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Abstract: Coal tar, a major byproduct of coal pyrolysis, carbonization and coking, has hydrotreating for heteroatom
removal as a core pathway for the clean and high—value utilization of coal resources. To address the key challenge of
efficiently removing multiple heteroatoms (oxygen, nitrogen, and sulfur) from coal tar, elucidating the structure—
activity relationships and reaction mechanisms of catalysts is essential for designing efficient hydrotreating
catalysts. Based on model compound studies, this review systematically summarizes the reaction pathways and

catalyst design principles for hydrodeoxygenation (HDO), hydrodesulfurization (HDS), and hydrodenitrogenation
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(HDN), with a focus on the regulatory effects of active site geomelry, electronic properties, and acidity distribution

on catalytic activity and selectivity. On this basis, by analyzing the intrinsic mechanisms of competitive adsorption

and mutual inhibition among multiple heteroatoms in real coal tar systems, catalyst design approaches progressing

from dual-heteroatom removal to multi—heteroatom synergistic removal are summarized. Highly dispersed active

metals, moderate electron deficiency, and optimized metal-support interactions are identified as key factors for

achieving synergistic removal of nitrogen and sulfur, while the introduction of non—metal promoters effectively

reconciles the disparate active site requirements for oxygen, nitrogen, and sulfur removal. Finally, future directions

for the development of synergistic heteroatom removal catalysts for coal tar systems are proposed, addressing current

challenges such as insufficient mechanistic understanding and poor industrial applicability.

Keywords: coal tar; hydrodeoxygenation; hydrodesulfurization; hydrodenitrogenation; catalyst design and reaction

mechanism
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Fig.1 Types and distribution of oxygen—, nitrogen—, and

sulfur—containing heteroatomic compounds in coal tar
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Fig.2 Catalytic and synergistic regulation mechanism for
hydrotreating removal of oxygen, nitrogen, and sulfur multi-

heteroatoms in coal tar
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Fig.3 Hydrodeoxygenation of phenolic compounds
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Fig.7 Catalyst performance for synergistic removal of dual heteroatoms
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