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The Activity of M/Ce-Sm-O Mixed Oxide (M = Pt, Pd and Re)
for Water Gas Shift Reaction
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ABSTRACT

The influence of samarium on the water gas shift activities of noble metal Pt, Pd and Re on ceria
was studied. Ceria supports were modified by doping Sm at various weight percents. The flow reactor was
used to study the activity of the catalysts in temperature range 150-600°C. The feed gas composition was
59%CO, IO%HZO and balance He, and the total flow rate was 100 mL/min. The %CO conversion was
analyzed by on-line gas chromatography with TCD detector. Modification of ceria with samarium
significantly improved the activity of the Pd and Re catalysts. The activities of Re/Ce-Sm-O and Pd/
Ce-Sm-O were greatly enhanced when compared with the activities of Re/CeO2 and Pd/CeOz, respec—
tively. The activity of Pt/Ce-Sm-O remained the same with that of Pt/CeO2. By varying wt. % of Sm
loading, it was found that the maximum catalytic activity was achieved at 1 wt. % for Pd/Ce-Sm-0O and
10 wt. % for Re/Ce-Sm-0.

The catalysts were characterized by X-ray diffraction, Raman spectroscopy, Temperature-
Programmed reduction and surface area analysis. XRD pattern indicated that Sm3+ incorporated into
subsurface region of CeO2 lattice to form solid solution, gave rise to unit cell enlargement and increased
specific surface area. The structural distortions inside ceria lattice produced strain into the oxide lattice and
facilitated oxygen vacancies formation. The H2-TPR profiles of Re/Ce-Sm-O and Pd/Ce-Sm-O
exhibited lowering of reduction temperature of surface oxygen which explained the activity enhancement of
these catalysts. For Pt catalyst which possessed the highest activity, Pt played an important role in
catalyzing the surface reduction of ceria and addition of Sm did not alter the reduction temperature of

surface ceria. Thus, doping ceria with Sm did not improve the WGS activity of Pt catalyst.

* Student, Master of Science, Program in Physical Chemistry, Department of Chemistry, Faculty of Science, Khon Kaen University.
** Assistant Professor, Department of Chemistry, Faculty of Science, Khon Kaen University.

*** Associated professor, Department of Chemistry, Faculty of Science, Khon Kaen University.



KKU Res J (GS) 8 (1) : January - March 2008 43

UnAnda

TeAnmanswazestumnGeniifiaeusz - nsmwlumsisalfisen WGs vaslans Pt Pd was
Re uuihmwedBafidaumnGoniiiivinuda 1 fu lesdnwniss nsamwlumssaljizenludegamgi
150 - 600°C ufl #lFiTu 190adu WSUUFATEn WGS Usznaudremiuauweuenlyd 5% lath
10% wazfzdiden Tasddanmslvaninuady 100 mL/min ldinmsdensidasiudns
wWaguulasnsuaunauanladlogld gas chromatography #ii TCD  fushasiadia msuSuudsdde
maguaGey 1wsanause nsmwlunsisaljiserves Pd uaz Re loausz nimwlums
39U A5871289 Re/Ce-Sm-0O wag Pd/Ce-Sm-0 tsduathanndlaiisuiu Re/CeO, Uaz Pd/CeO,
auaay wddsz nEmwlumsisa§isenses Pr/Ce-sm-0 diaamiiounu Pr/ceo leding
USunldsusiinamasduan@en iwemisz nimwlumssaliazen e o wuhise nsmwlums
EeUfisen 9 0fe 1% Sm lagniauas 10% Sm laguia WU Pd/Ce-Sm-O wdz Re/Ce-Sm-O
MmN

IeAnmnansarmimemnuasmanizasiasafiselosldinademsdeiuueee ™ $nd
walns Ty gampiiddnfuuasmaiensiiuin  wWaenesmadmwunasds™@ndu o9
Tidiuhsumndesunsnihlumelulassudnuadds mlivmheowaduensznalnatiu wasdinuiiin
iy Tase SniidaundmelulasudndGerliifiodesheseandiau namsdnman H2-TPR
789 Re/Ce-Sm-O Ud¥ Pd/Ce-Sm-O W 04MInaasudguniizandunes 195efisen Fean
AL Besueendn wasnAnasgnimdladetiu w3y P Feanadn@fivss nEmwlumaisa{asen
agudy malduduanGeaasuuidalaivhlimaseUf{asen WGs was Pt dau dlasnn Pt S8uashsen
fuitde lidEegnimdlaheagud madn Sm asuuideelifanswaiiatulumsiaddEs
Key Words : Water gas shift reaction, Samarium, Temperature-programmed reduction

M en : UHATEN water gas shift FNINEEN aMn)NTANTY

Background and Significance dispersion and possesses oxygen storage properties

Water gas shift (WGS) is an important  (Luengnaruemitchai et al., 2003). Addition of some

step in fuel processors for preliminary CO elimination
and additional hydrogen generation prior to the
final CO clean up stage. The presence of CO causes
detrimental effects on the anode catalyst of the fuel
cell (Choung et al., 2005). Studies of water gas
shift mechanism tend to favor regenerative
mechanism which is based on oxidation-reduction
cycles of catalysts (Gorte & Zhao, 2005). Ceria is
a good choice as a support of both noble metal and

base metal catalysts because it promotes metal

rare—earth metal cations to ceria lattice are reported
to enhance the oxygen storage capacity of ceria
(Fu et al., 2003). Zirconia-ceria mixed oxide
supports are widely studied and reported. In an
attempt to dope Pt/ CeO2 catalysts with many metal
cations, Kondarides and co-worker reported that
the WGS activities of Pt/Ce-Me-O catalysts
(Me=metal cations) depended on the nature of the
dopants employed and the promotions affected the

reducibility and oxygen ion mobility of the CeO2
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support (Panagiotopoulou et al., 2007). The
incorporation of heterocations causes structural
distortion inside ceria, producing strain into the
oxide lattice and facilitating oxygen vacancies
formation.

Samarium is one of the possible dopants
to modify structural and chemical properties of
ceria because the ionic radius and electronegativity
of samarium is close to those of ceria. Significant
enhancement of catalytic activity for CO oxidation
of copper supported on samarium doped ceria was
reported (Wang et al., 2000). The activity
enhancement was concluded to be governed by the
surface oxygen vacancies and interfacial active
centers formed, and not by the dispersion and BET
surface area. On the other hand, Pd/CeOz—Sm203
catalyst was found to be very active in the
production of hydrogen by steam reforming of
methanol (GOmez-Sainero et al., 2005). In this
study, the authors interpreted the activity enhancement
as a consequence of higher dispersion and more
favorable distribution of Pd particles. Recently,
samarium-doped ceria was studied for WGS
reaction. Tabakova et al. reported highly active
CuO/Sm-doped ceria catalysts for WGS reaction
and concluded that the better performance of
Sm-doped ceria can be attributed to various factor,
including increased BET surface area and total pore
volume, decreased ceria particle size and
enhanced reducibility (Tabakova et al., 2007).

In this thesis we are interested in studying
the affect of addition of samarium dopant to ceria
lattice. The catalytic activity of WGS of metals on
ceria will be studied and compared with the WGS
activity of same metals on Sm-doped ceria.

We will select metals that possess different
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activities for comparison. Pt/ceria is known to have
excellent activity while Pd/ceria and Re/ceria are
rather inactive and received less attention.
Therefore, we decided to study the WGS activity

of Pt, Pd and Re on Sm-doped ceria.

Experimental

1. Catalyst preparation

The urea gelation (UG) method for CeO,
support preparation is similar to that used by
Kundakovic and Flytzani-Stephanopoulos
(Kundakovic & Flytzani-Stephanopoulos, 1998).

An appropriate amount of metal salt
(Ce(NO3)3.6H20, 999%, Aldrich) and urea
(HZNCONHZ, 989%, Aldrich) were dissolved in
deionized water. The mixture was stirred and heated
until the salts were dissolved. Then ammonium
hydroxide (NH4OH, Aldrich) was added dropwise
at the rate of 1 mL/min to obtain precipitate.
The solution was stirred and heated at ~120°C
for 3.5 hours to remove NH3 and to age the
support. The filtered support was dried overnight
at 110°C in an oven and then calcined at 450°C
for 4 hours.

Sm-doped ceria which is designated as
Ce-Sm-O was prepared by urea gelation method.
Nitrate salts of cerium (Ce(NOS)3.6HZO, 99%,
Aldrich) and samarium (Sm(NOS)g.GHzO, 99%,
Fluka) were dissolved in deionized water. Then urea
and ammonium hydroxide were added in the
similar manner with the preparation of CeO2 as
mentioned above.

After preparing the support, desired amount
of Pt, Pd, and Re were added by impregnation
method using aqueous solutions of (NHS)ZPt(NOZ)2
(999%, Aldrich), Pd(N03)3 (99%, Aldrich), and
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NH,ReO, (99%, Aldrich). Following impregnation,
the catalysts were dried at 110°C for 12 hours and

then calcined at 650°C for 8 hours.

2. Catalysts characterization

Perkin Elmer inductive coupled plasma
optical emission spectrometer (optima 2100 DV)
was used for confirm the amount of element.

Stock solutions contained 1000 mg/L of
Pd, 83 mg/L of Pt(NHg)Z(NOZ)2, and 2000 mg/
L of NH4ReO4 and N3095m.6H20. The calibration
standards were prepared by dilution of the stock
solution with 5%HCI] and 5%H202 (blank
solution). Five points of calibration standards
curve were used in following ranges of 0.5-10 mg/L
of Pt, Pd, Re, and Sm.

Pt/Ce-Sm-0, Pd/Ce-Sm-0O, or Re/
Ce-Sm-0O was dissolved in solution containing
59%HCI and 5%H202. The solution was heated until
completely dissolve. The dissolved samples were
diluted to volume of 50 mL in volumetric flask
with 5%HCI and 5%H O, .

The crystalline structure of catalysts were
investigated by power X-ray diffraction (XRD) on
Advance Series 2 X-ray Diffractometer with CuK
radiation (0.15406 nm), operating at 40 kV and
40 mA. The analyses were carried out at 0.02°
per step and 0.5 s per step over a 20 range of
20-80°. The particle size was calculated from the
X-ray line broadending, according to Scherrer’s
equation (Klug & Alexander, 1974).

D = 0.9A/fcosO
Where D is the particle size, A is the wavelength of
radiation used, [3 is the line broadening of the peak
or full-width at half maximum and 0 is the angle

of the diffraction peak.
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The BET surface area of support and
catalysts were determined by N2 adsorption-des-
orption isotherms at 77.3 K on Quantachrome
NOVA 1200e instrument.

The Raman spectra were obtained by
using Jobin Yvon T64000 Raman spectrometer.
The high efficiency of the charge-coupled device
(CCD) detection means measurements can also be
made with weak Raman signals. The exciting
wavelength from an Ar ion laser with an output
power laser of 30 mW was 514.532 nm. The
scanning range was 100-1300 cm™'. The powder
specimens were pressed to form disks before
the measurement.

The redox properties of the catalysts were
investigated by HZ—Temperature Programmed
Reduction (H2—TPR) on Quantachrome Autosorp-1-C
instrument. About 0.20 g of sample was loaded in
the reactor. High purity helium gas was purged
into the reactor at 120 °C for 30 minutes.
The reducing gas (5%H2/95%N2) was purged
from room temperature to 1000 ‘C at the rate of

10°C/min.

3. Catalytic activity measurements

The 20 mg catalyst was loaded in a Pyrex
fixed bed flow reactor. The feed gas composition
was 5% CO, 10% HZO, balanced He and total
flow rate was 100 ml/min. The reactants and
products were analyzed by on-line gas
chromatography with TCD detector (Agilent
Technologies 6890N). The column utilized in the
chromatograph is a Hayesap D, 80/100 mesh, 10
Ft X 1/8 inch stainless-steel packed column.
The %CO conversion was calculated by :

CO - CO

2 CQOconversion = 1 utX 100
CcO

in
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Results

1. Standard characterization

(111)z (209) (220)  (311) @22)  (4001331)(420)

20 (degrees)

Figure 1 XRD pattern of
(a) CeO,,
(b) Ce-5%Sm-0,
(©) 19%Pt/Ce0,,
(d) 1%Pt/Ce-5%Sm-0,
(e) 1%Pd/CeO,
(f) 19%Pd/Ce-5%Sm-0,
(2) 19%Re/CeO,, and
(h) 1%Re/Ce-5%Sm-O.

The XRD patterns of CeOZ, M/CeO2 and
M/Ce-Sm-0 catalysts (M = Pt, Pd, and Re) are
displayed in Figure 1. The fluorite oxide-type
diffraction of CeO2 is observed in all samples. CeO2
appears to be phase-pure with cubic crystallography.
The lattice constant calculated from (111)
crystallographic plane is found to be equal to
0.5412 nm (Table 1), in agreement with previous
studies (Letichevsky et al., 2005). The absence of
Sm O, reflection in Sm-doped ceria (Figure 1b)
indicates that Sm®" incorporates into subsurface
region of CeO2 lattice to form solid solution

(Avgouropoulos and Ioannides, 2003). The
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diffraction peaks of Sm-doped ceria appear at
slightly lower diffraction angles when compared
with the diffraction peaks of CeOZ. The lower
displacement indicates unit cell enlargement and
the lattice parameters are calculated to be 0.5505
nm. The increase in lattice parameter indicates that
Ce*" jons are replaced by larger cations. Comparisons
of ionic radii of Ce*" (0.097 nm), Sm>* (0.111
nm) and Sm®* (0.108 nm) suggested that the dopant
ions presented in the ceria lattice should be either
Sm*" or Sm®* or combination of both. In order to
determine the oxidation state of Sm, another
advanced analytical technique such as XPS is needed.
However, under calcinations temperature Sm should
take higher oxidation state, Sm®’. It should be
mentioned that incorporation of Sm*'/Sm®" in ceria
lattice produces strain and unbalanced charges,
therefore, oxygen vacancies are expected to form
(Krishna et al., 2007).

Addition of noble metals (Pt, Pd, and Re)
did not cause any observable shift in the XRD
reflections of both ceria and doped sample. This
also suggests that metal oxides are highly dispersed
on the surface of the supports (Sato et al., 2006).
The lattice parameters of metal on both support,
CeO2 and Ce-5%Sm-0, are larger than the lattice
parameter of ceria. In this case metal cations did
not replace Ce*" as in the case of Sm®’. The ionic
radii of metal cations are smaller than the ionic radii
of Ce*'. Replacement of Ce*" by metal cations will
result in small lattice parameters. The occurrence
of unit cell expansion for M/CeO2 (M = P,
Pd and Re) indicates strong metal-support
interaction between metal and ceria solid solution,
causing conversion of Ce*" (0.097 nm) to larger

Ce® (0.114 nm).
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The average crystallite sizes of ceria and
modified ceria, calculated from X-ray line
broadening at 20 ~ 28° using Scherrer’s equation
is compiled in Table 1 together with BET specific
surface areas and average pore diameters. Doping
CeO2 with samarium leads to slight reduction of
crystallite size. Smaller crystallite size is associated
with increases of specific surface area. The increase
of surface area with decreased pore diameters
indicated that the supports are more porous with
smaller pores and higher surface area. Dispersion
of metal oxide on ceria lattice gives rise to larger
crystallites with lower surface area. Large pore
diameter indicates that metal oxide moves to
occupy pore area and may block up small pores
underneath. This in turn resulted in reduction of
surface area. Sm”>" in M/Ce-5%Sm-0O (M = Pt,
Pd and Re) stabilizes the support by maintaining

small crystallite size and high surface area.

Table 1 Surface area of various catalysts.

avera
BET ge arystallit lattice
surfac | pore . param
Catalysts . e size
earea | diam (hm) eter
(m%*/g) | eter (nm)
(nm)
CeO, 64.28 13.48 13.59 0.5412
Ce-5%Sm-0O 95.43 13.32 13.43 0.5505
Pt/CeO, 46.12 8.64 17.94 0.5464
Pt/Ce-5%Sm-O 76.19 9.54 14.18 0.5490
Pd/Ce0, 47.08 7.47 19.59 0.5526
Pd/Ce-5%Sm-O 71.38 5.31 17.89 0.5507
Re/Ce0, 2335 5.60 23.55 0.5470
Re/Ce-5%Sm-0O 3743 3.82 1542 0.5538
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2. Raman spectroscopy
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Figure 2 Raman spectra of CeO2 and

Ce-X%Sm-0 (X =1, 2, 5,17, 10,

12 and 15).

Figure 2 displays the Raman spectra of
CeO2 and Ce-Sm-0O mixed oxides. It can be seen
that Raman spectrum of CeO2 occurs at 462 cm .
This single sharp band at around 462 cm™" is
ascribed to the Raman active triply degenerate
Fzg mode of CeO, (Luo et al., 2006). This can be
viewed as a symmetric breathing mode of the
oxygen atoms surrounding each cation. CeO2 with
a fluorite structure presents symmetrical stretching
vibrations of CeO8 vibrational unit and should be
very sensitive to the oxygen sublattice disorder.
In Ce-Sm-0O samples Fzg mode exhibits
systematic shift to lower energies with increased
dopant concentration. Such a decrease in energy is
consistent with dilatation of unit cell parameter due
to the incorporation of large Sm®" ions in cerium
lattice. Besides the F2g Raman mode there are two
additional modes at ~550 cm™' and ~600 cm .
The Raman bands at ~ 550 cm™' can be seen when

the amount of Sm more than 7 wt. %. This mode
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is assigned to the extrinsic oxygen vacancies
introduced into the ceria lattice by substitution of
Ce*" jons with Sm*" ions in order to keep charge
neutrality (Radovi€ et al., 2007). In addition, the
intensity tends to increase with increasing Sm
content. The Raman bands at ~600 cm™' can be
ascribed to the intrinsic oxygen vacancies due to
the nonstoichiometry of ceria nanopowders

(Doh¢ evié-Mitrovié et al., 2006). The intensity

of this mode increases with dopant concentration.

3. H2—Temperature Programmed Reduction

H, consumption

0 100 200 300 400 500 600 700 800 900 1000
Temperature (C)

Figure 3 HZ—TPR profile of
(a) CeO,,
(b) Ce-5%Sm-0,
(©) 19%Pt/Ce0,,
(d) 1%Pt/Ce-5%Sm-0,
(e) 1%Pd/CeO,
(f) 19%Pd/Ce-1%Sm-0,
(2) 19%Re/CeO,, and
(h) 1%Re/Ce-10%Sm-0.
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The HZ—TPR profile of CeO2 and metals
on samarium doped ceria are shown in Figure 3.
The H_ -TPR profile of CeO, (Figure 3a) exhibits
two broad peaks at 510°C and 850°C. The peak at
510°C is assigned to reduction of surface-capping
oxygen of ceria, and the peak at 850°C is assigned
to reduction of bulk ceria (Ricote et al., 2006).

The HZ—TPR profile of Sm-doped ceria
(Figure 3b) exhibits two broad peaks at 500 °C
and 860°C. Incorporation of Sm into ceria lattice
increases reducibility in the middle temperature
range and move the peak down. The effect is
apparently due to appearance of anion vacancies
in the surface lattice (Sadykov et al., 2004).
The shift of bulk reduction at high temperature is
not pronounce which probably indicates that Sm
cation are mainly localized at the surface layers.
The segregation of dopant cations of the surface
and domain boundaries of ceria is a well known
phenomenon.

The TPR profiles of Pt/CeO, (Figure 3¢)
catalysts are characterized by a low-temperature peak
at 141°C, medium temperature features located
at 368°C and the bulk reduction at 850 C.
The consumption peak at 141°C is attributed to
reduction of PtOX species formed during the
pre-oxidation step (Panagiotopoulou et al., 2006).
The peak at 368°C is attributed to the Pt-catalyzed
reduction of the surface shell of ceria (Li et al.,
2000). It is interesting to note that addition of
Pt to ceria support significantly shifts the reduction
temperature of surface ceria from 510°C to
368°C.

The H2—TPR profile of Pt/Ce-5%Sm-0
(Figure 3d) exhibited two PtO reduction peaks at
146 °C and 180°C which indicated different
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environment of Pt. The peak at 146°C is similar
to the reduction peak of Pt in the vicinity of ceria
while the peak at 180°C is probably due to the
present of Sm. The reduction peak of surface and
bulk species appeared at the same position as the
reduction peaks of Pt/ceria. This indicated that
addition of Sm to Pt/CeO2 does not alter the
reduction behaviour of Pt catalyst.

PdO is known to be easily reduced even at
room temperature. The reduction behaviour PdO
depends on supports and precursors used in the
preparation processes. (Bickford et al., 2005).
Many papers (Ferrer et al., 2005) reported
negative TPR peak below 100°C due to thermal
decomposition of palladium hydride which was
formed in present of hydrogen. Since the reduction
process that consumed hydrogen occurred at
temperature closed to the decomposition process
that produced hydrogen, a special instrument which
can operate at low temperature is needed. Our
instrument could not detect this behaviour.
Anyway, a shift of surface reduction from 371°C
for Pd/CeO, to 356 C for Pd/Ce-1%Sm-O can
be detected (Figure 3e and 3f). This result
indicated that addition of Sm made reduction of
Pd catalyst slightly easier.

The HZ—TPR profile of l%Re/CeO2
(Figure 3g) exhibits a sharp peak at 425°C, a small
peak at 530°C and a broad peak at 850°C which
can be assigned as reduction of ReO, surface ceria
and bulk ceria, respectively. Addition of Sm to
Re/ceria (Figure 3h) reduced the reduction
temperature of ReO and surface ceria to 372°C
and 480 °C. This result also indicated that Sm
lowered the reduction temperature of Re/ceria

catalyst.
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4. Catalytic activity
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Figure 4 9%CO conversion of CeOZ, Ce-5%Sm-0,
l%Pt/CeO2 and 19%Pt/Ce-5%Sm-0.

Figure 4 compares activity of Pt on two
supports, CeO2 and Ce-Sm-0O mixed oxide.
The activity of the supports without catalyst is also
shown for comparison. It appears that ceria support
and Ce-Sm-O mixed support have weak WGS
activity and start to convert CO to CO2 at temperature
above 300 °C. The activity of Ce-Sm-O mixed
oxide is slightly higher than that of CeOz. Pt
catalysts on both support, CeO2 and Ce-Sm-0O
mixed oxide, showed equally active activity.
The CO conversion started to occur below 200°C
and raised up quickly to reach maximum of
90 9%conversion at about 350 C. Above 350°C
the activity reaches equilibrium and slightly

decreases.

—=—1%Pd/CeO,

—e— 1%Pd/Ce-1%Sm-0
—4— 19%Pd/Ce-2%Sm-0
—o— 1%Pd/Ce-5%Sm-0
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———1%Pd/Ce-10%Sm-0
equilibrium line
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Temperature {C)

Figure 5 %CO conversion of 1%Pd/CeO, and

1%Pd/Sm-doped ceria.
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Figure 5 illustrates the WGS activity of
Pd/CeO2 and Pd/Ce-Sm-0O mixed oxide. For Pd/
CeO2 the conversion started at 150°C and raise up
slowly to reach the maximum of 80 %conversion at
450 °C. However, the activity of Pd/Ce-Sm-O
mixed oxide is slightly higher than the activity of
Pd/CeOZ. The conversion started at about the
same temperature but reached the maximum of 90
9%conversion at 400°C. When the weight percents
of Sm loading were varied by 1, 2, 5, 7, and 10
wt. %, it was found that the most active catalyst

was 19Pd/Ce-1%Sm-0.

—=—1%Re/Ce02
—o— 1%Re/Ce-1%Sm-O0
—%— 1%Re/Ce-2%Sm-O0
1004+——— —+— 19%Re/Ce-5%Sm-O
— —<— 1%Re/Ce-7%Sm-O0
90 ™~ —»— 19%Re/Ce-10%Sm-O
—o—1%Re/Ce-12%Sm-0
80+ _, 9 1%Re/Ce-15%Sm-O0
C 704 N —— equilibrium line
o
% 60+
s
< 50+
o
v
O 40
9

“ < T T T
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Temperature Q)

Figure 6 %CO conversion of l%Re/CeO2 and
19%Re/Sm-doped ceria.

Figure 6 compares the activity of 1%Re/
CeO2 and 1%Re/Ce-Sm-0 mixed oxide. It can be
seen that l%Re/CeO2 is not an active catalyst for
WGS reaction. Addition of Sm to 1%Re/ CeO2
drastically increased the activity for WGS reaction.
The CO conversion started above 200°C and
eventually reached the maximum of 85 %conversion
at 450°C. The most active activity was achieved

when the percent loading of Sm was 10 wt. %.
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Discussion

The effect of Sm3+ doping on ceria which
is believed to enhance catalytic activity is investigated
for WGS reaction. It was found that loading of 1%
metal (Pd or Re) onto mixed oxide of ceria and
samaria led to WGS activity enhancement. The XRD
studies indicated that incorporation of Sm*" into CeO2
lattice gave rise to unit cell distortion. The replacement
of Ce*" by Sm®" brought up unbalanced charges
inside the lattice which facilitated oxygen vacancies.
The present of oxygen vacancies resulted in more
easily reduced surfaces and is evidenced by TPR
profile. The lowering of surface reduction
temperature was noticeable for Pd/Ce-Sm-0O and
Re/Ce-Sm-O0. For the mixed oxide support loaded
with 19 Pt, it is appeared on TPR profile that Pt,
by itself, is very active in catalyzing surface
reduction of ceria and addition of Sm®" to ceria
support could not promote further surface
reduction. Therefore, Sm®* was non-active in
improving the catalytic activity of Pt/CeQ” for
WGS reaction.

When the weight percents of Sm®' loading
were varied by 1, 2, 5, 7, 10, 12, and 15%, it
was found that the most active Pd catalyst was
1%Pd/Ce-1%Sm-0O and the most active Re
catalyst was 1%Re/Ce-109%Sm-0. The maximum
activities were related directly to lowest surface
reduction temperature (TPR profile is not shown
here) and were not correlate with BET surface area.
In fact, BET surface area was found to be highest
for 19Pd/Ce-7%Sm-0O and 1%Re/Ce-2%Sm-
O. Evidence seemed to point to the direction that
the enhanced catalytic activity of Pd and Re on
Ce-Sm-0 mixed oxide support was mainly
governed by surface oxygen vacancies and not by

BET surface area.
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Conclusion

We have illustrated that addition of Sm®*
ion to ceria support can enhance catalytic activity
for WGS reaction of Pd and Re catalysts but the
enhancement effect is negligible for Pt catalyst.
The best activities were found for 1%Pd/Ce-
1%Sm-0 and 1%Re/Ce-10%Sm-0O. The
enhancement effect was dued to surface oxygen
vacancies which were produced by replacement of
Ce*" by Sm®'. Incorporation of Sm®" into ceria
lattice gave rise to unit cell enlargement, crystallite
size reduction and increased BET surface area.
Unbalanced changes inside the lattice induced
oxygen mobility. It is believed that oxygen
transferring is an important step in WGS

mechanism.
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