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Within the field of solid-state chemistry, oxygen storage 20300 T S0 e
and release properties of cerium oxides (get@ve played 20/ degree

important roles, especially in terms of automotive exhaust Figure 1. X-ray powder diffraction patterns of the £&Zro.1/Bi0.1501.925

catalystst CeQ and its related materials can lower the (CZB)and the 0.84Ggero.1dBi01401930.16AgCI (CZBAQ) catalysts: (a)
as-prepared CZB, (b) GesZro.1Bio.1501.925 after 10 cycles of reduction

Ignition temperatures Qf part'CUIajte matters (m.a'n_ly SQOt) that and subsequent reoxidation treatment (CZB_aged), (c) as-prepared CZBAg,
are released from diesel vehickesSoot emission is a  and (d) 0.84CeseZro18Bi0.1401.6x0.16AgCl after 10 cycles of reduction and
significant component of air pollution and is harmful for both Subsequent reoxidation treatment (CZBAg_aged).

human beings and the environment. In recent years, therefore, ) , ,
much attention has been given on the synthesis and charac- Previously, we have proposed that the introduction of small

terization of solid solutions based on Cedn particular, amou.nts of BiOs W'th_'n the.CeQ—Zr.Oz .Iat.t|ce may
studies have focused on Ce€¥rO,, which possess signifi- effectlyely allow the solid solution to maintain its reduction
cantly enhanced thermal stability, redox property, and P€havior atlow temperatures (below 3@).° Unfortunately,
catalytic activities (comparable to those of pure @D treatment of Ce@-Zr0,—Bi,O; 10 repeated cycles of
Reduction behavior at low temperatures and high degree®duction and reoxidation (redox aging) at 9D resulted
of reducibility of CeQ—2Zr0, solid solutions are attractive " @0 increase in the reduction temperature. Subsequently,
properties in regards to automotive exhaust catalysts. Numer-Ve discovered that the addition of silver, which is well-
ous investigatiors® have been carried out to determine the KNOWN s an oxygen-permeable matetiaifo the CeQ—
optimal composition, structure, and morphology of the Zr_Oz—B|203 solid solution was effgcnve in m_alntalnmg the
CeZr, O, solid solutions:3 Other studies have aimed at Mixture’s low-temperature reduction behavior. Herein, we

investigating the effect of trivalent dopants such as y&fia, present the effects' of silver on the retention 'of the low-
lanthand, and praseodymfaon the redox behavior of the ~t€mperature reduction behavior of Ge&rO,~Bi-Os.
CeZr O, materials. However, tests show the difficulty for ~ X-ray fluorescence analyses were carried out ogsge
such conventional materials to retain their reduction behavior Zfo.1Bio.1501.025 (denoted CZB hereafter), which was syn-
at low temperatures after oxidation at high temperatures thesized by a coprecipitation method, and on 0.84ge
(above 900°C). Surface etching, a known solution to this Zro1di01401.930.16AgCl (denoted CZBAg hereafter), which
problem? did not substantially improve the reduction be- Was prepared by heating a ball-milled mixture of AgCl and

havior of these materials. Cey 68Z0.1Bi0.1501 9250btained by coprecipitation. The X-ray
powder diffraction pattern (XRD) of CZB (Figure 1la)
* Corresponding author. Telephone:81 (0)6 6879 7352. Fax:+81 (0)6 displayed only diffraction peaks that are attributable to a
6879 7354. E-mail: imanaka@chem.eng.osaka-u.ac.jp. cubic fluorite-type structure, whereas the diffraction pattern
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Figure 2. Temperature-programmed reduction profiles of the catalysts: (a) Lo b bonn b ey

CZB, (b) CZB_aged, (c) CZBAg, and (d) CZBAg_aged. 300400 500 600 700 800
Wavenumber / cm

oxide resulting from the TPR treatment in Figure 2a was Eiggf 3-61 n'za("c};"’ézsgic"z Ogdthe catalysts: (a) CZB, (b) CZB_aged, (c)
reoxidized by a pulse technique, in which the oxygen storage 9 9-aged.

capacity (OSC) value was 696mol of O, g™*. The TPR ;4ing 4 new strong broad band (539 djncorresponding
diagram gftgr. 10 cycles of rgdox aging is shown in Flgure to the Ag-O vibration appearet.

2b. The significant upward shift (in temperature) of the main

reduction peak, relative to the profile of the as-prepared (XPS) has been carried out for the CZBAg_aged catalyst.

ZZQﬂfr,atlgdpggistigz:ag‘I; sg:;iltg“t%/e ci):\ctrr;\szacr)rf]%ee fg)ass CThe result is illustrated in the Supporting Information. The
value to 90&:mol of G, g1, the reduction temperature rose XPS spectrum shows two Ag(9g) peaks at 367.7 and 368.0

o . . eV, which elucidates that Ag is present both+ii (367.7
to 434°C. After 10 cycles of redox aging, segregation of eV) and 0 (368.0 eV) states in the catalifshlthough AgO
Bi,O; was detected in the XRD pattern of §&Zro1r o
. : : . ) . exhibits the Ag(3¢) peak at 367.7 eV, A decomposes
Bio.1501.925(Figure 1b). This catalyst is termed “CZB_aged . 1314
. o . . to silver metal at 400C.134Furthermore, the XRD pattern
hereafter. This deposition induced the decreasing of Bi o . .
. . X . . of the CZBAg_aged sample indicated formation of metallic
content in the solid solution, which leads to the rise of the

. . . silver (Figure 1d), and no A® peaks were observed. Also,
reduction temperature. on the_ contrary, thgJgisegregation .. it has been confirmed that XRD peaks of the CZB phase
correlates with the increase in the oxygen storage capacity_, . . : .

. . shifted to higher angles after the redox aging as evidenced
because pure BD; is easily reduced around 50C.

: in the inset of Figure 1, by the formation of oxide anion

. 'F‘ contrast, the_ TPR traqe of the CZBAg (Figure 2c) vacancies accompanying with the silver dissolution. There-
indicated a reduction behavior at around 340 Although . . .

. . fore, it can be concluded that Ag somewhat dissolves into
the CZBAg was a mixture of CZB and AgCI (Figure 1c), . .

: . : the CZB lattice after 10 cycles of redox aging.

these compounds were vigorously mixed by mechanical ball- Th d CZBA | imple mi f
milling and strongly contacted each other. The AgCl particles CZBe az—p;epgre d th 9 Cj;"?‘.ySt W?SAa zllm_pg m|xc§ur§ N
adhered on the surface of the CZB will inhibit the low- . an ? h, and It eda .mon of A9 mf uce26t4e
temperature reduction. Consequently, the reduction peak Ofgf(r)eoacsmlgf;& the initial re uctlont'temfgeri\tulr)etrom i to
the CZB material (264C) increased to 340C with the dissol .d' ehre arlgd nolsynergeo:cde ec_sd ewehen S|fver
addition of AgCIl. However, this reduction behavior was Issolved in the solid solution and deposited on the surface

unaffected by 10 cycles of redox aging (as depicted in Figure after the redox aging, the aged catalyst should have shown

2d). The redox-aged CZBAg sample is termed “CZBAg_aged” the same_behavior as that observed in the.catalyst without
hereafter. Ag, that is, the reduction temperature will furthermore

To identify the origin of the different reduction behaviors increase after the aging Process. Acgordingly, the retention
described above, Raman spectra of the compounds wereOf the low-temperature reduction behavior of the CZBAg_aged

measured and are shown in Figure 3. The Raman spectru ould be attributed to the synergetic effects of partial
of CZB exhibited a strong band at 467 chwhich was dissolution of silver into the CZB lattice and the surface
assigned to th&,, mode of a cubic fluorite structure, and deposition of metallic silver on the solid solution.

two minor peaks at 313 and 573 chiSuch spectral features ~ The OSC values of the CZBAg and the CZBAg_aged
are indicative of & phase, which is a type of a tetragonal Sa@mples were 951 and 73anol of O, g™, respectively.
structure containing oxygen displacement within the fluorite The partial dissolution of silver ions into the CZB lattice
lattice 1° Although the Raman trace was not affected by the produces oxide anion vacancies to maintain charge competi-
redox aging, a small amount of Bl; deposition was detected tion. The formation of the vacancy will enhance the oxide
in the XRD pattern, as shown in Figure 1b. On the other anion mobility, but the total amount of oxygen in the lattice
hand, the Raman spectrum of the CZBAg_aged sample

exhibited a remarkable behavieafter 10 cycles of redox (1) Millar, G. J.; Nelson, M. L.; Uwins, P. J. Reatal. Lett 1997 43, 97.
(12) Bera, P.; Patil, K. C.; Hegde, M. Bhys Chem. Chem. Phyz00Q 2,
3715.
(10) Yashima, M.; Arashi, H.; Kakihana, M.; Yoshimura, 8.Am. Ceram. (13) Weaver, J. F.; Hoflund, G. Bl. Phys. Chem1994 98, 8519.
Soc.1994 77, 1067. (14) Weaver, J. F.; Hoflund, G. BChem. Mater1994 6, 1693.

Surface analysis using X-ray photoelectron spectroscopy
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ER @ at the same temperature, as depicted in Figure 4a. After 10
= “‘ﬁ%_%w T cycles of redox aging, however, differences in the combus-
8 et tion temperatures were observed (Figure —4ihe soot
2 "ﬂa combustion temperature for the CZB catalyst increased
% ‘ slightly because of the higher temperature at which the active
l§’ L e o5 oo oxygen was released from this sample by aging. These
0 100 200 300 400 500 600 profiles can be reproduced within the experimental deviation
Temperature / 'C of +2 °C. As shown in Figure 4, the lattice oxygen of the
E (b) catalyst can participate in soot oxidation, and the reactivity
= *:..“Wg / of oxygen in the bulk of the catalyst highly improves the
RS e ‘ combustion activities.
2 ‘. In summary, retention of low-temperature reduction be-
£ ., havior of CeQ—ZrO,—Bi,O3 was realized by the addition
D1 et of silver to the solid solution. On the basis of our results, it
0 100 200 300 400 500 600 can be suggested that the synergistic effects of the partial

Temperature / C . .. . .
_ o , ~solution and surface deposition of silver are responsible for
Figure 4. Thermogravimetric analysis curves of carbon black combustion

for CZB () and CZBAg ®) catalysts: (a) as-prepared samples and (b) Maintaining the activity, in which the oxygen permeability
aged samples after 10 cycles of the reduction and subsequent reoxidatiorOf silver enhances low-temperature reduction, even after 10
treatment. The symbok corresponds to the result for the combustion of cycles of redox aging.

carbon black itself in the absence of the catalysts.
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