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XPS Study of Oxidization and Reduction Behavior of

Rhodium/Alumina

Kazuhiko Dohmae, Yoshiharu Hirose, Mareo Kimura

gooo

ugooooooooooobooobobboon
gbobooobobuodobbooobboooboo
gogooooooooooobboboooboon
goooooooooooobbobobbobbon
uobooboooobobobooooboobooooooboo

gbbooboobooobboobgooogX
ggooouooguoooooobooobobobbibon
goooooooooooobbobobooboon
ooooooooooooobbobobbobbon
uoooooooooooobobooboboboboon
gooooooooooooboboobobobobon
oobo0ooooooooboywede-00O0OOoO
goeoodeootglzootpoboooooon
goooooooooooobbobbobbon
uoooooooooooobobooboboboboon

googobogoecotooonooboooooogna-
vboobuooboobboobooboobgon
Uoobos»wdobddnnd4oon Oosool OO
gobooobboooboobboobobooobog
gbobooobobooooboobooobboooood
o-U000000oooboboboobobboooggo
gdodoooouoguooooooobooobbb
goooooooooobobobbobbXpsh OO
gooooooooooooooobobobbobon
gdooooooooooooooboooobon
gbobooobooobobolgz2ambong
gboobooboobooboobodabd
gooooobbobooooooooobobon
goXpSOOooooooooooooooboon
gboooooooooog

Abstract

The behavior of rhodium(Rh) in Rh/alumina catalysts
under high-temperature oxidization and reduction
condition was investigated by X-ray Diffraction(XRD),
X-ray photoelectron spectroscopy(XPS), and
transmission electron microscope(TEM). y; 6, a-phase
aluminawere used for the catalyst supports. The 1wt%
Rh was impregnated with Rh(NOy),, dried at 11000 in
air and calcined in 10%H, in N, at 50000 for 2h. The
samples were oxidized in air at 6000 , 90001 , and
12000 for 10h. The reductive treatment of the oxidized
samples was after achieved in the infrared-furnace connected
to XPS chamber in 0.1 atm of 10%H, in N, at 8000 .

XRD measurements of Rh/y~aluminaoxidized in air at
12000 for 10h, showed that the aluminawas
transformed to alpha phase, and that Rh was completely
dissolved into alumina. In the XPS measurement the
Rh3ds,, peak was observed at about 310.2€V in the

ooooo

binding energy which is 1.8eV higher than the value of
rhodium oxide. Therefore we are able to distinguish
between the chemical states of the Rh dissolved into
alumina and the Rh oxidized on alumina. XPSrevealed
that a part of Rh was dissolved into the auminain any
phase alumina by oxidization at 6000 . After 9000
aging, aimost all Rh were dissolved into yand 6
alumina, and about 80% of detected Rh was dissolved
into a-alumina.

The XPS results from reduced samples followed by
oxidization at 120001 , showed that a part of Rh was
reduced and the Rh3ds,, peak was appeared at about 3eV
lower binding energy than the dissolved state. Small
clusters less than 2nm in diameter were found on the
support by TEM observation. It is considered that
reduced Rh was reduced to the metal and clustered on
the alumina.
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Table 1 Lattice constants of alumina after oxidization.

Sample Temperature a c CeIIVolaume
@) (nm) (nm) (nm”)
Standard 0.476255 | 1.30000 0.255353
y 1200 0.476428 | 1.30071 0.255678
6 1200 0.476319 | 1.30069 0.255557
600 0.476197 | 1.30044 0.255377
a 900 0.476214 | 1.30054 0.255415
1200 0.476254 | 1.30028 0.255407
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Phase structure of alumina
Fig. 1  Quantity of dissolved rhodium after

oxidization at 120000 for 5hin air.
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Fig. 2  Rh3d XPS spectra of a) rhodium oxide, and b)

rhodium on y-alumina after annealed at
12000 for 10hin air.
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Fig. 3  Rh3d XPS spectra after oxidization for 10h in
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Fig. 4  Theratios of solved rhodium on the alumina
after oxidization by XPS spectra.
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Fig. 7  Schematic representation of rhodium/alumina
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y~alumina support, b) 6-alumina support, c)

a—alumina support.
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by reduction in 5%H, for 10min followed
oxidzation at 120000 by XPS spectra.
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