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Effects of Heating Rate and Coal Type on Gas Evolution during Coal Pyrolysis
Takayuki Taxarapa, Nobuyoshi Goro, Kayoko Morisaira, Koji Havasui, Hidehiro Katasira and Hiroshi T akanasui

Synopsis : In order to get a decisive conclusion on the effect of the heating rate on gas evolution behaviour during coal pyrolysis,
the pyrolysis of coal was systematically investigated in thermo-balance using six coals which have different carbon
contents ranging from 81 to 88 (wt%, daf). The heating rate was ranged from 3°C/min to 300°C/min. The evolution
rates of CHy, C,H,, C,H¢, H,, CO and CO, were measured. As the heating rate increased, the maximum weight
decrease rate and the maximum gas evolution rate were shifted to higher temperatures. The gas and coke yields were
decreased and the liquid yield was increased with an increase in the heating rate.

Six coals were heated at constant temperatures ranging from 360°C to 500°C for 180min. The ultimate volatile matter
content at each holding temperature was decided. It was found that the ultimate volatile matter content depended on
the coal rank at lower temperatures and a large amount of gas was evolved from low rank coals at a temperature as

low as 400°C.
Key word : pyrolysis ; heating rate ; coal type ; gas evolution.
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Table 1. Analyses of Coal.

Proximate Uitimate analysis

analysis(wt%,dry) (wt%%,daf) CSN

Ash VM FC C H N S o]
Lusca (Luw) 95 235 670 883 46 15 03 63 7.0
Goonyella  (Go) 9.8 234 668 881 51 19 06 44 75
Pittstone-M (Pi) 7.3 34.3 584 857 55 1.6 NA NA 7.0
Workworth (Wo) 13.8 34,2 520 847 59 1.8 06 7.0 6.0
Witbank (wi) 80 329 59.1 827 45 22 0.6 10.0 2.0
K-prima (Kp) 3.8 434 528 812 59 1.3 04 11.2 2.0
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Fig. 1. TG profiles for Lu coal.
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Fig. 2. Tmax vs. carbon content in raw coal.
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Fig. 3. Gas release profiles for Lu coal.
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Fig. 4. Effect of heating rate on product yields.
Heating rate: A ; 3°C/min, B ; 30°C/min, C;
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Table 2. Amount of gas evolved at various heating rate.
gas _evolved [X10°mol/g dafl
gas Kp Pi Lu
species __heating rate ['C/min] heating rate [*C/min] heating rate [*C/min] -
3 30 300 3 30 300 3 30 300
CH, 2114 1869 1546 1927 1654 1901 1722 1995 2288
C H, 42 67 166 35 38 174 32 20 79
C.H, 267 253 486 241 198 228 190 178 150
H, 5819 3280 5803 6446 5159 4615 6602 5476 4992
co 1868 1431 1574 1412 937 72 1355 1132 872
CO, 1021 543 787 640 266 112 801 259 154
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Fig. 7. Comparison of ultimate weight decrease at
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holding temperature with weight decrease in

Fig. 5. TG profiles and gas release rate profiles at i
heating at constant rate.

constant temperatures.

Table 3. Amount of gas evolved until 180min of heating time.

gas gas evolved [X10°mol/g daf]
species Holding temp. : 360C Holding temp. : 380°C
Kp Wi Wo Pi Go Lu Kp Wi Wo Pi Go Lu
CH, 108 38 80 31. 19 13 256 138 191 152 66 63
C.H, 6 1 & 1 0 O 17 7 10 8 2 3
CzHe 31 10 22 9 5 3 65 35 53 38 16 18
H, 0o o o o 0 O O O 0 ©O0 ©O0 O
co 44 23 24 12 17 12 99 49 39 46 18 18
cO, 242 175 164 92 108 104 507 316 196 235 165 89
gas gas evoived [X10° mol/g daf]
species Holding temp. : 400°C Holding temp. : 450°C
Kp Wi Wo Pi Go Lu Kp Wi Wo Pi Go Lu
CH, 367 258 351 280 218 129 1053 915 1113 734 1140 1029
C.H, 24 15 24 20 9 6 89 39 54 46 48 39
C,H, 101 71 104 105 49 31 246 221 226 193 196 169
H; 0o 0 0 0 0 0 49 101 106 45 44 100
co 183 53 97 77 36 27 354 127 149 90 68 77
CO, 785 262 381 341 189 138 869 319 552 379 265 227
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Fig. 8. Comparison of ultimate CH, yield at holding
temperature with CH, yield in heating at
constant rate.
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T, BERBLOES LRI Y A RER IS E 05
A7 L, — i ERE TIRCORERY £, (RFEED
bR LS CHBRA2CCHREEVMT 2, 272, 2ORE
DEFEFEIB TR BRI 2R LT O HAERRED T
Ao EBED o, FRBOHRERBERLOLRY
Fig.8, Fig.9 Z/R¥, Fig. 8 XCH, ¥ 4R, Fig.913CO,
REBOBRETHB,CH, CORER L bIREZRRET 5
Lo THREBERTORERVE L(WART LI LY

B, ZORBELATOLQRTEECAD N, T
bbb, IOREQKEBERTIRARDOEGHEEIRD T
Buvlcw, MBI L > TV RAOBBERVEFELIRL
B REROWETHONT UL FESSMRTIZELALR
ENFED L v L ) RIBEBT b, MBEEEI RS Sh
Y DBOF ARENGET S LIZFEHMET S, &
12, BHREE D COLER B AR D H v Rx P vEEDO 5 L
BMAL T3 L OIREDDH B0 REBRTHEHALICL D
RERILERCEI N AINVEX O AVEEEBRD THh T T
H2DZ L6, COLRDOMEE L L TIRECRIYBE
tRbirs,

4.

REEREBORL 2 6MOGKRY AV TESHIREOEERE
A R U A FEAR T B SRR O B & Rk
EIICRRET L, FIBEREOHEMCfE-, BRREERDERENR
SR AREREHEM -7 b T a2 L, a—20L
A ANEDRD LRNEVHEMT 5 2 L2000
L7ce %72, 360~500°COKIBER T —ERESTHT 5
THCX O BBRBEETORGBERSREEREL, &R
BT DRI R B O RACERFEE RARFFRE RV
ERECZERPRGIILI,

X [

1) H.Juntgen and K.H.van Heek : Fuel, 47 (1968), 103.
2) D.W.van Krevelen : Coal, Elsevier Scientific Publishing Com-
pany, (1981), 266, 302.

3)
4)

5)

6)
7)
8)
9)

10)
11)
12)

D.Merrick : Fuel, 62 (1983), 534.

D.Kocaefe, A.Charette and L.Castonguay: Fuel, 74 (1995),
791.

J.B.Howard: Chemistry of Coal Utilization, ed. by M.A.
Elliott, John Wiley & Sons, (1981), 719.

R.J.Tyler: Fuel, 58 (1979), 680.

W.R.Ladner : Fuel Processing Technology, 20 (1988), 207.
W.-C.Xu and A.Tomita: Fuel, 66 (1987), 632.

NERCTE, MHBFEE, BEEMM 2 —2R -+ —Fa257—, 41
(1992), 224.

W.-C.Xu and A.Tomita : Fuel, 66 (1987), 627.

Harry N.S.Schafer: Fuel, 58 (1979), 673.

AL, WIHEE AR ETHE, =3RHEH, (1983), 96.



