
Journal of Catalysis 248 (2007) 46–52

www.elsevier.com/locate/jcat

Large-capacity oxygen storage of Pd-loaded Pr2O2SO4 applied to anaerobic
catalytic CO oxidation

Keita Ikeue, Masakazu Eto, Dong-Jie Zhang, Tomoatsu Kawano, Masato Machida ∗

Department of Nano Science and Technology, Graduate School of Science and Engineering, Kumamoto University, 2-39-1 Kurokami,
Kumamoto 860-8555, Japan

Received 22 January 2007; revised 6 March 2007; accepted 6 March 2007

Abstract

The oxygen release and storage properties of 1 wt% Pd-loaded Pr2O2SO4 were studied using different cycled feed stream methods, namely a
flow microbalance, in situ X-ray diffraction and anaerobic CO oxidation in a flow reactor. The redox between Pr2O2SO4 and Pr2O2S exhibited a
large oxygen storage of 2 (mol of O2) mol−1 at high temperatures. Loading Pd can activate reducing gases (H2/CO) so as to promote the oxygen
release by the reduction of bulk Pr2O2SO4 to Pr2O2S. In contrast, the oxygen storage by the reoxidation of Pr2O2S to Pr2O2SO4 was much faster
even in the absence of Pd, because the redox between Pr3+ and Pr4+ on the solid surface plays the role of a mediator. Pd species also formed
active catalytic sites for an anaerobic CO oxidation, which consumed lattice oxygens released from Pr2O2SO4. The full capacity oxygen storage
of 2 (mol of O2) mol−1 and anaerobic oxidation of 4 (mol of CO) mol−1 could be cycled. The CO/O2 cycled feed stream reactions achieved CO
conversion >85% at 700 ◦C, almost comparable to that of a steady-state CO-O2 reaction. The catalytic activity was not affected by the presence
of SO2, which rather improved the stability of Pr2O2SO4/Pr2O2S.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

Oxygen storage materials have become important in appli-
cations to an automotive emission control catalyst to compen-
sate for the oscillation between lean and rich exhaust condi-
tions that change momentarily [1–3]. This is very important for
the present three-way catalyst to achieve efficient conversions
of NOx , CO, and hydrocarbons under stoichiometric condi-
tions. The most widely used material for this purpose is CeO2-
ZrO2 [4–10] because of the fast and reversible redox reaction,
CeO2 � CeO2−x + (x/2)O2, and thermal and chemical sta-
bilities. The most noticeable feature of this material is very
quick release and storage of oxygen in response to the oxygen
partial pressure in the gas phase, the oxygen storage capac-
ity (OSC) of which cannot exceed 0.25 (mol of O2) mol−1.
In contrast, we have recently discovered that the redox be-
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tween Ln2O2SO4 (S6+) and Ln2O2S (S2−) achieved the OSC
of 2 (mol of O2) mol−1 [11,12], which is eight times larger than
that of CeO2-ZrO2. It should be noted that this is the first suc-
cessful oxygen storage that uses the nonmetallic element (S) as
a redox site instead of metallic cations. Although the reversible
redox cycles of thermostable Ln2O2SO4 with Ln = La, Sm,
and Nd are possible only at high temperatures (above 700 ◦C),
the Pr system can work at an exceptionally low temperature
(600 ◦C). The smooth reduction of Pr2O2SO4 is associated with
the structural distortion of an SO2−

4 unit, and reoxidation is pro-
moted by the easy redox of Pr3+/Pr4+ on the surface of Pr2O2S
[13]. The redox of the Pr system can further be accelerated in
the presence of an impregnated noble metal, such as 1 wt% Pd
or Pt. The microstructural modification by means of template
synthesis also increases the specific surface area and thus the
rate of oxygen storage and release [14]. In previous work, we
developed Pr oxysulfate with large and fast oxygen storage.

To apply this large OSC material for the conversion of nox-
ious gases in the exhaust, the catalyst design of noble metal
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catalyst-loaded oxysulfates is needed. As a number of studies
on CeO2-ZrO2 have noted, the total (maximum) OSC is not
always a measure of automobile catalytic performance in os-
cillating lean/rich cycles occurring with a frequency of about
1 Hz [15–18]. This is because the amount of oxygen transferred
in such a short transient process becomes more important than
the total capacity of oxygen that can be removed. Nevertheless,
the large OSC is useful in cases where the catalyst may be ex-
posed to lean or rich exhausts for a longer time or with a larger
deviation from the stoichiometric A/F ratio. In addition, new
materials with a larger OSC may open up new applications of
oxygen storage besides automotive catalysts. For catalytic ap-
plications, metal catalysts are needed to facilitate full-capacity
oxygen release as well as the most rapid storage possible at
a given temperature. According to our previous work [12,13],
the total OSC of 1 wt% Pd/Pr2O2SO4 measured using a flow
microbalance under low-frequency H2/O2 cycled feed stream
conditions was consistent with the ideal OSC of 2 (mol of
O2) mol−1. Thus, in the next step, the role of large OSC should
be evaluated by the catalytic conversion of model reactions,
such as CO oxidation.

The present study is focused on evaluating the oxygen re-
lease/storage and catalytic properties of Pd-loaded Pr2O2SO4
by means of cycled feed stream methods. The dynamic oxygen
release/storage characteristics were evaluated quantitatively by
a flow microbalance and then correlated with the crystal struc-
tural change measured by in situ X-ray diffraction. Anaerobic
CO conversion was then tested under cycled feed stream con-
ditions with the aim of evaluating the role of large OSC on cat-
alytic properties. Unlike the automotive processes, the present
work used cycled feed streams at very low frequencies to char-
acterize the structure–reaction relationship of a large OSC un-
der unsteady-state conditions.

2. Experimental

2.1. Catalyst preparation

Pr2O2SO4 was synthesized via a template route as reported
previously [14]. Pr(NO3)3·6H2O (8.06 g), C12H25OSO3Na
(SDS) (10.89 g), 28% aqueous NH3 (37.5 ml), and water
(20 ml) were mixed at 40 ◦C for 1 h to yield a transparent solu-
tion and then aged with stirring at 60 ◦C for more than 10 h. The
solution was then cooled to room temperature, with precipitate
formation occurring at pH 11. The precipitate thus obtained
was collected by centrifugal separation, washed thoroughly
with ion-exchanged and distilled water, dried by evacuation
at room temperature, and finally heated at 600 ◦C for 5 h in
air. As-calcined Pr2O2SO4 was impregnated with an aqueous
solution of Pd(NO3)2 and then calcined at 450 ◦C for 5 h to
produce Pd-loaded samples (1 wt% loading). The as-prepared
catalyst exhibited a BET surface area of 18 m2 g−1 and Pd dis-
persion of approximately 2%. Pd-loaded catalysts were also
prepared using CeO2-ZrO2 and γ -Al2O3 as reference oxide
supports. CeO2-ZrO2 was prepared as described previously
[8], and γ -Al2O3 was supplied from the Catalysis Society of
Japan.
2.2. Characterization and reaction

The reduction/reoxidation behavior of the product was mea-
sured by a flow microbalance (TG, Rigaku 8120) connected
to a controlled gas-supply system. The sample (10 mg) was
first heated in a flowing gas mixture of 1.4% H2 and He
(70 cm3 min−1) at a constant rate (10 ◦C min−1) up to 900 ◦C.
After the measurement, the sample was cooled to ambient tem-
perature in a stream of 1.4% H2/He. This was followed by
the second heating in a flowing gas mixture of 0.7% O2/He
(20 cm3 min−1) at the same rate up to 900 ◦C, to measure the
reoxidation profiles.

The structural changes during reduction and reoxidation
were measured by in situ X-ray diffraction (XRD), using a
Rigaku RINT-Ultima diffractometer (CuKα, 30 kV, 20 mA)
equipped with a high-speed, two-dimensional detector (D/teX-
25). The sample was placed in a stream of 5% H2 or 5% O2 bal-
anced with N2 (100 cm3 min−1) in a temperature-controllable
chamber, and the XRD pattern was measured at constant inter-
vals of 3 min with a scan rate of 40 deg min−1. Using a high-
speed detector enabled rapid scanning of each XRD patterns
within 90 s, short enough to neglect phase changes occurring
during data acquisition.

Dynamic reduction–oxidation cycles were also measured us-
ing the microbalance (Rigaku 8120). First, the sample (10 mg)
was heated in a stream of He up to 500–700 ◦C. On approach-
ing a constant weight at each temperature, the gas feed was
switched with programmed time intervals between 1.4% H2 in
He and 0.7% O2 in He (70 cm3 min−1) with the sample weight
recorded.

Anaerobic CO oxidation under cycled feed stream condi-
tions was conducted at constant reaction temperatures (500–
700 ◦C) in a dual-supply flow system. Two gas feeds, 1%
CO/He and 0.5% O2/He, were alternately switched with pro-
grammed time intervals. The rate of gas feed was controlled at
W/F = 4×10−3 or 2×10−3 g min cm−3. The concentrations of
each gas component (CO, CO2, and O2) were recorded before
and after the catalyst bed using a quadrupole mass spectrometer
(Pfeiffer, Omnistar).

3. Results and discussion

3.1. Redox property of Pd-loaded Pr2O2SO4

The reduction and reoxidation properties of Pr2O2SO4 were
first studied by using a flow microbalance. Fig. 1a shows
the TG curves of unloaded and 1 wt% Pd-loaded Pr2O2SO4
measured in a flow of 1.4% H2 balanced with He. The re-
duction of unloaded Pr2O2SO4 started at around 600 ◦C and
ended at �800 ◦C, yielding a weight loss close to 16%, which
corresponds to the value calculated assuming the stoichio-
metric oxygen release from Pr2O2SO4 to form Pr2O2S. The
temperature required for this reduction process could be re-
duced by loading 1 wt% Pd; that is, the reduction started
at 500 ◦C and was completed at �750 ◦C, yielding the same
weight loss. After measuring the reduction profiles, the sam-
ple was cooled to ambient temperature in a flow of 1.4%
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Fig. 1. TG curves of unloaded and 1 wt% Pd-loaded Pr2O2SO4 measured (a)
in a flow of 1.4% H2 balanced with He and subsequently, (b) in a flow of 0.7%
O2 balanced with He. Heating rate: 10 ◦C min−1.

H2/He, and submitted to second measurement in a flow of 0.7%
O2/He at the same heating rate. Fig. 1b shows the reoxida-
tion profiles thus obtained, where the weight gain started at
400 ◦C and was completed at 600 ◦C. The onset of reoxida-
tion was also found to be promoted by loading Pd, but the
shift of the TG curve was much smaller compared with that
of the reduction profiles shown in Fig. 1a. The total weight
gains in both cases were close to the value, 18.5%, calculated
assuming stoichiometric oxygen uptake by Pr2O2S to form
Pr2O2SO4.

The phase change during heating in a flow of 5% H2 could
be confirmed by in situ XRD measurement. Fig. 2 exhibits the
XRD patterns obtained at 3-min intervals after the gas feed
started at 700 ◦C. In case of unloaded Pr2O2SO4 (a), Pr2O2S
appeared at about 30 min, but the transformation was not com-
pleted even after 50 min. In contrast, Pd/Pr2O2SO4 began to
yield Pr2O2S at 20 min, and Pr2O2SO4 almost disappeared after
50 min (b). The reduction in both cases was due to direct-phase
transformation from Pr2O2SO4 to Pr2O2S, where no interme-
diates were observed. Although deposition of Pd metal could
not be detected because of the small amount of loading, the re-
duction of PdO to Pd should take place before the reduction
of Pr2O2SO4. These results demonstrate the promoting effect
of Pd on the reduction of Pr2O2SO4 to Pr2O2S. According to
subsequent in situ XRD measurements at the same temperature
in a stream of 5% O2, in both cases the reoxidation of Pr2O2S
was completed within 10 min. This is consistent with the weight
gain in Fig. 1b being observed at a lower temperature compared
with the weight loss in Fig. 1a, where the effect of Pd was less
obvious.

Fig. 3 displays the weight changes during dynamic oxy-
gen release/storage cycles of unloaded and 1 wt% Pd-loaded
Fig. 2. In situ XRD patterns of (a) unloaded and (b) 1 wt% Pd-loaded
Pr2O2SO4 measured at 3 min interval at 700 ◦C in a flow of 5% H2 balanced
with He.

Pr2O2SO4 under a cycled feed stream condition (0.7% O2 or
1.4% H2) at different temperatures. Unloaded Pr2O2SO4 exhib-
ited weight oscillation at 700 ◦C, with a very small amplitude
at the beginning that increased with an increasing number of
cycles. Even in the last part of the measurement, however, the
amplitude corresponds to <60% of the stoichiometric change
between Pr2O2SO4 and Pr2O2S. A negligible weight change
at lower temperatures (�600 ◦C) is consistent with the reduc-
tion profile shown in Fig. 1. In contrast, Pd-loaded Pr2O2SO4
demonstrated a reversible and stable weight change even at
600 ◦C, the oscillation amplitude of which corresponds to ap-
proximately 85% of the stoichiometric change. The weight
changes due to reduction as well as reoxidation were repro-
ducible, but the reduction of Pd/Pr2O2SO4 in 1.4% H2 took
more than 1 h, compared with the 5 min required for subse-
quent reoxidation in 0.7% O2. From the slope of weight change
for each of the system at 700 ◦C, the apparent rate of reduction,
as well as that of reoxidation, can be calculated. The rate of re-
duction increased from 0.07 to 0.34 (mmol of O2) g−1 min−1

by loading 1 wt% Pd, whereas the rate of reoxidation was al-
most the same, ca. 0.7 (mmol of O2) g−1 min−1. According to
our previous study [13], the faster reoxidation compared with
reduction is characteristic of the Pr system, because smooth
redox between Pr3+ and Pr4+ on the surface can promote the
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Fig. 3. Weight changes of (a) unloaded Pr2O2SO4 and (b) 1 wt% Pd-loaded
Pr2O2SO4 under cycled feed stream of 0.7% O2 and 1.4% H2 at different tem-
peratures.

reoxidation of bulk Pr2O2S to Pr2O2SO4. These two differ-
ent oxidation states were detected by XPS even after reduction
treatment, suggesting that Pr3+ can be easily oxidized by air.
This is completely different from the other lanthanide oxysul-
fate; for example, in the La2O2SO4/La2O2S system, the reox-
idation of La2O2S is rather slow compared with the reduction
of La2O2SO4, because of the poor redox ability of La3+. Due
to the redox behavior of Pr3+/Pr4+, gaseous oxygen would be
adsorbed as a negatively charged species onto the surface and
thus may promote the oxidation of S2− to SO2−

4 .
The effect of Pd loading on the reduction of Pr2O2SO4 to

Pr2O2S can be explained by catalytic and/or spillover of hydro-
gen. It is considered that H2 first chemisorbs onto impregnated
Pd and activated hydrogen species thus formed are supplied to
the three-phase boundary among Pd, Pr2O2SO4, and the gas
phase to cause the reduction to Pr2O2S. In addition, spillover of
hydrogen from Pd onto the surface of Pr2O2SO4/Pr2O2S may
accelerate the reduction. It has been suggested that the reduc-
tion of several metal oxides is facilitated by spillover hydrogen
due to the higher reactivity of atomic hydrogen compared with
molecular hydrogen [19].

Owing to the relatively higher temperatures required to the
present redox system, phase stability is very important. As we
reported previously [12], the Pr oxysulfate does not decompose
up to 1000 ◦C in a static O2 or H2 atmosphere. Thus, the sulfur
content could be kept almost constant even after several reduc-
tion/reoxidation cycles. However, the stability in a long-term
dynamic feed stream cycles has not been tested at high temper-
Fig. 4. Weight changes of 1 wt% Pd-loaded Pr2O2SO4 under cycled feed
stream of 0.7% O2 and 1.4% H2 at 800 ◦C (a) in the absence of SO2 and (b) in
the presence of 30 ppm SO2.

Fig. 5. Effluent gas profiles from 1 wt% Pd/Al2O3 under cycled feed stream of
0.5% O2 and 1% CO at 700 ◦C. W/F = 4 × 10−3 g min cm−3.

ature. Fig. 4a exhibits weight changes of 1 wt% Pd/Pr2O2SO4
during more than 100 redox cycles at 800 ◦C. The amplitude
of weight oscillation was decreased and completely lost after
100 h. Comparing Figs. 3 and 4a clearly shows that the stability
decreased drastically at temperatures above 600 ◦C. The insta-
bility is caused by the loss of sulfur due to the decomposition of
Pr2O2SO4 to the Pr oxide (Pr2O2SO4 → 1/3Pr6O11 + SO2 +
1/6O2). In contrast, stability was improved significantly when
30 ppm SO2 was supplied in the gas feed (Fig. 4b). This finding
can be explained by the shift of the equilibrium to the reverse
direction, namely from Pr oxide and SO2/O2 to Pr2O2SO4. The
XRD measurement demonstrated that Pr6O11 after exposure to
30 ppm SO2 at 800 ◦C restored the Pr2O2SO4 phase.

3.2. Anaerobic CO oxidation over Pd-loaded Pr2O2SO4

Next, the Pd-loaded Pr2O2SO4 was applied to anaerobic CO
oxidation to ensure the effect of large OSC on the catalytic be-
havior. In this experiment, two gas feeds to a catalyst bed were
switched between 1% CO and 0.5% O2 balanced with He at
a constant temperature of 500–700 ◦C. The reaction was first
performed on two reference catalysts, 1 wt% Pd/γ -Al2O3 and
1 wt% Pd/CeO2-ZrO2, before applying to the present 1 wt%
Pd/Pr2O2SO4 catalyst.

Fig. 5 illustrates the typical gas concentration profiles at in-
let as well as outlet of the catalyst bed when 1 wt% Pd/γ -Al2O3
(surface area, 180 m2 g−1) was used as a reference catalyst at
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Fig. 6. Effluent gas profiles from 1 wt% Pd/CeO2-ZrO2 under cycled feed
stream of 0.5% O2 or 1% CO at 700 ◦C. W/F = 2 × 10−3 g min cm−3.

Fig. 7. Effluent gas profiles from 1 wt% Pd/Pr2O2SO4 under cycled feed stream
of 0.5% O2 and 1% CO at 700 ◦C. W/F = 2 × 10−3 g min cm−3.

700 ◦C. The O2-to-CO switch yielded a temporal CO2 peak
with simultaneous consumption of CO, presumably suggest-
ing CO oxidation by PdO species. Soon after this, however,
CO conversion declined rapidly because of the lack of oxy-
gen release from the catalyst. The subsequent CO-to-O2 switch
gave rise to a very small O2 uptake due to the oxidation of Pd
to PdO. Consequently, the total amount of anaerobic CO ox-
idation was very low (<10%). When a Pd catalyst supported
on the conventional oxygen storage material, CeO2-ZrO2 (sur-
face area, 92 m2 g−1), was used, the conversion of CO to CO2
was higher after the O2-to-CO switch (Fig. 6). The initial ac-
tivity and amount of CO converted were greater than those
of Pd/Al2O3, because anaerobic CO oxidation was caused by
lattice oxygens of CeO2-ZrO2. After the CO conversion was
almost lost, the gas feed was switched to O2. Nevertheless,
no oxygen was detected in the effluent due to O2 storage un-
til the breakthrough after about 7 min. The OSC calculated
from the oxygen breakthrough curve, 0.8 (mmol of O2) g−1,
was close to the corresponding theoretical capacity of 0.25 (mol
of O2) mol−1 and was almost the same with the amounts of CO
reacted and CO2 formed.

Compared with these two reference catalysts, the Pd-loaded
Pr2O2SO4 exhibited very different concentration profiles, as
shown in Fig. 7. It should be noted that a half amount of cata-
lyst is used here, that is, W/F = 2×10−3 g min cm−3, compared
with W/F = 4 × 10−3 g min cm−3 for the reactions shown in
Figs. 5 and 8. During CO supply, the conversion to CO2 was
continued for a longer time even in the absence of O2 in the gas
phase. The initial CO conversion was high but decreased grad-
ually, probably because the rate is increasingly determined by
Fig. 8. Effluent gas profiles during CO/O2 cycle reactions over 1 wt% Pd/
Pr2O2SO4 under feed stream of 0.5% O2 or 1% CO at 700 ◦C. W/F =
4 × 10−3 g min cm−3.

mass transfer in a solid. A subsequent CO-to-O2 switch caused
the O2 storage. Unlike the Pd/CeO2-ZrO2 case (Fig. 6), how-
ever, the breakthrough required longer than 30 min. Accord-
ingly, the OSC calculated from the oxygen breakthrough curve
achieved a much larger value of 4.6 (mmol of O2) g−1, in agree-
ment with the theoretical capacity of 2 (mol of O2) mol−1. The
observed OSC and the amount of CO converted (9.2 mmol g−1)
are indicative of stoichiometric CO oxidation to CO2 under the
anaerobic condition. When the unloaded Pr2O2SO4 was used,
the amount of CO converted in a same period (150 min) became
very low (ca. 2 mmol g−1), so that oxygen release took longer
to complete. This indicates that loading of Pd could provide a
number of active site for CO oxidation and thus accelerate the
oxygen release from Pr2O2SO4. The effluent concentration pro-
file in one cycle corresponds to the full-capacity oxygen release
and storage of Pr2O2SO4, which could be repeated by applying
a cycled feed stream.

Judging from the height of the peak in the effluent CO2
profiles in Figs. 6 and 7, the initial catalytic activity of
Pd/Pr2O2SO4 for anaerobic CO oxidation was lower than that
of Pr/CeO2-ZrO2. The lower activity can be explained by the
dispersion of Pd, which was determined by CO adsorption tech-
nique to be ca. 10% for CeO2-ZrO2 compared with <2% for
Pr2O2SO4. Thus, the catalytic activity of Pd/Pr2O2SO4 can be
improved by optimizing the impregnation process of Pd precur-
sors.

Fig. 8 shows the effluent gas profile when the two gas feeds
to Pd/Pr2O2SO4 were switched repeatedly at 700 ◦C, with inter-
vals of 10 and 20 min for CO and O2, respectively. The amount
of both CO and O2 supplied per cycle was 1.1 mmol g−1. Con-
sidering the full capacity of oxygen release/storage [4.9 (mmol
of O2) g−1], the interval set here is very short, corresponding
to about 20% of full OSC. Therefore, the decay of CO con-
version during a step could not be observed. Instead, almost
constant CO conversion and oxygen storage could be cycled
without deactivation. More than 85% conversion of CO to CO2
was observed during CO half-cycles, whereas almost half of the
O2 supplied (designated OS in Fig. 8) was stored by the catalyst
during O2 half-cycles. From these profiles, we can calculate the
amounts of reacted CO and oxygen storage at each step as a
function of reaction temperature as shown in Fig. 9. At 700 ◦C,
the amount of O2 storage per cycle was 0.49 mmol g−1, which
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Fig. 9. Temperature dependence of amounts of oxygen storage and CO con-
verted during single CO/O2 cycle over 1 wt% Pd/Pr2O2SO4 as shown in Fig. 8
(", !) in the absence of SO2, (2, 1) in the presence of 100 ppm SO2.

Fig. 10. The amount of CO converted in single CO step (10 min) in Fig. 8
compared with that in corresponding steady-state CO oxidation over 1 wt%
Pd/Pr2O2SO4. (") Cycled feed stream, (!) steady-state.

corresponds to about half of the reacted CO, 0.94 mmol g−1;
this also suggests the occurrence of stoichiometric anaerobic
CO oxidation during each cycles. Both oxygen storage and re-
acted CO decreased with decreasing reaction temperatures be-
cause the reaction rate is determined by mass transfer in the
solid, but the ratio of CO converted to O2 storage remained
almost constant, near 2. The CO/O2 cycled feed stream reac-
tions were also carried out in the presence of 100 ppm SO2;
the amounts of CO reacted and oxygen storage are shown in
Fig. 9. Clearly, the activity for CO oxidation and the OSC were
not affected by SO2. Because SO2 can improve the stability of
the redox between oxysulfate and oxysulfide (see Fig. 4b), the
present system would be better applied in a sulfur-containing
atmosphere.

Fig. 10 exhibits the results of CO/O2 reaction under the cy-
cled feed stream condition and corresponding steady-state CO
oxidation over 1 wt% Pd/Pr2O2SO4. The steady-state reaction
was carried out by supplying a constant feed stream of 1% CO,
1.5% O2, and He balance to the catalyst bed at the same W/F of
4×10−3 g min cm−3. Here the amount of CO converted in a 10-
min period is plotted to allow comparison with that in a single
CO step (10 min) of cycled feed stream reaction (Fig. 8). It can
be seen that the anaerobic CO oxidation by Pd/Pr2O2SO4 is as
fast as the steady-state CO-O2 reaction at sufficiently high tem-
peratures (700 ◦C). This is a very important feature considering
real automotive conditions, in which acceleration and deceler-
ation will leave the catalyst under lean or rich exhausts for a
longer time. In such cases, catalysts capable of rapidly releasing
or storing a large quantity of O2 are necessary. Fig. 10 clearly
shows that the drawback of the present oxygen storage cata-
lyst is low activity at lower temperatures because of the slow
oxygen release compared with the catalytic reactions. Conse-
quently, we are now focusing on improving the low-temperature
oxygen storage performance of the present oxysulfate materi-
als by combining with various transition metals and their ox-
ides.

4. Conclusion

The catalytic property of a large-capacity oxygen storage
material, Pr2O2SO4, was studied under cycled feed stream con-
ditions. Impregnated Pd catalysts accelerated the redox cycles
between Pr2O2SO4 and Pr2O2S, which achieved a large OSC
of 2 (mol of O2) mol−1 at �600 ◦C. The large OSC was found
to be useful for the anaerobic oxidation of CO in cycled feed
streams at low frequencies. The catalytic activity, as well as
OSC, increased with increasing reaction temperature. The rate
of CO oxidation was comparable to that of steady-state CO-O2
reaction at sufficiently high temperatures (700 ◦C). The effect
of SO2 in the gas feed on catalytic activity was not obvious,
but the stability in a long-term reduction/reoxidation cycles at
800 ◦C could be improved significantly in the presence of SO2.
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