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Abstract:In order to achieve the efficient utilization of coal direct liquefaction residue,the effects of gasification temperature , water vapor
content and catalyst residual on gasification reactivity of semi—coke of Shenhua coal direct liquefaction residue were investigated. The
mixed reaction model was used to fit the experimental data and get the kinetic parameters. The results show that the gasification reactivity
can be improved by elevating the gasification reaction temperature and increasing water vapor content in gasifier. The gasification reactivity
of semi—coke residue with water vapor is stronger than that of de—ashing semi—coke residue. The gasification reactivity of the semi—coke
residue expressed by the reactivity index R’ is consistent with the reactivity expressed by fixed carbon conversion rate and reaction rate.
The total reaction order of semi—coke residue with water vapor is between 0. 635 8 and 0. 721 7, and the activation energy is between
149. 43 kJ/mol and 198. 85 kJ/mol obtained by the mixed reaction model.
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Table 1 Proximate,ultimate analysis and calorific value of residue,deashing residue,residue semi—coke and deashing
residue semi—coke
e Tl 4317/ % TCE AT/ % Qpead/ fE A
[218]
M, A Vad FC, Ca Hq N 0.4 Stad (MJ - kg™') PECRC
THE 0. 30 15.23 35.01 49. 46 78.55 4.21 0.92 — 1.83 31.92 —
B A 0. 04 0.10 55.81  44.15 90. 40 5.43 1.26 2.75 0.16 — —
TH 1.29 19.32 3.88 75.51 79. 12 1.31 0.34 — 2.29 27.63 2
B AR 0,15 0.09 1.55 98.21 97.76 0.79 0.93 0.11 0.17 34.16 2
F2 MERERMERIRK S ST
Table 2 Ash melting property and ash composition analysis of residue
IRIERIE/C (5538 )5) WIS/ Y
DT ST HT FT Si0, AlL,O;  Fe,04 TiO, Ca0 MgO K,0 Na, O MnO, SO, P, 04
1 120 1130 1130 1130 21.31 9.23 29.41 0.71 17. 41 1.25 0.23 1.54 0.30 15. 68 0.03
*3 MEARKREMIERS R
Table 3 Analysis on composition and other properties of residue
AL/ % Bty HHE/ NEGRTF N UELTEN
Gilpieli Wi s+ 10 5 s R IR+HEAEF < (kg - m™) it/ % EWEE/ %
22.45 29.12 32.77 15. 66 182.5 1490 77.55 48.43
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Fig. 1 Pore size distribution of residue semi—coke and

deashing residue semi—coke
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Fig. 2 Effect of temperature on carbon conversion of residue
semi—coke gasification with 60% water vapor
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Fig. 3 Effect of temperature on reaction rate of residue

semi—coke gasification with 60% water vapor
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Fig. 4 Effect of water vapor ratio on carbon conversion of

residue semi—coke gasification at 1 273 K
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Fig. 5 Effect of water vapor ratio on reaction rate of

residue semi—coke gasification at 1 273 K
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Fig. 6  Effect of catalyst on carbon conversion of residue

semi—coke gasification
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Fig. 7  Effect of catalyst on reaction rate of residue

semi—coke gasification
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Table 5 Reactivity index R’ of residue semi—coke and deashing residue semi—coke under different gasification conditions
) SRR R
FE AR L
1223 K 1273 K 1323 K
30% H,0+70% N, 0.35 0. 68 1.35
A 60% H,0+40% N, 0.39 0.85 1.48
90% H,0+10% N, 0.53 0.88 1.61
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Fig. 8 Arrhenius diagram of residue semi—coke gasification

with different ratio of water vapor
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Table 6 Kinetic parameters of residue semi—coke gasification with water vapor
SAFIEC LG S AR /K n k/min™! Ea/(kJ - mol™") In &, R?

1223 0.635 8 0.102 2

30% H,0+70% N, 1273 0.696 1 0.214 7 198. 85 17.268 0.999 6
1323 0.6923 0.448 6
1223 0. 666 2 0.126 1

60% H,0+40% N, 1273 0.680 7 0.261 1 188. 94 16.511 1.000 0
1323 0.72117 0.513 7
1223 0.692 0 0.178 2

90% H,0+10% N, 1273 0.718 7 0.305 4 149. 43 12. 958 0.998 4
1323 0.709 7 0.541 6
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5 [F 5 W e A 3 A S I 38R SRR Y R — B

4) MR & S ASE TSR AT A ik I~ £ 55 7K 2%

SR N S K 0.635 8 ~0.721 7, 1% 4L RE S
149. 43 ~198. 85 kJ/mol
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