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Figure 1 (Color online) The adsorption of 0-DCB and NH; on vanadium active sites
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Figure 2 (Color online) The role of monomeric vanadium and polymeric vanadium in synergistic catalytic reactions'
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Figure 5 (Color online) Probable improvement mechanism of the Ru-Modified V-Based catalyst in the CB oxidation process
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Industrial operations like solid waste incineration and metal smelting often release nitrogen oxides (NO,) and trace
amounts of chlorinated organic compounds (COCs) simultaneously. Ammonia selective catalytic reduction (NH;-SCR)
technology is widely employed for NO, abatement in various industries. As for COCs, the prevailing method combines
activated carbon injection with desulfurization dedusting. However, this approach can result in a substantial conversion of
fly ash into hazardous solid waste, consequently elevating subsequent treatment expenses. Therefore, repurposing existing
SCR denitrification facilities for the collaborative treatment of low-concentration COCs is deemed one of the economically
feasible options.

The effectiveness of synergistic catalytic treatment for NO, and COCs hinges on the utilization of efficient and stable
catalysts. Commercially available vanadium-based denitrification catalysts (V-W(Mo)/Ti) remain the favored option, due
to the constraints posed by the high-sulfur reaction environment of SCR. Consequently, this review synthesizes the
advancements in research on V-W(Mo)/Ti catalysts for the synergistic control of NO, and COCs, with the aim of offering
insights and direction for future investigations into the efficient synergistic control of NO, and COCs employing vanadium-
based catalysts.

Chlorobenzene (CB) serves as a common model compound for chlorinated organic compounds (COCs) in experimental
studies. Initially, we conducted a comprehensive review of the catalytic efficacy of vanadium-based catalysts in the
synergistic mitigation of NO, and CB, as documented in pertinent literature. While vanadium-based catalysts are capable of
synergistically removing both NO, and CB pollutants, a challenge arises due to the disparate reaction temperature ranges
associated with each pollutant. Subsequently, we elucidated the mechanisms governing the interplay of multiple pollutants
in synergistic catalytic reactions, wherein two types of influences, mutual promotion and mutual inhibition, manifest
between selective catalytic reduction (SCR) and chlorobenzene oxidation (CBCO) reactions. In the presence of O,, NO
exerts a promotive effect on the CBCO reaction, as the resultant NO, expedites the regeneration of VO, active sites;
conversely, the competitive adsorption of NH; and CB imposes a certain inhibitory effect of SCR on the CBCO reaction.
Additionally, we conducted a systematic review of various enhancement strategies for vanadium-based catalysts. These
strategies encompassed regulating the aggregation state of vanadium species, optimizing co-catalysts, enhancing carriers,
and adjusting preparation conditions. Based on this review, we proposed a strategy aimed at augmenting the
multifunctional performance of vanadium-based catalysts.

We additionally summarized the types of by-products generated in the synergistic control reaction of NO, and CB, with a
specific focus on the production process of chlorinated by-products. Throughout the reaction process, Cl’s fate
encompasses four categories: The intended product HCI or by-product Cl,, chlorinated species in the gas phase, chlorinated
species lingering on the catalyst surface, and metal-chlorine accumulation.

In the final part of this review, we investigated how flue gas impurities like water vapor, SO,, heavy metals, and others
affect synergistic reactions. We also examined the potential for complex poisoning and antagonistic effects when multiple
impurities are present. Our goal is to enhance understanding of the intricate multi-pollutant reaction processes involving
NO, and COCs, and to establish a scientific foundation for improving the resistance of vanadium-based catalysts to multi-
impurity poisoning.

vanadium-based catalysts, NO,, chlorinated organic compounds (COCs), PCDD/Fs, synergistic catalytic control,
reaction mechanisms
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