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Kwansei Gakuin was founded in 1889 in Kobe, by an American missionary W. R. Lambuth, 
with the aim of training missionaries and educating young people based on the principals of Christianity.

School Student (S&T) Teacher
University 29,080 (3,320)

750Graduate School
Doctor 140 (20)
Master 660 (410)

Undergraduate School 24,400 (2,890)
Women's college 280 15
High school 1,410 94
Junior high school 950 59
Elementary School 550 32
Kindergarten 200 16
International School 270 40

The 4th. president of Kwansei Gakuin
Cornelius John Lighthall Bates

1877-1963

“Mastery for Service”
the school motto of Kwansei Gakuin 
reflects the ideal for all its members 

to master their abundant God-given gifts 
to serve their neighbors, society and the world. 

Kwansei Gakuin University
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Today's course meal (Agenda)
1. Appetizer

・ Introduction to STACY Project

2. Soup
・ Passive Autocatalytic Recombiner and Automotive Catalyst
・PAR for Liquified Hydrogen (LH2)

3. Main Dishes
・Poisson         Catalytic Performance Evaluation
・Meat             Synchrotron radiation analysis

4. Café & Dessert
・ Future Aspirations
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STACY
Towards Safe Storage and Transportation of Cryogenic Hydrogen

European Interest Group (EIG) CONCERT-Japan 
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STACY: international collaboration

JAPAN
 Kawasaki Heavy Industry

 Daihatsu Motor

 Japan Atomic Energy Agency

GERMANY
 Chemical Consulting 

Dornseiffer

 EnerSys, Hawker

FRANCE
 Air Liquide/ France

Dr. Ahmed Bentaib
IRSN, France

WP1: Critical review & scenario identification
WP4: Application: Safety methodology assessment

Hydrogen safety assessment
in nuclear power plants, 

involved in development of 
safety assessment

methodologies and risk
prevention procedures

Dr. Ernst-Arndt Reinecke
FZJ, Germany

WP3: Catalytic recombination
WP5: Coordination and Dissemination

Dr. Nabiha Chaumeix
CNRS-INSIS, France

WP2: Combustion fundamentals

Flame and explosion dynamics, 
Explosion safety, 

involved in industrial projects 
and research programs

Prof. Hirohisa Tanaka
KGU, Japan

WP3:Catalytic recombination

Industrial Advisory Board 
(IAB)

Project management
Hydrogen recombiners, 
involved in industrial 

recombiner development and 
recombiner qualification

Design of catalyst, Catalytic 
cryogenic reaction experiment, 
Synchrotron radiation analysis

involved in industrial 
recombiner development 
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Passive Autocatalytic Recombiner (PAR)

H 2

H 2

O2

H 2O

water

Fuel Debris

Fuel Debris

Primary Containment Vessel
(PCV)

Reactor Pressure Vessel
(RPV)

PAR

Decommissioning of Fukushima Daiichi (1F)
Fuel debris retrieval / transportation / long-term storage technology

A storage canister
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PAR vs Catalysts in Plants

https://appliedcatalysts.com/cat-
serv/catalyst-manufacturing/

Robustness in uncontrolled environments
Performance under the worst conditions

Framatome PAR FR1-750T
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Delicious Cakes Cooking Method Ingredients Materials Origin

High Performance
PAR

Preparation Method Materials Crystal Design
Catalyst Preparation
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J-SULEV

An Intelligent Catalyst with self-regeneration function

PGM nano-particles are dispersed as smaller sub-nano cations 
while in the inherent redox fluctuation of the automotive exhaust.

It has been installed in 6.5 million Toyota and Daihatsu SULEV vehicles.Mr. M. Taniguchi

Perovskite-type oxide (ABO3 ) Metallic Pd
nano-particle

(1 nanometer)

B
O

A

Solid solution
(Oxidative)

Segregation
(reductive)

Cationic Pd
(0.1 nanometer)

Self-regeneration

Vol.418, pp.164-167 
11 July 2002

Self-forming

Self-healing
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PAR for Liquified Hydrogen (LH2)
Characteristics of 
liquid hydrogen Safety Issues Requirements for PAR

1 -253 ℃ = 20 K Cryogenics Enhanced catalytic activity
2 High energy density Ignition Suppression of catalytic activity

3 High expansion 
(in case of leakage) High flow rate Accelerated catalytic response

Adverse 
environmental Safety Issues Requirements for PAR

1 Long-term exposure 
(During use)

PGM Surface 
oxidation Persistence of anti-oxidation

2 Mounting position
(Deck, Engine room)

Sea breeze / Oil 
mist / Sunlight

Improvement of geometric design,
catalyst configuration and materials

3 Fire spread from 
others CO poisoning Resistance to catalyst poisoning

Utilizing technology accumulation 11
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Mixed gas conditions for catalytic activity evaluation
No H2 CO O2 oxygen oxygen ratio

1 1.0 1.0 10.0 excess x 10 times

2 1.0 1.0 1.0 stoichiometry 100%

3 1.0 1.0 0.75 shortage 75% 

4 1.0 1.0 0.5 insufficient 50%

This study focuses on the reaction selectivity to supply oxygen to 
hydrogen oxidation while minimizing effects of coexisting gases.
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PGM on alumina Pre CO poisoning
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Volcano plot

Gadi Rothenberg, Catalysis: Concepts and Green 
Applications. Wiley-VCH (2008) pp. 65

decomposition of formic acid

Volcano-Curves for Dehydrogenation of 2-Propanol and
Hydrogenation of Nitrobenzene by SiO2-Supported Metal
Nanoparticles Catalysts As Described in Terms of a d-Band
Model, ACS Catal., 2, 9, (20212) 1904–1909

metallic: Pt > Pd > Rh > oxidative
Stable phase: Pt, (Pd) PdO, Rh2O3

Pt

Pd

Rh

Au

Fe
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PGM on CZY oxides Pre CO poisoning
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Time-resolved XAFS for Pt

Dispersive optics
Si(111), Bragg configuration
Pt L3-edge
2 Hz observation
Room temperature
Pt(4 wt%)/Al2O3 and Pt(4 wt%)/CZY
For passive autocatalytic recombiner (PAR) catalyst.
Change of spectra during water formation reaction

Time

SPring-8 BL14B1
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Preliminary XAFS experiment: Adsorption by single gas

Pt LIII-edge XANES spectra of Pt/CZY 
under individual gas atmospheres at room temperature 19



Mixed gas conditions for XAFS experiments 

Gas H2 CO O2 Oxygen ratio
1 4.0 --- 10.0 excess
2 4.0 --- 2.0 stoichiometry
3 4.0 1.0 10.0 excess
4 4.0 1.0 2.0 insufficient

Investigation of competitive gas adsorption 
onto platinum supported on Al2O3 and CZY.
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XAFS
under 

mixed gas

Pt LIII-edge XANES spectra of Pt/CZY 
under mixed gas atmospheres at room temperature

XAFS spectra of Pt/Al2O3 XAFS spectra of Pt/CZY
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Image diagram

reaction termination due to CO poisoning in Pt/Al2O3 catalysts

hydrogen recombination overcoming CO poisoning in Pt/CZY catalysts
22
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Anti-CO poisoning Pt-Fe/CZY catalyst

https://pubs.acs.org/doi/10.1021/acs.jpcc.3c02237

Received: April 4, 2023
Revised: May 26, 2023

Illustrated by 
Remi Tanaka (my daughter)

American Chemical Society

Development of hydrogen oxidation reaction catalysts 
to overcome CO poisoning and elucidation of reaction mechanism, 

J. Phys. Chem. C 127, (2023) 11542−11549
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Summary
• In the presence of excess O2, all Pt, Pd and Rh catalysts exhibited

good oxidation activity for H2 even in a CO-poisoned environment.
• The activity order was Rh > Pd > Pt for the precious metal species,

and CZY > Al2O3 for the support materials, suggesting that the
formation of an oxide layer on the precious metal surface is effective
for CO tolerance.

• Even in the presence of CO, Pt/CZY was the only catalyst that showed
a high H2 oxidation activity at lower temperature under excess O2.

• Pd/CZY selectively oxidized H2 without oxidizing CO in an oxygen-
insufficient environment.

• The intelligent catalyst displayed superior properties for both H2 and
CO oxidation across a wide range of boundary conditions.

• Oxygen affinity is critical to catalyst design, and control at the atomic
level is key to achieving desired performance under adverse
conditions such as CO poisoning. 25
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