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Multiscale analysis of zhundong coal molecular structure and development of models for clean and efficient

utilization

Yugi Wang", Gang Cheng
College of Geology and Mining Engineering, Xinjiang University, Urumqi, Xinjiang

[ Abstract] As a representative of Xinjiang's high-volatility, low-ash coal resources, the microstructural
analysis of Zhundong coal facilitates targeted design for its clean and efficient utilization. This study employs
laboratory analysis to conduct multiscale structural characterization of raw Zhundong coal. Building upon existing
structural models and constrained by elemental composition, aromatic carbon content, bridged-to-peripheral carbon
ratio, and quantitative distribution of surface functional groups, a planar macromolecular model incorporating
“aromatic clusters-aliphatic chains-heteroatoms” was constructed to satisfy multiple experimental parameter
constraints. Results indicate that aromatic units in Zhundong coal predominantly feature naphthalene rings, while
aliphatic segments consist of methylene backbones and methyl, methylene, or oxygen-substituted aliphatic carbons.
Peripheral oxygen-containing functional groups are mainly phenolic hydroxyl and carboxyl groups, with nitrogen
primarily embedded in the aromatic ring system as pyrrole-type five-membered nitrogen heterocycles. This model
exhibits experimental errors <1.5% in both chemical shifts and bonding environments, providing a directly applicable
structural template for subsequent reaction molecular dynamics simulations of combustion, pyrolysis, gasification,
and fouling behaviors.
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