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Tab.1. Ceramic Membrane Material Systems and Preparation Processes
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Fig.1. Mechanism of Catalytic Synthesis (Using Oz and CH4 as an Example)
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Fig.2. Mechanism of Catalytic Degradation of Water Pollutants
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Tab.2. Process Applications and Self-Cleaning Performance of Ceramic Catalytic Membrane Reactors
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Recent Advances in Ceramic Catalytic Membrane Reactors

Wang Yixiao

Zhejiang Business Technology Institutet, Ningbo Zhejiang

Abstract: Focusing on recent research advances in catalytic-separation synergistic technologies for ceramic
catalytic membrane reactors (CCMRs), this paper summarizes the development of ceramic membrane fabrication
and structural tuning processes, including the sol-gel method, hollow fiber configuration design, and co-sintering.
By coupling catalytic active sites with the selective separation capabilities of membrane pores, the simultaneous
execution of reaction and separation processes is achieved. On this basis, the advantages of this technology in
gas/liquid-phase selective synthesis and the efficient removal of recalcitrant micropollutants from water bodies are
highlighted in terms of catalytic synthesis, degradation, and water pollution control, with a pilot-scale ceramic
catalytic membrane reactor achieving 600 h of continuous operation at a conversion rate approaching 100%.
Furthermore, the synergistic effects between catalytic oxidation and electrochemical processes in mitigating
membrane fouling and achieving in-situ self-cleaning are systematically discussed, where electrolytic self-cleaning
can restore membrane flux by 21-30% while achieving a kill rate of over 80% against typical bacterial strains. The
deep integration of future novel catalytic materials with advanced membrane manufacturing techniques, coupled
with external field-driven technologies, is expected to provide further possibilities for the industrial scaling of this
technology system.

Keywords: ceramic catalytic membrane; catalytic and separation; wastewater treatment; membrane fouling
mitigation
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