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Abstract: [Purposes] As fundamental conversion technologies that transform coal into clean oil,
gas, and high—value chemicals, pyrolysis and liquefaction play a vital role in promoting clean and effi-
cient utilization of coal, thereby providing essential support for ensuring national energy security and

realizing the “Dual Carbon” strategic goals. Only by elucidating their reaction mechanisms, precise
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control of product distribution and quality can be achieved from the source. However, with traditional
experimental methods, it is difficult to analyze dynamic evolution and microscopic reaction processes
of free radicals. [Methods] Therefore, in this study, Liangshuijing raw coal (LS-R), vitrinite-en-
riched coal (LS-V), and inertinite—enriched coal (L.S-1I) were chose as research objects to construct
LS-R, LS-VI integrated maceral pyrolysis models, and LS-R liquefaction model. Then, reactive
force field molecular dynamics (ReaxFF MD) simulations were used to systematically investigate the
evolution characteristics of product distribution, hydrogen radical behavior, and the H/C atomic ratio
of tar during isothermal and heating processes in different models. [Results] The results show that
during pyrolysis, asignificant synergistia effect exists between vitrinite(LS-V) and intertinite(LS-1),
leading to a notable higher numbers of oil and gas molecules generated by the LS-V1 mixed model
than by those of the LS—-R model. In the liquefaction process, the introduction of the hydrogen—donor
solvent tetralin significantly increases the concentration of hydrogen radicals within the system, there-
by effectively promoting the hydro—stabilization process of tar precursors and noticeably improving the
H/C atomic ratio of tar products. [Conclusions] This study reveals the modulation mechanisms of
maceral synergistic effects and hydrogen—donor solvents on the reaction pathways at atomic level, pro-
viding an important theoretical basis for the directional optimization of coal pyrolysis and liquefaction
processes towards the goal of clean and efficient utilization of coal.

Keywords :pyrolysis; liquefaction; free radicals; kinetic simulation; hydrogen—donor solvent
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Fig.1 Initial model of coal liquefaction
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Fig.4 Variations in the numbers of molecules and species with simulation time at different temperatures
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Fig.5 Variations in the number of molecules of pyrolysis products with temperature
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