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Kinetics of char gasification at high temperature and pressure

LI Qiang'?*,SHI Hang' ,HAO Tian-yi' , WANG Qian', YUE Guang-xi' ,ZHANG Jian-sheng'~*

(1. Department of Thermal Engineering, Tsinghua University , Bejjing. 100084 , China; 2. Shanxi Research Institute for Clean Energy, Tsinghua University ,
Taiyuan 030032, China)

Abstract ; In this paper,the char sample was . made by the rapid pyrolysis of coal at different temperatures and pres-
sures. The kinetics of CO,/char gasification reaction was measured by a thermogravimetric analyzer to get the data in-
trinsic reactions. The Thiele modulus was employed to characterize the relation of reaction/diffusion and to predict the
effects of diffusion and intrinsic reaction in the apparent reaction at high temperature and pressure. The char sample
made with a higher pyrolysis temperature or lower pressure has a faster apparent gasification reaction rate. With the in-
crease of reaction temperature or the decrease of reaction pressure ( CO, partial pressure) ,the value of Thiele modulus
increases ,and the apparent reaction moves from kinetic control to diffusion control. With the increase of pyrolysis pres-
sure ,the Thiele modulus of the whole reaction decreases,which makes the apparent reaction stay in kinetic control are-
a;while the pyrolysis temperature has little influence on the Thiele modulus. At the same reaction temperature ,for the
char sample with smaller pore size,the diffusion is more likely to affect the apparent reaction (the Thiele modulus
above 0.4).

Key words : char ;reaction kinetics ; Thiele modulus ; intrinsic reaction
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Table 1 Proximate analysis of Liugou coal

My/%  Va/% A% FC/% O,/ (K - kg™h)

0.97 35.69 4.62 58.72 27 923
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Table 2 Experimental cases for sample making

FEIRE/C HERE/MPal| HERE/C  HIEFRE/ MPa
1 000 0 1100 0.6
1050 0 1100 0.7
1100 0 1 100 1.0
1 400 0 1100 1.4

1100 1.7

BN T& PR A SCoR M T 1E R R AT I, B R
10 °C/min FH 30 B3 35 e T B2 I, PR 1 i
TR . TETHRBBELL 60 mL/min =B AR, FME
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OFZ i ES
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Fig. 1 Change of apparent reaction rate with coke-
making temperature
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Fig. 2 Change of apparent reaction rate with coke-
making pressure
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Table 3 Kinetic parameters of Liugou char/CO,

gasification reaction

il TilfERE TEALRE E/ LRI
B T/°C P/MPa (kJ - mol™) SR
1 000 0 228 7.46x10°
1050 0 232 1.01x107
1100 0 253 6.22x107
1 400 0 236 1.26x107
1 100 0.6 222 4.18%x10°
1°100 0.7 223 4.81x10°
1.100 1.0 223 5.10x10°
1100 1.4 247 5.78%107
1 100 1.7 222 4.95%10°

R T % T RE RN SE B 0 25 51, 2 3 Bl AR
A1) SR AR FERE T AR N %, 55050 T
#LF (900,925,950 °C) SEMMEXF LG, Wk 4, Bz
) RBP4, 1 B SR 1
A FRAS B Bl 72 B A R BN R TSR

x4 WAKRES CO, WRIKLRREIEE (50% $#HLET)

Table 4 Gasification reaction rate of Liugou char/CO, (at 50% conversion rate)

DA 2 8 S EA/ (% -+ min™") AR EI R E S/ (% + min™")
HREEE/C HIERIE/ MPa

900 C 925 C 950 C 900 C 925 C 950 C
1000 0 1.576 2.584 4.096 1.574 2.563 4.092
1050 0 1.428 2.251 3.777 1.410 2.317 3.729
1100 0 0.939 1.638 2.719 1.009 1.734 2.915
1 400 0 1.210 2.010 3.244 1. 165 1.930 3.132
1100 0.6 1.57 2.652 3.983 1.631 2.623 4.137
1 100 0.7 1.585 2.815 4.038 1. 689 2.722 4.302
1100 1.0 1. 686 3.067 4.291 1.795 2.892 4.571
1100 1.4 1.858 3.064 5.001 1.742 2.955 4.906
1100 1.7 1.927 2.954 4.894 1.930 3.104 4. 895
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Fig. 3 Change of reaction rate with conversion rate

by samples with different coking-make temperature
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Fig. 4 Change of reaction rate with conversion rate by samples

with different coking-make pressure
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Table 5 Values of parameters for calculation''™!
2 p HifE
R J/(mol + K) 8.314
Pe kg/m? 1 200
M, ke/mol 0.012
M,y g/mol 44
My g/mol 28
[ 107" m 3.941
Ty 107" m 3. 690
(0N 1 0.73

T * 2R Q,, IR, AR EAT,7E1 273 ~1 673 KN, &
HHRFRSHERE/NT 2.5% .

T BRSNS SR A R T AL

WFIE BRSNS (P) 5 Tl R T, CO, 4 R
BRI 20% (p,=0.2P) R 3 dhah Ji2e8uds 1
BE] 1000 ~ 1400 °C 5 H % r', I HABRISE R %
H50% (a=0.5), 6 JgHMETHE 1S R B 0
(RS AL ST IAE T 115 | B T s R n ok
TR,

Wit (4) ~ (8) AT LMSE], AR RN RS T (R
RSy SR F R ARZE) 1 000 ~ 1 400 °C (%) Thiele
B, A5 R IR 7,8, H 3R 7 A% 1.5 nm LR
HHELE R 228 Jxt 12 nm FLARITHE 25

FER 7 Rk 8 WA X [a] —FLA% , B S 0 ik B2
FH157 , Thiele BEZ M4 K, 30 S M 35 g 2 45 il
DRI 7 E A PN I e o O X3 8 KRR e
F1(CO, 43 %) AT LAf# Thiele BEEIS /N, 1 K il 45 K
JI e AR S AL SN 1Y Thiele BUBOR/ IS i 32 W S5
;A Bl g 2 il DX i 45 T EE XS Thiele £555%
M 570N, JE A S A

®6 BITIMNESRIM R REZE
Table 6 Reaction rate from extrapolation
THAREN RN /s
il FETRLEE/ C il fE R/ MPa
1 000 C 1100 C 1200 C 1300 C 1400 C
1 000 0 0.001 6 0.007 9 0.030 6 0.100 1 0.283 7
1 050 0 0.001 5 0.007 5 0.029 9 0.099 8 0.288 1
1100 0 0.001 3 0.007 4 0.033 2 0.1233 0.3920
1 400 0 0.001 3 0. 006 6 0.026 9 0.091 7 0.269 6
1 100 0.6 0.001 6 0.007 5 0.028 0 0.088 7 0.244 7
1 100 0.7 0.001 7 0.007 9 0.029 7 0.094 6 0.262 0
1 100 1.0 0.001.8 0.008 4 0.0315 0.100 3 0.277 8
1100 1.4 0.002 1 0.011 6 0.050 3 0.1813 0.560 7
1 100 1.7 0.001 9 0.008 9 0.033 2 0.105 0 0.289 7
R7 BEBETH Thiele % (L 1.5 nm FLEFITEH)
Table 7 Values of Thiele modulus at high temperature and pressure (from 1.5 nm pore)
PP ST R Thiele %% @

J¥ K 71/ MPa 1000 °C 1100 C 1 200 C 1300 C 1 400 °C

1 000 0 0. 056 0. 124 0.249 0. 457 0.782
1 050 0 0. 054 0. 121 0.246 0. 457 0.788
1 100 0 0. 049 0. 120 0.259 0. 508 0.919
1 400 0 0. 050 0.114 0.233 0. 438 0.762
1100 0.6 0.051 0.111 0.219 0.395 0. 666
1100 0.7 0.048 0. 106 0.209 0.378 0. 639
1100 1.0 0. 042 0.091 0. 180 0.326 0. 552
1 100 1.4 0.038 0.091 0.193 0.372 0. 664
1 100 1.7 0.033 0.073 0. 143 0. 258 0.434

RIS @>0. 4 BYEE , S s I 5 il fE R AR,
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*8 HEBETH Thiecle #H (L 12 nm FLEITE)
Table 8 Values of Thiele modulus at high temperature and pressure (from 12 nm pore)
e e TURRIE R Thicle AL

NLJE 7]/ MPa 1 000 °C 1100 °C 1200 °C 1300 °C 1 400 C
1 000 0 0. 020 0. 044 0. 089 0. 163 0.278
1050 0 0.019 0.043 0. 088 0. 162 0.280
1100 0 0.018 0. 043 0. 092 0. 181 0.327
1 400 0 0.018 0. 040 0. 083 0. 156 0.271
1 100 0.6 0.019 0. 041 0. 080 0. 145 0.244
1 100 0.7 0.018 0. 039 0. 077 0. 140 0.235
1 100 1.0 0.016 0.034 0. 068 0.122 0.206
1 100 1.4 0.015 0.035 0. 074 0. 142 0.253
1 100 1.7 0.013 0.028 0. 056 0. 100 0. 168

X FARFFLR AL BN, Thiele BB K, 521
TS Ty N3 77274 ) IX Sl A A B0 T 3 90 X
X 1.5 nm LR IR EE KT 1200 CH R LAY

SR I P [X 3 ( Thiele #%L @>0. 4) 1%} F 12 nm
fLAE IR EE R T 1 400 °C A AT REDEA PN B i it I
X3, Bifi S 0 R 738 K, Thiele #5508 28 /N,
2 (4) W, AR A A R X Thiele B4
s LR, HAE AR .

WA R FLAZ BE (Y Thiele 2554 51 L% B ()
FEAEFLAR TR, DA Wiz B 75 A N4 BB i 3
PEXI(D>0.4) , SRJG LAZFLAR B G He 2 i AL Ak
IR L B VA 13 58 R X 8 R s 7 ) 520
WHRLL 1.5 nm AQRFAEFLARAR 2 2 nm DL FFLARIE
PL12 nm B4FHEFLARICER 10 ~ 14 nm FLAREH, 15
B LR AT S L ER, U3 9,104

F®9 2m UTAEERILRERAGILE
Table 9 Ratio of specific surface area for the

pores below 2 nm

HlER HAERIE 2 om LUF ORI 2BRE ARBT
ET/C  P/MPa F/(m?-g') B/(m?-g')  HHE
1100 0 0. 492 1.739 0.283
1100 0.7 0.287 1.159 0.247
1 100 1.0 0.220 1.020 0.216
1100 1.7 0.022 0.234 0. 093

H122 9,10 AT LLE h, Bl 5 R 7k e, FLiE
2 nm DU A LR TR, 0 FLAE 10 ~ 14 nm B L
FMBA G KA ka3, B £5 1 715, Thiele £4L
@>0. 4 WL RS, BEAET/NT 2 nm AR
TR LEB/INT 30% |, it FL AR AL & 7 5 R Y L
X RS 0 5T R B K, THEEHEAK Thiele LT, BT i
BRI K, 8,9 I, Rl il 2 56 71 AN R 7 1)

T, ARV Y Thiele BEE8 /I, 764 [R] B iz i B2
T, FUL S N BT BEAE Bl 7 4 i X A

F10 10 ~14 n FLEERE L RERMGLLE
Table 10 Ratio of specific surface area for the pores

between 10 and 14 nm

WA RIAERIE 10 ~14 nm BiHEE BRI AR

BET/C o~ P/MPa WA/ (m?-¢g') F/(m?-g') HHE

1 100 0 0. 099 1.739 0. 057

1 100 0.7 0. 067 1.159 0.057

1100 1.0 0.092 1.020 0. 091

1100 1.7 0.015 0.234 0. 066
4 & %

(1) F R A5 R AR B i £ 240 1T, B AR
(A il /), AR AR 240 1 100 C R
TS A RE AR BE A2 R T I A e LS Ak s I
BRI, & TV, AT BRI SO s R AR 7 AL R
S IIG N I RABEAE 30% S AL R

(2) AL B2 o7 3 28 AT HIC T 58 0 FH G 588 55 7T L)
FH Thiele SECH A, XFF [ — LA, Bl S b7 i 3 T
151 , Thiele AECZ 738 K, 26 W[ v M\ 8l 7 2 4 1 IX
S5 R PN H0R M e DX 5 3 R e I R g T DA
fdf Thiele BEE/N, 38 K £ R ) g 08 i fE £ <Ak
Vi1 Thiele AEEG/N (5 RIS 3#E A B ) 2 42 il
DX 388, 7 7 4 3L FBE X Thiele BRI WA 45/ | JC B 2 6L
o

(3) FLAZE/]N, Thiele BEEGEA | 521 #7555 I 5))
IE RIS RN E & A I PO Sr S A
1.5 nm fLA2, J6E KT 1 200 CIFHE#E A N B
1 XI5 ( Thiele ¥4k @>0.4) , WX T 12 nm fL4%,
TR T 1400 °C A AT REME A P4 B 2 Y [X 48,
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