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Mechanism investigation of key reactions during tar component

reforming process

Du Wenya', Yu Zhenyu?, Guo Rui?, Sun Chao®, Shao Zhengri’, Xie Huaqing?
(1.Chongqing CISDI Thermal & Environmental Engineering Co. Ltd., Chongging 401120, China; 2.School of
Metallurgy, Northeastern University, Shenyang 110819, China; 3.Liaoning Provincial Key Laboratory of Energy
Storage and Utilization, Yingkou Institute of Technology, Yingkou 115014, China)

Abstract: Density functional theory calculations were employed to investigate the mechanisms and
energy changes involved in C—C bond cracking, CH, reforming, and water gas shift reactions in the tar
reforming process. The findings reveal that, in the C-C bond cracking reaction, C;Hy initially adsorbs
onto the catalyst surface to form adsorbed C;Hg*, subsequently undergoing cleavage to produce CHs*
and CH,CH;*. While the cracking reaction is exothermic, it is hindered by a significant energy barrier
and difficult to carry out. In the CH, reforming reaction, CH,* undergoes sequential dehydrogenation
reactions, producing CH;*, CH,*, and CH*. Comparatively, CH* has a greater tendency to react with
OH* to form CHO*, which further undergoes dehydrogenation to form CO*. Additionally, H*
generated in each step combines to form Hy*. Throughout the CH4 reforming process, the rate—limiting
step is the cracking of CH,* to CH*. In the water gas shift reaction, the OH* species formed from H,O*
decomposition prefers to combine with CO* to generate COOH* rather than directly reacting with H*
to produce H,*. COOH* removes H and generates COO*, which is the rate limiting step.

Keywords: tar; reforming; density functional theory; elementary reaction
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