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Abstract: To achieve efficient and clean utilization of semi-coke, an autothermal chemical looping
gasification system for syngas production from semi-coke is proposed. Based on the principle of
Gibbs free energy minimization and the laws of energy and mass conservation, a chemical looping
gasification model with a processing capacity of 2 000 t « d~' is established and validated with
experimental data. The effects of key parameters, including gasifier temperature, air reactor
temperature, and steam-to-carbon molar ratio, on system performance are investigated. The
optimal autothermal operating conditions for the semi-coke chemical looping gasification system
are determined and compared with conventional semi-coke gasification in terms of thermal

efficiency. The results demonstrate that under a semi-coke feeding rate of 83. 33 t « h™', the
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optimal autothermal operating conditions are: steam flow rate of 108. 99 t « h™', gasifier
temperature of 900 °C, air reactor temperature of 1 000 °C, air flow rate of 247.25t « h™', mass
ratio of oxygen carrier (CaSO,/Fe,;)to semi-coke feed of 1. 92, and mass ratio of heat carrier
(Al,O;) to oxygen carrier of 16.29. Under these conditions, the system achieves a syngas mass
flow rate of 80. 13 t » kg !.

efficiency of the chemical looping gasification system reaches 83. 81%, significantly higher than

h™ ' with a production yield of 1 700 cm® - The overall thermal
the 80.51% efficiency of conventional semi-coke gasification, primarily due to the elimination of
the air separation unit for oxygen production. This demonstrates notable performance advantages

and development potential. The findings provide important references for industrial applications

of semi-coke chemical looping gasification.
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Fig. 1 Process flow diagram of semi-coke CLG system

T AR B R A AR A R AR T ERE S
HCUR BE R T YRR A CRAREAS B B ) AR b Y
RS KMT L 206 Sh 2 AR A X K2 (4 5% 0 5 52 N 4 P9
YRR (B IR A LN 35 25 ) 30 ) 2 VMl s A5 TR
£ AR [ X 3R B8 0 R i SR A R A S
H,0.H,.CO.CO, f1 CH, ¥ EERSMHTY; 2
B¢ W E AR LA AR B B S A L AN
235 A N 7 R B - A 5 A BRI R S R T 430l

4 25°C .1 bar,

zkxb. xjtu. edu. cn

WAy %
2R AR 2EEE S T2 R G B R S AL BN £
BATT A5 SRR A% BT L 3 S B IT R AR R B R T
AR SR L T O Sk S L R ST R R A 0 B OE AR
ANEJE B SR AR T R A AR A TR
(RS R R #5 BLTC . 2% J 280 UM RN 2 A
R 5K ZEf PSA f# # < — 2 #E A i RGibbs 2
IO #5 ZH B R A S R 4 58 AR 2 e ) SR U
fii I RGibbs J i #5% 19 32 22 H A9 2 3 33 3 A6 57 A i

1.3




o508 1

HKBLLAE 22 A AL T LR G A s 15 28O B ik 161

B f/ME T 38 ] T 3K B4k 2% - A7 FURH SF- 857 04 B
FRE AT ST B | 22 R A 43 1 2
B AR IR R AR L 22 R KR AT A B AR
FER AR HE A 23 SR 7 58 BUEREUR IR L. AR
2R AN Gy B e . 22 b e EE SRR IT R
NJTRRIER 2 R .

A2 ZRAFHANETE LTI

Table 2 Reaction equations of semi-coke CLG in gasification

reactor
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Table 3 Reaction equations of semi-coke CLG in air reactor
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Fig. 2 Comparison of experimental and simulation

results for semi-coke CLG
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Fig. 3 Effect of air reactor temperature on semi-coke CLG
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Table 4 Autothermal operation parameters in semi-coke CLG

AR SRR AR/ Bk sk,
PREE/C PEEE/C (tehh)  (tehY) BHEKZI

1000 159.63 2 600. 43 16. 29

900 1050 227.64 2 382.36 10. 44

1100 288. 88 2 183.41 7.56

1000 160. 01 3 457.77 21.61
12.49

2 774.21 8.59

925 1 050 247.56 3 093.73

1100 322.67

1000 160. 37 5172.12 32.25

950 1 050 284.19 4 417. 88 15.55

1100 381. 21 3 806. 15 9.98

1000 160.71 10 314.67 64.18
975 1 050 375.03 7 736. 30 20.63
1100 519.02 5 851.43 11.27

o BRI A S (A T 2 5 Rk RN Y 3R
TGN TR T AR A A B ER A G B T
P A — 25 AL, S8 CO, W B3, i
H, .CO F1 CH, & BE N B 5 B0 BE A i
RyER R T RS i nT W, A R A
Tk B 1 2 B, A T AR A B A T R g R A
IV 2 1) 4 SR PRI B . kT R o b, kB
1000 °C 1Ry 28 SR I 4 14 I BE o U Bk 28 4044 1) 916
Bk, A M7 %N 1700 cm® « kg ' HESR
AR E R 1000 ‘CHEL 255K 3 AT LA 1.6
AR F T B S 900 CC A 1. 21 FIEZE 975 °C
WA 1,12, 5 B ARFR A3 50053 Sl DN A S 2 A
900 ‘CHFHY 79.89% - F+Z 975 “C i Ay 80. 99 %, 1%
PEFET 1,10 %0, S AR RN A 1Y TR EE T T B0 R
AT 2B AR ) 49 A 14, 3k 5 Sk 25 45 R — 3K
B & Sk B R i T O T iR R A AL
FEAG AN ) RE A 5 R O SRR R R AR ) 0 A
WA TN, DA R L 8% 1 AR i N 28 AR A A% i #
AL 2% o [FIE, 2R 5 3R 1 LN 16. 29
fEEE TN 64. 18 fi5. b T IR & MIZ 1T 7 fir, 1y
YIEAT LA o P 5 SR Uk S I T B Sy 900 °C
2.2.2 KRBERKG YA

IKBREEIR L B EALF S RGP i B X E
BLVE . B R W R G T s M RS AT R . K
FRANE RS A R R RN . 5k kAR RO
AR U B INK ZE AR RS R RE AR B Tk
S R R IR K FE AR5 e 22 8] ) RO AR A R

zkxb. xjtu. edu. cn

B W ZE VR A B T R A S N 1 R A8 L IR 3
ALY A N . SR BRI 1Y) 28 VR T R ] AR
FORA SR AN 58 A M L AT I8/ AR B 1 7
B AR E

AR #R IR E R 900 C |23 KR N A IR N
1000 °C&MT ARIZKERE /R T RS H G217
AR B e ME R R85 R E 4,
5 s N 4 BT LLE H Bl 2 7K Bk JEE R H A 3
fn, COLCH, By R R 43 B, T Ho L CO, By KRR
SREON T KRS I A Bl T K SRR Y
F(CH+H,0>CO+H,) . N EZH H,.
U, B A 7K ik JEE 2 BE 00 38 0, HL 04 AR R 0 Bt Bl 2
Tt TR BE R KB EE R LG RG . R GE N K ZE S
Oy LT R KRS CO A K CO, (CO+
H,0—>CO. +H,) , & i [ i [0] #£ 47 , 3 2 CO, 1Y
RS BT, R MKERMEIE T X — R,
AR ZH CO ¥k Ry CO,., SR, i ik S
AIRES SRR Gt A Bk BR AR ARk S 1 &4, il
3B B SRR RS BT B

—a—p(CO) —e—p(H,) —a—p(CH,)
»(CO,) p(CO+H,)

100
90

1.0 1.1 1.2 1.3 1.4
B

B4 JKBRFE IR LA 22 o Ak 2 B S SR R 43 B0y
A
Fig. 4 Effect of water to carbon molar ration on the gas

concentration in semi-coke CLG
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Fig. 8 Process flow diagram of conventional semi-coke gasification system
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