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Under the background of dual carbon targets, the resource utilization of CO: catalytic reduction has
become a key technological direction to alleviate greenhouse effect and promote carbon recycling.
However, traditional carbon based catalysts generally face problems such as high raw material
costs, insufficient active sites, and poor structural stability, which seriously restrict their large—scale
application and promotion. Coal tar pitch, as a by—product in the deep processing of coal, has the
characteristics of high carbon content, excellent residual carbon rate, wide and inexpensive raw
material sources, and strong molecular structure controllability. It is an ideal precursor for constructing
high—performance carbon based catalytic materials and has significant application potential and
development value. This article uses coal tar pitch as a carbon source to prepare a series of coal tar
pitch derived carbon based composite materials through modification processes such as template
method, high—temperature pyrolysis, heteroatom doping, and metal loading. The effects of preparation
process, microstructure, and doping modification on the electrocatalytic and photocatalytic reduction
performance of CO: are systematically explored. By combining micro characterization methods such
as XRD, SEM, BET, XPS, etc., the structure performance relationship between the pore structure, active
sites, electron transport characteristics, and catalytic performance of composite materials is analyzed,
and the synergistic mechanisms of heteroatom co doping, metal loading, and heterostructure
construction are clarified. The experimental results show that the nickel sulfur nitrogen co doped coal
tar pitch based foam carbon composites prepared by the optimized process have multi-level pore
structure and rich active sites, and the charge transfer efficiency is significantly improved. The Faraday
efficiency and product selectivity of CO: reduction are significantly better than those of pure pitch
carbon materials.

coal tar pitch; carbon based composite materials; CO: reduction; heteroatom doping;
catalytic performance; structure-activity relationship
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