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Effects of steam atmosphere on the volatiles reaction and coke behavior
during pyrolysis of different raw materials

Wang Nichen, Liu Qian, Wang Qian, Tian Qian, Yan Lunjing, Wang Meijun, Chang Liping

(State Key Laboratory of Clean and Efficient Coal Utilization; College of Chemistry and Chemical Engineering,

Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Pyrolysis is an efficient technique for high value-added utilization of carbon-containing raw materials. This
study examines the volatile reaction and coke behavior during the pyrolysis of various raw materials using biomass, sludge, and
coal as the research objects. The findings indicate that under steam, the pyrolysis tar yields of the three raw materials are lower
than those of nitrogen. In comparison with coal, sludge and biomass are less aromatic, and certain volatiles have lower bond en-
ergies, making them more prone to reforming with steam and producing noticeably lower tar yields. Sludge and coal coke pre-
cipitation yields fell by 27.46% and 80.30% , respectively, however biomass pyrolysis coke yields increased by 331.75%. This
is mainly because biomass pyrolysis generates more highly reactive oxygenated compounds, which are more likely to promote
coke formation during condensation and cleavage of volatiles. Furthermore, the pyrolysis volatiles of the three raw materials’
small molecular compounds are easily transformed into gas through a reforming reaction with steam, whereas the large molecu-
lar compounds are more difficult to react. As a result, the tars light tar content, such as phenol and naphthalene oils, decreases
and its heavy tar content increases. Raw materials properties in the presence of steam affect the chemical composition of the tar
and the physicochemical properties of the coke. The aromatic hydrocarbon content in sludge pyrolysis tar was reduced by
20.80% compared with biomass and coal. The less C,, —O structure in sludge resulted in less aromatic hydrocarbons generated
from C,,— O breakage during the reaction between steam and volatiles. The reforming reaction of pyrolytic volatiles of the three
raw materials under the action of steam increases the amorphous carbon of coak and reduces the degree of graphitization, which

effectively inhibits the generation of coke.

Keywords: raw material characteristic; volatiles reaction; steam atmosphere; coke
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Tab. S1 The proximate and ultimate analysis results of the different samples
Proximate analysis/(w/ %) Ultimate analysis/(w/ % ,daf)
Sample
M .q Aq Vdat C H N S [ON

Bio 3.80 10.04 83.36 49.53 5.92 0.76 0.33 43.45
Slu 4.24 47.41 89.38 51.28 7.43 8.60 2.31 30.37
Coal 13.80 5.30 47.80 74.35 5.13 0.72 0.31 19.49

Note:ad,air-dry basis;

d, dry basis;daf,dry-and-ash-free basis; * ,by difference.



