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Fig. 1 (Color online) Precious metal reversibly moves into and out
of the perovskite oxide (the intelligent catalyst) in order to
suppress the growth of the precious-metal particles as it is
cycled between reductive and oxidative atmospheres typically
encountered in exhaust gas of petrol engines. On the other
hand, metal particles dispersed on a solid support (the con-
ventional catalyst) are exposed to the heat of exhaust gas so
as to agglomerate and grow in the course of time.
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Fig. 2 (Color online) Palladium as well as platinum and rhodium
occupies the B-site (6-fold coordination) of the perovskite
structure in an oxidative atmosphere, and segregates out to
form small metallic particles in a reductive atmosphere. The
local structure around palladium changes in a completely
reversible manner. The catalyst retains a predominantly
perovskite structure throughout a redox cycle.
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Fig. 3 Time dependence of coordination numbers of Pd-O and Pd—
Pd shells under the H, (left) and the O, (right) atmospheres
for Pd-perovskite (top) and Pd/ALO; (bottom) at 300°C.
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Fig. 4 Variations of XAFS parameters of Pd-Pd shell of (a) Pd/
AlLO; and (b) Pd/LaFeO;, during CO/NO successive
dosing at 400°C, where E. shift, CN, ¢2 and R are energy
shift of the Pd K-edge, coordination number, Debye-Waller
factor and interatomic distance of the Pd-Pd bonding,
respectively.
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Fig. 5 (Color online) Local density of states (LDOS) of (a) the d
orbital of surface Rh atoms of Rh(111), (b) the d orbital of
surface Cu atoms of Cu(111), and (c) the dz? orbital of
surface Cu atoms of Cu(111) compared with that of Cu-
terminated Cu,O(111).
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Fig. 6 (Color online) NOx conversion performance of Cu dis-
persed on alumina was evaluated at 500°C (A/F=14.5). The
alumina was doped with Ba, Ce and La. Doping of Ce and
La is useful to maintain higher conversion efficiency even
after the engine aging at 1000°C for 5 hours.
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Fig. 7 Time dependence of energy shift of the Cu K-edge for the Cu
nano-particles dispersed on (a) Ce-doped alumina and (b)
non-doped alumina, during CO/NO successive dosing at
400°C.
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Fig. 8 (Color online) Light-off performance of Ni—Cu alloy and
Cu catalysts was evaluated after reducing, oxidizing, and
re-reducing treatments. The Ni—Cu alloy catalyst began NO
decomposition at low temperature even after the oxidizing

treatment.
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Fig. 9 XANES spectra of Ni-Cu alloy observed in the initial 25 sec.
oxidizing treatment at (a) the Ni K-edge and (b) the Cu K-
edge.
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Fig. 10 (Color online) Conversion efficiency of NOx, CO, and total
hydrocarbon (THC) in the sweep test for (a) the Cu
catalyst developed in this project and (b) the Pt catalyst as a
reference. The red rectangular represents a working region
where the conversion efficiency for the three kinds of harm-

ful gas is above 80%.
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Precious-metal-free automotive catalyst in the
Elements Science and Technology Project

Yasuo NISHIHATA Japan Atomic Energy Agency, Quantum Beam Science Directorate, Reaction
Dynamics Research Division,
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan

Daiju MATSUMURA Japan Atomic Energy Agency, Quantum Beam Science Directorate, Reaction
Dynamics Research Division,
1-1-1 Kouto, Sayo-cho, Sayo-gun, Hyogo 679-5148, Japan

Abstract Self-regeneration of the intelligent catalyst as an automotive catalyst was observed by in-situ
XAFS. Palladium nano-particles in catalytic reaction were also observed to elucidate the differ-
ence in activity between the intelligent catalyst and the conventional one. Copper has been inves-
tigated as a candidate to replace precious metals since the first-principle theory predicts an active
copper surface for NO dissociation. The redox property of Cu turned into a similar property of
precious metals by managing the interaction between Cu particles and a substrate. The conver-
sion efficiency of Ni—Cu alloy particles increased than each element alone. The Ni was oxidized
faster than the Cu so as to maintain a metallic surface of Cu. These properties of Cu were incorpo-
rated into new design of a Cu catalyst, which has achieved high catalytic activity with the regular
operation of engine in the beginning.
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