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

1. Projecttitle : IDevelopment of environmental catalysis using two-dimensional

nanosheet |

2. Research period : April 2019 ~ March 2022
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Shintaro Ida Prof. Kumamoto Research
University Supervisor
Collaborator | Tatsumi Prof. Kyushu University | Experiment
Ishihara
Collaborator | Keisuke Awaya | Dr. Kumamoto Experiment
University
Collaborator | Chu Wei, HSU | Dr. Kumamoto Experiment
University
Total number of participants throughout the research period: 4
Partner-side
Name Title Affiliation Role in the
research
project
Pl Lingxia Zhang | Prof. State Key Lab of | Research
High Performance | Supervisor
Ceramics and
Superfine
Microstructure
Co-PI Limin Guo Prof. Huazhong Experiment
University of
Science and
Technology
Co-PI . . Prof. Zhejiang Sci-Tech | Experiment
Xiaoping Dong . >
University
Total number of participants throughout the research period: 3

4. Summary of the international joint research

Although China is developing rapidly, the development of detoxification
technology for harmful substances emitted from industrial activities is slower
than that, and labor environment problems are becoming apparent. In particular,
volatile organic substances discharged from painting factories and printing
factories have a low concentration and a large amount, so there is a problem
that existing condensation recovery and catalyst combustion technologies
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cannot be used at low cost and high speed. In order to solve this problem, it is
necessary to improve the catalyst performance and make it free of precious
metals, and it is necessary to develop a new porous catalyst that can realize this.
To address these issues, in this research, we have developed a catalyst
technology that suppresses carbon dioxide emissions by detoxifying
low-concentration volatile organic compounds at high speed and low
temperature using nanosheets as raw materials. The Japanese side developed
a new nanosheet, analyzed the actual reaction mechanism, designed an ideal
catalyst structure, and the Chinese side developed a catalyst containing no
precious metal and a catalyst with a porous structure. Specifically, we have
developed catalysts that decompose formaldehyde and benzene-based volatile
organic substances and catalysts that make effective use of carbon dioxide,
using oxide nanosheets that do not contain precious metals and graphite carbon
nitride synthesis technology, which the Chinese side is good at. It is. The
Japanese side has developed a visible light responsive nanosheet photocatalyst
to decompose volatile organic compounds by light irradiation in combination with
a noble metal-free toluene thermal decomposition catalyst using nanosheet
catalysts.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research
Techniques for removing VOCs such as toluene include direct heating,
catalytic combustion, adsorption removal, photocatalytic oxidation, etc. In
particular, the catalytic combustion method has the advantage of lower energy
consumption than other methods. As VOCs decomposition catalysts, those in
which precious metals such as platinum and palladium are supported on the
surface of alumina and zeolite are widely used, but considering the rising price of
precious metals, it is necessary to replace them with precious metal-free
catalysts in the future. Therefore, many transition metal oxides, which are
excellent in terms of both price and activity, have been studied, and manganese
oxide has attracted the most attention because of its high redox ability and
various crystal structures. As a major result of international joint research, we will
introduce the development results of a pyrolysis catalyst for toluene, which is a
type of VOC. In this study, y-type, 6-type, and e-type manganese oxide (MnO2)
were prepared and their catalytic activities for the toluene decomposition
reaction were compared. As a result, it was clarified that 6-MnO2, which had the
highest activity, could decompose toluene at 195 ° C. It was found that 6-MnO2
can withstand use under high humidity. Furthermore, the toluene-catalyzed
reaction test was carried out continuously for 12 h while keeping the temperature
at 195 ° C, but no significant decrease in the conversion rate was observed. And
we also developed a noble-metal-free VOCs combustion catalyst based on
manganese cobalt oxide (MnCoO) nanosheet. A layered potassium manganese
cobalt aluminum oxide was delaminated into monolayer manganese cobalt
oxide nanosheets and then the nanosheet was restacked with transition metal
cations such as Mn?*, Co?*, Fe®*, and Cu?*. The layered potassium manganese
cobalt aluminum oxide was added into basic solutions to dissolve AlOx sites and
to form nanopores in the monolayer manganese cobalt oxide nanosheet, which
the thickness was around 0.8 nm. The powder XRD pattern of Cu?*/MnCoO
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confirmed that the restacked structure was thermally stable below 400 °C, which
was high enough for toluene combustion reaction. The 50%-toluene conversion
temperature (Tso) of Cu?*/MnCoO recorded the lowest value of 217 “C of all
restacked samples. The Tso value of Cu?*/MnCoO was lower than that of the
layered crystals without delamination process (450 “C for K* phase and 235°C
for H* phase). When the long-term durability test for Cu?*/MnCoO was
performed at 240 “C (Te0), no significant decrease was observed for the toluene
conversion (86-94%) over 5 days. Additionally, H2-TPR, O2-TPD, XPS was
employed for further discussion on the catalytic activity of Cu?*/MnCoO. The
results indicated that the Cu?*/MnCoO possessed high reducibility and large
amount of oxygen vacancy, which contributed to its high catalytic activity.

5-2 Synergistic effects of the joint research

Not only researchers but also Japanese and Chinese students participated in
this project and promoted their research. Researcher exchanges have been
realized in which two students from the university to which the Chinese
researchers belong are enrolled in the doctoral program at the university to
which the Japanese researchers belong. This is a synergistic effect of the
impactful results obtained from researchers in both countries, and it is expected
that the international research network will be further strengthened by utilizing
this synergistic effect in the future.

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

Domestic home appliance manufacturers are interested in the results of this
research and have started joint research. In the future, it has become clear that if
even lower temperatures can be achieved, it may lead to the development of air
purification filters that can detoxify VOCs.
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