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1. Introduction

CO is one of the key pollutants in many industrial and in-
door environments. CO combines easily with hemoglobin in the
human body, and this damages the central nervous system. At
present, the catalytic oxidation of CO is a common way of re-
moving CO. The catalytic oxidation of CO to CO2 at low temper-
atures is an important process for environmental protection
and has widespread applications in air purification for build-
ings or vehicles, closed-cycle COz lasers, CO detectors [1,2], and
CO selective oxidation in reformer gas for fuel-cell applications
[3-5]. In addition, the CO molecule is used as a probe molecule
to study the relationship between the catalyst structure and
performance. Catalytic CO removal is therefore important in
basic research and practical applications.

Since the 1980s, the hopcalite catalyst and noble-metal cat-
alysts containing Au, Pd, or Pt have been used in the catalytic
oxidation of CO to CO2. However, the hopcalite catalyst has poor

water resistance, and noble-metal catalysts are expensive [6].
In recent years, many reviews of Au catalysts [2,7-14] and
some non-noble-metal catalysts [15-20] for CO oxidation have
been published. Ag catalysts, which are relatively cheap, show
excellent low-temperature activities for many catalytic oxida-
tion reactions such as NOx abatement, ethylene epoxidation,
and methane oxidation [21-23]. As the d-orbital of the Ag atom
is completely filled (first ionization energy = 731 kJ/mol (7.58
eV), electronegativity = 1.9), it is difficult for Ag to lose elec-
trons. The interactions between Ag and reactant molecules are
therefore very weak. Studies have indicated that new oxygen
species are formed on restructured Ag(111) [24]; the activities
of these species are much higher in some reactions (e.g, CO
oxidation) than those of surface-adsorbed oxygen species.
However, few reviews of Ag catalysts for CO oxidation have
been published.

In this review, based on our studies of Ag catalysts for
low-temperature CO oxidation, different factors such as the
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preparation method, support, pretreatment conditions, second
component, other atmosphere, and reaction mechanisms are
discussed in detail and summarized. This review will further
promote research and development of Ag catalysts for
low-temperature CO oxidation.

2. Effect of preparation method

The melting point of Ag (960 °C) is lower than those of Au
(1063 °C), Pd (1550 °C), and Pt (1769 °C), and Ag nanoparticles
tend to sinter at high temperatures. The design of the prepara-
tion method is therefore very important. It is known that the
dispersion and particle size of Ag affect the interactions be-
tween Ag and the carrier, resulting in different catalytic activi-
ties for CO oxidation [25]. At present, supported Ag catalysts
are usually prepared by methods such as impregnation
[26-28], cation-exchange [29], mixing [30,31], combustion
[32], simple solid-state reactions [33], supercritical fluid depo-
sition [34,35], post-synthesis grafting [36-38], direct synthesis
[25,39-43], coprecipitation [44-49], and deposition-precipita-
tion [50,51].

AgAu/Si02-Al203 catalysts have been prepared using a mod-
ified incipient wetness impregnation method (using sinensis as
a reducing agent) [28]. The one-step bioreduction procedure
has two advantages compared with conventional deposi-
tion-precipitation methods: (1) the method is simple and the
metallic particles can be obtained in one step, and (2) the syn-
thesized nanoparticles are small and homogeneously distrib-
uted. Xia et al. [29] reported that Ag/OMS-2 catalysts prepared
using a cation-exchange method exhibited very stable perfor-
mance over long times on stream (1800 min). In our previous
study [30], Ag nanoparticles and SiO2 powder were mechani-
cally mixed and ground to form a uniform mixture. The sup-
ported Ag catalysts prepared with Oz at 500-700 °C displayed
high thermal stability, and the Ag particles were much smaller
than unsupported Ag nanoparticles. Bera et al. [32] reported a
combustion mixture for the preparation of Ag/Ce0O2. The com-
bustion technique produces ionically dispersed Ag on a nano-
crystalline CeOz surface. The higher catalytic activity of com-
bustion-synthesized Ag/CeOz has been attributed to the ion-
ically dispersed Ag* on the CeO: surface. Chen et al. [33] re-
ported the synthesis of Ag-OMS-2 catalyst, and it was found
that extensive substitution of K+ by Ag* induced the formation
of a large number of active sites. The tunnel structure and na-
norod morphology favored effective CO adsorption and the
activation of oxygen molecules, giving high activity for CO oxi-
dation at low temperatures (7100 = 90 °C).

The Ag catalysts prepared by the methods mentioned above
have good catalytic activities, but the subsequent activation and
reaction processes easily induce aggregation of Ag particles,
resulting in decreased catalytic activity. Recently, many re-
searchers have found that confinement by ordered mesopores
of mesoporous silica materials plays a crucial role in improving
the thermal stabilities of Ag nanoparticles. Yin et al. [34] re-
ported the preparation of Ag/SBA-15 nanocomposites using
the supercritical fluid deposition method. This method mainly
takes advantage of the fact that the surface tension of a super-

Fig. 1. Formation mechanism of Ag/SBA-15 catalyst using post-grafting
method.

critical fluid is zero, and larger numbers of Ag precursor spe-
cies are likely to spread to the slit and form small metal Ag par-
ticles. The addition of a cosolvent significantly improved the
solubility of AgNOs3 in supercritical CO2 and resulted in the for-
mation of Ag nanowires. These nanowires did not improve the
catalytic activity and only gave 100% conversion of CO at 300
°C. Tu et al. [36] reported the confinement of Ag nanoparticles
in SBA-15 channels using the post-grafting method (Fig. 1).
Importantly, the Ag/SBA-15 catalyst was found to exhibit high
activity for CO oxidation. Yen et al. [37] reported the prepara-
tion of Au-Ag bimetallic nanoparticles supported on mesopo-
rous silica by the above method; the nanoparticles were very
active for low-temperature CO oxidation (7100 = 30 °C). Recent-
ly, a post-grafting method has been developed for the synthesis
of very small and sintering-resistant bimetallic Au-Ag particles
on commerecial silica [38]; the particles were highly catalytically
active for CO oxidation (T100 = 0 °C). However, the post-grafting
method is relatively complicated, and in some cases the process
has to be carried out under conditions that exclude water and
oxygen.

Direct synthesis procedures are relatively simple and have
attracted much attention recently. It is difficult to graft Ag par-
ticles onto SBA-15 in strongly acidic media. To solve this prob-
lem we prepared Ag/SBA-15 using a method, in which the pH
was adjusted [39,40]. Compared with the catalysts obtained in
previous studies [41-43], highly ordered Ag/SBA-15 with a
high Ag content (7.9 wt%) and highly dispersed Ag nanoparti-
cles was successfully synthesized and showed good catalytic
activity (Fig. 2). In addition, Liu et al. [25] recently reported a
modified one-pot approach to the preparation of Ag nanoparti-
cles on silica; the prepared Ag catalysts displayed good catalytic
activity, and 100% conversion of CO was achieved at 30 °C (Fig.
3).

3. Effect of pretreatment
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Fig. 2. Formation mechanism of Ag/SBA-15 nanocomposites using the
pH-adjusting method (left); transmission electron microscopy images
(upper right) and CO conversions (lower right) of Ag/SBA-15 nano-
composites [39,40].

Calcination is a necessary process for the preparation of
supported Ag catalysts, and the process can induce interactions
between the metal and the support. Our previous studies indi-
cated that if the Ag nanoparticles and SiO2 were only mechani-
cally mixed and ground to form a uniform mixture, the catalyst
showed low activity for CO oxidation. However, it became cata-
lytically active after treatment with oxygen at a certain tem-
perature [30]. Recently, it was reported [31] that the Ag/Al203
catalyst prepared from a physical mixture of Ag and Al:03
powders showed high catalytic activity and durability for CO
oxidation after calcination at high temperature (1000 °C). Ag-
ing- and catalysis-induced restructuring are therefore im-
portant concepts in designing active and durable catalysts.

Recently, we reported that a Ag/SBA-15 catalyst with low
loading (1.42 wt%) showed excellently activity in CO oxidation
at 20 °C after oxygen pretreatment at 900 °C (T9s = 20 °C) [52].
An evaporation-deposition-diffusion mechanism for the
Ag/SBA-15 catalyst was proposed (Fig. 4). The oxygen adsorb-
ate caused a decrease in the surface free-energy at 900 °C and
induced redeposition of the evaporated Ag atoms on the sup-
port, and Ag diffused into the channels of SBA-15, forming
more highly dispersed small Ag particles inside the channels.
We have also found that different pretreatment atmospheres
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Fig. 3. Formation mechanism of Ag/mesostructured silica catalyst
(top); transmission electron microscopy images (bottom left) and CO
conversions (bottom right) of supported Ag catalysts [25].
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Fig. 4. Schematic diagram of structural changes in Ag/SBA-15 pre-
treated with different atmospheres (02 and Ar) at 500 and 900 °C [52].

(Ar, 02) and Ag loadings resulted in large differences in the
structures of Ag catalysts and their catalytic activities [53] (Fig.
5). Ar pretreatment was favorable for the formation of small Ag
particles in a Ag/SBA-15 catalyst with a low Ag loading (2
wt%). Oz pretreatment was conducive to the formation of sub-
surface oxygen species on larger Ag particles in a Ag/SBA-15
catalyst with high Ag loading (8 wt%). The small metal Ag par-
ticles were the key factor in the higher catalytic activity of the
Ag/SBA-15 catalyst with a low Ag loading, whereas the large
number of subsurface oxygen species played an important role
in the higher catalytic activity of Ag/SBA-15 catalyst with a high
Agloading.

Irradiation with y-rays was successfully used to reduce Ag*
anchored on SiOz to Ag nanoparticles at room temperature
[54]; poor low-temperature activity and high activity at high
temperature for CO oxidation were found. However, the
Ag/Si0O2 catalyst prepared by calcination showed the opposite
activity trend. Different pretreatments induce the formation of
different Ag species, resulting in different activities for CO oxi-
dation. In addition, it has been found that Ag catalysts sup-
ported on different supports need different pretreatment con-
ditions for high activity. Our previous studies [25-27,42,55,56]
showed that H: treatment was favorable for improving the
catalytic activity of SiOz-supported Ag catalysts. It was pro-
posed that the high-temperature oxygen treatment induced
faceting of the Ag surface and facilitated the formation of sub-
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Fig. 5. Schematic diagram of Ag/SBA-15 catalysts with various Ag
loadings pretreated under different atmospheres [53].
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Fig. 6. Surface restructuring, subsurface oxygen formation, and redis-
persion model of Ag crystallites under oxidation/reduction cyclic
treatment [57].

surface oxygen species and migration between the surface and
the bulk of oxygen species on the Ag catalysts. When the Ag
catalyst was further treated with Hz at low temperature, the
redispersion of Ag particles resulted in larger numbers of small
Ag particles, resulting in increased catalytic activity [57] (Fig.
6).

For some supports such as Ce oxide [32] and Mn oxide [58],
many researchers have found that calcination improved the
catalytic activity. Reduction with Hz following calcination re-
duced Ag20 species and also affected the structure of the carri-
er, which decreased the activity. Gac [58] investigated the in-
fluence of the pretreatment on the CO catalytic activity of
Ag/MnOx catalysts and found that a large amount of active ox-
ygen species (Mn-0) were formed on the surface of the
Ag/MnOx catalyst after calcination. However, reduction with Hz
after calcination slightly decreased the activities at low tem-
peratures of the catalysts because the MnOx structure was de-
stroyed. Interestingly, the formation of new active sites for CO
oxidation on Ag/MnOx catalysts after Hz reduction increased
the activity at high temperatures. For all two-component cata-
lysts containing Ag, reduction with Hz was found to be neces-
sary to obtain high activities for CO oxidation [37,38] (Fig. 7).
Such reduction treatments reduce Agz0 and restructure the
particles, which resulted in enhancement of the CO catalytic
activity.

4. Effect of support

It is known that the catalytic activities of supported Ag cata-
lysts are higher than those of unsupported Ag catalysts. The

Fig. 7. Schematic diagram of structural changes and CO oxidation activ-
ity of Au-Ag/SiO: under calcination and reduction conditions, and
transmission electron microscopy image [38].

support can disperse the metal particles and induce interac-
tions between Ag and the support [25]. At present, supports for
Ag catalysts are divided into two main categories: (1) inert
supports such as silica materials [25-27,42,52,53,55,56,59] and
Al;03 [60]; and (2) active supports such as CeO: [32], FeOx
[45-47], CoOx [48], TiO2 [61-64], and MnOx [29,58,65-69]. The
CO oxidation activities of Ag catalysts supported on different
supports are listed in Table 1.

Silica-based Ag catalysts have been widely introduced in the
pretreatment and preparation of catalysts, and it was found
that silica-based Ag catalysts showed excellent activities for CO
oxidation at room temperature [25,55], unlike silica-based Au
catalysts. In the following part, we will discuss Ag catalysts on
supports other than silica and the different active Ag species on
different supports for CO oxidation.

The oxygen species and catalytic activities for CO oxidation
over Ag/Al203, Ag/Ce02, and Ag/TiO2 catalysts have been in-
vestigated using X-ray diffraction (XRD), tempera-
ture-programmed desorption, and temperature-programmed
reduction [70,71]. The highest catalytic activity for CO oxida-
tion was found on the Ag/Al;03 catalyst, and the catalytic activ-
ity for CO oxidation was strongly related to the reduction activ-
ity of the catalyst. Comsup et al. [62] found that stronger
Ag-TiO2 interactions improved the catalytic activity for CO oxi-
dation. Doping of P and Si into TiO2 resulted in different activi-
ties [63,64]. The incorporation of P into the TiO2 lattice in the
form of Ti-O-P resulted in an increase in both surface area and
metal dispersion, and the adsorption ability for oxygen de-
pended on the P precursor. The formation of Ti-0-Si inhibited
the agglomeration of TiO2 crystallites, promoted the formation
of active oxygen species, and increased the mobility of lattice
oxygens and the catalytic activity. Hu et al. [72-74] found that
CO was reversibly adsorbed on the surface of the catalyst and
reacted with lattice oxygens to form CO2. The XRD results
showed that the catalysts had the typical cryptomelane struc-
ture with a one-dimensional channel. Doping with Ag resulted
in a higher specific surface area and narrower pore size distri-
bution in OMS-2. The synergistic effect of ion-exchanged Ag
ions and substituted Co atoms of a mordenite zeolite enhanced
the CO oxidation activity [75].
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Table 1

CO oxidation activities of Ag catalysts on different supports.

Catalyst Ag (wt%) Preparation method Treatment condition  Ti00(CO)? (°C) Ref.
Ag/Silica 4 One-pot synthesis method 02-Hz 30 [25]
Ag/Si0: 8 Impregnation method 02-Hz 50 [27]
Ag/SBA-15 6.86 In-situ reduction method 02 120 [42]
Ag/SBA-15 1.42 Impregnation method 02-Hz 22 [52]
Ag/fumed silica 4 Impregnation method 02-Hz 30 [55]
Ag/Silica 0.99 One-pot synthesis method 02 170 [59]
Ag/Al203 29 Impregnation method 02 80 [60]
Ag/Ce0: 1 Combustion method 02 260 [32]
AgFeO2 Ag:Fe = 1:1 (mol/mol) Coprecipitation method 02 130 [45]
Silver cobalt composite oxide Ag:Co = 1:1 (mol/mol) Cocipitation method 02 50 [48]
Ag/TiO: 10 Solvothermal method 02 150 [63]
Ag-OMS 8.7 Cation exchange method 02 >100 [29]
Ag/MnO; 15 Hydrothermal method 02 >130 [68]

aTemperature for 100% conversion of CO.

The nature of the support also affects the reaction mecha-
nism of CO oxidation on Ag catalysts. For inert supports, the
adsorption and dissociation processes of CO and Oz molecules
occur on the Ag surface or at the interface between Ag and the
inert support. The catalytic activities of Ag catalysts are there-
fore largely dependent on the particle size [57,76]. However,
because of the low Tammann temperature of Ag (344 °C), Ag
catalysts have not been found to have size dependence, unlike
Au catalysts. Our previous study indicated that Ag particles of
size ca. 3-5 nm showed relatively high activity for CO oxidation,
and Ag? species were proposed as the active species [27]. It is
known that interactions between Ag and hydroxyl groups on a
silica surface are conducive to the formation of highly dis-
persed Ag particles. We therefore tried to prepare Ag catalysts
with particles of different sizes by calcining silica at different
temperatures and tested their CO oxidation; it was found that
highly dispersed metal Ag particles showed high activity for CO
oxidation at low temperatures [77]. For active supports, the
lattice oxygens of the support and electron transfer between
Ag-oxygen and transition metals play an important role in the
catalytic activity [29]. However, the active Ag species for CO
oxidation are still not clear. Luo et al. [78] thought that Ag20
was the active species for low-temperature CO oxidation.

As alternatives to oxide supports, some researchers have
recently tried to use graphite [79] and carbon [51,80] as the
support. Lim et al. [79] found that CO oxidation activity on
Ag/graphite was very sensitive to the particle size. For Ag na-
noparticles larger than 3 nm, two different oxygen species were
identified, one of which readily reacted with CO to form CO2 at
room temperature; the activity increased with decreasing par-
ticle size. For smaller Ag nanoparticles (< 3 nm), the formed
oxygen species only reacted with oxygen atoms in the gas
phase and were inert towards CO oxidation. Dai et al. [51]
found that highly dispersed Ag nanoparticles were easily at-
tached to modified carbon nanotube supports by anchoring
them to oxygen-containing functional groups, and these nano-
particles exhibited higher activities for CO oxidation at low
reaction temperatures. From the above results, we can deduce
that the support plays an important role in the formation of
active oxygen species and the particle size, and thus the cata-
lytic activity.

5. Effect of second component

Because of their good Oz adsorption capabilities, Ag cata-
lysts have been widely used in CO oxidation reactions. At pre-
sent, research on Ag catalysts is mainly focused on investiga-
tion of structures and activities. However, one-component Ag
catalysts have inevitable shortcomings such as high loadings
and poor catalytic activities at low temperatures. Based on the
current research status, some researchers have expanded the
investigation of single active Ag species and have modified Ag
catalysts with other components: (1) additives and (2) bimetal-
lic catalysts (Au-Ag, Ag-Pd, etc.).

5.1. Additives

In an Ag catalyst, interactions between additives and Ag
species can change the electronic structure and surface proper-
ties of the catalyst, increase the stability of Ag nanoparticles,
and promote Ag dispersion, thus increasing the catalytic activi-
ty for CO oxidation.

Luo et al. [60,81-83] reported the catalytic activities for CO
oxidation on Ag-Mn/y-Al203, Ag-Co/y-Al203, and Ag-Ce/y-Al203
catalysts, and the addition of MnOx, CoOx and CeO: increased
the amount of adsorbed oxygen and the capacity for surface
oxygen renewal of the catalysts, consequently improving the
activity. In addition, it was found that CeO: favored the disper-
sion of Ag particles on the surface of Al203 [81]. With increasing
amounts of CeOz, the Ag20 amount increased. However, the
relationship between structure and activity was not discussed
in this paper. Recently, we found that a small amount of CeO2
promoted dispersion of metal Ag particles and increased the
stability of Ag nanoparticles during high-temperature Hz pre-
treatment, consequently improving the activity [26].

5.2.  Ag-based bimetallic catalysts

Oxygen molecules are more easily adsorbed and activated
by Ag than they are by Au and Pd. Many researchers have
therefore tried to prepare Ag bimetallic catalysts to improve
the activation of molecular oxygen and accelerate the catalytic
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oxidation of CO.

Although supported Au catalysts have good catalytic activity
for CO oxidation and 100% conversion of CO has been achieved
at 0 °C [2], these Au catalysts have poor thermal stability and
are easily deactivated in the reaction process. In order to solve
these problems, Ag was used to change the electronic structure
of the active metal and to activate oxygen molecules, conse-
quently improving the reaction activity and stability of the cat-
alyst [37,38,84-94]. Mou's group [37,38,84-87] reported that
oxygen molecules activated by Ag can easily react with CO
molecules activated by Au to form COz, improving the catalytic
activity and reaction stability. Wang et al. [88] found that oxy-
gen species activated by Ag can be easily stored on nanoporous
Au catalysts at room temperature. CO oxidation on an
Au-enriched Ag(110) surface led to an exponential depletion of
oxygen with time, shown by an in-situ time-lapsed scanning
tunneling microscopy (STM) image series and density func-
tional theory (DFT) [90]. Investigation of the kinetic mecha-
nism of CO oxidation with Oz on Au-Ag alloy indicated that
(CO3)*, which was formed on the Au-Ag interface as a result of
co-adsorption of CO and Oz, was decomposed to COz, and the
process was enhanced by the interactions [91]. Pd-Ag bimetal-
lic catalysts were also investigated by changing the pretreat-
ment conditions, and it was found that Ag reappeared at the
surface, further increasing the catalytic activity. The results
were explained in terms of rearrangement of the most active
metallic particles, namely clean particles of pure Pd next to
dispersed Ag particles [92].

6. Effects of different atmospheres

Different applications require different CO oxidation cata-
lysts to be designed and developed. Investigation of the effects
of different environmental atmospheres on the catalytic activi-
ty for CO oxidation at low temperatures not only gives insights
into the catalytic reaction mechanism, but is also of great im-
portance for catalyst development. The presence of other
components in the CO feed, such as Hz, water, and CO, affect
the activity for CO oxidation.

6.1. Effect of Hz

It is known that a small amount of CO in Hz strongly affects
the performance of Pt anodes and fuel-cells, and it is essential
to remove traces of CO from the Hz feed gas. A large number of
studies of Ag catalysts for CO selective oxidation in Hz have
been performed, but the selectivities were too low. We pre-
pared different Ag/SiOz catalysts [30,95-99], but the maximum
CO conversion was 60%, and the selectivity was not more than
40%. Derekayal et al. [49] reported that 100% CO conversion
over a Ag/Co/Ce catalyst was achieved at 150 °C. The selectivi-
ty was very low (< 20%) and the low-temperature (< 80 °C)
activity was also poor. Chen et al. [100,101] reported that Ag
supported on active carbon can achieve 100% CO conversion at
100 °C, but the selectivity was again very low (< 20%). In con-
trast, Ag-Co and Ag-Mn catalysts showed higher selectivities,
but the temperature for complete CO conversion was high

[102,103]. Hu et al. [103] reported that 100% CO conversion
can be maintained for 250 h at 120 °C, with about 90% selec-

tivity.
6.2. Effect of water

Water is inevitably present in various environments, but, so
far, the effects of water on the performance of Ag catalysts have
rarely been studied. Studies showed that water vapor at the
parts per million (10-¢) level in the feed had a positive effect on
the catalytic activity [55,104,105]. A small amount of water
could prevent carbonate formation on the surfaces of Ag cata-
lysts, resulting in increased catalytic activity for CO oxidation
[55,104]. Moreover, Su et al. [105] reported that adsorbed wa-
ter affects not only the adsorption of reactants but also the
transition states and intermediates. The formation of hydrogen
bonds as a result of adsorption of water facilitates the dissocia-
tion of Oz. The formed atomic oxygen can further react with the
adsorbed water to form hydroxyls, which promotes CO oxida-
tion. However, there is still a lack of systematic data regarding
the effect of water on catalytic performance for CO oxidation at
low temperatures; this needs to be further investigated in the
near future.

7. CO and Oz adsorption processes and reaction
mechanisms

7.1. CO and 02z adsorption processes

The adsorption of CO and Oz on the surface of Ag catalysts is
of interest in many research areas, such as physical chemistry
and surface science. Research on the adsorption of CO and 02 is
very helpful in understanding the activation processes of CO
and O, the role of Ag, and the intrinsic character of the surface
reactions and catalytic process. So far, most studies have fo-
cused on theoretical calculations and catalyst models
[106-127].

Zhou and Hagen et al. [107-112] reported that the adsorp-
tion of CO on top sites, among various possible sites, was ener-
getically preferred, based on DFT calculations and tempera-
ture-dependent gas-phase kinetic data. CO easily reacted with
Ag clusters with adsorbed oxygen species. In addition, B3LYP
DFT has been used to study the electronic and geometric
structures of Ag anion dimers bonded with CO and oxygen. It
appears that CO oxidation can be achieved, cost effectively, at
room temperature using Ag without any external supply of
energy [113]. Moreover, ultraviolet photoelectron spectrosco-
py showed that O2 partially dissociated on Agz-, and these dis-
sociative chemisorptions were a Kkinetically hindered step
[114]. Recently, it was found that there were four possible re-
action pathways for CO oxidation catalyzed by Agz- [115]. The
most feasible pathway was CO insertion into the Ag-0 bond of
Ag>02- to produce an intermediate, [Ag-AgC(0-0)0]-, and then
the intermediate decomposed to the products COz and Agz0-,
or another CO molecule attacked [Ag-AgC(0-0)O0]- to form two
COz molecules and an Agz- anion.

The adsorption behavior of CO and Oz on different Ag crystal
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faces has also been investigated using X-ray photoelectron
spectroscopy, scanning tunneling microscopy, and theoretical
calculation methods. The results showed that CO on an Ag(001)
surface tended to react with surface O atoms [116]. The most
feasible pathway is CO + Oz — 02:--CO - CO2 + O [117].
Burghaus et al. [118,119] reported that CO tended to react with
molecularly adsorbed oxygen on the Ag(110) surface below the
dissociation temperature of molecularly bonded oxygen. How-
ever, only weakly adsorbed CO species were observed on the
surface of Ag(111) under high pressure and at low tempera-
tures [120]; this is consistent with the results of Schmeisser et
al. [121] and Jansch et al. [122]. Hammer et al. [123] and Jiang
et al. [124] found that CO molecules were dissociatively ad-
sorbed on the surface of Ag single-crystals.

7.2. CO oxidation reaction mechanisms

It has been reported that the mechanism for CO oxidation on
Ag catalysts differs, depending on the supports. There are dif-
ferent rate-limiting steps for CO oxidation on Ag/SiO2 catalysts
in different reaction temperature regions [54]. At low reaction
temperatures, oxygen dissociation is the rate-limiting step and
occurs easily on fine Ag nanoparticles; however, at high reac-
tion temperatures, oxygen is easily thermally activated and
reversible CO adsorption on the Ag surface becomes the
rate-limiting step. It was found that reduction of Ag* on a
Ag/NaY catalyst was very important for the enhancement of CO
oxidation activity, and the CO oxidation reaction followed
first-order reaction kinetics [128].

The CO oxidation mechanism on Ag on active supports is
relatively complicated. The active oxygen on Ag is mainly con-
sumed in the oxidation of CO, and M (Mn, Co, Ce) serves as an
oxygen carrier to supply oxygen species to Ag (Fig. 8). Ag reox-
idation occurs, releasing oxygen from M (Mn, Co, Ce)
[60,66,81]. CO oxidation follows a redox reaction mechanism
on Ag/transition-metal oxide catalysts [72]. At low tempera-
tures, the CO oxidation reaction on the surface of the catalyst is
the rate-determining step, and at higher temperatures, ie.,
above 473 K, the CO adsorption rate on the surface of the cata-
lyst becomes the key step.

8. Conclusions and prospects

Supported Ag catalysts have a wide range of applications in
low-temperature CO oxidation. Many factors such as prepara-
tion method, pretreatment conditions, carriers, and particle
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Fig. 8. Possible reaction scheme for CO oxidation over supported Ag
catalysts (Ag/Co, Mn oxides) [97].

size have important effects on the catalytic activities of sup-
ported Ag catalysts. Among the various preparation methods,
direct synthetic methods and impregnation methods are the
main techniques used to synthesize Ag catalysts that can cata-
lyze CO oxidation at room temperature. Silica materials (such
as SBA-15, HMS, or fumed silica) are the best supports for pre-
paring Ag catalysts with high activities by these methods. The
preparation of highly active Ag catalysts depends significantly
on the pretreatment conditions, including the atmosphere and
temperature. There is therefore a synergistic effect between
these influencing factors in the preparation of supported Ag
catalysts with high activities for CO oxidation.

Three main conclusions can be drawn from investigation of
Ag catalysts for CO oxidation. (1) An obvious dependence of
catalytic activity on the Ag nanoparticle size can be seen in re-
actions on inert supports. (2) Different pretreatment atmos-
pheres are required for different supports. For inert supports
such as silica, low-temperature Hz treatment after calcination is
conducive to Ag dispersion and improvement of the activity.
However, for active supports such as CeOz and MnO, calcina-
tion is more beneficial in improving the activity. (3) The reac-
tion mechanism is different for Ag on different supports. For
inert supports, the adsorption and dissociation of CO and O:
molecules occur on the Ag surface or at the interface between
Ag and the inert support. The catalytic activities of Ag catalysts
are therefore largely dependent on the particle size. For active
supports, the lattice oxygens in the support and electron trans-
fer between Ag-oxygen and transition metals play an important
role in the catalytic activity. Although researchers have paid
much attention to supported Ag catalysts for CO oxidation in
recent years, little attention has been given to catalysis in prac-
tical industrial atmospheres, and there have been few investi-
gations of the influence of water and CO2 on the structures and
catalytic activities of supported Ag catalysts. Furthermore, the
reaction mechanism of CO oxidation over supported Ag cata-
lysts is unclear, and the migration and transformation process-
es of CO and Oz on the catalyst surface need to be studied in
detail using in-situ techniques. With further investigation, we
believe that supported Ag catalysts will be widely used in in-
dustry and environmental protection (including air purification
in tunnels and indoors) in the near future.
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Progress in carbon monoxide oxidation over nanosized Ag catalysts

Recent developments of Ag catalysts for CO oxidation mainly focus on
the structures of Ag catalysts (particle size, species states, etc.) and their
catalytic activities.
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PAEPtA G P 453 1) 5 6 JR AL R )72 B T CO UL
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H 7 HAE Tk b R L ARk, A ke L COR AL
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TR, 2Rk B o S A 252280 i 7 3R 0 L A
IFIARIR AT, T RS T R S A R I
(% — HLBE AE731 kd/mol (7.58 eV), Hi 7 1t:1.9), 1R w2k 2=
BT, FT LAAQI R T -5 26 1 2 B4 43 [T A ELAE
JIRES. WFFR I, SR AT F A1 Ag(111) 1fI -
TE B — A A8 A AR, R B (ICO% L) izt iz = T
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XD, ST I AQ LRI Fe it R AL, R4
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COA R Rk, IRBHELEPN 5Bk (E 1), F
FHSBA-151H U FLIE PRI 2%, 7EFLIE TR T 2 E
(ARRLT, R AL AL COWEPE. Yen25 BTt K
FRIF] B 750 Au-Ag & S f T 1JE AT il B 41 3%, prfSfiE it
FICOTES0 °CHl 58 Ak, f%ilt, LRI Ik Sio,
B, SR G A AT E B AR E M
AU-Ag & &R T, i COTE A b I % 220 °C, (Hi%
PAFAE R ROR i) R ) % 1 PR 2%, T B KB4, %
P,

B A R R LA it R 1T BT £ 52 . B R
TE & L SBA-15 1) SR B VA HH AR ME 77 30 1) 1) 3, AR RG24
K F VR 15 pH B 7 32 A8 R PR T A ) A e R (7.9
W%) FIAQ/SBA-1SHE AL 7P FFF 45 A 70 470 A B M
COFAME B e 2 w1 iR B 4R i (B12). ik
Ak, Lius 2] B AR 7+ — e i A TR R 4R, 1
T B EURAR AN KR, 18 LA b COSRAL 1 Bk KR
PR, F e A AR I 230 °C (WLIE3).

3. FAEHIFM

R ) & SO AR AR L B R RS T
FERFIE AR B S, 9K S Bk 2 8] ] 7= A= — g (1) AH
HAER. ARG KR T 5 Si0 M FE It LR &, W& 1
TRAR, (H 40 SR O, — 2 5 FE M5 08, ¥if 1 2 18 35 3 i 00,
B, ShimizuZEBUE AR KL 5 3R ALOL MU IR A il %
T AQIALOS A, A IR AL FFIAE 28 =i 25 < (1000 °C)
Wb PR JE BRSO A ELVE FH R RO R 2 AR AR A R T CO
Ak, HE—BAESE TR S R N S T R R A
TV K P 2 BT A v P R s A A A A AR 1 O
HODIR,

BT, AR A B2 v R4S R (900 °C) Ak
S SBA-151¥FLIE, K FH &5 R BRI 50 ) 2% HHICHE 2 &
(1.4 wt%) f=1 v P 1 CO M 16 A A A 46 751 (Tog = 20 °C), FF
FEH T R A A T B K- DU -5 S IR B (K14).
FE R e, A2 B R £E.900 °C TR RE S BRI HE AL 71 £
T F A, AT 15 28 R I HR R 1 BB DURRE A AL R 35
If; R, ARAEALIE K SRR R 75 8 ASBA-15
FLIB W, 8 2 B N R SF AR 7. Beah, 3A1BE
IR, THAL B AU SRNER A7 480 5 25 %) Ag/SBA-15 M 41 771 1)
S5 R ROE R R M R R K (E5). MR f gk O 2 wtdel
Ar kb B R T 15 21 5 o B N B ERRLF 228 witd%
O AL B FI T T e 7 B /NIRRT, FRATTIAH, 24
BR AR BRI, /N RS IR 7 R 1 s B3

RO T, T R A7 B R e v N, L 7 T T TR R P IR
RIZFRAMANTFNIRG =G T R R 2.

InZEBARE R B, Ay i R RS R AR AR B Tl
JE 4 IR AR, 5k Be Ak B Ag/SIO ME AL FIAR B, Loy i
203 R A EE (R BRI DL SR AS AT AE, T HLAE SR 452
/N, TECOF A S5 b7 Hh 22 B H A (AR 3 0 M AN 8 v 1)
R, AN [E ) A B AR S BT AN R R, A
J3 2 0 HH A TR (1 AL CO A M. LIk, W 78 ik K
B, SRR AR AN R, BITAS-HE A 770 BT 75 AL 3 2% 4
AL FEEACRERR b, R he b B 5 (KR AL SR —
A T Tk i g 1202 29550 R 11T e B, T UL
A A AR A A 72 THT R A A, RN E AR A AR
TR T KEIIIREZ A, B8 S TH MR IEE 547 R T
UKL (0 8, T2 AT B 2 /NIRRT, AT T
HAELTEYE(E6).

T T A A AR AL A PO Ak, 435 e b HA )
T HAEAGUEAIE LRI TE =, BE S TH A B v] A i %2
(YR, E RIS R 6 e T R A 2 4, DT e L 75 5 2 B AT
X F B i TR AR B B — s AL COR AL TG M.
Gacl® 82 7 P Ab HH A 4N AQ/MNO, JHE A 751 £ b At 14
(RREI, 2 IS % i T A 7R 3R T T o, 77 R i A M A
Ff(Mn=0), ZH,i& 5 5, 1677 1 Ag O 4k 1) [F] st A5
KT Mg 48, AT S S50 HE AL R ARG R S P A (EL el T
I JE A A B A A DT T BT I VA A, SRR T AL
IR IR X T 5 B AU A A7), 387 FTH,
o i I J5 A R BT S(PE 7). i 45 AQ,O 3 JiR LA B TR T 1k
B &R, MTHERE T AT CORAL I AL .

4. BFRIRNT

TR, 7 Bk B AR A AL TS PR e v T oK L.
X E T T EARRE S 7 BUR KL, [R5 3 (8] A =2k
— 52 (AR B L F T AR R B A B Ak
FFS NP (L)1 HEERAE, ] i Sio, 27 42525855,56.59]
FIALOSEE, (235 M 84k, B ER ik [ & R0 3% 1k s B
Oy T AE 2 R R, 451 inCeO,P, FeO, ™4 CoO, 1),
TiO PR MNO, 1295885891 2 - A [ 8 Ak 1 48 110 AR A AL
A COSM B P N L LT 7.

TR A R TIAL B SR L B & 07, BATT 2 &4
TR ZREFERRH A A AgHE AL CORY fiE Ak S AL TG
P SAUBEATIAE, SRR ak i Ag AL 7R IR
w4 CO R 1 1, COFE H; IR BV T 58 42 5 41 12559,
O A RSB R R R TR DA RO [ A
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AR COME AL AT M .

b f 35 25032 Y X 5 28 A7 55 (XRD), #2571 i i
Bt (TPD) A1 2 F¢ Tt il 3F JR (TPR) £ A #F 7T 1 Ag/AlL O3,
Ag/CeO, Tl AgITiO i 1k 75 iy S 14 57 J2 COS AL A PE, &
BLAGIALOME AL 75 I COSALIE M 5 i, 457 - CO%
A3 PG 5 3 Ji 5 HE 5 — 3. Comsup 235 3,
Ag-5 TiO,[AI1R 58 [ AH BLAE A F T S iR . P
FISIXTTIOHEAT 5 4% AT FEASH 35 4. B 70 2 B,
PIETIO, A% . R Ti-O-PHE A5 15 5 44 Lk 3R T A FIAR 2
HRCRE B T R A TR 6 SR B TR B A O B U TP IR T
Ti—O-Si%g (1K) T BN ] T TiO, & kL () 3 4, [l iE 3k 1
TE AP R, IR T S AR A B RE B, T T BUE
PE$E = COTEAGHS 2= M A A B )\ I 14 43 + 77 (OMS-2)
TR A EW, I 5 S S N A2 B CO,; XRD4S
BRI, & KIIOMS-241 k& TR # T — 4k k% 16 25 14,
EEAQHIB ARG T 7 F I A 7, R A 5 &,
fLAEEE U2 22 5k 40 b Co S AR S 1 2 M AFE 1)
iy [FE P AT T A 1 4 e oL,

PR Ak, A TR B A 6k 1) AR AR A 77 | CO SR S AL
HPRABANIR]. X TS M EUA, CORIO 73T W R AN B it
PR AETEAQER THI BLAQ- Bk R LT b, R 3L s B v 1 5
HRLT I RSFE R KRBl T At 2 15 1% (344
CCYRA, AU A BT AR, B AT 708 A K A
TEMATEESRAZ IR, ARBART RN,
3~5 nm AR T 28 B HE A A Ak 3 T, B AN
AP IEMEYI R, BT AgIR % 5 5 SI0 R 3 K
FHEAE FH T B 43 SO AR 1, DRk, R AT T3l 3 7R AN [
TR FE R R A B R R 3R T 0, 1) 2% HH AN [RDREAR (1 AR AR AL
FUTL b3 e A, 80 F) o A B DA B - SR -  4
JaE 22 T fH R A 3 6 A S PR R R OC E AR
JE P LA B3 A R A7 E 4. Luo 53R T2 000,
A0 TETEYF.

AR A3 228 FH A 3 S A s A BB,
I AR B Lim &R T, 47 R A A B A AgiiE L
FE SR TR S SR O, SR RT3
nmisf, 7EAR FI R R AN B, o — PR IR B 1
R N 5 COR M R CO,, LR R fb 3% 12k Bt AL )R ~T 1)
PR/ T RGN AR DR/ T3 nmist, AN AR HR 2 T A%
— PR, X E R RIS AR A, A E5COR
7. Dai%PU ik I, B gK A S [ R A A A A 4y
BRI T, FER I B IR A M. R, 2K
P HRRL T RST B FA AR BT sE AR K, AT 5 5

Hb 52w AT .
5. FHSRIFM

AR LRI R 3L R4 B B O, B8 i )32 B F-CO
AN H T P A AR AR A 5 3 EE AR R A
BRI G5 P S i . SR, B4 A B AL AT SR A7 —
oI G (Y Wy, AR R R, IRIELTE M A BT,
NATTRE AR A AL IR AT S, i N Bh ) iR B W4 e 1
ek R (WAU-AgFIPA-AgEs).

5.1. BAFIASMA

TN Bh 75 B8 % 5 HR A AL I FEL T, SO AL
) ER) 2 T A o BT S S A 23 W BT RE T Ak, iR
R e AR NI, $ 1y HL 7 U

B i K 088w 7 R INMNO,, Co0, 8k Ce0, i
AGly-Al O i Ak 7 A5 M, R X 26 B I 6 I\ A5 B 1
AT R I A R B AR, AT B mdib . e 4b, Al
i BB, Ce iy In N FIlF-ARAL T 11143 1, Bt %5 CeO, )
TN, Ag,O8 %, {H & S A @M SC R FRATHE
KPP 5E B 1 CeO, 4 FI T & JB #L kL T #2008, I HLAE
— BRI LR T A S R T I O R R AR, M
P T A TE
52. RENEBHEMNLFT

FAX T8 5 4 JB AU PA 25, Ag TR 25 5 W Bt Ao
WA S, BRI AR AR 2 N A B AR I X 4 S £ 77
DA i (AR 43 R 3 A RS 7, i CO i 4k 4
1k.

AUSE 5 5 4 AL B AR R H R I AL
COSLIT 1, FEELE0 °CLL N 58 e 510, (= 77 76 #4

PSR T A5, WA 1, AT 4 A R
ll‘i *D i%'\ % ‘l\i [37,38,84~94]. MOU i% 5@‘ éﬂ [37,38,84~87] jfﬁi ji FElJ %
Au-AgE &R T, [HEAGITL A D TR 5 5 Auit ik
[RICO% T R IS4 .CO,. Wang 2 B85 it 7= 47 15 Bt 43 #7
SN (TAP) KB, Agiis 46 140 nT BATE & IR N Auki+
It 77, Chou SO0 it J5UA7 5 IR 41 $i ok 3 F 7 S0 1ol
F%E P2 B ELR (DFT) HHBIESE, AuffJA77E£158Ag(110)
B AE COR ML FE R 3 T FE. Au-Ag & &R+
LA ALCOR TR 13 1 250 7L R, MAuR &4 >
HEAQH, 7EAu-Ag 7t [ 4k L W fif COFNO, T 111 (CO5)™
Wi CORO, 2 18] 1 FH J1 e 4 iR M COM. thgt, @it
AR A PR KA U AR P-AgRL T 4514, 45 RER I, R T
PAPARE -4 45 43 B AgRL 7 =X B FE R T HH A v 1) £
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Hi LS,
6. REZREFHESFHHM

ANTR] 7 FH AT L T T COMR IR A A 18 A 5] ) 22
SRAAS AR W58 A [ 2R 58 RSO IR 18 AL CO S AL
PERE B, AT AR T AL S SCPLER, T ELXE
THERAE AR R BT K B B B E R L. COHH,,
HoOFNCO I AELE L5 SR 2 R A FHMER IR V7% PR A AR g 1t 7=
Az — S IR
6.1. HAI%M

FH TRk L 1) FE AR SRR R R AR AE D B CO
HA WG R BURE, P SR & AU T IR R A
Fit B CO P 8 Ak 7 AT FE s 22— BT, A SCAR (AL
AW FUAR 2, AH 2 A K B 0] 80 2 ok MR FR
A7 09599053 3o 3 ¥ b FE 2K 1R S TR R Rl T AN RIS R I
AQ/SIO AL T, COMY I KB A 2 AN 14 60%, CO, ik
PEAK T-40%. Derekayal <511} 5 % 31, Ag/ColCefiE 1L 71
Al 7F 150 °C 7 45 S L CO 58 42 4k, {H 3% 5 1 AR AR (<
20%), H AR (< 80 °C) FHEEA K AT i M. Chengl1o010l
A TR AE TG M b, #E100 °C /2 A5 RE S S BLCO 58 4
ek, (HIE BT R $]20%. B 2% B, Ag-CoflAg-Mn
AL /E COME P A R e i i 4, (B2
58 A AR v 010, Hu s DTS i, Ag/OMS-2
HFITE & SRR 120 °Ci s2 B COM sE 44k, T H.
HA 3 1% B P (90%) Al A2 5E (250 h).

6.2. TKHIEZN

F T A58 Hh AN T Tk S A7 TR K, (H A K AR A
TR TR A COfR R S AL M B R I iR TE A 2. B 7SR
51041051 B K AP AE 4R o 1 AL 77 RE. Afanasev
S RIWUSE ORI o, R 7 i L L R R T B R
(IR 1, AT 88 I 3% 1. Su i i DFT i 5 & B,
W2 B (17 7K ANAS 5 W CO RN O 1Y T Bt , 340 5% M Jsg 7 3ot 72 (1)
IEPEAS AN A4, W 7K RE A5 7E Ag(LLL) T L %
S, (RO MRS, TR FOt— B 5K iz
B, AIRHECO%UAL. SR, H AT Bk = 7K & & X% COfKiR:
FAL LTI BERC I 1 R G 7T, A Tk — b AT

7. COROHIMR ML IE K K Rz #1132

7.1. COFAO,HIMKFtid 32
CORIO,EAQF IHI WK Bt ik 23 S B FRAL 2. &

TR 2255 A 2 W 0 A, X AT IR A 9T, A B T3

R COMOL G 72 K 5 AgIIME T, LA K 2 1 J )b Al

AR AR, H AT 5 TR0 7L 3 B A R R R T
SR B R TR A A7) 081271,

DFT ISR 1% 150 77 20 70 e B2, COTEAR#% I
{1 5 FI0 R I A7 o TS, I PR, 55 45 P I 4 2 AR A K AR
SN BEAN, K DFT B3LYP 54 7T Ag, fEALCO% L
S SHLER R B, CORELE IR F 4l 8 &7 Ak), 3 H.O,
FTIRK GIEAG, bR AT o AR 5, I i 29 11 4k 2 I
B T 029y FAEAG, bR MM, 78 Agy 7% I,
COfL AL [ N AL A5 DU 26 vT REIA S Mg 42 Horb de ]
fE 11 2 CO #fi N\ Ag,0, 1 1) Ag-O % & /& ] 14
[Ag-AgC(O-0)O1", X J& B # 71 it J& 1 1™ %) CO, I
Ag,07, 85— 731 COt B [A| fA [Ag-AgC(0-0)0] &
FP 4> T P24 CO, M Ag, T3,

BB AR, AT R F XS 80 s 7 B 1 (XPS), 414 %
T8 L S AT (STM) A ER R 1 5 5 75 VA 9T 7 CO IO,
TEAGAS R & Bt 47 9. COFIOTEAQ(001)3% i 3t
W B IR XPSTE 27, COMiln T 5 i bl # O J5 -+
FIELAE F, 3 FL3@ i icobh 7 20k 40 e dE R 1 ™Mo, kg
P2 1 ] 8 2 42 R CO + 0,—0,---CO—CO, + O, 7
Ag(110) K i ., KT O, 1) 73 il BE B, COLL 73+ W
XN OB E ML CO R BEAE i IR AAMIRIR 24 1 T 78
Ag(111) % T & 4 1R 59 1 4 2 W B 120 5 Schmeisse
2 12U Jansch 2 B2 5236 — 3. T Hammer 2 B850y
wR A T R B, CO%y T-EAQ R i e THT b 2 2E 1) 2 A
5 P B
7.2. CO&{L#lIE

W R I, BARAS ], A7 AR AL ) - CO%AL
SISANR]. FEAQISIOMEAL T L, A8 1) e Sl X [ 47
FEAAN A 30 P, fEARIR X, A i i D 1R,
REAHT 2% 5 MR AEFE /N RS KL T | il X R )
T A T AN AR A T ARORE - R ST, COFE £ 3R THT 11 ] 3l g i
RO AL B, T AgINaY HE AL 77 _E, Ag™itiE i 2 1
SRCOSAL I PE [0 B 5 B COSA AT FE I A — 2 BE
ijjjj#[lm].

T PR B A A K R A 77 COSUAL S S AL
Fhie i 2%, @I N, TEAQAIM (Mn, Co, Ce) i 1L 5 #4
#H, CORBTEAG™ON. LRI E L, M L1102 B H 4
TLAG® (.FE8), #R 1AL T 7 0K M (Mn, Cofil
Ce) Ak Wy (1 S B TS0S8 8L 2 Ag/ied i 4 J S Ak W kAL,
F L, COMIAAIEAEH AR S5 S S HLERT2, 7 I8 B
ICH, AL H COMI AL 2B OB F 0 B8, 4
TR FETH 22473 K, COIW B I 4 Jit o 5 i s 7 5 F )
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R &,
8. #ERE

Zx Eprid, SRR AL MR IR AL CORAT iz
(RIREF AT 5t FLAk e 5 B A2 1 4 U535, TALER R AF, Bk
ARL - RS R R . H ATA 200 H iR COfiEfL AL
AL 1 2607 1% 3 BON B B BUE AR BUE 5SS, Bk
A FURESERARL, P i (R A 750 (4 e T B A AT 2K
R FIAL B (B UML), 7E ] 2 CORAL IR AL 771
RERE A, AP RZ I K BRI . AR 2.

A RAGEEEAL T L COSAL S ML BE 7T, AfITEL 4
TR T = R (DFEPEVE B L, UKL AE S B AR
RIS AR 1 RO RN, () BRAARANTA], RAEAL T
I AL A BOASIRL, XAk, dn — S0 RE, Kbe

ZJ5 IR A B T A R T AR 3 ORI S 3 1 1)
P, Mt TIE R, iCeO, MIMNO,, K He A AT
AT VERI 3R &, ()N A A4 (A 77) - (%) S S ATL B A1
A AN, 5T M3 A, CORIO, 73T F R B A it 5 it
PR A AEARF T B AT b, DRI s 7 9 1 5 ARRL T 1)
FOPBIRKKZR; o Tid a0 i) a8 S AR
AT VE SR 2 (R AR I T TS PR AT G 2 OCE
BIMEF. SR, fE B SLRA NI R L Ie A £, %
7K S COM ARAMEAN TR 45 ) B ik PR R s o 45 AR AL 77
- CO%M S RIHLIE 1L A B 1, CORNO, 73 22 W £
AL TR HE R RGN, 10 75 B — 25 SR P Ao 25
S FBOA TS SR, RN RGO T AR AL - B
AT I COR AT FE, W6 A FLAE S B Tk fER B
(B FE RS LS = A ) AR BT T2 IS H.
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