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Function analysis of polymer membrane and ionomer

To understand the structures of proton- and anion-conducting polymer membranes and binders at the atomic to micrometer level, analytical methods,
such as neutron reflectivity, grazing incidence small-angle X-ray scattering, X-ray absorption spectroscopy, are used. Furthermore, to analyze the
functions, the movements of ions and water molecules using current-detecting atomic force microscopy, neutron quasi-elastic scattering, nonlinear laser
spectroscopy are used. Aiming for further performance improvement, we are feeding back this information into the synthesis of new ionomer materials.

Operando monitoring of water Operando monitoring of oxygen inside GDL Water molecules within the anion-conductive Operando monitoring of temperature inside cell
molecules inside polymer membranes polymer membrane

B Mass production of ceramic nanoparticles toward
their application in a sustainable society
Our deliverables of ceramic nanoparticles/catalysts are generated actively by

low-cost and suitable mass production techniques through collaboration with
several materials companies.
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Highly durable ceramic nanoparticles Highly durable and conductive Ceramic nanoparticle synthesis system
ceramic nanoparticles

B Evaluation of conducting ceramic
nanoparticles

The interface and surface structure of ceramic supports

and electrocatalysts are evaluated by the latest analyti-

cal systems. The mechanism of high activity and

durability of the electrocatalyst using the ceramic

supports are clarified to develop the new electrocata-
lysts.

1.The latest transmission
electron microscopy
2.In situ small angle X-ray _—= = —_—— = == ==
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3.Rotating disk electrode

method DEFT calculation for oxygen reduction reaction mechanism on Pt surface



Polymer Research Division Manager

Kenji Miyatake
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Proton-conductive polymer membranes

High performance proton conductive membranes are being developed to achieve highly
efficient, powerful, and durable fuel cells. The main subject includes fluorine-free ionomer
membranes with thin film-forming capability, gas impermeability, and stability under harsh
conditions. Furthermore, the proton conductivity at low humidity, mechanical strength, and
interfacial compatibility are also being improved.

Synthesis of proton conductive polymers

B
Anion-conductive polymer membranes

Highly anion-conductive and chemically robust ionomer membranes are being
developed. The target anion-conductive membranes are fluorine-free,
alkaline-resistive, and gas impermeable. Through the collaboration with industry,
the emerging anion-conductive membranes are being investigated for alkaline
eletrolyzers.
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Nuclear magnetic resonance apparatus (NMR)

I Scale-up synthesis and reinforcement
of the ionomer membranes

Polymerization reactions and membrane processing are being investigated
on a larger scale. The fabrication of ionomer membranes is scaled-up from
solution casting to bar-coating and roll-to-roll processing to obtain optimum
ionomer membranes on the meter scale. Furthermore, fluorine-free
ionomers are being reinforced with porous substrates to achieve ultrathin,
robust membranes.

Rolled sample of hydrocarbon ionomer membrane

B
lonomers for catalyst layers

High performance ionomer materials are being
developed as electrode binders. For the proton or
anion-conductive ionomers, mass transport
capability (hydrogen, oxygen, and water) and
compatibility with catalyst nanoparticles are
created. The properties of the ionomer materials
are being optimized according to each applica-
tion.

AAIR—

Tonomer-coated catalysts Ionomer powder samples



History of the Center

m1978.4~1988.3 Laboratory of Electrocatalysis for Fuel Cells m2008.4~ Fuel Cell Nanomaterials Center

m2022.6~ Hydrogen and Fuel Cell
Nanomaterials Center

m1989.4~2001.3 Laboratory of Electrochemical Energy Conversion
m2001.4~ Clean Energy Research Center

History of the Research and Education Projects

University of Yamanashi collaborates with other universities, research institutions, and industry to advance research and practi-
cal applications.
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Organization of the Center

Under the direction of the Center Director, we are engaged in research in four departments: metals research, ceramics
research, polymer

research, and research planning. In addition, we are supported by Advanced Research Administration office (Hydrogen and
Fuel Cell Nanomaterials Center Administration Office) and the Hydrogen /Fuel Cell Technical Support Office, which have been
set up in the Research Promotion and Social Cooperation Organization of the University of Yamanashi. Furthermore, we are
promoting research in close cooperation with researchers in Japan and overseas.
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