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Abstract

AHETREABEHRKSHRARCICHAET NS "=asiE, OFMELICE T TER—BILREC
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TFLZT7L—LOBABRICKE T,

MREER TR, —MRICESFABEIZRT 71V TEEZRAL . EEOLETPI(NO)3KEA
WMEHAUCUKARZRE Lo, HBEEBZIRETILIHRICERL ., ChZEXIF T500°C
ICHR T3 ETPA-AUESAIEZ B, MEOFYSORUE— a3 ik, XBXEFHHKXPS
). BREFEME(TEM), XBREHF(XRD)TEEL Iz, MESH., F¥r>ZU2UE—->3> 0
BUICKY, PA-AUESMIBEOETRENFGEZREL Iz,

TMEERRTE. MERISETSELIERBARAZIMITIERIMAZRBALEZTF v N
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MELUEZTREEL . ERUELRKEZRAVT, BYORGTMBEEMEZTML 2. LR
ABELT, PA-AUREROFEEREL 1o, BEMIC TCOO2HRAREL, & TPd-AuE &K
B, CN92 THEEHEE) OIXTREERL ., ZRBEZRHAREGLPERERETSIEHD
BétEB2Z EICKINL 1=,

B, BONERKRIESVTELIMESRETMERZEL TWD, ETLITL TSHREEY
OHLSVENICEEFUERGZRRT D LHOORFAENFE RS AKENL" OTOT S LAZERF
Thd, chzfVBETRYBRICEYBESERERET D TOLRAZEITHTFETH
%

The aim of this study is the improvement of the catalytic performance of the "three-way catalyst" for|
automobile exhaust gas purification. For a high-throughput survey of candidate materials, the
development of a catalytic activity testing system was carried out. It is well known that Pd-based
alloy catalysts are effective for low-temperature carbon monoxide (CO) oxidation reaction. The
research-flow is described as follows: (1) establishment and characterization of a catalyst
synthesis method for Pd-Au alloys that are reported to exhibit high activity even at low
temperatures; (2) development of a catalyst activity testing system equipped with a mass
spectrometer. The research grants (00,000) were used to purchase vacuum equipment parts,
metal samples, and aluminum frames to support the vacuum chamber, as originally planned.

In the catalyst synthesis, a pore-filling method, which is widely used for industrial products, was
employed. After mixing of Pd(NO)3 aq. and HAuCH4 aq., the mixture was impregnated into
aluminum oxide powder as a substrate. This was fired at 500 deg. C in an electric furnace to obtain
a Pd—Au alloyed catalyst. Characterization of the catalyst was performed by X-ray photoelectron
spectroscopy (XPS), transmission electron microscope (TEM), and X-ray diffraction (XRD). By
repeating catalyst synthesis and characterization, optimal synthesis conditions for Pd-Au alloy
catalyst were determined.

In the development of the testing system, a vacuum chamber equipped with a gas cell for
performing the catalytic reaction and a mass spectrometer for analyzing the reaction gas was
installed. The catalytic activity was monitored under various conditions. Finally, a three-
dimensional diagram of "catalyst activation temperature”, "CO / O2 gas mixture ratio" and "Pd-Au
alloy composition ratio" was created, and guidelines for determining the optimal gas mixture ratio
and composition are obtained.

Currently, further synthesis and evaluation of the catalyst are ongoing based on the obtained
results. We are also developing a program for a statistical method "Bayesian optimization" to
efficiently survey for highly active conditions from various conditions. Using this, we plan to
establish a process for determining the appropriate alloy composition more quickly.
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Design of Pd based alloy catalyst for low—temperature CO oxidation and development of reactivity test system.

1. HIREBRFROBE
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The aim of this study is the improvement of the catalytic performance of the “three-way catalyst” for automobile exhaust gas
purification. For a high—throughput survey of candidate materials, the development of a catalytic activity testing system was carried
out. It is well known that Pd—based alloy catalysts are effective for low—temperature carbon monoxide (CO) oxidation reaction. The
research—flow is described as follows: (1) establishment and characterization of a catalyst synthesis method for Pd—Au alloys that are
reported to exhibit high activity even at low temperatures; (2) development of a catalyst activity testing system equipped with a mass
spectrometer. The research grants (¥500,000) were used to purchase vacuum equipment parts, metal samples, and aluminum frames
to support the vacuum chamber, as originally planned.

In the catalyst synthesis, a pore—filling method, which is widely used for industrial products, was employed. After mixing of Pd(NO)3
aqg. and HAuCl4 aq., the mixture was impregnated into aluminum oxide powder as a substrate. This was fired at 500 deg. C in an
electric furnace to obtain a Pd—Au alloyed catalyst. Characterization of the catalyst was performed by X-ray photoelectron
spectroscopy (XPS), transmission electron microscope (TEM), and X-ray diffraction (XRD). By repeating catalyst synthesis and
characterization, optimal synthesis conditions for Pd—Au alloy catalyst were determined.

In the development of the testing system, a vacuum chamber equipped with a gas cell for performing the catalytic reaction and a
mass spectrometer for analyzing the reaction gas was installed. The catalytic activity was monitored under various conditions. Finally,
a three—dimensional diagram of “catalyst activation temperature”, “CO / 02 gas mixture ratio” and “Pd-Au alloy composition ratio”
was created, and guidelines for determining the optimal gas mixture ratio and composition are obtained.

Currently, further synthesis and evaluation of the catalyst are ongoing based on the obtained results. We are also developing a
program for a statistical method “Bayesian optimization” to efficiently survey for highly active conditions from various conditions.
Using this, we plan to establish a process for determining the appropriate alloy composition more quickly.
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