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Introduction

Pd is used as the catalyst for many purposes, such as
automobile exhaust purification and steam methane
reforming. In methane reforming, the efficiency of PdO-
based catalyst is grongly influenced by the chemical state
of Pd [1]. Thusthe evaluation of state of Pd during these
reactions is very important to understand the catalysis
function and to improve the efficiency. We have carried
out the timeresolved DXAFS [2,3] measurements of
reduction and oxidation (RedOx) processes of Pd to
elucidate the reaction mechanism [4].

Experiments
Powder specimens of 3 wt.% Pd supported on Al,Os

were prepared and set in the in situ cell. The specimen
was reduced in H, (P = 4.0 — 49.5 kPa) and then oxidized
inO, (P =45-49.1kPa) at T = 623 and 673 K. Change
of Pd states was measured by the in siru DXAFS
technique at NW2A beam line (PF-AR)[3] at the vicinity
of the Pd K edge. A Si(511) bent crystal (Laue type) was
used as the polychromator with the bending radius of 0.9
m, and a photodiode array was used asthe linear detector.

Results and Discussion

Change of XANES spectra were clearly observed in a
short time after introduction of H, or O,. The spectrum
before the reduction is consistent with that of PdO with
the white line peak top at 24.363 keV. After the reduction
by H,, PdO is perfectly converted to metdlic Pd. Some
isoshestic points were clearly observed in the spectral
change and they are independent on the reaction
conditions. The reduced Pd(0) species is quantitatively
oxidized to the initial PdO gate by O,. The observed
isoshestic points are in agreement with those of reduction
process. Redox reactions were thus found to occur
reversibly in these conditions.

In the oxidation process, the absorbance at 24.363 keV
(the white line peak top of PdO) increased exponentially
on the reaction time (r) in arange of r > 2 s (Fig.1).
Reaction rates. k; were determined at each temperature
and oxygen pressure as shown in Fig. 2.

When we assume the following reaction considering
the formation of adsorbing chemical species Pd(0)O,
scheme,

Pd(0) + O, (—K_> Pd(0)-,

Kordio ()

reaction rate: k; can be written as follows:

k-k-P
1+k-P

where k is a reaction constant, K is an equilibrium
constant, and P is the oxygen pressure.

Pressure dependence of reaction rates. k; are fitted well
by curves calculated on the equation (2) (Fig.2),
suggesting that the oxidation reaction follows the scheme
(1). Adsorption and/or decomposition of oxygen gas are
possibl e rate-determining processes.

It has been shown that DXAFS gives us crucia
information on the mechanism of RedOx reaction of
Pd/Al,O; system.
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Fig.1 Change of absorbance at 24.363 keV in the
oxidation reaction at 7= 673 K and P = 32.7 kPa.
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Fig.2 Pressure dependence of reaction rates: k; for T =
673 K (closed) and 623 K (open). Solid lines were

calculated based on (2).
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