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Passive Autocatalytic Recombiner (PAR)

g |
Primary Containment Vessel .
(PCV) .
Reactor Pressure Vessel -
(RPV) .
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Fuel Debris

A storage canister
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Fuel Debris
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Decomnﬁissioning of Fukushima Daiichi (1F)

Fuel debris retrieval / transportation / long-term storage technology



PAR vs atalysts in Plants
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An Intelligent Catalyst with self-regeneration function
Perovskite-type oxide (ABO3 )

Cationic Pd  Self-healing Metallic Pd
(0.1 nanometer)  Solid solution nano-particle
(Oxidative) (1 nanometer)
> o
Self-regeneration .-~ | s
-l ,/(?
Vol.418, pp.164-167 Segregation | () ‘G :
11 July 2002 (reductive) | : @ |
: Self-forming | 6) s bt
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O ; Oxygen @
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. 1
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PAR for Liquified Hydrogen (LH2)

Safety Issues Requirements for PAR

Characteristics of

liquid hydrogen
-253 °C = 20K

High energy density

High expansion
(in case of leakage)

Adverse
environmental
Long-term exposure
(During use)
Mounting position
(Deck, Engine room)

Fire spread from
others

Cryogenics
Ignition

High flow rate

o ‘,.n". e o) «
SdiEty Issues

PGM Surface
oxidation

Sea breeze / Oil
mist / Sunlight

CO poisoning

Enhanced catalytic activity
Suppression of catalytic activity

Accelerated catalytic response

Requirements for PAR

Persistence of anti-oxidation

Improvement of geometric design,
catalyst configuration and materials

Resistance to catalyst poisoning

Utilizing technology accumulation R
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Mixed gas conditions for catalytic activity evaluation

o Co 0. omen oo a0

10.0 excess X 10 times
2 1.0 1.0 1.0 stoichiometry 100%
3 1.0 1.0 0.75 shortage /5%
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

Gas H,: 1,0%, CO: 1.0%
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Volcano plot

metallic: Pt > Pd > Rh > oxidative
Stable phase: Pt, (Pd) PdO, Rh,0;

300 I = = i -l =
decomposition of formic acid
350 | Pte, ol -
400 L Pd o -
450 |- -
Au

500 |- Au -
550 | ] | |

200 250 300 350 400 450

AHs (kJ/mol)

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



PGM on CZY oxides Pre CO poisoning

Gas H,: 1,0%, CO: 1.0%
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Time-resolved XAFS for Pt

1.2

1.15
1.1
1.05

0.95
0.9

Absorption

SPrlng 8 BL14Bl

Dispersive optics

Si(111), Bragg configuration
Pt L;-edge

2 Hz observation

Room temperature

0.85
0.8

0.75 : ' Pt(4 wt%)/Al,0; and Pt(4 wt%)/CZY
11560 11580 11600 For passive autocatalytic recombiner (PAR) catalyst.

Photon energy (eV) Change of spectra during water formation reaction




Preliminary XAFS experiment: Adsorption by single gas

1.6 [
Pt(4wt%)/CZY He
Pt(4wt%)/CZY H2
14} Pt(4wt%)/CZY CO
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: e el h.Hz
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06/ d
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Energy (eV)

Pt L;;;-edge XANES spectra of Pt/CZY
under individual gas atmospheres at room temperature



Mixed gas conditions for XAFS experiments

mmmm

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 Al,O; and CZY.
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Pt L;;;-edge XANES spectra of Pt/CZY
under mixed gas atmospheres at room temperature



Image diagram

e OO%Hz

H;
O(gzOO 8520 + CO = 0 8
/!p—t\ﬁ * Pmsomng' C

A|203 A|203

reaction termination due to CO poisoning in Pt/Al,O; catalysts

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

Development of hydrogen oxidation reaction catalysts
to overcome CO poisoning and elucidation of reaction mechanism,
J. Phys. Chem. C 127, (2023) 11542-11549

THE JOURNAL OF

CHEMISTRY 7 measo THE JOU R'NAL OF
B A e e Pt/Al,O5 Pt-Fe/CZY PHYSICAL
Junnosuke Urano, Takuro i Tanaka* HZ H2 Hzo
Cco i Cco i
= 0, = 0, ol
_ ) | co, .
CO adsorption x J
/
CO, N
. (0{0)
< Pt-Fe
AlLO; O CZY
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https://pubs.acs.org/doi/10.1021/acs.jpcc.3c02237 Remi Tanaka (my daughter) 24



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

Summary

e In the presence of excess O,, all Pt, Pd and Rh catalysts exhibited
good oxidation activity for H, even in a CO-poisoned environment.

e The activity order was Rh > Pd > Pt for the precious metal species,
and CZY > Al,O; for the support materials, suggesting that the
formation of an oxide layer on the precious metal surface is effective
for CO tolerance.

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

e Pd/CZY selectively oxidized H, without oxidizing CO in an oxygen-
insufficient environment.

e The intelligent catalyst displayed superior properties for both H, and
CO oxidation across a wide range of boundary conditions.

e 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.
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