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Superoxide species were detected on activated carbon (AC) afteeddment at high temperatures300

°C) and subsequent oxygen adsorption a@0 The introduction of Ag onto the carbon surface promoted

the formation of superoxide species. For Ag/AC catalysts, the superoxide species may be able to spill over
from the carbon surface to the silver particles and react with CO under reaction conditions; while over AC
itself, superoxide species have no activity toward CO oxidation. This is another active oxygen species for
CO oxidation over carbon-supported silver catalysts.

1. Introduction oxidized by molecular oxygen through scanning tunneling

. Microsco STMP* Recently, Mou et al. has reported that
Polymer electrolyte membrane fuel cells (PEMFCs), operating moleculaf)giygen)zspecies ;é) are responsible fgr the CO

at relatively low temperatures (e.g., 680 °C) with pure oxidation over Au-Ag alloy catalysts supported on Al-

hydrogen or reformed gas as fuels, have attracted much attentionContainin mesoporous silica (denoted as MASSThe active
as a potential power source for electric vehidigsHowever, 9 P :

the Pt anode catalysts can be seriously poisoned by traces o 2~ Species originated from both the defects on the MAS and

CO in the reformed gas. This has motivated the search for highly he Au—Ag na.n.opartlcles. That is to say the §X|stence OT defect
efficient catalysts for CO preferential oxidation in excessat sites on the S.'l'ca surface favors the _fo_rmatlon of reactiye o
low temperatures. The outstanding catalytic performances of SPECIES, leading to an enhanced ac.tlwty for CO oxidation.
noble metals, such as Pt, Rh, and Au, are widely recogfizéd. In the present work, we used activated carbon (AC) as the
However, there are only a few reports about the use of relatively SUPPOrt Of silver catalysts. It has been observed that a hydrogen
cheap silver catalysts for CO-selective oxidation in excess H éatment at temperatures higher than 30®efore the oxygen
even though silver catalysts have been acknowledged to be very2dsorption will lead to the formation of superoxide species on
effective catalysts in partial oxidation reactions such as ethylene IN€"t AC support. The higher hydrogen treatment temperature
epoxidation, formaldehyde synthesis, B4 Recently, we have IS the easier the formation of superoxide species. The superoxide

observed that silver catalysts supported over silica are also activeSPeCies over AC cannot react with CO directly. Instead, the
in CO oxidation and CO-selective oxidation reactions. However, Presence of Ag on AC surface can promote the formation of
carbon materials as the support for metal catalysts are moreSUPeroxide species over AC, and more importantly, catalyze
attractive because most of carbon materials are electron-the reaction of CO and superoxide species.
conductive, which enables carbon-supported catalysts be inte-
grated directly into fuel cell$® 2. Experimental Section

The active oxygen species determine the oxidation activity

in CO oxidation or selective oxidation reactions. For Ag/SiO .
catalysts, under the reaction conditions, two kinds of atomic purchased from Beijing Guanghua WOOdS. Ltd. (Beijing, Ch'“?)-
The AC was first crushed, washed, and sieved, and the fraction

OXygen species ha\(e been repprted on the Ag surface, €0 40-60 mesh was used as the supp6ithe textural structure
surface oxygen species formed via gas-phase oxygen adsorption

i i 0,
and subsurface oxygen formed during oxygen pretreatment atIS listed in Table 1. Ag/AC catalysts (12 wt %) were prepared

high temperature¥1° CO reacts with both surface and by the conventional wetness impregnation method using aqueous

subsurface oxygen species under reaction conditions. On theS'IVer nitrate (AgNQ, Shanghai Chemical Reagent Company,

0 :
ivr e, for A catass, s consdred s 250, o000 by iy o 1200 o 121, he A
the active component for CO oxidation, but only relatively low Y P e P

activity of CO oxidation was detected over the catafst. \t,’v ?tfﬁ rr? g?;alé/:]lco'r[ehsélsm;o;tsr?imﬁ t(é?rt]algrséi’”'g(z Wasbggleated
At the same time, molecular oxygen was reported to be the yarog 9 P 540)

active species for CO oxidation over model Ag cataljsta? loading silver. Details are specified in the manuscript.

For example, CO oxidation by molecular oxygen on Ag (110) 2.2. Catalyst Qharacterization_. The temperature-proj

surface has been intensively investigated by Conrad and co-9rammed desorption (TPD) experiments were performed in a

worker21-23 Barth and Zambelli also observed that CO was duartz U-type microreactor, connected with an on-line quadruple
mass spectrometer (Balzers, OmniStar GSD300 O). Samples

* Corresponding author. Tel..-+86-411-84686637. Fax-+86-411- (about 0.1 g) were first activated undep KBO mL/min) at
84694447. E-mail: xhbao@dicp.ac.cn. various temperatures f@ h and then cooled down to room

2.1. Catalyst Preparation.The coconut shell based AC was

10.1021/jp0665628 CCC: $37.00 © 2007 American Chemical Society
Published on Web 01/18/2007



2230 J. Phys. Chem. C, Vol. 111, No. 5, 2007 Chen et al.

TABLE 1: The Textural Structure of AC Support 100
BET surface  aneso Vtotal Vmeso mean pore
sample area(mM/g) (m%g) (mL/g) (mL/g) size (nm) - 80
AC 1058 227 0.54 0.28 2.16 =
.% 60
temperature in He (30 mL/min) before an oxygen adsorption g
(10 vol % G in He; 30 mL/min) at 80°C for 1 h. In some § 40
cases, the samples were further treated with CO (1 vol % CO, e
0.5 vol % Ar in H, or 30 vol % CO in He; 30 mL/min) at 80
°C for 1 h before reexposure to oxygen. Finally, the temperature 201
was increased to 99TC at a rate of 5C/min in He (30 mL/

min). MS intensities fom/z = 2, 4, 15, 28, 30, 32, 44, and 46 0L
were recorded as a function of temperature.

2.3. Catalyst Test.The catalytic reactions were evaluated in
a fixed-bed flow reactor. Gas mixture containing 1% CO, 0.5%
O (volume ratio) and balanced withyhvas fed at a flow rate
of 50 mL/min. The composition of the effluent gas was
monitored by an on-line gas chromatograph (Agilent Technolo-
gies GC-6890N) equipped with PN and TDX-01 columns.
Besides the feed, only two products, £€@nd HO, were
detected. CO and Oconversions were calculated from the
differences between their inlet and outlet concentrations,
respectively, while the selectivity toward CO oxidation (S) is
defined as the fraction of oxygen consumed to oxidize CO to
COs:

3 60 9 120 150

CO conversion / %

S={0.5x ([COJ,,— [COl,)/([O);, — [O5]o)} x 100% 30 60 90 120 150
Temperature / °C

where [Q]in and [CO}, are inlet and [Glout and [COly are

! . —AC
outlet concentrations of £and CO, respectively. C

— —AgNO/AC

3. Results and Discussion

I-~’-—\ ’.-f
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3.1. Existence of Superoxide Speciefigure 1 shows @
(A) and CO (B) conversions over the Ag/AC catalysts treated
in H, at different temperatures versus the reaction temperature. Vv
As presented in Figure 1A, except Ag/AC treated in hydrogen V!
at 200°C, O, conversion increased with the reaction temperature L
and finally reached 100%. At the same time, as shown in Figure 1L
1B, CO conversion increased with the reaction temperature and Ypeak |
passed a local maximum around-7B00 °C. The decrease of : ; , r r
CO conversion at even higher reaction temperatures has been 0 200 400 600 800 1000
caused by the competitive hydrogen oxidation reaction in the Temperature / °C
same system. It is interesting to note that, at the same reactiorFigure 1. O conversion (A), CO conversion (B) over Ag/AC catalyst
temperature, @conversion and CO conversion increase with treated in H at different temperatures versus reaction temperatures

the catalyst pretreatment temperatures, and decrease when thdor €xample: H200 means treated with hydrogent at ‘ZD(gor 2h),
pretreatment temperature is higher than 500 Z?d H-TPR (C) profiles of AC and AGNGAC in 10 vol % t in
To better understand the roles of the hydrogen pretreatment

in the catalytic performances, the H-TPR of the AgIN&C and AC catalyst at peak Il is ascribed to the reduction of oxygen-
AC samples were carried out, and the results were shown incontaining functional groups of carbon support, catalyzed by
Figure 1C. The H-TPR profile of the AGQN(AC exhibits three silver. When the the TPR profiles are coupled with the reaction
H, consumption peaks, centered at 180 350°C, and 600 results, it is obvious that the AC reduction at 2550°C (peak

°C, respectively. The peak at 15C (peak I) is assigned to  Il) is critical to the improvement of catalytic activity.
decomposition/reduction of silver nitrate, which is accompanied In order to elucidate what kind of structure change has
by the MS signals of nitrogen oxidesWz = 30, 46, not shown happened after hydrogen treatment around 3500,—TPD
here). The peak at 600C (peak IIl) is contributed to the  experiments of AC support (Figure 2A) and Ag/AC catalyst
gasification of carbon support with generation of light hydro- (Figure 2B), after hydrogen treatment at different temperatures,
carbons, mainly methane, as indicated by the detection of MS were conducted.

signal of it (n'z = 15)28 The H-TPR profile of raw AC (as As shown in Figure 2, after the pretreatment at 2@
shown in Figure 1C) shows a single peak, starting from38D0  (temperature lower than peak Il), no obvious oxygen desorption
or so and centered at 67C. This peak can be attributed to the was observed over the AC support (Figure 2A, a). For the
reduction of oxygen-containing functional groups of the carbon corresponding catalyst (Figure 2B, e), oxygen desorption at 125
and the gasification arising from the cartz8iThe higher carbon °C was detected, accompanied with a broad peak centered at
gasification temperature, compared with AgMEC, is due to 430°C. The intensity of the peak at 430 decreased and finally

the absence of Ag catalyst. Then, theddnsumption of AgNG@ disappeared when the pretreatment temperature was higher than

[N

Intensity / au
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Figure 2. O,—TPD profiles of the AC (A) and Ag/AC catalyst (B)
after different pretreatments. From a to ¢, AC after pretreatment with
H, at 200 °C, 300 °C, and 500°C, respectively, followed by ©
adsorption at 80C; (d) (c) further treated with CO (1 vol % CO, 0.5
vol % Ar, in Hz, 30 mL/min) at 80°C for 1 h; from e to g, Ag/AC
catalyst after pretreatment with,Ht 200°C, 300 °C, and 500°C,
respectively, followed by @adsorption at 80°C for 1 h. (The bar
graphs display the intensities on the same scale.)

300 °C. This peak is attributed to the desorption of the bulk
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Figure 3. The GQ—TPD profiles of the Ag/AC catalyst treated i, H

at 500°C followed by Q adsorption at 80C for 1 h (a), after @
adsorption further by CO treatment (30 vol % CO in He, 30 mL/min)
at 80°C for 1 h (b), and after CO treatment followed by reexposure to
0O, at 80°C for 1 h (c).

treatment, with the introduction of Ag, the amount of superoxide
species increases and desorption temperature decreasé€ (125
vs 140°C, as shown in Figure 2) compared with those of AC
support. This fact indicates that the existence of Ag promotes
the formation of superoxide on AC and favors its desorption.

To check whether those superoxide species are active or not
in CO oxidation reaction, AC support loaded with superoxide
species was exposed to CO mixture (1 vol % CO, 0.5 vol % Ar
in Hy) at 80°C for 1 h and followed by the TPD experiment.
The TPD profile is shown in Figure 2A, d. Obviously, no
intensity loss of superoxide desorption was observed as com-
pared with the same sample without exposure to the reaction
mixture (Figure 2A, d vs Figure 2A, c). This result demonstrates
that superoxide species on pure AC support cannot react with
CO and/or H. Naturally, no CO oxidation activity has been
observed in the CO selective oxidation reaction for pure AC
support treated in Hat 500°C for 2 h.

oxygen species from Ag which has been reported to be devoid On the basis of the above results, the following conclusions

of catalytic activity’® When the pretreatment temperature was
raised up to 300C (temperature range of peak 1), there was a
little oxygen desorption from the AC support at 140 (Figure

2A, b); furthermore, the intensity of oxygen desorption from
the corresponding catalyst increased dramatically (Figure 2B,

can be drawn: superoxide species can be generated on pure
AC support or on Ag/AC catalyst after hydrogen treatment. The
existence of Ag promotes the formation of superoxide on AC,
while the reduction of the catalyst at temperatures higher than
350°C (higher than that of Peak Il) is crucial for the formation

f). When the pretreatment temperature was further increased toof superoxide species. Without silver, superoxide cannot react

500 °C (temperature higher than that of peak Il), both AC

with CO and/or H.

support (Figure 2A, c) and the catalyst (Figure 2B, g) presented 3.2. Reactivity of Superoxide with CO over Ag/AC

a sharp oxygen desorption at 12040 °C.

According to the literature, the Qlesorption peak at 120
140°C is the desorption of superoxide species from the carbon
surface?®30 In 1973, Mash and Foord observed the oxygen

Catalyst. Figure 3, the @—TPD (m/z = 32) spectra of the Ag/

AC catalyst after different treatments/reactions, is shown to offer
more insight into the reactivity of superoxide species with CO.
A sharp superoxide desorption peak (Figure 3a) was observed

desorption from microporous carbon in the temperature rangeat 125°C from Ag/AC catalyst after pretreatment with, tt

150—-200 °C3! Later, Boehm and Schip et al. reported the
strong broad desorption peaks of &t ca. 130°C over NH-
pretreated carbons after adsorption ¢fa100 Pa for 1 mir?
The oxygen desorption was assigned to superoxide spegies, O
by the same grouff. Here, for the AC support and Ag/AC

500°C followed by Q adsorption at 80C. When the catalyst
was further exposed to CO (30 vol % CO in He) at“@for

1 h, the superoxide desorption peak at IZ5 disappeared
(Figure 3b). This means the superoxide species on Ag/AC
catalyst can react with CO. The superoxide peak can be

catalyst, the shape of this oxygen desorption is similar and the regenerated with an additionab@dsorption at 86C (Figure

desorption temperature is in the similar range. More importantly,
molecular oxygen will dissociatively adsorb on Ag at temper-
atures higher than 140 ®;23 and the dissociative atomic
oxygen species desorbs at much higher temperatur88(Q
°C).1632Thus, it is safe to be concluded that the desorption of

3c), indicating that the consumed oxygen can be restored by
oxygen adsorption at 80C.

Over Ag/AC catalyst, the superoxide species can react with
CO. Thus, the superoxide species formation capacity of AC
support after pretreatment withylepresents the corresponding

superoxide species is from the AC surface. It should be noted catalytic activity for CO oxidation, which agrees well with the

that after the same temperature (20D and/or 300°C) H,

reaction results in Figure 1A and 1B. However, a pretreatment
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Figure 4. O, conversion (A) and CO conversion (B) of the Ag/AC
and Ag/AC-H550 catalysts after activation in, Ht different temper-
atures (H200 indicates Ag/AC catalyst activated ip & 200 °C;
AC H550-H200 means Ag/AC-H550 catalyst activated ip &t 200
°C).

temperature higher than 50C is detrimental to the reaction,
which might cause aggregation of silver particles.

With the aim of clarifying the importance of superoxide
species for CO oxidation, the AC support after pretreatment
with H, at 550°C was used to support Ag to obtain 12 wt %
Ag/AC-H550 catalyst. The catalyst was then tested in the CO
selective oxidation in excessleaction after pretreatment with
H, at 200°C or 300°C, and the results were shown in Figure
4. The Ag/AC-H550 catalyst after pretreatment with &t 200
°C or 300°C showed much higher £Qand CO conversions
compared with those of the Ag/AC catalyst after the same

Chen et al.
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Figure 5. The CO- (A) and CQ—TPD (B) spectra of the AC and
Ag/AC catalyst after different pretreatments. (a) AC after pretreatment
with H; at 500 °C, (b) AC after H pretreatment followed by O
adsorption at 80C for 1 h, (c) Ag/AC catalyst after pretreatment with
H, at 500°C, (d) Ag/AC catalyst after kpretreatment followed by ©
adsorption at 80C for 1 h, and (e) Ag/AC catalyst after,@dsorption
followed by CO treatment (30 vol % CO in He, 30 mL/min) at 8D
for 1 h.

0 400

atures. Therefore, COMz = 28) and CQ (m/z = 44) signals

of the AC support and Ag/AC catalyst during,©TPD
measurements were also recorded as shown in Figure 5. The
support and catalyst treated in Bt 500°C had a small amount

of CO and CQ emission. Upon further exposure to,Qhe
intensities of CO and Cg{signals increased. It means that the
adsorbed oxygen species can oxidize the carbon to release CO
and CQ during the TPD experiments. The sample after oxygen

temperature hydrogen pretreatment. Moreover, the Ag/AC-H550 adsorption was followed by treatment with 30 vol % CO in He

catalyst after pretreatment with kit temperature higher than
200 °C exhibits the similar catalytic performances with those

at 80°C for 1 h. It is interesting to find that the intensities of
CO and CQ signals decrease but the profiles are similar to

of the Ag/AC catalyst after pretreatment with, ldt 500 °C. those of the catalyst after activation in kith O, adsorption.
These results indicate that, if the AC surface has been These results indicate that the oxygen species have been
reconstructed by high-temperature hydrogen treatment beforeconsumed during the CO treatment. In summary, besides
loading silver, the corresponding catalyst is suitable for the superoxide species, other oxygen species also exist and take
formation of superoxide species, and its formation promotes part in the reaction with CO.
CO oxidation and leads to the improved catalytic activity of  3.4. Formation of Superoxide Species on ACAs reported,
Ag/AC-H550 catalyst. AC can be reconstructed undep kteatment at temperatures
3.3. Other Active Oxygen SpeciesAlthough superoxide higher than 400°C, which is in agreement with our H-TPR
species can react with CO over Ag/AC catalyst, one cannot rule results (Figure 1C, the H-TPR profile of AG334 Treatment
out the existence of other active oxygen species and their activewith H, or He on one hand removes the less stable oxygen
roles in CO oxidation reaction. Indeed, atomic oxygen species functional groups but on the other hand generates reduction
that desorb at relatively high temperature800°C) have been species on the carbon surface. The formation of reduction
reported to be the active species for CO oxidaffot#.In the species might be related to the basic si#e®liveira has used
present work, if the atomic oxygen species exist, it can oxidize iodometric titrations to quantify the amount of the reducing sites
carbon support in the TPD experiments, leading to the formation of carbons after K treatmen£® It was reported that the
of CO and CQ due to their relatively high desorption temper- concentration of reducing sites increased with increase of the
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100 \3 Y O, conversion and the_ rergnove of oxygel? fuhnctionarll groupls _and I?asic site
. generation do not apparently change the catalytic performances
% CSdechiyioco, et scivalon et S00°C Hence, s confimed et
R % H, at 200 or 30C°C, is attributed to the incr’ease of superoxide
E\ 601 S % species formation ability on AC-H550.
2 Y
< 40- % % % 4. Conclusions
% % % _ AC-supported Ag catalysts were prepared by the wetness
i i hod and df lecti idation i
- 1 i e osesen i oo o o

species, @ ; and the existence of Ag promotes the formation

of superoxide species. Without silver species, superoxide cannot

react with CO; instead, for Ag/AC catalyst, superoxide species

Figure 6. The catalytic performances at 8C over Ag/AC, Ag/IAC- formed on AC may spill over to silver particles to react with

g‘?o' and Ag/AC-He550 catalysts after activation inat 300°C for CO under the reaction conditions. The higher pretreatment
' temperatures enhance the formation ability of superoxide species

over AC support, leading to better catalytic performance. In

treatment temperature. Furthermore, the reducing sites can reacddition, other atomic oxygen species also generate on Ag/AC

with oxygen. Similar results were also reported by Radovic et catalyst after pretreatment in,Hvhich are also active for CO

al., i.e. carbon, after treatment with, Ht high temperatures,  oxidation.

presented a strong oxygen adsorption even at room tempera-

ture3334These reports demonstrated that, upon thermal treatment - Acknowledgment. This work was supported by the Chinese

in H,, oxygen-containing groups on carbon surface will Ministry of Science and Technology (2003CBG 15806) and the
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producing stable basic sites, whereas other sites will be available

for the adsorption of @ The activation and incorporation of ~ References and Notes

O, gaseous mol_ecules have been su_ggested to take pla(_:e via a (1) Wright, P. A.; Natarajan, S.; Thomas, J. M.; Gai-Boyes, RChem.

stepwise reduction to form superoxide, peroxide, and finally mater. 1992 4, 1053.

the oxide (eq 1§° (2) Gardner, S. D.; Hoflund, G. B.; Upchurch, B. T.; Schryer, D. R.;
Kielin, E. J.; Schryer, JJ. Catal. 1991, 129 114.

Ag/AC Ag/AC-H550 Ag/AC-He550
Catalysts

- .- . - A2 . (3) Gardner, S. D.; Hoflund, G. B.; Schryer, D. R.; Schryer, J.;
O,+e — O, (superoxidej-e — O, “(peroxide)+ Upchurch, B. T.. Kielin, E. JLangmuir1991 7, 2135.
e — 0—2 (oxide) (1) (4) Breen, J. P.; Ross, J. R. Batal. Today1999 51, 521.

(5) Rohland, B.; Plzak, VJ. Power Sourced999 84, 183.

: : (6) Oh, S. H.; Sinkevitch, R. MJ. Catal. 1993 142 254.
Therefore, the pure AC can form superoxide species after (7) Watanabe, M.: Uchida, H.: Igarashi, H.. Suzuki, Ghem. Lett.

pretreatment with bl at temperatures higher than 33C. 1995, 21.
However, the Ag/AC catalyst can even generate superoxide (8) Kahlich, M. J.; Gasteiger, H. A.; Behm, R.J.Catal. 1997 171,
species after pretreatment with &t 200°C, due to the existence 93

of Ag catalyst. (9) Kahlich, M. J.; Gasteiger, H. A.; Behm, R.Jl.Catal. 1999 182,
3.5. Reactivity of Superoxide Species Formed on AGAs (10) Schubert, M. M.; Kahlich, M. J.; Gasteiger, H. A.; Behm, RJ.J.

presented, AC has no catalytic activity for CO-selective oxida- Power Source4999 84, 175.

tion in excess K after pretreatment with Hat temperatures (11) Manasilp, A.; Gulari, EAppl. Catal. B2002 37, 17.

above 300°C, although it can create superoxide species after (1? yan Santer, R. A .KF‘;ti]?e'? e Cb-fduéc_aéa'f-imfg 35 205
the pretreatment. However, Ag/AC catalyst, after pretreatment 19$(38 )179‘3%’8 + Mestl, G.; Rule, T.; Weinberg, G.; Schig, R.J. Catal.
With Ha, eXh_ibitS high activity, and SUperOXid? SpeCieE_" take part  (14) Bukhtiyarov, V. I.; Prosvirin, I. P.; Kvon, R. I.; Goncharova, S.
in the reaction. It is proposed that superoxide species formedN.; Bal'zhinimaev, B. S.J. Chem. Soc. Faraday Trans997 93,
on AC may spill over to Ag particles to react with CO. 232135 Chen L M. Ma. s Li X. Y. Bao. X. HCatal. Lett.2006 11

As mentioned in sections 3.1. and 3.4., AC, after pretreatment 13; ) Chen, L. M.; Ma, D.; Li, X. Y.; Bao, X. HCatal. Lett.2006 111,
with H, at 550°C, can produce supe_roxide species, as well as  (16) Qu, Z. P.; Cheng, M. J.; Huang, W. X.; Bao, X. H.Catal.2005
remove some unstable oxygen functional groups and form basic229, 446.
sites related to the reducing sites. These factors may inﬂuencezo&%sggsz'zz; Cheng, M. J.; Dong, X. L.; Bao, X. iatal. Today
the catal_ytlc properties of Ag/AC-H550 catalyst. However, AC (18) Qu, 7 P.;.Huang, W. X.: Cheng, M. J.: Bao, X.HPhys. Chem.
treated in He at 550C (AC-He550) only removes some g 2005 109 15842.
unstable oxygen functional groups and forms basic sites related (19) Qu, Z. P.; Huang, W. X.; Zhou, S. T.; Zheng, H.; Liu, X. M.; Cheng,
to the reducing sites. In order to determine which factor is M. J. Bao, X. H.J. Catal.2005 234 33. =
essential for the better CO oxidation activity, Ag/AC-H550 and 19%0)18%“'1"’2{; E.; Gldr, C.; Srivannavit, S.; Osuwan, $\ppl Catal A
AQ/IAC-He550 (the catalyst prepared from AC-HeS50) after (31) Burghaus, U.; Conrad, Hurf. Sci.1996 352-354, 253.
activation in H at 300°C were evaluated for CO selective (22) Burghaus, U.; Conrad, Fsurf. Sci.1996 364, 109.
oxidation in excess K The reaction results at 80C are (23) Burghaus, U.; Conrad, Ksurf. Sci.1997 374, 1.
presented in Figure 6. As seen, after the same activation (24) Barth, J. V.; Zambelli, TSurf. Sci.2002 513 359.
treatment, the catalytic activity in excess hydrogen follows the 20(()255)23\’3\\/‘31”& A-Q:Liu,J. HiLin, S.D.; Lin, T. S.; Mou, C. 9. Catal.
order: Ag/AC'H550> Ag/AC ~ Ag/AC'H655O These results (26) Wang, A. Q.; Hsieh, Y. P.; Chen, Y. F.; Mou, C. ¥.Catal.2006

indicate that the reduction of AC enhances the catalytic activity, 237, 197.



2234 J. Phys. Chem. C, Vol. 111, No. 5, 2007

(27) Korver, J. A.Chem. Weekbl195Q 46, 301.
(28) Matos, J.; Brito, J. L.; Laine, JAppl. Catal. A 1997 152
27

-(29) Stdr, B.; Boehm, H. P.; Schi, R. Carbon1991, 29, 707.

(30) Oliveira, L. C. A,; Silva, C. N.; Yoshida, M. I.; Lago, R. Mkarbon
2004 42, 2279.

(31) Marsh, H.; Foord, A. DCarbon1973 11, 421.

Chen et al.
(32) Ren, L. P.; Dai, W. L.; Dong, Y.; Qiao, M. H.; Cao, Y.; Li, H. X.;
Fan, K. L.Chin. J. Catal.2003 24, 669.

(33) Menadez, J. A.; Radovic, L. R.; Xia, B.; Phillips, J. Phys. Chem.
1996 100, 17243.

(34) Menedez, J. A.; Phillips, J.; Xia, B.; Radovic, L. Rangmuir
1996 12, 4404.

(35) Bielanski, A.; Harber, Xatal. Re. Sci. Eng.1979 19, 1.



