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CO tolerance electrocatalyst of PtRu-HxMeO3/C (Me= W, Mo)
made by composite support method
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Abstract

CO tolerance electrocatalyst of PtRu-HxMeO3/C is prepared by a composite support method, which overcomes evident shortcomings of
other preparing methods. According to the result of XRD and TEM, the catalyst shows high dispersion and the HxMeO3 exists in amorphous
form. The electrooxidations of CO on the catalysts have been investigated in cyclic voltammetry, in which PtRu-HxMeO3/C shows lower
CO ignition potential according to hydrogen and CO spill over effects, and the bifunctional mechanism is proved to be strengthened for
the involvement of HxMeO3. The CO tolerances of catalysts are compared according to the PEMFC single cell performance and anode
polarization curves operated with H2/50 ppm CO and H2/100 ppm CO.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Proton exchange membrane fuel cells (PEMFCs) for their
characteristics of high-energy efficiency and low emissions
are the most promising candidates for electric power gener-
ator in transportation applications. Although PEMFCs con-
suming pure hydrogen can deliver high power densities, it
is necessary to use reforming gas instead of pure hydro-
gen as fuel considering safety and availability issues. Un-
fortunately, reforming gas typically contains up to 2% CO,
which severely poison the Pt anode catalysts, i.e. even a few
parts per million of CO produce a substantial degradation
in PEMFC performance due to severe anode polarization
brought by CO adsorption on electrocatalysts[1,2].

Several strategies have been proposed to overcome CO
polarization phenomena in anode compartment of PEM-
FCs, including the injection of low levels of oxygen or
oxygen-evolving compounds in anode fuel flow[3–6], ad-
vanced purification of reforming gas according to fuel pro-
cessor[7], and the development of CO tolerant electrocata-
lysts[8] and electrode structure[9]. However, oxygen injec-
tion method brings about safety issues and lower utilization
of fuels. Advanced purification method causes more com-
plexity and cost to the whole systems. Therefore, the most
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common method approach to solve CO problem is to de-
velop CO tolerant electrocatalysts, which is also the premise
of CO tolerant electrode structure.

There was densely researching work on CO tolerant elec-
trocatalyts in the past several decades of years, including
binary, ternary even quaternary catalysts. Most of the bi-
nary catalysts, alloys usually, e.g. PtRu[10–13], PtSn[14],
PtOs[15], PtW [16], PtMo [17,18], show higher activity to
CO’s electrooxidation reaction (COOR) than Pt does due
to bifunctional mechanism, i.e. the second components as
Ru, Sn, Os are apt to combine with active water, thus form-
ing oxide as Ru(OH)x, SnOx and Os(OH)x which can re-
act with adsorbed CO on platinum, and COOR potential is
thus lowered. Many exploring works on ternary and quater-
nary CO tolerant electrocatalsyts were carried out in recent
years[19–23], especially on the system of PtRu-MeOx (Me
= W, Mo, V etc.) [24–30]. Since Tseung and co-workers
had found that Pt/WO3 or PtRu-WO3 showed higher cat-
alytic activity toward COOR than Pt attributing to hydrogen
spill-over effect[24–27], i.e. electrooxidation to hydrogen
(HOR) can be spilled over to tungsten oxide when active
sites on Pt are blocked by CO, there were some tentative
works on the electrocatalysts of Pt or PtRu involving tran-
sitional metal oxide.

To meet the application of PEMFC electrocatalyst
PtRu-MeO3 should be prepared regarding such points: (I)
as thought commonly PtRu/MeOx functions as CO toler-
ant catalysts according to combination of the bifunctional
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mechanism and hydrogen spill-over effect, the interface
between PtRu and transitional oxide should be try to en-
larged so as to provide enough active sites for the effect
combination; (II) to be the anode catalyst of PEMFC the
particle size should be as little as possible so as to provide
dense active sites in anode catalytic layer at definite catalyst
loading; (III) the preparing condition had better be easily
controlled so that the course is well reproductive. Several
methods of preparing PtRu-MeOx or PtRu-MeOx/C were
developed, including freeze-drying method[27], modified
Bönnemann method[28], and modified Adams method
[29,30]. The electrocatalysts prepared by aforementioned
methods show better activities to COOR than PtRu, con-
firming PtRu-MeOx to be the promising candidate for the
CO tolerant catalysts of PEMFCs. However, the above
methods are of some limitations and thus not meet the
requirements of applications in PEMFC very well. Both
the freeze-drying method and the modified Adams method
prepare catalysts of PtRu-MeO3 through some high tem-
perature courses (300–500◦C), which lead to growing
tendency of the noble metal crystal, and thus influencing
the dispersion and uniformity of the catalysts. While the
preparing condition of modified Bönnemann method must
be controlled strictly, and the course is relatively time
consuming.

Here, the new preparation of PtRu-HxMeO3/C (Me= Mo,
W) by a composite support method has been developed.
All the preparing course is operated below 100◦C avoiding
any effect of high temperature course. The particle size of
the catalysts can be controlled at about 2–3 nm with some
ordinary conditions. PtRu particle is highly dispersed on
a composite support composed of colloidal HxMeO3 (Me
= W or Mo) and Vulcan XC-72 active carbon, confirmed
by X-ray diffraction (XRD) and transmission electron mi-
croscopy (TEM). PtRu and transitional metal oxide are well
combined and the interface between them is adequately
enlarged to promise the combination of bifunctional mech-
anism and spill over effect, confirmed by the results of elec-
trochemical measurements. It can be observed from cyclic
voltammetry (CV) that the COOR potential commences at
more negative potential on the catalyst than on PtRu/C. Per-
formance of the PEMFC with the catalysts being the anode
catalysts are also presented, which shows better CO toler-
ance of PtRu-HxMeO3/C than PtRu/C.

2. Experimental

2.1. Preparation and characterization of catalyst

PtRu-HxMeO3/C was prepared by composite support
method following these steps:

1. Sodium tungstate or ammonium molybdate solution was
mixed with Vulcan XC72 active carbon to some ratio,
and the mixture was stirred vividly.

2. Chloride acid was then added to form HxMeO3 colloid,
and they were stirred adequately to promise the colloid
was adsorbed on the carbon.

3. The mixture was washed by deionized water and dried
to form the composite support.

4. Appropriate amounts of H2PtCl6 solution and RuCl3
solution were coprecipitated on the composite support,
which was dispersed in a mixed solvent of water and
isopropyl alcohol.

5. The noble metals were reduced by formaldehyde under
alkalescent medium at 80◦C with nitrogen blowing over
the reaction. The catalyst was then washed and dried.

PtRu/C was prepared following the steps 4 and 5, and
Vulcan XC-72 active carbon was used as support instead
of the HxMeO3/Carbon composite supports. The content of
noble metals in all the catalysts are 20 wt.% Pt and 10 wt.%
Ru, and the content of HxMeO3 in PtRu-HxMeO3/C was
20 wt.%, which was selected after series experiments.

X-ray diffraction measurement was carried out in a
Rigaku D/max2400 system (Cu K�1/40 kV/100 mA), and
the angular resolution was 0.02◦. Transmission electron
microscopy measurements were carried out in a JEOL
JEM-2000EX system.

2.2. Electrochemical measurement

The thin film electrode used as work electrode in CV was
manufactured as follows: 5 mg catalysts was dispersed ul-
trasonically in a mixed solution of 1 ml ethanol and 50�l
Nafion solution (5 wt.%). Twenty-five microliters sample
was dropped on a glassy carbon substrate to form the elec-
trode, followed with drying at 60◦C to vaporize the ethanol.

The CVs for the catalysts were carried out in Potentiostat
of EG&G Princeton Applied Research Model 366A. A con-
ventional three-electrode cell was used in the experiment. Pt
foil and a saturated calomel electrode (SCE) were used as
counter electrode and reference electrode respectively. All
potentials in this experiment are quoted against SCE, which
is 0.2412 V versus normal hydrogen electrode at 25◦C. In
the measurement pure nitrogen was firstly bubbled in the
cell to remove oxygen in the electrolyte solution, the CV
was performed till a reproductive curve was acquired. Pure
CO was then bubbled in with the potential of work electrode
holding at−0.200 V versus SCE, which went on for 30 min
to ensure CO saturated adsorption on catalysts. Then, the
potential scan was carried out for two circles with scan rate
of 20 mV s−1 under temperature of 25◦C.

Traditional gas diffusion electrode was applied for both
anode and cathode of PEMFC. Membrane electrode as-
semblies (MEAs) were fabricated by hot-pressing gas
diffusion electrodes on Nafion 112 membrane electrolyte.
The catalysts loadings were 0.3 mg cm−2 Pt for anode and
0.5 mg cm−2 Pt for cathode (homemade Pt/C) respectively.
The performance of PEMFC single cell with active area of
5 cm2 was measured on a homemade test station with mass
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flow, temperature, and pressure control, and a variable load
for recording current-voltage curves. Each test was carried
out following such procedures: each MEA was activated
with pure hydrogen under 500 mA cm−2 until steady per-
formance was acquired; the performance fueled by pure
hydrogen was recorded; the fuel was then switched to
H2/CO with current density keeping at 500 mA cm−2; the
performance fueled by H2/CO was then recorded when cell
voltage stopped attenuating and held at a steady voltage.

3. Results and Discussion

3.1. XRD patterns for catalysts

It can be seen inFig. 1that XRD patterns of PtRu-HxMeO3
is similar to that of PtRu/C, and all the catalyst diffractions
exhibit only the characteristic diffraction peaks of the face
centered cubic phase of Pt bulk, indicating that Pt and Ru
had come into being alloy, while the transitional metal
oxides existed in amorphous form. The peak broadening
caused by little particle size is serious, according to which
we can estimate particle size of the catalysts by Scherrer
formula [13], i.e.

L = 0.9λkα1

B2θcosθmax
(1)

whereL is average particle size,λk�1 the X-ray wavelength
(1.54056 Å),B2� the width of diffraction peak at half-height,
and θmax the angle at the position of the peak maximum.
Diffraction of (2 2 0) peak is fitted to Gaussian on a linear

Fig. 1. X-ray diffraction patterns for (a) PtRu/C, (b) PtRu-HxWO3/C, (c) PtRu-HxMoO3/C. Diffraction peaks in the wide-angle 2θ-scan are indicated in
the left figure, and the detailed scan about the (2 2 0) fcc reflection are in the right figure: (�) raw data; (—) least-squares fit to a Gaussian with linear
background.

Table 1
Average particle size of the catalysts

LXRD
a (nm) LTEM

b (nm) Specific areac (m2 g−1)

PtRu/C 1.8 2.1 133
PtRu-HxWO3/C 1.8 2.1 133
PtRu-HxMoO3/C 1.9 2.4 117

a Average particle size calculated from XRD results according to
Eq. (1).

b Average particle size estimated statistically from TEM micrographs.
c Specific area of catalysts estimated according toEq. (2).

background, and the calculated average particle size accord-
ing to Eq. (1) is listed inTable 1.

3.2. Particle size and specific area of catalysts

From the TEM micrographs inFig. 2, it can be seen that
noble metal particle is generally dispersed on the support
uniformly, and all the catalysts have similar particle size
and morphology. Histograms of particle size distributions
for the catalysts are showed inFig. 3, which include anal-
yses of several regions of the micrograph for each catalyst.
The average particle size is estimated statistically from the
micrograph as listed inTable 1. According to the micro-
graphs noble metals of both PtRu/C and PtRu-HxMeO3/C
are highly dispersed uniformly on the supports, and no evi-
dent difference is found when the composite support is used
instead of carbon support. Although there is some conglom-
erating effect for catalysts, it should be caused by the cata-
lyst preparing method and not by the influence of composite
support. When assuming noble metal in the catalysts exists
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Fig. 2. TEM micrographs for (a) PtRu/C, (b) PtRu-HxWO3/C, (c)
PtRu-HxMoO3/C.

in spherical and homogeneously sized particle, the specific
area (S(m2 g−1)) of the catalysts can be estimated according
to the following relation.

S = 6 × 103

ΦρPt
(2)

whereΦ (nm) is the average particle size from TEM,ρPt
(g cm−3) the platinum density[31]. The results are listed in
Table 1.

For HOR is kinetically fast, larger specific area of an-
ode catalyst means more active sites in catalyst[32]. It
is thirsty for preparing anode catalyst of PEMFCs with
high dispersion or little particle size and good uniformity.
From the results of XRD and TEM the transitional metal
oxides in the composite support are amorphous, and the
particle size of noble metal supported on the composite sup-
port is of nanometer range. So when transitional metal ox-

ide is added in active carbon to form the composite sup-
port, the deposition process of noble metals is almost unaf-
fected, which means the activity of the catalyst would not be
bated.

3.3. CVs in 0.5M H2SO4 with CO adsorption

The CVs for the catalysts of CO saturated adsorption are
showed inFigs. 4 and 5. COOR occurs in the first anode cy-
cle as showed inFig. 4, and HOR is depressed thoroughly
in the first anode scan due to CO’s inhibition of active sites.
HOR presents in the second one after vacation of active sites
on the catalysts as showed inFig. 5. It can be seen that both
HOR and COOR between PtRu/C and PtRu-HxMeO3/C
are of remarkable difference according to the shape of the
peaks.

3.3.1. HOR in the second anode scan circle
In Fig. 5, contrasting to PtRu/C new peaks at 0.05 V

for PtRu-HxWO3/C as indicated by arrow I and 0.2 V for
PtRu-HxMoO3/C as indicated by arrow II are overlapped
with the peak of HOR on PtRu at nearly−0.16 V. It was the
hydrogen spill over effect caused by the noble metals and
the transitional metal oxide in the composite support that
brings the new HOR peaks as showed by expression (3), in
which Me= W and Mo:

MeO3 + xPt− H → HxMeO3 + xe+ xPt

→ MeO3 + xe+ xH+ + xPt (3)

Although it is hard to calculate active area of PtRu-Hx

MeO3/C according to the integrating area of HOR peak
in CV for the overlapping of peaks, it can be affirmed
that the active area of noble metals in PtRu-HxMeO3/C is
close to that of PtRu/C according to the intensity of HOR
peak at−0.16 V. Therefore, total activity to hydrogen of
PtRu-HxMeO3/C should be better than PtRu/C when the
catalytic oxidation of hydrogen through hydrogen spill over
effect on PtRu-HxMeO3/C is considered.

3.3.2. COOR in the first anode scan circle
As showed inFig. 4 the COOR on PtRu/C commences

at about 0.2 V, and there is almost no current happens at
potential below the COOR oxidation potential. While the
current commences at−0.15 V on PtRu-HxMeO3/C, lower
nearly 0.35V than that on PtRu/C. The current of COOR
on PtRu-HxMeO3/C can be divided into two parts from the
CVs in Fig. 5, i.e. the current caused by hydrogen spill over
effect (IH) at potential below 0.2 V and the current of COOR
(ICO) beyond 0.2 V, which can be identified more clearly in
CV of PtRu-HxWO3/C.

Compared withIH in Fig. 5, that IH of CO adsorption in
Fig. 4 does not decrease indicates that HOR via hydrogen
spill over way occurs immunized from CO poisoning. As in-
dicated inEq. (3), Pt active site is needed during the hydro-
gen spill over effect reaction course, while at the potential
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Fig. 3. Particle size distributions estimated from TEM micrographs for (a) PtRu/C, (b) PtRu-HxWO3/C, (c) PtRu-HxMoO3/C.

Fig. 4. The first anode scan in cyclic voltammograms for CO oxidation on (a) PtRu/C, (b) PtRu-HxWO3/C, and (c) PtRu-HxMoO3/C in 0.5 M H2SO4

solutions at room temperature (25◦C) with scan rate of 20 mV s−1.
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Fig. 5. The second anode scan in cyclic voltammograms for hydrogen oxidation on (a) PtRu/C, (b) PtRu-HxWO3/C, and (c) PtRu-HxMoO3/C in 0.5 M
H2SO4 solutions at room temperature (25◦C) with scan rate of 20 mV s−1.

below 0.2 V the active sites is almost inhibited by CO thor-
oughly. Therefore, it may be concluded that CO adsorption
on noble metals in PtRu-HxMeO3/C is weakened due to ef-
fect of the composite support, and more active sites could be
offered at potential below 0.2 V in CV of PtRu-HxMeO3/C
than that of PtRu/C.

It is evident that ICO commences at lower potential
on PtRu-HxMeO3/C than on PtRu/C, indicating that the
COOR reaction mechanism has varied due to the inter-
action between noble metals and the composite support.
COOR at low potential runs through such a way as in-
dicated in expression (4), which is likely to HOR on
PtRu-HxMeO3/C and therefore can be regarded as CO spill
over
effect.

(4)

On the other hand, HxWO3 exists in an amorphous form that
can be expressed as MeO3·xH2O. Such waters bonded to
MeO3 weakly are easier to be decomposed under the cataly-
sis of Ru than waters in electrolyte. Therefore, Ru(OH)x can
be formed at more negative potential on PtRu-HxMeO3/C
than on PtRu/C, i.e. the bifunctional mechanism on PtRu
can be strengthened by the involvement of MeO3·xH2O. So
COOR according to bifunctional mechanism, as showed in
expression (5), on PtRu-HxMeO3/C runs at more negative
potential than on PtRu/C.

M − CO+ Ru− OH → CO2 + H+ + e; (M = Pt, Ru)

(5)

The most important criterion for estimating CO tolerance
of electrocatalysts is the ignition potential, at which CO
adsorbed on the catalyst is oxidized and the current rises
rapidly [33]. According to the results of CVs the igni-
tion potential PtRu-HxMeO3/C is lowered to −0.15 V,
more negative about 350 mV than that of PtRu/C, which
is due to the spill over effect and more effective bi-
functional mechanism for the involvement of HxMeOx.
Therefore, measured by this criterion the CO tolerance of
PtRu-HxMeO3/C is much better than PtRu/C. The cata-
lysts prepared by the composite support method are thus
believed to acquire enough interface between noble metals
and transitional metal oxide to give a well combined func-
tion.

3.4. PEMFCs’ single cell performances with hydrogen
contaminated by CO

Single cell performances operated with pure hydrogen,
H2/50 ppm CO and H2/100 ppm CO are showed inFig. 6.
All the cells give similar performances when pure hydrogen
is used, showing that the dispersion of three catalysts is re-
sembled, as confirmed by TEM and XRD. It can be found
that the performance of PtRu-HxWO3/C electrode is a lit-
tle higher than other two, because that the hydrogen spill
over effect increases effectively active area of the catalyst.
Although there is also evident hydrogen spill over effect on
PtRu-HxMoO3/C, the over potential for the spill over reac-
tion, as showed inFig. 5, counteracts its contributions to
the increase of the active area. When using H2/CO as fuel,
cell performances of PtRu-HxMeO3/C electrode are better
than that of PtRu/C, indicating that the combination of CO
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Fig. 6. PEMFCs’ single cell performances of (a) PtRu/C, (b) PtRu-
HxWO3/C, and (c) PtRu-HxMoO3/C anode: 80◦C of cell temperature,
80◦C for both humidifiers, 0.2 MPa of operating pressure.

spill over effect and the forenamed strengthened bifunctional
mechanism in PtRu-HxMeO3/C enhances their CO toler-
ance. More details about CO tolerance of the catalysts in the
PEMFCs are discussed as below.

To analyze the anode polarization by CO in PEMFC, the
anode polarization curves for three catalyst electrodes are
deduced as follows. Overall cell voltage can be expressed
by Eq. (6):

V = V0 − ηa − ηc − iR (6)

whereV0 is the open-circuit potential,i the current density,
ηa andηc the anode and cathode overpotentials respectively,
R the cell resistance including membrane resistance and in-
terfacial resistance. Therefore, the difference in the polariza-
tion of the anode between the cases of the presence (ηH2/CO)
and the absence of CO (ηH2) in the anode feed can be ob-
tained by making measurements of the cell voltage under
otherwise identical experimental conditions, as showed in
Eq. (7):

ηH2/CO − ηH2 = VH2 − VH2/CO (7)

Since the overpotential for pure hydrogen can be neglected
without substantial error, the anode overpotential difference
can be simply expressed inEq. (8). In fact such simplification
might bring about 50 mV error when the current density
increases to 1 A cm−2, however, the influence exists in all
the three electrodes, so the comparison is tenable.

ηH2/CO ≈ VH2 − VH2/CO (8)

The anode polarization curves according toEq. (8) for
catalysts operated with H2/CO are showed inFig. 7. The
polarizations below 100 mA cm−2 are so slight that can be
neglected, for there are enough active sites for HOR in the
catalyst layer to provide such a low current density. Three
catalysts are characteristic of different slope region in their
polarization curves, which represent their CO tolerance.

According to Tafel equation as indicated inEq. (9),

η = a + b lg i (9)

hydrogen over potential is linear with the current densityi.
The first linear region in the polarization curve at low cur-
rent density belongs to Tafel region, in which the over po-
tential is mainly caused by HOR. When the current density
increase to the value that there is not enough active sites in
the catalytic layer to keep the current because of CO poi-
son, the over potential begins to increase steeply forming
the second linear region. When the over potential increases
to the COOR potential, CO is electrooxidized and the polar-
ization reverts to hydrogen over potential forming the third
linear region which is also a Tafel region. The linear regions
of polarization curve for the three catalyst electrodes oper-
ated with H2/50 ppm CO and H2/100 ppm CO are listed in
Table 2, including the current density district and the slope
of each linear region.

Because the third linear region can be evidently observed
only in the polarization curve of PtRu/C electrode in case
of H2/100 ppm CO, they are not listed inTable 2. The
wider i range of the first linear region and the smaller slope
of the second linear region mean the less anode polariza-
tion caused by CO poison. According toTable 2, the first
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Fig. 7. PEMFCs’ anode polarization curves of (a) PtRu/C, (b) PtRu-HxWO3/C, and (c) PtRu-HxMoO3/C anode: 80◦C of cell temperature, 80◦C for
both humidifiers, 0.2 MPa of operating pressure.

Table 2
The different linear regions in the polarization curves

First linear region Second linear region

i rangea (mA cm−2) Slopeb (V dec−1) i rangea (mA cm−2) Slopeb (V dec−1)

PtRu/C H2/50 ppm CO 10–100 0.00737 100–800 0.3283
Electrode H2/100 ppm CO 10–100 0.01485 100–500 0.3981

PtRu-HxWO3/C H2/50 ppm CO 10–300 0.02073 300–1000 0.3224
Electrode H2/100 ppm CO 10–100 0.02501 100–1000 0.3018

PtRu-HxMoO3/C H2/50 ppm CO 10–200 0.02288 200–1000 0.1645
Electrode H2/100 ppm CO 10–100 0.03073 100–1000 0.2087

a The current density range for the linear region inFig. 7.
b The slope of the linear region inFig. 7.
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linear region extends to 300, 200 and 100 mA cm−2 for
PtRu-HxWO3/C, PtRu-HxMoO3/C and PtRu/C in case of
H2/50 ppm CO respectively, indicating that the spill over ef-
fect on PtRu-HxMeO3/C provides additional current so that
the polarization caused by CO is delayed to higher current
density compared to PtRu/C. However, when the CO con-
tent increased to 100 ppm, the range difference of the first
linear region lessens. In the second linear region in which
CO poison polarization functions, the slope of the curves is
sorted as PtRu-HxMoO3/C < PtRu-HxWO3/C < PtRu/C
for both H2/50 ppm CO and H2/100 ppm CO, which is ac-
cordant to the ignition potential sort of the catalysts, further
confirming that the strengthened bifunctional mechanism on
PtRu-HxMeO3/C enhances their CO tolerance.

Fig. 8. PEMFCs’ anode polarization curves normalized by the electrode surface area of (a) PtRu/C, (b) PtRu-HxWO3/C, and (c) PtRu-HxMoO3/C anode:
80◦C of cell temperature, 80◦C for both humidifiers, 0.2 MPa of operating pressure.

The Tafel slopes of the two linear regions inTable 2repre-
sent the reaction mechanism for the electro-oxidation. In the
first linear region, i.e. the hydrogen electro-oxidation region,
the PtRu-HxMeO3/C electrodes show similar slope values,
different from the value of PtRu/C electrode, confirming that
they electro-catalyze hydrogen oxidation through the same
mechanism, in which the hydrogen spill over effect are in-
cluded. Although the slopes of PtRu-HxMeO3/C electrodes
are a little higher than that of PtRu/C electrode, they extend
the hydrogen electro-oxidation region to higher current
density, especially for the PtRu-HxWO3/C electrode, which
should be more beneficial to improve the cell performance
under CO contaminated fuel. In the CO electro-oxidation
linear region, the slopes of PtRu-HxMeO3/C electrodes are
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lower than that of PtRu/C electrode. However, they are not
as close as in the hydrogen electro-oxidation region, espe-
cially in case of H2/50 ppm CO, indicating the slight dif-
ference between the two catalysts in CO electro-oxidation
course. It is speculated that they obey the same mechanism,
i.e. the combination of CO spill over effect and strength-
ened bifunctional mechanism as discussed inSection 3.3.2.
However, PtRu-HxMoO3/C shows more effective combi-
nation by its lower slope than PtRu-HxWO3/C does. Gen-
erally, PtRu-HxMeO3/C improves the CO tolerance, but
PtRu-HxWO3/C depends more on hydrogen spill over ef-
fect and extends the hydrogen Tafel region current density
range, while PtRu-HxMoO3/C depends more on improving
CO electro-oxidation ability by more effective CO spill
over effect, which is also confirmed by the CV results in
Figs. 4 and 5.

Since the catalyst loading for the three electrodes are
same, the polarizing curves inFig. 7 are in fact vs the mass
specific current density, which is important measure for the
catalytic activity from a practical point of view. While the
polarizing curves vs the area specific current density, which
is normalized to the surface area of the electrodes, can reflect
the effects of catalyst structures such as particle sizes and
chemical state. Since the structures of three electrodes are
consistent, the active surface area of the electrodes should
depend on the specific area of the catalysts. Therefore, we
give the comparison of over-potential to the area specific
current density inFig. 8, which is normalized to theS in
Table 1. It can be seen that they are very close to the curves
in Fig. 7 because three catalysts are of little difference in
their dispersions. The same conclusion with former discus-
sion according toFig. 7 can be drawn.

4. Conclusion

The dispersions of noble metals in PtRu-HxMeO3/C pre-
pared by composite support method are not affected by
the addition of transitional metal oxide, i.e. HxWO3 and
HxMoO3, which exist in amorphous form. Furthermore,
composite method can provide enough interfaces between
noble metals and transitional oxides in the catalysts. Such
a structure promises better CO tolerance than PtRu/C for
lowering the ignition potential to COOR and improving the
HOR current when active sites on noble metals blocked by
CO. Hydrogen and CO spill over effect are believed to oc-
cur on transitional metal oxides, which leads to delay of
CO poison polarization in PEMFC anode. The bifunctional
mechanism of COOR is strengthened for the existence of
active water bonded on the transitional metal oxides, and the
anode polarization caused by CO poison is so diminished.
The composite support method is therefore promising for
preparing the CO tolerance catalyst.
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