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1. to clarify effects of synchronous and asynchronous pulse deposition
2. to evaluate alocal structure and catalytic performance
3. to compare with catalytic properties of wet-impregnation (imp) catalysts

TEM images and EDX spectra of Fe-Pd
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TEM images and size distributions
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Catalytic activity over CeO,-supported catalysts
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Introduction

Unsupported Rh nanoparticles prepared by arc-plasma process

vacuum |. container
(TMP/RP) E (Al,O4, CeO,)
syn 900 °C, 25 h,

arc-plasma gun | Preparation condition

(APG: Pd or Cu) Supports : Al,O,, CeO,
Cathodes : Fe and M (M=Pd, Cu)
Pressure : 1.0x103 Pa

Discharge voltage: 125V
Condenser capacity: 360 yF

Synchronous (syn) pulse

Results and Discussion

Pd K-edge EXAFS and fitting parameters

1.2wt% Fe-1.0wt% Pd/Al,O4(fresh)

EXAFS of Rh/AIPO, Catalytic activity for CO
(Rh K-edge) @ oxidation over Rh/AIPO,
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_ S. Hinokuma et al., Top. Catal., 52, 2108 (2009).
2 Interval of k-space to r-space of FT is 3.0-13.8 A-L, S. Hinokuma et al., Catal. Today, 175, 593 (2011).
b Average size of Rh nanoparticles on AIPO,. S. Hinokuma et al., Bull. Chem. Soc. Jpn, in press.

Characterization

XRD XRF XPS
Specific surface areas (Sge-) FT-IR
Metal dispersion (CO chemisorption) HRTEM

CO oxidation catalytic activity test
(0.1% CO, 1.25%0,, He balance, W/F=5.0%X 10 g-min-cm-3)

L 4 XAFS (BL9C, NW10A, KEK) Proposal No. 2012G749

Light source: Bending magnet, Double-crystal monochromator: Si(111) or (311)
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Catalytic properties of CeO,-supported catalysts

Fe Pd Sger CO/Pd2  Fef  Pd% T,
40 | el CNa r/Ab  g2/10-2 A2 = /00 Iwt% [ wt% / mz-g'l I % | % | % /°C
| she (£0.2) (#0.03)  (#0.05) 0
N\ Fe-Pd (fresh) 0.43 0.25 166 74 77 51 08
i | syn Pd-O 2.7 2.01 0.45 2.0 syn
! Pd-Fe 05  2.70 0.65
g | | Pd-Pd 08 273 0.59 Fe-Pd (fresh) 0.31 0.22 167 57 65 36 105
= 5 | asyn
9 | i asyn Pd-O 2.7 2.01 0.27 2.5
% 20 : i Pd-Pd 0.6 2.71 0.59 2 Determined by pulsed CO chemisorption at 50 °C. Reduction by H, at 200 °C.
=) | i b Determined by Fe2p and Pd3d XPS.
S : ' ¢ Temperature at which CO conversion reached to 10%
n PdO  Pd-O 4.0 2.02 0.27 0.5
Pd-O-Pd 4.0  3.05 0.52 -
10
Pd-O-Pd 8.0 3.43 0.55 Syn asyn
Pd-Pd x 1/3 _ .
Pd foil| Pd foil Pd-Pd 120 274 059 0.1 Fe-Pd = Pd
0 : )
Interval of k-space to r-space of FT is 3.0-16.0 A-L,
0 1 2 3 4 5 acoordination number. binteratomic distance. cDebye-Waller factor. CeOZ CeOZ
Distance / A S. Hinokuma et al., Catal. Today, 201, 92 (2013).
X-ray absorption spectra (XAFS) of Al,O;-supported catalysts
Cu K-edge EXAFS Fe K-edge XANES
80 2 A b 2/10-2 A2 L6 1
4 CNa 1/ 02/10-2 A2¢ - - Fe foll
o ! AP (fresh) Shell (#0.2) (#0.03) (005 R 2l —- Feo
1 AP (fresh)  Cu-O (CuFeO,) 06  1.83 0.10 0.1 ' - - Fe.0
T AP (aged) Cu-O (CuO) 2.6 1.95 0.26 23
60 1 1.2 F
5 1 _ AP (aged) Cu-O (CuFeO,) 05 181 0.19 0.01
3 50 } imp (fresh) Cu-O (CuO) 34 195 0.55 10 |
= f !
G) 1
° X i imp (fresh)  Cu-O (CuO 3.2 194 0.60 0.5 /
g 40 AV imp (aged) imp (fresh) u-O (CuO) 08 | I/
S Cufoil | imp (aged)  Cu-O (CuO) 31 1.95 060 07 Y,
£ 30 | 0.6 AP (fresh)
E Cu foil Cu-Cu 12.0 2.54 0.95 0.4 — AP (aged)
20 Cu,0 Cu-0 20 184 046 3.9 0.4 ——Imp (fresh)
imp (aged)
10 CuO Cu-O 40 196 0.52 1.9 0.2
0 CuFeO, Cu-O 20 183 0.58 2.2 00 , ,
Interval of k-space to r-space of FT is 2.0-15.0 A-L. '
0 1 ] 2 3 4 o aCoordination number. PInteratomic distance. °Debye-Waller factor. Cu Feoz 7100 7110 7120 7130 7140
Distance / A Energy / eV

CO adsorption (in situ FT-IR at 50 "C)

Fe/CeO, AP (aged) Fe-Cu/CeO, syn (aged) Cu/CeO, AP (aged)
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Conclusions

The amount of CO adsorption on Cu

Fe Cu CO, 45
Cu*/Cu CO/Cu CO/Cu*
/ wt% / wt% [ ymol-g1
0.20 - AP (aged) - 0.3 - -

- 0.15 AP (aged) 0.89 5.7 0.24 0.27
0.18 0.11 AP (aged) 0.79 10.7 0.62 0.79
0.17 0.11 Imp (aged) 0.66 1.9 0.11 0.17

- 0.13 imp (aged) 0.84 3.7 0.18 0.21
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