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Effects of decoupled temperature and pressure on the hydrothermal process of lignin

YU Shi-jie, ZHAO Peng, LIU Mao-qing, GAO Yu, LI Qing-hai, ZHANG Yan-guo , ZHOU Hui’
(Key Laboratory for Thermal Science and Power Engineering of Ministry of Education, Beijing Key Laboratory of CO,
Utilization and Reduction Technology, Department of Energy and Power Engineering, Tsinghua University, Beijing 100084, China)

Abstract: This study investigated the effects of decoupled temperature and pressure on lignin during the
hydrothermal process. The effect of hydrothermal treatment on the lignin structure was evaluated, and the effects of
decoupling temperature and pressure on the liquid products of the lignin were assessed under decoupling conditions.
The results showed that lignin was composed almost entirely of the G-type monomer of coniferyl alcohol. After
hydrothermal treatment, C—O bonds such as B—O—4 ester bonds in lignin were broken. Methoxy and aliphatic
structures linked to oxygen-containing structures were converted into aliphatic carbon skeletons. The liquid phase
products were initially vanillin and 3-(4-hydroxy-3-methoxyphenyl)-1-propanol, which were subsequently converted
to guaiacol mainly by inter-monomer conversion and cleavage of the f—O—4 bond of the terminal guaiacyl unit of
lignin. The decoupled high pressure inhibited the production of lignin liquid products and decreased the selectivity
of isoeugenol in the products. The results of this paper are expected to provide more fundamental knowledge and
understanding for the optimization of hydrothermal conversion process conditions of lignin.
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Figure 1  Structural analysis of the hydrogen in lignin

(a): three typical monomers of lignin; (b): 'H NMR spectrum of
lignin dissolved in DMSO-d
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Figure 2  Structural analysis of the carbon in lignin
(a): the structure of coniferyl alcohol; (b): "C NMR spectrum of lignin dissolved in DMSO-d;
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Figure 5 GC-MS spectra of the liquid-phase products of lignin at different decoupling temperatures
(a): 100 °C, 20 MPa; (b): 200 °C, 20 MPa; (c): 300 °C, 20 MPa
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Figure 6 GC-MS spectra of the liquid-phase products of lignin at dlfferent decoupling pressures
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