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Strategic International Collaborative Research Program (SICORP)
Japan—China Joint Research Program
Executive Summary of Final Report

1. Projecttitle : [Research on adsorption-catalysis-nonthermal plasma for VOCs removal at
low temperature |

2. Research period : April 1 2019 ~ March 31 2023

3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Hisahiro Einaga | Professor | Kyushu University Research
management
Collaborator Hajime Hojo Associate | Kyushu University Catalyst
professor characterization
Collaborator | Xin Liu Student Kyushu University Catalyst
preparation
Collaborator Siyu Ding Student Kyushu University Catalytic
reaction
Collaborator | Xuerui Zheng Student Kyushu University Nonthermal
reaction

Total number of participants throughout the research period: 5

Partner-side

Name Title Affiliation Role in the
research
project
PI Lian Wang Associate | Chinese Academy of | Research
professor | Sciences management,
catalyst design
Co-PI Zhi Jiang Associate | Shanghai Jiao-Tong | Nonthermal
professor | University plasma
Collaborator | Ye Zhang Assistant | Chinese Academy of | Adsorbent
professor | Sciences

Total number of participants throughout the research period: 3

4. Summary of the international joint research

The emergence of diseases caused by air pollution is a pressing issue worldwide, and
preventing air pollution by volatile organic compounds (VOCS) is an important environmental
issue in East Asia. Establishing treatment technology for low-concentration VOCs emitted
from fixed sources is important. Kyushu University, the Chinese Academy of Sciences, and
Shanghai Jiao Tong University collaborated to develop a low-cost, energy-saving,
low-temperature plasma-adsorption-oxidation catalyst material composite system for the
highly efficient treatment of various VOCs.

Japanese researchers have developed VOC treatment technology based on catalytic
ozonation, and the low-temperature catalytic oxidation process was further upgraded. In the
benzene oxidation using ozone generated in a discharge reactor, a highly efficient oxidation
process could be developed using Mn oxides supported on porous materials with a
controlled structure. We also developed hierarchically structured TiO, -catalysts,
demonstrating their effectiveness in the catalytic process driven by heat and light.
Furthermore, these materials were combined with a creepage discharge reactor, and basic
data such as benzene decomposition efficiency were obtained.

The Chinese researchers detailed the benzene decomposition process in the discharge
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field using mass spectrometry and quantum chemical calculations. They also found that the
VOC decomposition efficiency can be improved by combining Co-Ni composite oxide
nanosheets with low-temperature plasma and that aromatic hydrocarbon compounds can
be efficiently oxidized and decomposed by controlling the lattice defect sites of the
Co-based composite oxide. These results are useful knowledge for developing practical
systems that exhibit high VOC removal and complete detoxification characteristics, and we
aim to implement them in society by establishing international industry-academia
collaboration.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

In this study, Kyushu University, the Chinese Academy of Sciences, and Shanghai Jiao
Tong University collaborated to develop a highly efficient VOC removal process based on
low-temperature plasma technology. An ozone oxidation and decomposition catalyst for the
effective use of ozone generated in the discharge field, an adsorbent for the effective use of
short-lived reactive oxygen species, and a low-temperature oxidation catalyst for the use of
waste heat were developed, and these were combined with low-temperature plasma.

The Japanese side developed manganese oxide on zeolite and microporous materials
for ozone oxidation and combined these with low-temperature plasma reactors. The
Chinese side examined the VOC oxidation properties of metal oxide catalysts.

In a discharge reactor, a one-stage reactor was constructed by loading catalysts in the
discharge field. A Pt/TiO; catalyst with a hierarchical structure was developed. The catalyst
showed high oxidation activity in the benzene oxidation reaction under heated conditions,
and it was found that VOC oxidation was promoted by utilizing the waste heat generated in
the discharge field. A two-stage reactor was also developed by loading the catalyst in the
latter part of the discharge reactor. We prepared a catalyst with manganese oxide supported
on zeolite and mesoporous silica supports as an effective catalyst for this reaction.
Low-temperature plasma was combined with adsorbent and catalyst materials, and these
properties were controlled by optimizing the structure, arrangement, and gap of electrodes
and dielectrics. The structure with the highest VOC degradation efficiency was designed
and developed by adjusting the arrangement of the ozone oxidation catalyst, VOC
adsorbent, and hierarchically controlled function-structure materials accordingly.

5-2 Synergistic effects of the joint research

We strengthened international collaboration among Kyushu University, the Center for
Ecological and Environmental Research of the Chinese Academy of Sciences, and
Shanghai Jiao Tong University by participating in international conferences and holding
meetings. Even though COVID-19 curtailed international exchanges, we maintained
frequent contact through online meetings and e-mail exchanges. Even though international
exchanges through COVID-19 were curtailed, we promoted research on low-temperature
plasma-catalyst composite technology through frequent communication via online meetings
and e-mail exchanges and published 12 papers, including 5 international co-authored
papers. The researchers agreed to maintain a strong collaborative relationship after the
completion of the research.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The promotion of this research project has led to a JST A-STEP research project and
established a collaboration system with domestic industry. Developing highly efficient VOC
treatment technology and technology transfer to the industry is expected to expand into the
Chinese environmental business market. Strengthened collaboration with the Chinese
Academy of Sciences and Shanghai Jiao Tong University is also expected to contribute to
the educational projects promoted by Kyushu University. Young researchers who
participated in this research project have obtained doctoral degrees and university teaching
positions in China, which can be developed into international exchange.
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