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Platinum electrocatalysts for fuel cells based on individual oxides Pt/SnO2 and Pt/TiO2 and
their solid solutions Pt/Ti1–xMxO2 (M = Ru, Nb) and Pt/Sn1–xM´xO2–δ (M´ = Sb, Ru) were
prepared. The influence of the composition of the oxide supports on the activity of the support�
ed platinum catalysts in electrooxidation of methanol and hydrogen in the presence of CO was
studied. The prepared platinum catalysts supported on solid solutions of tin dioxide Sn1–xMxO2–δ
(M = Sb, Ru; x = 0.4—0.9) and Ti1–xMxO2 (M = Ru, Nb; x = 0.7) exhibited higher tolerance to
CO poisoning and higher activities for methanol electrooxidation than commercial Pt,Ru
catalysts on carbon support. The use of the proposed oxide supported catalysts in hydrogen and
direct methanol fuel cells improved their performances in comparison with that for the fuel
cells with traditional Pt,Ru catalysts on carbon support.

Key words: hydrogen and methanol fuel cell, electrocatalysts, oxide supports for electro�
catalysts, electrooxidation of methanol.

Development and wide commercialization of new eco�
logically safe energy sources are dependent, to a consider�
able extent, on the state of elaborations in the area of low�
temperature fuel cells (FCs) working on biofuel or syn�
gas, which are obtained from renewable natural resources.
Direct methanol FCs are especially promising power
sources for portable devices. The catalysts based on super�
fine platinum are most efficient for the electrooxidation of
hydrogen and small organic molecules.1—5 For stabiliza�
tion of nanocrystalline platinum, supports with a high sur�
face area are usually used. Carbon materials are a com�
mon choice.1 Unfortunately, the practical application of
direct methanol FCs is still a matter of concern because of
the low activity of anodic catalysts due to platinum poi�
soning by strongly adsorbed species (CO, formaldehyde)
coming from the dissociative adsorption of the alcohol.6,7

In addition, carbon supports do not always exhibit ade�
quate resistance to corrosion caused by electrochemical
oxidation on the fuel cell.8—14 Platinum further acceler�
ates the corrosion rate of carbonm leading to severe ag�
glomeration or growth of electrocatalyst particles and thus
degradation of cell performance.1

Catalytic systems based on alloys of other metals with
Pt are developed to decrease poisoning of Pt catalysts by
carbon monoxide. However, the most part of these sys�
tems, especially the systems with base metals, are poorly
resistant to corrosion and, hence, the polymer membrane
of these FC are easily poisoned.9

Another way to improvement of the catalysts for the
oxidation of CO and organic fuels is the production of Pt
catalysts on oxide supports, which are highly stable in an
oxidative medium of FC.15—24

The oxide supports based on TiO2 and SnO2 are interes�
ting for the development of highly active and stable electro�
catalysts for PEMFC.15—19,25—42 These supports activate
electrocatalytic processes on platinum and increase its re�
sistance to poisoning.15—42 However, their electron con�
ductivity is insufficiently high for the use of these com�
pounds as electrode materials. Doping titanium and tin
oxides with some elements, for example, V, Nb, Ru, Sb,
and others, results in the formation of a series of solid
solutions containing oxygen vacancies that enhance the
electron conductivity of the support.26—28,38

The support nature exerts a considerable effect on both
the formation of electrocatalysts and their activity and
stability. The production of efficient catalytic systems with
specified characteristics requires the study of the influence
of introduced additives on the properties of the support
surface and activity of the supported Pt catalysts.

The purpose of this work was to prepare catalysts based
on platinized individual oxides Pt/SnO2 and Pt/TiO2
and solid solutions Pt/Ti1–xMxO2 (M = Ru, Nb) and
Pt/Sn1–xM´xO2–δ (M´ = Sb, Ru) with different contents
of the dopants. Our aim was to study the influence of their
composition on the catalytic activity during the electro�
oxidation of methanol and hydrogen in the presence of
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CO, to compare the activities of the obtained catalytic
systems, and to test the most efficient catalysts in hydro�
gen—air and methanol PEMFC.

Experimental

Synthesis of oxide supports and catalysts. Individual TiO2,
SnO2, and mixed oxides Ti1–xMxO2 (M = Nb, Ru) and
Sn1–xM´xO2 (M´ = Sb, Ru) were synthesized by the method of
reversed micelles. Metal salts SnCl4•5Н2О, SbCl3, TiCl4, NbCl5,
and RuCl3•H2O were dissolved in cyclohexane containing the
corresponding amount of the surfactant (cetyltrimethylammo�
nium bromide (СTAB)), NaOH was added to pH = 13, and after
thorough stirring the mixture was stored for 1 day to form oxide
particles. The obtained materials were thoroughly washed and
annealed in ambient air for 2 h. The annealing temperature of
SnO2 and Sn1–xM´xO2 (M´ = Sb, Ru) was 500 °С, and that of
TiO2 and Ti1–xRuxO2 was 400 °С. To increase the conductivity
of Ti1–xNbxO2, this support was additionally annealed for 2 h at
400 °С in a hydrogen flow.43

Mixed oxides Ti1–xMxO2 (M = Nb, Ru) and Sn1–xM´xO2
(M´ = Sb, Ru) were obtained to study the influence of the amount
of additives introduced into TiO2 and SnO2 on the electrophysi�
cal properties. The initial reagents were introduced in the fol�
lowing ratios: M´/Sn = 0.03, 0.05, and 0.10; Nb/Ti = 0.05 and
0.01; and Ru/Ti = 0.03, 0.05, and 0.10.

Platinum was introduced onto the oxide surface by the re�
duction of metal from a solution of H2PtCl6 in ethylene glycol at
160 °С in an inert atmosphere. The Pt content in the catalysts
was ~10 wt.%.

Physicochemical methods. X�ray phase analyses (Thermo
ARL X´TRA) were used for the characterization of the oxide
supports and catalysts. The average sizes of platinum crystallites
in catalysts were estimated from the broadening of the X�ray
diffraction peak of Pt (111). The specific surface area of the
oxides was determined using the BET method (NOVA Quanta�
chrome 3200, inaccuracy 5%). The morphology and average
particle size were analyzed by scanning (Zeiss LEO SUPRA 25)
and transmission (JEM1200 EХ, JEOL) electron microscopy.
The composition of the samples was monitored by a JEOL
JSM840A microanalyzer in a complex with the microanalytical
computer system and by X�ray fluorescence analysis. The con�
ductivity of the oxides was measured using the two�contact
method in a cell with titanium electrodes in air using cy�
clic voltammetry (CV) and impedance spectroscopy. The
impedance spectra were recorded in the frequency range from
0.014 Hz to 0.5 MHz. The amplitude of the external variable
signal was 5—20 mV. A P�7S potentiostat and a Z�350m im�
pedance meter (Elins) were used. Inaccuracies of both alter�
nating� and direct�current measurements are caused by the de�
termination error of geometric sizes of the determined samples
and were 5%.

Electrochemical methods. Electrochemical studies of the cat�
alysts were carried out in the standard three�electrode cell
Pt//1 M H2SO4//Pt/МОx (1). The normal hydrogen electrode
(NHE) was used as a reference electrode.

The specific surface of active Pt in the catalysts was deter�
mined from the voltammetric curves measured in cell 1 accord�
ing to a procedure44 described previously with allowance for the
value of charge consumed to CO and hydrogen desorption. Ulti�

mately thin catalyst layers were used (the thickness and content
of the catalytic layer on the electrode were ~5 μm and ~30 μg cm–2,
respectively), which made it possible to avoid diffusion limita�
tions with respect to the reactant and to estimate the electrocat�
alytic activity of the studied samples in the kinetic region.45 The
working electrolyte was 1 М Н2SO4. Cyclic voltammograms were
detected in the potential range 0.03—1.0 V with the scan rate
v = 50 mV s–1. The experimental error of these methods for
measurement of the specific surface is ~5%.

The catalytic activity of the samples was studied by chrono�
amperometry under the steady�state conditions using the model
gas�diffusion electrode and cell 1 modeling the anode of the
methanol FC according to the thin�layer method.46,47 Solutions
of 0.5 M СН3ОН were used in experiments.48

The efficiency of the active catalytic layer of the anode was
estimated by the work of a membrane electrode assembly (MEA)
of the FC with the solid polymer electrolyte Nafion 112 (Du�
Pont). The catalytic layer contained a 0.05% Nafion solution
mixed with low�molecular�weight alcohols (DuPont).

When preparing electrodes for electrochemical experiments,
the catalyst was first mixed with the corresponding amount of
a Nafion®NRE�212 solution by dispersion in an ultrasonic bath
for 30 min and then supported on the surface of a gas�diffusion
layer made from the Toray carbon paper. For the formation
of the active catalytic layer, 10 wt.% of the ionomer Nafion
were added to the platinized sample.49 The load of platinum on
the MEA electrodes for experiments with the gas mixture
(Н2/CO(100 ppm)) was 0.4 mg cm–2, and in the methanol FC it
was 1.0 mg cm–2. The relative humidity of the supplied gas mix�
tures (Н2/СО(100 ppm)) and air was 95%. The commercial cat�
alyst Pt(20%)/C (E�TEK) was used in tests of catalysts in the
MEA FC composition at the cathode, and the active layer of the
cathode was prepared according to a standard procedure.1 All
measurements were carried out at 25 °С.

Results and Discussion

Influence of the composition of the oxide supports on
their structural and electrophysical properties. Structural
and morphological properties of the oxide materials. Accord�
ing to the X�ray diffraction data, the samples SnO2, TiO2,
Sn1–xSbxO2, Sn1–xRuxO2, and Ti1–xRuxO2 represent the
single phase corresponding to the rutile�like structure with
the tetragonal crystalline lattice (P4/mnm) (Fig. 1, a).
This agrees with the literature data, according to which
a series of solid solutions is formed in the systems
Sn1–xSbxO2–δ and Sn1–xRuxO2 at the Sb and Ru contents
up to ~30 and 10 mol.%, respectively,42,50—52 and in the
system Ti1–xMxO2 (at the content of M = Nb, Ru up to
10 mol.%).31,53,54 The X�ray diffraction pattern of the sam�
ple Ti1–xNbxO2 corresponds to the X�ray diagram of the
anatase phase (I4/amd) (see Fig. 1, a).26,48

The unit cell parameters were calculated for the well
crystallized samples (annealing temperature ≥ 400 °С)
(Table 1). The unit cell parameters of the Sn1–xSbxO2
sample increase with an increase in the antimony content.
This indicates, most likely, that the oxidation state of an�
timony in the oxide is mainly +3.55 In the Ti1–xNbxO2
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samples, the unit cell parameters are also increased
compared to undoped titania with the anatase structure
(a = b = 0.37864 Å, c = 0.94843 Å), probably, due to the
inclusion of Nb in the lattice of TiO2.43 For other complex
oxides, the unit cell parameters do not differ within the
determination error.

The values of specific surface (Ssp) of all prepared ox�
ides after annealing are presented in Table 1. Their close

values for various oxide materials can be explained by the
common method of preparation. Some increase in Ssp is
observed for the mixed oxide systems compared to the
individual oxides.

According to the data of scanning electron microsco�
py, all prepared samples are characterized by the narrow
particle�size distribution with an average diameter of
~20 nm (Fig. 2).

Fig. 1. X�ray diffraction patterns of the oxides Sn1–xМxO2 (M = Sb, Ru) (a) and Ti1–xMxO2 (M = Nb, Ru) (b) with various
compositions.
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Table 1. Characteristics of the oxides of various composition

Sample Average Ssp/m2 g–1* Unit cell parameters/nm
particle

diameter/nm a c

TiO2 20 108 0.4593±0.0001 0.2959±0.0001
SnO2 18 102 0.4731±0.0002 0.3187±0.0002
Sn1–xSbxO2** (x = 0.03—0.09) 17 96—110 0.4742±0.0002 0.3192±0.0002
Sn1–xRuxO2** (x = 0.02—0.09) 15 102—105 0.4729±0.0002 0.3184±0.0002
Ti1–xRuxO2** (x = 0.01—0.07) 18 105—112 0.4594±0.0002 0.2959±0.0002
Ti1–xNbxO2** (x = 0.04—0.08) 20 109—115 0.3788±0.0001 0.9487±0.0001

* The error of measurement of the specific surface (Ssp) of the oxides is 5%.
** The crystal unit cell parameters for solid solutions did not differ within the determination error.
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The chemical composition of the obtained oxides is
given in Table 2.

Influence of the composition of the oxide materials on the
electron conductivity. The study of the dependence of
the electron conductivity (σel) on the compositions of
Sn1–xM´xO2 (M´ = Ru, Sb) (Fig. 3, a) and Ti1–xMxO2
(M = Nb, Ru) (Fig. 3, b) showed that the electron con�
ductivity of the complex oxides increases with an increase
in the amount of introduced additives. The highest values
of electron conductivity (~4 Ohm–1 cm–1) are observed
for the system Sn1–xSbxO2–δ with the antimony content
4—9 mol.%. The values of σel obtained for the systems
Sn1–xSbxO2 and Ti1–xNbxO2 are consistent with the
published data,26,43,50 and for Sn1–xRuxO2 they turned

out to be higher than the electron conductivity obtained
by other authors.42 Individual oxides TiO2 and SnO2 have

Fig. 2. Microimages of TiO2 (a) and SnO2 (b) after annealing.
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Table 2. Composition and morphology of the prepared catalysts

Sample Composition Content dPt*/nm
of oxides of platinum

I II(%)

Pt/TiO2 TiO2 9.54 3 6
Pt/SnO2/C SnO2 10.10 3 5
Pt/Sn1–xSbxO2 Sn0.97Sb0.03O2–δ 8.21 4 6

Sn0.06Sb0.04O2–δ 8.64 3 5
Sn0.91Sb0.09O2–δ 9.01 3 6

Pt/Sn1–xRuxO2 Sn0.98Ru0.02O2 9.72 3 7
Sn0.95Ru0.05O2 9.31 4 7
Sn0.91Ru0.09O2 9.82 3 5

Pt/Ti1–xRuxO2 Ti0.99Ru0.01O2 8.71 4 6
Ti0.96Ru0.04O2 9.67 4 7
Ti0.93Ru0.07O2 10.05 3 6

Pt/Ti1–xNbxO2 Ti0.96Nb0.04O2 9.34 3 7
Ti0.92Nb0.08O2 9.58 3 5

* Average diameter of the platinum particles obtained using elec�
tron microscopy (I) and estimated from broadening of the re�
flections of Pt (111) by the Sherrer equation (II).

Fig. 3. Electron conductivity (σel) of the oxides Sn1–xMxO2 with
M = Ru (1) and Sb (2) (a) and Ti1–xMxO2 with M = Nb (1) and
Ru (2) (b) with various compositions.
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a relatively low electron conductivity of 5.0•10–8 and
4.7•10–3 Ohm–1 cm–1, respectively.

Characteristics of the catalysts Pt/oxide support. Mor�
phology of the catalysts. The typical microimage of the
prepared platinized oxides is presented in Fig. 4, a. Ac�
cording to electron microscopic examination, the average
size of the platinum clusters in the catalysts was 2—5 nm.
These data are consistent with the values of average size
range of the Pt crystallites estimated by the broadening of
the Pt (111) reflections in the diffraction patterns of the
catalysts. The typical X�ray diffraction pattern for the
metal�oxide catalyst is shown in Fig. 4. The characteris�
tics of all catalysts prepared are listed in Table 2.

An analysis of the compositions of the samples by X�ray
microanalysis and the study of the catalysts by transmis�
sion electron microscopy showed a uniform distribution
of platinum over the oxide support surface with the metal
content in the samples presented in Table 2.

Evaluation of the state of the catalyst surface by the CV
method. The cyclic voltammograms for the prepared cata�
lysts are shown in Fig. 5. In the case of the low electron
conductivity of the supports (SnO2, TiO2), ~5 wt.% of
carbon black were added to the catalysts. The electron
conductivity of these mixtures was 0.5 Ohm–1 cm–1.

For all catalysts prepared using the oxide supports, the
CV curves had the shape characteristic of the curves for
pure platinum (see Fig. 5).

For the mixed compositions Ti0.91Ru0.07O2,
Ti0.92Nb0.08O2, and Sn1–xMxO2 (M = Sb, Ru) with the
content of doping components 4—9 mol.%, more intense
peaks of hydrogen and oxygen adsorption/desorption are
observed, which probably indicates their enhanced cata�
lytic activity. The enhancement of the activity can be re�
lated to the influence of the support and also to an in�
creased efficiency of electrochemical processes at the
three�phase interface electrode/electrolyte/reactant (due

to a lower ohmic resistance of the support). This as�
sumption is favored by a substantial increase in the cata�
lytic activity of the individual platinized oxides caused by
addition of the electroconducting additive (carbon black)
(see Fig. 5). At the same time, the addition of carbon
black to the catalysts prepared using the supports with
σel > 0.2 Ohm–1 cm–1 does not substantially change the
shape of the CV curves. It may be concluded that the
ohmic resistance of the electrodes at σel of the support
~0.2 Ohm–1 cm–1) is rather low and does not limit the
rate of the electrode processes in the kinetic regime.49 It is
most likely that for the efficient use of the catalyst the
conductivity of the support in the real catalytic layer should
be 10—15 times higher (~2—3 Ohm–1 cm–1).

The fragments of the CV curves of the oxidative des�
orption of CO obtained for the platinized oxides with var�
ious compositions are shown in Fig. 6. The data for Pt/C
(E�TEK) are presented for comparison. The shift of the
peak of CO oxidative desorption to the region of lower
potentials compared to Pt/C is observed for all catalysts
on the oxide supports. For Pt/Sn1–xMxO2 (M = Ru, Sb)
this effect is more pronounced (shift by 0.10—0.15 V) and
is accompanied by an increase in the specific currents of
CO oxidation. Note that for the catalysts based on TiO2
the introduction of Nb and Ru additives results in an addi�
tional decrease in the potentials of the CO desorption peak
by 0.01 and 0.02 V, respectively (with respect to Pt/TiO2).
The same effect is observed for the catalysts based on tin
dioxide doped with ruthenium.

Many authors believe that one of the reasons for the
described phenomena is the so�called "bifunctional" mech�
anism. This implies that water chemisorption on the oxide
surface, during which adsorbed oxygen�containing spe�
cies are formed, occurs at lower potentials than that on Pt,
favoring the activation of the strongly adsorbed carboxyl
groups on the adjacent Pt atoms.42,56—60

Fig. 4. Microimage (inset), the histogram of the platinum particle size distribution (a), and the X�ray diffraction pattern (b) for the
catalyst Pt/SnO2.
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Pt + CO    Pt—COads,

MOx + Н2О    MOx—OHads + Н+ + е–,

Pt—COads + MOx—OHads
  

  Pt + MOx
+ + СО2 + Н+ + е–. (1)

The values of specific active surface of the catalysts
calculated with allowance for the charge consumed to the
oxidative desorption of CO and hydrogen are presented
in Table 3.

Similarity of the values of SCO and SН indicates that
the metal�oxide catalysts undergo no serious structural
distortions in the presence of CO.

Catalytic properties of the catalysts in the electrooxida�
tion of hydrogen and CO. Influence of the CO content in
hydrogen on the stability of the catalytic properties. The val�
ues of specific currents obtained by chronoamperometry
(E = 0.5 V) for the oxidation of an H2/CO(100 ppm)
mixture on the catalysts with various compositions are
presented in Fig. 7. The values of stationary oxidation
currents for all catalysts are normalized to their specific
active surface (mA cm–2).

A comparison of the catalytic properties of the individ�
ual platinized oxides showed that Pt/TiO2/C exhibits
a higher activity. Doped tin and titanium dioxides pro�
moted the increase in the activity of the electrocatalysts

obtained on the basis of these dioxides (see Fig. 7). The
compositions Pt/Sn1–xSbxO2–σ (x = 0.04, 0.09) turned
out to be most efficient.

Fig. 5. CV curves of the platinized oxides with various compositions for the base electrolyte 1 М H2SO4, ν = 0.05 V s–1. The loading of
the catalyst on the electrode is 30 μg cm–2.
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Table 3. Specific active surface of the Pt catalysts with various
compositions calculated with allowance for the charge con�
sumed to the oxidative desorption of hydrogen (I) and CO (II)*

Sample Ssp/m2 g–1

I II

Pt/C 46 48
Pt/TiO2/C 40 38
Pt/SnO2/C 25 27
Pt/Sn1–xSbxO2–σ (x = 0.03) 34 36
Pt/Sn1–xSbxO2–σ (x = 0.04) 60 64
Pt/Sn1–xSbxO2–σ (x = 0.09) 65 68
Pt/Sn1–xRuxO2 (x = 0.02) 29 34
Pt/Sn1–xRuxO2 (x = 0.05) 55 53
Pt/Sn1–xRuxO2 (x = 0.09) 58 61
Pt/Ti1–xRuxO2 (x = 0.01) 51 54
Pt/Ti1–xRuxO2 (x = 0.04) 58 60
Pt/Ti1–xRuxO2 (x = 0.07) 65 62
Pt/Ti1–xNbxO2 (x = 0.04) 37 41
Pt/Ti1–xNbxO2 (x = 0.08) 51 54

* The experimental error of these methods for measurement
of the specific surface is ~5%.
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A comparison of the potentiostatic polarization curves
measured in the three�electrode electrochemical cell 1 for
the platinized oxides with various compositions and for
Pt(20%)/C and Pt(20%)Ru/C (E�TEK) during the oxi�

dation of hydrogen mixtures with a carbon monoxide ad�
mixture content of 100 ppm is presented in Fig. 8.

The degree of resistance of the catalysts to poisoning with
catalytic poisons (CO) can be estimated by the ratio ΔI/I,

Fig. 6. Anodic parts of the CO�stripping voltammograms of the platinized oxides with various compositions. Base electrolyte 1 M H2SO4,
ν = 0.05 V s–1.
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Fig. 7. Specific currents (Isp) of the oxidation of the mixture (Н2/CO(100 ppm)) on the catalysts with various compositions: Sn1–xМxO2
(a) with M = Sb (1) and Ru (2) and Ti1–xMxO2 (b) with M = Nb (1) and Ru (2).
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where I is the oxidation current of the fuel at the initial
moment, and ΔI is the current decrease within a certain time
period. The corresponding values of ΔI/I calculated for the
catalysts with various compositions are presented below.

Catalyst composition δI/I
Pt/C 0.68
Pt/Sn0.91Sb0.09O2 0.22
Pt/TiO2/C 0.26
Pt/SnO2/C 0.25
PtRu/C 0.20
Pt/Ti0.93Ru0.07O2 0.15

It is seen that in long run tests the Pt�oxide catalysts
showed a high stability of the catalytic activity of hydro�
gen oxidation in the presence of CO comparable with that
of the commercial catalyst Pt(20%)Ru/C and the cata�
lysts based on solid solutions turned out even more resis�
tant to poisoning by carbon monoxide.

Electrocatalytic activity of the catalysts in the oxidation
of methanol. The CV curves obtained in a MeOH solu�
tion for the catalytic systems based on individual oxides
Pt/TiO2/C and Pt/SnO2/C and on solid solutions of vari�
ous compositions are shown in Fig. 9 along with the data
for the catalyst Pt(20%)/C (E�TEK) presented for com�
parison. The data show that the potentials of the oxidation
peaks of methanol (IMeOH) for Pt/MOx are lower than
those for platinum on the carbon support.

For the platinum catalysts supported on doped tin and
titanium oxides, the shift of the peaks of IMeOH is more
pronounced than in the case of the corresponding individ�
ual oxides, and their intensity increases in the following
order: Pt/Sn1–xSbxO2 (x = 0.04, 0.09) > Sn1–xRuxO2
(x = 0.05, 0.09) > Ti1–xRuxO2 (x = 0.07) > Ti1–xNbxO2
(x = 0.08). For the catalysts with a smaller amount of the
introduced additives, the shifts of the peaks correspond to
the values characteristic of individual oxides.

The values of specific currents obtained in the poten�
tiostatic regime (E = 0.5 V) for the oxidation of a 0.5 М
solution of MeОН with the catalysts of various composi�
tions, including those measured in the presence of the
system Pt(20%)Ru/C (E�TEK), are shown in Fig. 10.
The dependence of the catalytic activity of the catalysts on
the nature of the oxide of the support correlates with the
results obtained by the study of the catalytic properties in
hydrogen electrooxidation in the presence of CO. In the
case of methanol electrooxidation, the amount of addi�
tives introduced into tin and titanium dioxides shows an
effect not so evident as for hydrogen oxidation. Perhaps,
the ohmic resistance of the support exerts a smaller effect

Fig. 8. Potentiostatic polarization curves for the platinized oxides
with various compositions and Pt(20%)Ru/C and Pt(20%)/C
(E�TEK) obtained by the oxidation of a mixture of hydrogen
with the content of carbon monoxide admixture 100 ppm
(Е = 0.5 V): Pt/C (1), PtRu/C (2), Pt/Sn0.91Sb0.09O2 (3),
Pt/Ti0.93Ru0.07O2 (4), Pt/TiO2/C (5), and Pt/SnO2/C (6).
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Fig. 9. Cyclic voltammograms of the catalysts Pt/Sn1–xМxO2 (a) and Pt/Ti1–xМxO2 (b) of various compositions and Pt(20%)/C
(E�TEK) in 0.5 M CH3OH; base electrolyte 1 M H2SO4, ν = 0.05 V s–1. a: Pt/C (1), Pt/SnO2/C (2), Pt/Sn0.91Ru0.09O2 (3), and
Pt/Sn0.91Sb0.09O2 (4); b: Pt/C (1), Pt/TiO2/C (2), Pt/Ti0.92Nb0.08O2 (3), and Pt/Ti0.93Ru0.07O2 (4).
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on the process of methanol electrooxidation than that for
the oxidation of H2.

The values of exchange currents and slopes of the Tafel
dependences (η—logi) for the reaction of MeOH oxida�
tion are given in Table 4. The higher values of exchange
currents (see Table 4, Fig. 11) indicate the easier elec�
trooxidation of alcohol on the metal�oxide catalysts com�
pared to that on Pt/C. The similarity of the Tafel curves
for PtRu/C, Pt/TiO2, Pt/SnО2, and solid solutions based
on them confirms that on the oxide catalysts the oxidation
of methanol also follows the "bifunctional" mechanism (1),
which is commonly accepted for the PtRu catalysts.61

Characteristics of the prototypes of the fuel cell with the
catalyst Pt/Sn0.91Sb0.09O2 at the anode of the memb�
rane electrode assembly. The platinum catalyst based on
Sn0.91Sb0.09O2 was chosen for testing in the FC, because
this catalyst is one of the most active among the systems
studied. The operating characteristics of the hydrogen—air
and methanol FC using the optimum compositions of the
active layer of the anode Pt/Sn0.91Sb0.09O2/Nafion49 in
the membrane electrode assembly are presented in Figs 12
and 13. The commercial catalyst Pt(20%)Ru/C (E�TEK)
was used as a cathode. The voltammetric curves for the
FC mounted according to the standard technologies using

the commercial catalysts PtRu(20%)/C (E�TEK) at the
anode and Pt(20%)/C (E�TEK) at the cathode are pre�
sented for comparison. Hydrogen with an additive of CO
(100 ppm) was used for testing the hydrogen—air FC.

It was shown that the operating characteristics of the air
and alcohol FC with the catalytic system Pt/Sn0.91Sb0.09O2
at the anode were comparable with the characteristics of
the FC based on the catalysts PtRu/С (E�TEK), indicat�
ing that the metal�oxide catalytic systems can be promis�
ing for use in hydrogen and methanol FC.

Thus, the electrocatalysts for the FC were prepared on
the basis of individual platinized oxides Pt/SnO2 and
Pt/TiO2 and their solid solutions Pt/Ti1–xMxO2 (M = Ru,
Nb) and Pt/Sn1–xM´xO2–δ (M´ = Sb, Ru). The influence
of the composition of the oxide supports on the activity of
the supported Pt catalysts in the FC during the electroox�
idation of MeOH and hydrogen in the presence of CO was
studied.

The platinum electrocatalysts based on solid solutions
of tin dioxide Sn1–xM´xO2–δ (M´ = Sb, Ru; x = 0.4—0.9)

Fig. 10. Specific currents obtained by chronoamperometry (E = 0.5 V) on the catalysts with various compositions and Pt(20%)Ru/C
(E�TEK) in 0.5 М СН3ОН: Sn1–xМxO2 (a) with M = Sb (1) and Ru (2) and Ti1–xMxO2 (b) with M = Nb (1) and Ru (2) Base
electrolyte 1 M H2SO4.
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Table 4. Tafel slopes of the polarization curves and exchange
currents (i) for the electrooxidation of methanol on various
catalysts

Catalyst i•10–3/mA ∂E/∂log(i/mV)

Pt(20%)Ru/C 1.4±0.1 190
Pt(20%)/С 0.7±0.1 150
Pt/TiO2 1.1±0.1 180
Pt/SnO2 1.0±0.1 180
Pt/Sn1–xSbxO2 (x = 0.03—0.09) 1.3±0.1 180—190
Pt/Sn1–xRuxO2 (х = 0.03—0.09) 1.2±0.1 180—190
Pt/Ti1–xRuxO2 (х = 0.01—0.07) 1.1±0.1 150—160
Pt/Ti1–xNbxO2 (х = 0.4, 0.08) 1.0±0.1 155—170

Fig. 11. Polarization curves in the logarithmic coordinates ob�
tained for various catalysts in 0.5 М СН3ОН. The base electro�
lyte is 1 М Н2SO4.
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and titania Ti1–xMxO2 (M = Ru, Nb; x = 0.7) are more
resistant to poisoning with CO and are more active in
alcohol electrooxidation than the commercial Pt,Ru cat�
alysts on the carbon supports.

The tests of the novel platinized oxides incorporated in
the hydrogen—air and methanol FCs showed higher pow�
er outputs of the FCs with the metal�oxide electrocata�
lysts at the anode compared to analogous energy systems
based on the traditional Pt,Ru catalysts on the carbon
supports.

This work was financially supported by the Ministry of
Education and Science of the Russian Federation (State
Contract No. 16.740.11.0251).
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