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Fig. 2 Technology life cycle analysis of

ceramic membrane
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Development status, innovation process and hotspot of ceramic membrane
technology innovation from the perspective of patent

FENG Jun'*, CHEN Xianfu®, QIU Minghui®*, ZHANG Jun'

(1. National Intellectual Property Information Service Center of Nanjing Tech University, Nanjing Tech
University, Nanjing 211816, China; 2. Zhangjiagang Institute of Nanjing Tech University,
Suzhou 215699, China; 3. National Engineering Research Center for Special Separation Membrane,
Nanjing Tech University, Nanjing 211816, China)

Abstract: Ceramic membranes are known for their excellent thermal and chemical stability and have been
considered as an ideal separation membrane for the process industry. The patents in the field of ceramic
membrane were researched by the methods of patentometrics and main path analysis to reveal the
development status and innovation process. The research shows that the current ceramic membrane
technology is in a period of rapid development. China, Japan and the United States are currently the most
active countries in the global ceramic membrane technology innovation. The main path analysis of the
patent citation network shows that before 1990 the innovation in the field of ceramic membrane mainly
focused on the basic technological of membrane preparation. With the development of preparation
technology, the separation and application of ceramic membrane became the focus of innovation from 1991
to 2005. After 2007, researchers began to innovate high-performance ceramic membrane for applications.
At present, the hotspots of technological innovation in the field of ceramic membrane mainly focus on the
application of ceramic membrane target low-carbon, preparation of ceramic membrane based on new two-

dimensional materials and the application of ceramic membrane materials with high separation accuracy.

Key words: ceramic membrane; patent analysis; patentometrics; main path analysis
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Research progress on membrane reactor for CO. hydrogenation to fuels

XU Yueyang', XUE Zhigang®, LIU Bo*, ZHOU Rong fei*

(1. State Key Laboratory for Clean and Efficient Coal-fired Power Generation and Pollution Control,
CHN Energy Science and Technology Research Institute Co. Ltd, Nanjing 210031 China; 2. National
Engineering Research Center for Special Separation Membrane, Nanjing Tech University, Nanjing 210009, China)
Abstract: High-value CO, utilization technologies, such as CO, hydrogenation to methanol, can not only achieve
CO, recycling, but also generate significant social and economic value, which is an important way to achieve carbon
neutrality. Research on catalysts for CO, hydrogenation to methanol has matured, but the CO, conversion
efficiency is still lower than expected due to the limitations of thermodynamic equilibrium and catalyst deactivation
induced by by-product water. Membrane reactor has been applied to overcome the thermodynamic limitation of
CO, hydrogenation reaction, which has played an important role in process intensification and greatly improved the
efficiency of CO, utilization. Against this background, the role of various membrane separation performances in
improving the reaction properties in membrane reactors was systematically reviewed. The future opportunities and

challenges of membrane reactors in CO, hydrogenation to methanol are also presented.
Key words: membrane reactor; CO, hydrogenation; methanol; fuel; process intensification; water-selec-

tive membrane
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