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In-situ analysis of catalytic gasification
reaction characteristics of coal char-CO, with K,CO, additive

WEI Jun-tao'*, DING Lu'?, ZHOU Zhi-jie"”, YU Guang-suo'*"*
(1. Key Laboratory of Coal Gasification and Energy Chemical Engineering of Ministry of Education,
East China University of Science and Technology, Shanghai 200237, China;
2. Shanghai Engineering Research Center of Coal Gasification, Shanghai 200237, China )

Abstract; Interactions of catalyst ( K,CO,) with Shenfu ( SF)/Zunyi (ZY) char during gasification were
observed by in-situ heating stage microscope. The effects of gasification temperature (750 ~950 C) and catalyst
loading amount (2.2% , 4.4% , 6. 6% ) were investigated in a thermogravimetric analyzer. The results show
that loading K,CO, on SF/ZY stimulates development of pore structure in pyrolysis process. The in-situ heating
stage experiments indicates that most of the char particles react with CO, in shrinking core mode below the
melting point of K,CO,. Above this temperature, for SF char, obvious molten potassium catalyst diffusion can
be observed in the later reaction stage with rapid consumption of carbon skeleton; but for ZY char, most of the
molten potassium exists on the surface of coal char with slower consumption of stable carbon skeleton.
Gasification reactivity of SE/ZY char increases with increasing loading amount of K,CO,. Catalytic efficiency of
potassium catalyst on SF char initially increases and then decreases with gasification temperature, the turning
point of gasification temperature is close to the melting point of K,CO,. This may be due to blocking of a
fraction of pore structure resulted from the good fluidity of molten potassium catalyst.
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Table 1  Properties of tested samples
Proximate analysis w,/% Ultimate analysis w,/% Ash fusion temperature t/C
Sample v FC A c H N 0 S DT ST  HT T
SF 35.42 58.29 6.29 79.14 2.32 1.12 10.36 0.77 1152 1167 1175 1179
Y 7.59 73.46 18.95 76.57 2.13 1.10 0.42 0.83 1345 1370 1395 1463
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Figure 2 SEM photographs of coal/char mixed with K, CO,
(a): SF-raw-6.6K; (b): SF-6.6K-800P; (c): ZY-raw-6.6K; (d): ZY-6. 6K-800P
note; the numbers “1 and 2” denote different surface regions of coal/char
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Table 2 Element composition of coal/char mixed with K,CO; measured by EDS

Element composition w/ %

Sample

Element composition w/ %

Sample

C (6] K C O K
SF-raw-6. 6K-1 8.65 11.03 23.22 ZY-raw-6. 6K-1 74.80 14.83 2.34
SF-raw-6. 6K-2 52.39 26.08 15.20 ZY-raw-6. 6K-2 14.51 53.26 2.66
SF-6. 6K-800P-1 50.52 28.32 8.70 ZY-6.6K-800P-1 45.91 32.65 6.71
SF-6. 6K-800P-2 26.23 18.73 13.39 ZY-6.6K-800P-2 57.38 26.62 6.19

note; SF-raw-6. 6K-1 denotes “1” surface region of SF-raw-6. 6K, the other surface regions of carbonaceous materials were

named accordingly as SF-raw-6. 6K-1

R3 HROILEKVSY

Table 3 Pore structure parameters of samples

Pore volume

Sample Apgr/ (m*-g™")

v/ (em’-g™)
SF-raw-6. 6K 1.6900 0.008 0
SF-raw-800P 2.2171 0.001 4
SF-4.4K-800P 30.374 8 0.3647
SF-6. 6K-800P 43.0389 0.0177
ZY-raw-6. 6K 1.1339 0.004 8
ZY -raw-800P 1.3980 0.0057
ZY-4.4K-800P 5.8931 0.0015
ZY-6. 6K-800P 7.9532 0.000 1
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Figure 3  Petrography variation of SF-6. 6K-800P recorded by the in-situ heating stage microscope
(a): N,-950 C; (b): CO,-950 C-1 min; (c) CO,-950 C-1.2 min;
(d): CO,-950 T-1.6 min; (e): CO,-950 T-2.6 min; (f): CO,-950 -3 min
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Figure 4 Petrography variation of ZY-6. 6K-800P recorded by the in-situ heating stage microscope
(a): N,-950 C; (b): CO,-950 C-1 min; (c): CO,-950 -3 min; (d): CO,-950 T-5 min; (e): CO,-950 C-7 min
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Figure 5 Gasification reactivity of SF coal with and without K,CO,
(a); 750 C-CO, gasification; (b): 800 C-CO, gasification; (c); 850 C-CO, gasification;
(d) : 900 C-CO, gasification; (e): 950 T-CO, gasification
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Figure 6 Gasification reactivity of ZY coal with and without K,CO,
(a): 800 C-CO, gasification; (b) ; 850 T-CO, gasification ;
(c): 900 C-CO, gasification; (d): 950 C-CO, gasification
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