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

1 . Project title: [Study of water management and low temperature start-up of fuel cell
stack in bus application |

2 . Research period: Aug. 2016 ~ Mar. 2019
3 . Main participants:
Japan-side
Name Title Affiliation Role in the
research
project
Pl Takemi Professor Hokkaido Total Project
Chikahisa University Leader
Co-PI Yutaka Tabe Professor Hokkaido Experiment on
University Current
control
Co-PI Takuto Araki Associate Yokohama National | X ray
Professor University measurement
Co-PI Tetsuo Director- National Institute of | Supervisor of
Munakata General Advanced AIST
Industrial Science
and Technology
(AIST)
Collaborator | Hiroshi lto Senior AIST Water balance
Researcher experiment

Total number of participants throughout the research period: 5

China-side
Name Title Affiliation Role in the
research
project
. . : . Project Leader
Pl Jianbo Zhang Professor | Tsinghua University of China

Co-PI Shixue Wang Professor | Tianjin University MPL .
experiment

Co-PI Yoshio Utaka | UISIING | rianiin University | MPL
Professor experiment

Total number of participants throughout the research period: 3

4. Summary of the international joint research

The objective of the research is to propose effective technology to realize reliable cold
start of fuel cells for large buses and trucks from -30 deg. C. Different from fuel cells for small
passenger vehicles, the separators of these fuel cells will be made of carbons instead of thin
metals due to endurance requirement. They are more difficult for the cold start due to larger
heat capacity to increase temperature. Applying the unique backgrounds of technological
advantage of the individual institutions, the collaborative research focused on understanding
the optimum control of current density during the process and the micro-porous layer (MPL)
structure effective for the cold start.
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In order to ensure high level of information exchange, international workshops and
meetings were held regularly in twice a year to visit each country one by one. Additionally,
different meetings were held individually in each country. Student exchange was also
conducted to grow young researchers.

As the result of the three-year project, the optimum control of current density during the
startup operation was revealed for the balance among water content in the membrane, heat
generation, heat loss, and water diffusion in the cell. It was also clarified that hydrophilic MPL
of fiber structure is superior to the ordinal hydrophobic MPL of particles for the cold start due
to water distribution in the cell. Based on the knowledge of the water motion, a desirable MPL
structure for the cold start was proposed: it has cyclic lines of hydrophilic and hydrophobic
MPL in the plane to keep paths for water and air. The research also showed the possibility of
hydrogen pump operation for warming up the cell, in which cyclic polar voltage is applied
externally, when hydrogen is supplied in the both fluid channels.

From the cooperative research program strong network was established among the major
researchers in this field in the two countries, and the initial objective was attained sufficiently.

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

As a result of the frequent workshops and meetings as scheduled, optimum control
technology of current density during the cold start process was clarified. The joint research
also showed the structure of MPL effective for the cold start. Water and ice distribution during
the cold start was observed and compared among the three different measuring
technologies; cryo-SEM method, X ray measurement, and neutron image method. The
research also showed the possibility of hydrogen pump operation for warming up the cell, in
which cyclic polar voltage is applied externally.

These results were presented in local and international conferences and the important
information was open for the development of industries.

5-2 Synergistic effects of the joint research

In the joint research international workshop and meetings were held regularly in twice a
year. Because of these frequent meetings, the progress state of each institution was
confirmed, and the theme of the next research was discussed deeply. As each institution has
its unique technologies of experiment and numerical analysis, the joint research promoted
understanding of the phenomena. This program increased the networking of the researchers
in the two countries. Additionally, the program contributed for the growth of young
researchers in the two countries.

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

The joint research program revealed the major technological factors to accomplish cold
start of fuel cells of large buses and trucks. It also promoted the stronger networking among
the researchers in the two countries, as well as the education of the younger generations in
this field. The results were presented in local and international conferences, and the
information contributed to the research in industries. It also had the effects of advancing
measurement technologies of cryo-SEM, X ray and neutron images.
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