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Jo, M THE KIS FCC B CREL ARNEESELXMEIAWRGMEER, 2504
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Characteristics of co-pyrolysis of coal and FCC slurry and the evolution
behavior of the produced gases

YUAN Quan,ZHANG Qian, LIANG Litong,TU Chunyan, XIANG Xinning, LIU Jianwei, HUANG Wei
(State Key Laboratory of Clean and Efficient Coal Utilization , Taiyuan University of Technology ,Taiyuan 030024 ,China)

Abstract ; The co-processing of coal and oil changes the processing modes of direct coal liquefaction and heavy oil hy-
drocracking, reducing the difficulty of coal liquefaction, opening up new ways of direct coal liquefaction and heavy oil
upgrading. It also provides technical support to promote the efficient and clean conversion of coal and heavy oil , which
ensures the national energy security. However, the co-processing of coal and oil is often carried out under the condi-
tions of high pressure, catalysis and hydrogenation. It is difficult to directly obtain the matching characteristics of ther-
mal cracking behavior of coal and oil during the reaction,and not conducive to distinguish the interaction between dif-

ferent components. The pyrolysis and co-pyrolysis characteristics of a low metamorphic coal and a fluid catalytic crack-
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ing slurry (FCC) at different blending ratios were studied via thermogravimetry coupled with mass spectrometry. The
intrinsic thermal reactions between the co-processing of coal and FCC was investigated by comparing the experimental
and theoretical values. The results showed that the initial, peak and final pyrolysis temperature of the FCC are much
lower than that of the coal,and the volatile content is significantly higher than the coal sample. At the initial stage of
the reaction (200-400 °C ) ,the co-pyrolysis curves of coal and FCC is obviously shifted to a lower temperature re-
gion ,indicating that synergetic effect exists during the co-pyrolysis of the coal and the FCC. When the reaction temper-
ature is higher than 400 “C , most of the FCC has volatilized , there is no obvious synergetic effect. Combined with online
mass spectrometry data,the peaks of CO, and CO was found in the pyrolysis temperature region of the FCC,at which
mainly the FCC pyrolysis. It could be deduced to the solvent effect or the active metal contained in the FCC, which
catalyzed the breaking of ether bond , hydroxyl or oxygen-containing molecule in coal. No interaction was observed dur-

ing the co-pyrolysis of the coal ash and the FCC,while synergetic effect was observed during the co-pyrolysis of the

FCC and the demineralized coal at 200—-400 °C ,which further verifies the above deduction.
Key words ; co-processing of coal and oil ; TG=MS;synergetic effect; FCC slurry ; co-pyrolysis
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Table 1 Proximate and ultimate analysis of the coal %
Tk TJEER T
Mmi A d V(luf FC daf Cduf Hddf O;ur Ndul St ,daf
4.45 10. 86 38.76 61.24 81.03 4.95 10. 44 1.1 2.48
1« * by difference .,
£2 BEORBESHH
Table 2 Ash composition analyses of the coal %
FE i
Si0, Fe,0, AL 0, Ca0 MgO Ti0, K,0 Na, 0 S0, P,0; MnO,
1LY/ 37.62 20. 52 15.07 15. 04 0.75 0.72 1.23 1. 10 6.28 0.25 0.32
£3 FCCHEMNIALHMMITES
Table 3 Four—component analysis and ultimate analysis of the FCC %
4 404y LRI
A5y FEG Je 5 N Cq Hy 04 Sa Ny
26.52 44. 89 23.03 5.56 90. 02 9.04 1. 11 0.32 0. 30
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Table 4 Initial,peak and final temperature of pyrolysis
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Fig.3 TG and DTG profiles of co-pyrolysis of the coal and
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Table 5 Experimental and calculated values of initial , peak and final temperature of co-pyrolysis C
) TRLEE SEBHE/ C T E
FE i i
IR VAL Ik IR WA 2k
10C90P 191 341 492 199 352 494
30C70P 190 324 495 195 352 498
50C50P 186 339/431 517 190 352/434 523
70C30P 197 328/435 601 205 352/437 607
90C10P 193 440 657 236 439 657
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Table 6 Experimental and calculated values of weight loss of co-pyrolysis
BT %
FE
200 C 300 C 400 C 500 C 600 C

i
y Y cale Ay” ¥ Y cale y" ¥ Y eale Ay ¥ ¥ cal Ay y Y cal Ay
10C90P  2.66 2.24 0.42 25.56  21.7 3.86 82.89 80.38 2.51 91.79 89.38 2.41 92.23 90.18 2.05
30C70P 3.62 1. 85 1.77 25.18 17.11 8.07 65.98 64.13 1. 85 76.39 74.58 1. 81 77.86 76.40 1. 46
50C50P  4.22 1.46 2.76 18.93 12.53  6.40 48.55 47.26 1.29 61.49 59.77 1.72 64.07 62.62 1. 45
70C30P 3.57 1.07 2.50 12.98 7.94 5.04 31.84 30.38 1. 46 46.61 44.96 1.65 50.31 48.84 1. 47
90C10P 1.27  0.69 0.58 5.04 3.36 1.68 11.89 13.51 -1.62 29.01 30.10 -1.09 34.08 35.06 -0.98
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Fig. 7 Experimental and calculated curves of co-pyrolysis
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