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Kinetic analysis of reduction of Rh/Al,03 with low Rh-loadings (0.01-0.1 wt%) has been carried out by
time resolved in-situ UV-vis spectroscopy. Based on XAFS and UV-vis spectra, it was indicated that Rh
was present as surface isolated Rh3* on catalyst calcined at 773 K in air. The rate of reduction of Rh** to
metallic Rh® was determined by in-situ UV-vis measurements under a flow of 1%H,/He at 523-823 K.
The reduction rate increased with Rh-loading but decreased as the calcination temperature elevated. The
decrease of metallic Rh® formation with the calcination temperature was in harmony with the reaction
rate of CO oxidation. The apparent activation energy (E,) for the reduction of Rh3* to Rh% was found to
be constant around 60-62 k] mol-! and independent of the calcination temperature and the Rh-loading,
indicating the equivalent intrinsic activity of supported Rh species on Rh/Al, 03 with the low Rh-loadings.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Three-way catalysts (TWC) have been widely used for control-
ling automobile emissions [1-4]. As an essential constituent of
TWC, rhodium (Rh) is widely recognized as the most efficient noble
metal to promote the reduction of NOx [1,2]. Due to the merits
of both relatively high surface area and thermal stability, alumina
is a common support for TWC [2,5]. It has been well known that
supported Rh/Al, O3 catalyst lose its activity at high temperatures
(>873K) in an oxidizing atmosphere [5,6]. This deactivation of
Rh/Al; 03 is caused by the formation of hardly reducible Rh species
on alumina support [5-7], and has been investigated by use of var-
ious techniques [5-18], mainly TPR [5,7,11,13,16], XPS [12,14,15],
and chemisorption [5,6,8]. It is well accepted that the deactivation
of Rh/Al,03 is due to the diffusion of Rh ions from surface into
alumina bulk under oxidizing conditions, especially at the temper-
atures above 1073 K. The most of these studies have been carried
out based on comparison of the state of Rh/Al,03 before and after
aging at a high temperature. For the better understanding of the
deactivation, in-situ characterization of Rh/Al,03 under working
states would give us more fruitful information.

So far, in-situ Raman and in-situ XAFS spectroscopy have
been applied to monitor the redox behaviors of Rh species under
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reaction conditions [16,17]. Weng et al. studied the effects of calci-
nation temperature on the catalytic performance of Rh/Al,03 using
in-situ Raman spectroscopy to monitor the bands of RhOx species
under CH4/0, atmosphere [16]. They found that calcination of cat-
alyst at a higher temperature led to the lower reduction property of
surface RhOx species due to substitution of Rh into Al site of Al,05.
Using in-situ XAFS, Dohmae et al. successfully traced the formation
of metal Rh® during reduction of Rh/Al, 03 [17]. The reduction rates
of Rh were estimated at different temperatures (373-523 K) with
the time interval of 0.2 s, and the obtained rates were on a line in an
Arrhenius plot. Furthermore, in-situ XAFS measurements of reduc-
tion at 1173 K were performed using catalysts after oxidation at
high temperatures. Although a portion of Rh was reduced in a few
minutes, the residual Rh was hardly reduced, which was considered
to be caused by a reaction with Al, 03 support. Although above two
in-situ spectroscopic techniques successfully analyzed the dynam-
ics of Rh species on alumina, both of them are not sensitive enough
for Rh/Al; 03 with Rh-loadings as low as TWC. The most of the stud-
ies about the deactivation of Rh/Al, O3 were devoted to the catalysts
containing sufficiently high Rh concentrations (>0.5wt%). How-
ever, the Rh concentrations of practical TWC are very small, for
instance, 0.2 g/L [3] or 0.03 wt% [4]. Consequently, it is meaning-
ful to investigate the deactivation of Rh/Al, 03 catalysts with low
Rh-loadings close to a practical TWC.

Generally, quantitative measurements of transition metals are
possible by in-situ UV-vis spectroscopy especially at low metal
loadings [32,33]. Furthermore, UV-vis spectroscopy is known to


dx.doi.org/10.1016/j.apcata.2012.01.021
http://www.sciencedirect.com/science/journal/0926860X
http://www.elsevier.com/locate/apcata
mailto:satsuma@apchem.nagoya-u.ac.jp
dx.doi.org/10.1016/j.apcata.2012.01.021

