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Simulation study on chemical looping gasification of typical coal in

Western China based on Aspen Plus
PAN Xin,HU Xiude,MA Jingjing, YUAN Nini, GUO Qingjie
(State Key Laboratory of High—efficiency Utilization of Coal and Green Chemical Engineering , Ningxia University , Yinchuan 750021, China )
Abstract: In the face of global warming,it is urgent to develop new comprehensive utilization technology of coal with low energy, low car-
bon and environmental protection. Chemical looping technology is a new technology of chemical conversion and energy utilization. Aspen
Plus software was used to establish the chemical looping gasification process. The influence of typical coal and moisture content on chemi-
cal looping gasification process in western China was simulated on a pilot scale. Combined with the coal composition and gasification
process , the reasons for different syngas content produced by different coal types were analyzed. The method to simulate different mois-
ture content in coal was proposed to analyze how moisture affects chemical looping gasification process, which provided theoretical guidance
for pilot scale enlargement. The results show that the syngas yield of coal of Yangchangwan Coal in Ningxia ( NX) and Shenmu coal
in Shaanxi(SX) is higher than 2.0 Nm’/kg( coal) , and the cold gas efficiency is higher than 0.9.The syngas yield from coal of Zhao-
tong coal in Yunnan( YN)is lower than 1.0 Nm®/kg( coal ) and the cold gas efficiency is the lowest. The syngas yield and the cold gas effi-
ciency are as follows : NX>SX> Yili coal in Xinjiang (XJ) > Erdos coal in Inner Mongolia(NM) >YN. Because moisture increases steam
and carries away heat,the higher the moisture content in coal is,the worse the gasification is. When the water content in coal drops from
22.38% (wt)to 0, the yield of syngas increases and the efficiency of cold gas increases by 34.5%.The heat required for gasification reactors
is reduced by 8.89%. Therefore,in terms of raw material selection,in order to get more syngas,coal with high fixed carbon,less moisture

and low volatile matter should be selected as raw material. The drying device is added before the coal enters the gasifier to improve the
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yield of syngas and the efficiency of cold gas.
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Fig.1 Schematic diagram of chemical looping gasification
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Table 1 Main reactions of gasification process
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Table 2 Proximate analysis and ultimate analysis of coal samples

CH,+3CuFe,0,—Cu+2Fe;0,+C0,+2H,0 -138.26 R17
CH4+2CuFe,0,—2Cu+4Fe0+CO,+2H,0  65.50 R18
3CuFe,0,——3Cu+2Fe;0,+4[ 0] 664.08 R19

CuFe,0,——Cu+2Fe0+2[ 0] 433.92 R20

Proximate analysis/% Ultimate analysis/% Quer.r”
Sample
My A Vaa FC,y Caa Hy A S O (MJ - kg™)
NX 5.18 4.56 26.95 63.31 77.6 5.16 1.46 0.46 10.77 24.71
SX 7.10 5.88 29.71 57.31 69.08 7.17 0.76 0.30 14.03 25.23
XJ 9.06 3.55 28.07 59.32 76.06 3.50 0.29 0.44 15.83 23.34
NM 11.52 5.07 27.26 56.15 74.08 4.91 0.70 0.02 14.29 26.58
YN 22.38 23.5 30.98 23.14 45.86 2.85 1.20 1.15 18.67 12.61
1 a FomRH 20800
A% n(Nm'/kg) 7 LK 0 °C,101.3 kPa B ke,
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2, V(CO+H, +CH,) NAril T & SRR I AR 7 B, MIZkgs Q. N OBE Y A 3
n(CO+H,+CH,) A& WA BB & kmol ; mg 44 {8, MJ/ kg,
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Fig.3 Gasification products distribution of coal samples and cold gas efficiency
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Table 3 Value of moisture variables and content of each element in coal
it/ kg M/ A v/ FC/ BN #S i/ (kg - h™')
Coal M A v FC %o %o %o %o C S H, N, 0, H,0 Ash
856.46 191.68 201.27 265.33 198.18 22.38 23.50 30.98 23.14 304.87 7.65 18.95 7.98 124.11 191.68 201.23
814.78 150.00 201.27 265.33 198.18 18.41 24.70 32.56 24.32 304.87 7.64 18.95 7.98 124.11 150.00 201.3
774.78 110.00 201.27 265.33 198.18 14.20 25.98 34.25 25.58 304.86 7.64 18.95 7.98 124.11 110.02 201.22
734.78 70.00 201.27 265.33 198.18 9.53 27.39 36.11 26.97 304.86 7.64 18.95 7.98 124.11 70.02 201.22
694.78 30.00 201.27 265.33 198.18 4.32 28.97 38.19 28.52 304.86 7.64 18.95 7.98 124.11 30.01 201.23
664.78 0 201.27 265.33 198.18 0 30.28 3991 29.81 304.87 7.64 18.95 7.98 124.11 0 201.23
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Fig.4 Influence of water content in coal on gasification process
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