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Abstract

NOx emissions (NO, 90%) from traditional industries (stationary and mobile sources) are a significant
source of atmospheric pollution. They serve as precursors for acid rain formation, ozone layer depletion, and
photochemical smog generation, not only causing environmental pollution but also posing serious threats to
human health. The CO-selective catalytic reduction of NO (CO-SCR) technology can simultaneously remove
both harmful gases, NO and CO. More importantly, it is less prone to carbon deposition during the reaction,
making CO-SCR a current research hotspot in the field of flue gas denitrification. Currently, transition metal-
based catalysts are the most widely used due to their abundant resources, low cost, flexible designability, and
synergistic effects. However, their further application is limited by low specific surface area and porosity, as
well as insufficient metal dispersion and stability. In contrast, metal-organic framework-derived materials
offer micropores/mesopores and a high specific surface area, providing accessible active sites for accelerating
electron transfer. Therefore, this study focuses on transition metal Fe/Co/Ni-MOF-derived catalysts with
strong redox activity and thermal stability to investigate their mechanisms in the CO-SCR reaction. The
specific research contents are as follows:

(1) Preparation of Bimetallic MOF-Derived MFe;04/C Catalysts and Study on the CO-SCR Mechanism

By constructing a series of isomorphic spinel-type iron-based bimetallic catalyst MFe,O04/C (M=Nj, Co,
Zn) model systems, the influence of adjacent Fe-M synergistic catalysis on CO-SCR performance was
systematically investigated. NiFe>O4/C exhibited superior catalytic efficiency: achieving 92.7% NO
conversion at 250°C and complete denitrification (Xno= 100%) at 300°C, with N, selectivity consistently
maintained above 98%. The intrinsic role of Ni?>* in the lattice facilitated the Fe?*/Ni3" redox cycle and the
formation of high-density surface oxygen vacancies. The synergistic surface oxygen vacancies (SSOVs) in
Ni-O-Fe significantly promoted lattice oxygen (O,) activation through a hybrid Mars-van Krevelen (MvK)
and Langmuir-Hinshelwood (L-H) mechanism, thereby explaining the enhanced CO-SCR activity.

(2) Ce Doping Enables FeNi Catalysts to Achieve Efficient Low-Temperature CO Catalytic Reduction of
NO

Using FeoNi-MOF as a precursor, a NiFe2O4-CeO,/C composite catalyst was successfully prepared via an
impregnation-pyrolysis method. The introduction of CeO; significantly improved the catalyst's low-
temperature activity and selectivity. NiFe>O4-CeO,/C achieved complete NO conversion and 100% N
selectivity at 200°C, with the active temperature window extended to 200-500°C. CeO, doping not only
increased the catalyst's specific surface area and mesoporous ratio but also promoted the oxidation states of
Fe and Ni species, significantly enhancing surface lattice oxygen and oxygen vacancy concentrations. The
study revealed that the reaction follows a “dual-site synergy” mechanism with isocyanate (-NCO) as the key



intermediate.

(3) Ni-Co Dual Sites Coupled with Carbon Skeleton Efficiently Promote CO-Selective Catalytic Reduction
of NO

A Ni-coordinated Co3.xNixO4/C catalyst was constructed via controlled pyrolysis using a bimetallic NiCo
MOF as precursor to investigate the regulatory mechanism of Ni incorporation on CO-SCR performance.
The introduction of Ni induces lattice contraction in Co3O4, promotes the increase of Co" content and the
formation of oxygen vacancies, and significantly enhances the proportion of surface-adsorbed oxygen. These
structural optimizations improve the redox capability of the catalyst as well as its adsorption and activation
performance toward reactants. Co3xNixO4/C achieves complete NO conversion at 130 °C, representing a
notable improvement over Co304/C (150 °C), while the N> selectivity increases from 73% to 95%. The Ni-
Co synergistic effect facilitates the co-adsorption and conversion of CO and NO, with the formation and
consumption of key reaction intermediates following the Mars-van Krevelen mechanism.

Key words: Metal-organic framework (MOF)-derived materials; Catalysts; Selective catalytic reduction;

Hydrothermal-pyrolysis; In situ Infrared Spectroscopy
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