (%) 6.74 0.7 31.88 29.73
CaO (%) trace trace 12.83 6.69
MgO (%) 1.59 0.26 21.89 4.50
TiOs (%) 3.28 1.04 0.62 1.56
K50 (%) 4.05 04 2.05 0.4
NayO (%) 0.31 0.08 2.36 2.93
Calorific value (gross basis, kcal/kg) 5480 6950 5335 3270
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Table 2. Char samples and preparation condi-

tions
Char Parent Pyrol-ysis Final pyrolysis
sample coal heating temperature
rate (°C/min) (°Q)
[ Dong Won 30 925
anthracite
I Coalex (HD) 30 925
bituminous
coal
III  Lakla lignite 30 925
A Victoria 30 800
subbituminous
coal
2 30 925
” 30 1000
D " 100 800
E ” 10 800
F " 2 800
G ” 6000 900
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Table 3. Effect of coal rank on surface area variation
- (heating rate 30 °C/min, max. temp. 925 °C)
Raw coal surface area (m?/g) Char surface area (m?g)
Sper Sger Spp S Suer SpeT Spp Sy
(NZ-,"196 °C) (CO4, -78°C)  (COy, 0°C)  (COy, 0°C) Ny, -196°C) (COy, ~78°C)  (COy, 0°Cy  (COy, 0°C)

Dong Won 5.6 21.8 12.3 12.7 6.25 27.0 239 23.4
Coalex (HD) 2.6 49.6 68.4 76.5 6.48 135.6 112.2 129.5
Victoria 1.66 176.6 131.3 136.4 289.0 277.9 236.7 288.9
Lakla 10.9 54.5 41.0 46.2 80.8 120.0 78.3 101.3

Table 4. Effect of final pyrolysis temp. on the surface area of char

(heating rate 30 °C/min, Victoria coal)

Surfac area (mé/g)

Final pyrolysis

temp. (°C) SBE’I" ‘ ‘ Sger ‘ ‘51)1' ‘ ‘ Sy ‘
(Ny, =196 °C) (CO,, =78°C) (COy, 0°C) (CO,, 0°0)
800 294.7 311.8 350.3 369
925 289.0 2779 236.7 288.9
1000 218.6 272.7 209.7 250.7
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Table 5. Effect of heating rate on the surface area of char

(Victoria coal)

Surface area (m?g)

Heating rate

(°0) SBET SB['I SUP Sm Remark
(Ny, =196 °C) (CO,, -78°C) (COy, 0°C) (CO,, 0°0)
100 301.4 328.1 500.2 542.2 max. temp. 800°C
30 294.7 3118 350.3 369 "
10 275.8 308.9 254.5 299.9 "
2 249.2 284.0 244.1 288.9 "
6000 268.2 325.0 402.2 463.5 max. temp. 900°C
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Fig. 1. Micropore volume distribution and mean
pore diameter of different parent coals.
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Fig. 3. Effect of final pyrolysis temperature on Fig. 4. Effect of pyrolysis heating rate on micro-
micropore volume distribution and mean pore volume distribution and mean pore
pore diameter of Victoria char. diameter of Victoria char.

Table 6. Total pore volume and surface area of samples.

Macropores Micropores Total pores

Samples volume surface area volume surface area volume surface area

cmd/g m?/g cm¥/g m?/g cm/g m?/g

Dong Won coal 0.207 5.411 14x 1073 12.71 0.211 18.1

Dong Won char (I}  0.301 14.209 8.6x10-3 23.4 0.309 37.6

Coalex coal 0,081 10.685 0.024 76.5 0.105 87.2

Coalex char (II) 0.17 19.95 0.04 129.5 0.210 149.5

Lakla coal 0.166 22.06 0.015 46.2 0.181 68.3

Lakla char (III) 0.343 37.58 (0.028 101.3 0.371 138.9

Victoria coal 0.111 13.58 0.047 136.4 0.158 150.0
A 0.156 17.60 0.125 369.0 0.281 386.6
B 0.148 17.91 0.085 288.9 0.233 306.8
C 0.138 16.99 0.075 250.7 0.213 267.7
D 0.160 19.32 0.179 542.3 .339 561.6
E 0.142 18.52 0.091 299.9 0.233 318.4
F 0.128 17.72 0.087 288.9 0.215 306.6
G 0.182 16.60 0.144 463.5 0.326 480.1
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