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a b s t r a c t

Titanium carbide (TiC) nanoparticles supported Pt catalyst for methanol electrooxidation is investigated
for the first time. The resultant TiC/Pt catalysts are prepared by using a simple electrodeposition to load Pt
nanoparticles on TiC nanocomposite. The electrodes are characterized by scanning electron microscopy
and cyclic voltammetry. It is found that the TiC/Pt catalysts help alleviate the CO poisoning effect for
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methanol electrooxidation with a higher ratio of the forward anodic peak current (If) to the reverse
anodic peak current (Ib). The improvement in the catalytic performance is attributed to the fact that TiC
ameliorates the tolerance to CO adsorption on Pt nanoparticles. One possible mechanism to improve
the CO tolerance of Pt taking TiC as supporting material in methanol electrooxidation is also proposed.
The results suggest that TiC could be practical supporting materials to prepare electrocatalysts that are
suitable for the methanol electrooxidation applications.

© 2009 Elsevier B.V. All rights reserved.
. Introduction

The direct methanol fuel cell (DMFC) has come to be consid-
red as one of the most promising options to solve future energy
roblems because of its characteristics such as simple construction,
asy operation and high efficiency. However, the electrooxidation
f methanol is a very complex reaction involving many interme-
iate and poisonous species. The insufficient activity of the anode
atalysts is still one of the main problems for DMFCs because pure
latinum is easily poisoned by anode reaction intermediates such
s COads. Two aspects are concerned in order to improve the activ-
ty and CO tolerance of Pt catalysts. One is to alloy Pt with other
ransition metals such as Ru, the other is to select a novel support
or electrocatalysts.

Various carbon materials were extensively employed in DMFCs.
onventionally highly conductive carbon material provides a high
ispersion of metal nanoparticles and facilitates electron transfer,
esulting in better catalytic activity. Vulcan carbon is one of the
ost widely used supports for preparing fuel cell catalysts because
f its good compromise between electronic conductivity and a large
urface area [1–4]. Previous researches have demonstrated that
sing a new carbon support with a high surface area is one potential
ay to improve the activity of electrocatalysts through synergistic

∗ Corresponding author. Tel.: +86 21 65642397; fax: +86 21 65642682.
E-mail address: xiaolicui@fudan.edu.cn (X. Cui).

378-7753/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jpowsour.2009.09.031
effects. These supports include expanded graphite [5], mesocarbon
microbeads [6], ordered porous carbon [7–9], graphite nanofibers
[10–12], carbon nanohorns [13], films of C60 clusters [14], carbon
nanocoils [15], carbon nanocones [16], hollow graphitic nanopar-
ticles [17], carbon nanotubes [18–21] and so on.

Recently, a kind of “active supporting materials” has been
revealed that they could have a catalytic role that contributed to the
observed enhancement in the methanol or formic acid electrooxi-
dation. For example, materials such as nitrogen containing carbon
nanotube [20], ruthenium oxides/Vulcan XC-72 mixed supports
[22], carbon–silica composite [23], WO3/C [24], TiO2 nanotubes
[25], WC [26] and FexC–C [27] hybrid material have been inves-
tigated. The previous results suggested the strong metal–support
interaction would greatly affect the electrochemical properties of
the fuel cell catalysts and alleviate the CO poisoning effect on Pt in
some degree.

Titanium carbide is well-known for its high melting point, high
resistance to oxidation and corrosion, good thermal and electrical
conductivity [28]. The nanoparticle deposits are electrically highly
conducting and electrochemically active [29]. It has been demon-
strated recently that bulk TiC is an attractive electrode material for
electroanalytical processes and it shows fast electron transfer in

particular quinone system [30]. In this work, TiC as support of Pt cat-
alyst for methanol electrooxidation was investigated and evaluated
for the first time. Experimental results demonstrated that the tol-
erance of CO could be improved during methanol electrooxidation
when taking TiC as support for Pt nanoparticles.

http://www.sciencedirect.com/science/journal/03787753
http://www.elsevier.com/locate/jpowsour
mailto:xiaolicui@fudan.edu.cn
dx.doi.org/10.1016/j.jpowsour.2009.09.031
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. Experimental

.1. Reagents

Titanium carbide powders (>99% purity, 40 nm in diameter)
ere purchased from Kaier Company (China). Vulcan XC-72 pow-
ers (30 nm in diameter) were purchased from Cabot Corporation.
afion (perfluorinated ion exchange resin, 5 wt% solution) was
urchased from Aldrich. Hydrogen hexachloroplatinate hydrate
H2PtCl6·6H2O, 99.95%), methanol and sulfuric acid were obtained
rom Shanghai Chemical Reagent Inc. and used as received.
ll reagents were of analytical-grade purity. Freshly distilled-
eionized (DD) water was used throughout. The electrolytes
ere 0.5 M H2SO4, 1.3 mM H2PtCl6 + 0.5 M H2SO4, and 0.5 M
H3OH + 0.5 M H2SO4, which were prepared from high-purity sul-

uric acid, high-purity-grade methanol, H2PtCl6·6H2O, and DD
ater, respectively.

.2. Apparatus

The electrochemical experiments were performed with a CHI
60 electrochemical workstation (CHI Instruments, Shanghai Chen-
ua Company) in a conventional three-electrode system at room
emperature. The modified glassy carbon (GC) electrode was used
s the working electrode. A platinum wire was served as the aux-
liary electrode, and a saturated calomel electrode (SCE) was used
s the reference electrode. All the potentials were reported vs. SCE.
he electrode surface morphology was studied using scanning elec-
ron microscopy (SEM, Philips xl 230 FEG).

.3. Electrode modification

A 0.5 wt% Nafion solution was prepared by diluting the 5 wt%
afion solution with DD water. A definite mass of TiC was put into

he 0.5 wt% Nafion solution, which was then dispersed for 40 min
ia ultrasonic vibration so that the nanoparticles were completely
uspended in the solvent. At last, a homogeneous black suspension
olution with 2 mg mL−1 TiC could be obtained, and a 10 �L aliquot
f this solution was dropped onto the surface of the GC electrode
3 mm in diameter, CHI Company). The coating was dried at room
emperature in air for 1 h. Before the modification, the GC electrode
as polished with 0.3 and 0.05 �m alumina slurries, washed with
D water and acetone in order, subjected to ultrasonic agitation

or 1 min in DD water, and then dried under an air stream. In order
o compare the difference between TiC and Vulcan carbon XC-72,
C electrodes modified by Vulcan carbon XC-72 was also prepared
y the same procedures, and the same tests were performed on
C/XC-72/Pt electrodes.

.4. Depositing Pt on TiC or Vulcan XC-72 carbon

Platinum particles were electrodeposited on the surface of
lectrodes with the chronopotentiometry method from a 1.3 mM
2PtCl6 + 0.5 M H2SO4 aqueous solution in a conventional three-
lectrode cell. The cathodic current was 0.02 mA and the deposition
ime was 400 s. The amount of deposited platinum was controlled
y a deposition charge as 100% current efficiency was assumed.
fter platinum was deposited, the electrode was rinsed with DD
ater, and a series of tests were performed in 0.5 M H2SO4 solution
ith and without methanol.
.5. CO stripping test

CO absorption was done by bubbling CO gas (>99.9% purity)
hrough the cell at a flow rate of 150 mL min−1. The working elec-
rode was controlled at 0.10 V vs. SCE along with the continuous
Fig. 1. The SEM images of the TiC film (a) and Pt-loaded TiC film (b) coated on glassy
carbon electrode surface.

CO bubbling for 10 min. High-purity N2 was then purged into the
solution for 30 min in order to remove the CO traces from the gas
phase before the stripping test on both GC/TiC/Pt and GC/XC-72/Pt
electrodes.

3. Results and discussion

3.1. SEM characterization of GC/TiC and GC/TiC/Pt electrodes

The typical micrographs of the TiC nanoparticles film and
Pt-loaded TiC film have been investigated by scanning electron
microscopy and the corresponding SEM images with the same mag-
nification are presented in Fig. 1. From Fig. 1(a), it can be seen that
the original TiC composite has a porous structure on the electrode
surface. Such a structure of catalyst support will promise more plat-
inum to be loaded and lead to good catalytic activity. The SEM image
of Pt-loaded TiC film is shown in Fig. 1(b). It can be seen that tiny
Pt particles scatter around the surface. The presence of platinum is
also confirmed by cyclic voltammetry measurements as shown in
Fig. 2.

3.2. Characterization of the electrochemical activity of the
catalysts
Fig. 2 shows the cyclic voltammetry analysis on measuring the
electrochemical activity in 0.5 M H2SO4 solution saturated by N2 for
the GC/TiC/Pt (a) and the pristine GC/TiC (b) electrode. It is interest-
ing to observe a large oxidative peak around 0.92 V in the first cycle
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ig. 2. Cyclic voltammetric curves of GC/TiC/Pt (a) and the pristine GC/TiC (b) elec-
rodes at a scan rate of 0.05 V s−1 in 0.5 M H2SO4 solution saturated by N2. The
orresponding cycle number is 1, 2, 4 and 6 respectively, from outside to inside.

or GC/TiC electrodes. A clear H2 adsorption/desorption area was
dentified for GC/TiC/Pt electrode (a) in the potential range from
0.20 to 0.05 V. The electrochemical active surface (EAS-H) area of
t catalysts can be calculated from H2 desorption area by assuming
hat Pt surface is covered by monolayer absorbed hydrogen and
aking 0.21 mC cm−2 as reference [31,32]. Fig. 3 shows the cyclic
oltammetry analysis on measuring the electrochemical activity in
.5 M H2SO4 solution for GC/TiC/Pt (a) and GC/XC-72/Pt (b) elec-
rodes. It was calculated that EAS-H values were about 0.15 cm2

nd 0.14 cm2 for TiC/Pt and XC-72/Pt catalysts, respectively. The
alues of EAS-H indicate that GC/TiC/Pt electrode has good electro-
hemical activity in H2SO4 solution, suggesting that it may promise
xcellent catalytic performance [33]. These results indicate that
he composites prepared by the current method can be applied as
lectrochemical catalysts toward methanol electrooxidation.
.3. Electrocatalytic performance for methanol electrooxidation

The electrochemical properties of TiC/Pt catalyst have been
nvestigated in 0.5 M CH3OH + 0.5 M H2SO4 aqueous solutions. The

ig. 3. Cyclic voltammetry of GC/XC-72/Pt (a) and GC/TiC/Pt (b) electrodes (second
ycle) at a scan rate of 0.05 V s−1 in 0.5 M H2SO4 solution saturated by N2.

Fig. 4. A series of cyclic voltammograms of room-temperature methanol electroox-
idation on GC/TiC/Pt (A) and GC/XC-72/Pt (B) electrodes with successive scanning at
0.05 V s−1 in 0.5 M H2SO4 + 0.5 M CH3OH aqueous solutions. The corresponding cycle
number is 2, 3, 4, 5, 6, 7, 8, 10, 15, 20 and 25, respectively from inside to outside.

Pt loading: 57 �g cm−2. The inset shows the first cycle (a) and the second cycle (b)
during the cyclic scanning for the corresponding electrodes.

typical cyclic voltammograms are shown in Fig. 4(A). Before record-
ing cyclic voltammograms, the electrode was soaked in the solution
for 10 min to allow the system reaching a stable state. Fig. 4(A)
shows a series of CV curves in a potential range from −0.1 to 1.0 V
on successive 25 cycles. The methanol electrooxidation starts ca.
0.15 V, and the current increase is attributed to this reaction, which
is represented by the anodic peak around 0.66 V. In the reverse scan,
the adsorbed intermediates are further oxygenized and then pro-
duce a second oxidation peak at a potential around 0.56 V. This
anodic peak in the reverse scan could be attributed to the removal
of the incompletely oxidized carbonaceous species formed in the
forward scan [34,35]. There are large changes during the succes-
sive potential scanning over time. The early cycles exhibit a low
peak current in the forward scan and the reverse potential scan
as shown in Fig. 4(A). As the number of cycles increases, the peak
current increases from cycle to cycle. After scanning 10 cycles, the
CV curve becomes relatively stable and the peak current increase

slowly. This character of the CV curves is very typical and similar
to the reports for methanol electrooxidation on Pt/C and Pt/CNTs
catalysts [19,36].
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Fig. 5. The relationship between ratios of If/Ib vs. scanning cycle number for
GC/TiC/Pt (a) and GC/XC-72/Pt (b) during methanol electrooxidation in 0.5 M
H
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2SO4 + 0.5 M CH3OH. The inset is a schematic diagram of possible mechanism for
he removal of CO poisoning intermediates during methanol electrooxidation over
iC supported Pt catalysts.

A successive scanning on GC/XC-72/Pt electrodes was also per-
ormed and similar cyclic voltammetric behavior was also observed
s shown in Fig. 4(B). The inset in Fig. 4(B) shows the first cycle (a)
nd the second cycle (b) during the cyclic scanning for the elec-
rodes. It is worth noting the difference in the first cyclic cycle
etween GC/XC-72/Pt electrode and GC/TiC/Pt electrode. A large
xidative peak around 0.92 V in the first scan for GC/TiC/Pt elec-
rode was observed as shown in the inset of Fig. 4(A). However, this
xidative peak is not present for GC/XC-72/Pt electrode in the first
ycle as shown in the inset of Fig. 4(B). It is assumed that the large
xidative peak in the first scan for GC/TiC electrode may relate to the
pecies adsorbed on TiC surface. More experiments and evidence
re necessary to declare the mechanism for the large oxidative peak
n the first scan.

Methanol electrooxidation on TiC/Pt and XC-72/Pt was also
ompared in the ratio of the forward anodic peak current (If) to
he reverse anodic peak current (Ib) in order to indicate their
atalytic performance. The ratio If/Ib can be used to describe the
atalyst tolerance to accumulation of carbonaceous species in
ome degree [35–38]. High If/Ib value implies relatively complete
xidation of methanol to carbon dioxide. In our experiments,
he ratios were measured for GC/TiC/Pt and GC/XC-72/Pt from
ycle to cycle, respectively. As can be seen in Fig. 5, higher If/Ib
alues are observed for GC/TiC/Pt during the whole measured
canning process, which indicates that most of the intermediate
arbonaceous species were oxidized to CO2 in the forward scan
or GC/TiC/Pt electrode. This phenomenon may be ascribed to the
pecial properties of TiC. Further evidence was presented in CO
tripping test for the two electrodes.

It should be noticed that the anodic peak current for GC/XC-
2/Pt (0.17 mA) is higher than that for GC/TiC/Pt (0.095 mA) at
he 50th cycle as shown in Fig. 4(A) and (B). Lower peak current
f GC/TiC/Pt electrode may result from the lower electrochemical
ctive surface area of TiC supporting material. Electrochemical tests
ere performed for to the pristine GC/TiC and GC/XC-72 electrodes

n 0.5 M H2SO4 to obtain the double-layer capacitance curves (not
resented in this paper). It was observed that capacitive current of
C/TiC is lower than that of GC/XC-72 when scan rates are kept at
he same. It is known that capacitive current is proportional to elec-
rochemical active surface area [32]. The catalytic activity of TiC/Pt
omposite may be further enhanced by decreasing the particle size
f TiC to enlarge its surface area.
Fig. 6. The CO stripping voltammograms of GC/TiC/Pt (a) and GC/XC-72/Pt (b) elec-
trodes scanning at 0.05 V s−1 in 0.5 M H2SO4.

3.4. CO stripping results for the catalysts

The CO poisoning tolerance of TiC/Pt catalyst was further con-
firmed by CO stripping test. The typical results are exhibited in Fig. 6
for GC/TiC/Pt (a) and GC/XC-72/Pt (b). It is interesting to note that
a large oxidative peak around 0.92 V was also observed in the first
cycle for GC/TiC/Pt electrodes which is similar to the phenomenon
shown in the inset of Fig. 4(A). The most notable difference between
CO stripping results on GC/XC-72/Pt and GC/TiC/Pt electrodes is the
negative shift of the CO oxidation peak in the latter. The onset of
CO oxidation on GC/TiC/Pt electrode is shifted negatively by about
80 mV and the peak potential by about 62 mV, compared with
GC/XC-72/Pt electrode. This is another indication that TiC/Pt cat-
alyst can reduce the overpotential for CO oxidation. Besides, the
charges under the CO oxidation peaks can be used to calculate EAS
for Pt catalysts. By assuming a monolayer of CO on Pt surface and
taking 0.42 mC cm−2 as reference [39], EAS-CO is 0.08 cm−2 (about
0.6 time of EAS-H) for GC/TiC/Pt, and 0.15 cm−2 (about 1.1 times of
EAS-H) for GC/XC-72/Pt. As a result, the amount of CO absorbed in
the surface of TiC/Pt is less than that absorbed in the surface of XC-
72/Pt when loaded amount of Pt and conditions for CO bubbling
are the same. Both facts have demonstrated better CO poisoning
tolerance of TiC/Pt catalyst in methanol electrooxidation.

3.5. The possible mechanism

The alleviated CO poisoning effect of TiC/Pt catalyst in methanol
electrooxidation has been demonstrated by the experimental facts.
It may originate from formation of OH by water discharge on the
TiC surface [40]. It is likely that TiC functions in the same way as
Ru does in Pt–Ru/C catalysts. Similar mechanism of methanol elec-
trooxidation on TiO2 nanotubes supported platinum electrodes was
reported recently [25]. The formation of hydroxide ion species on
the surface of the TiC [40] nanoparticles transforms CO like poison-
ing species on Pt to CO2, leaving the active sites on Pt for further
electrochemical reaction as shown in the inset of Fig. 5. Enhanced
electrocatalytic performance of methanol electrooxidation may be
attributed to OH groups promoting CO removal near the Pt-oxide

interface and strong metal support interaction [41]. It has been
reported that the kinetics of the methanol oxidation reaction in
NaOH on the platinised Ti mesh electrode was determined by the
surface coverage of OH-species on the electrode surface [42].
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. Conclusions

Titanium carbide nanoparticles are employed for the supporting
aterial of Pt catalyst in methanol electrooxidation. In comparing

o Vulcan XC-72 carbon, a higher ratio of If/Ib during methanol elec-
rooxidation process is observed for TiC. The CO stripping result also
upports that TiC particles help alleviate CO poisoning effect on Pt
atalysts. This improvement may be ascribed to the formation of OH
rom water on the TiC surface which ameliorates the tolerance to
O adsorption of Pt. More experimental and theoretical studies are
eeded to further improve the catalytic performance and identify
learer mechanisms leading to the enhancement of CO tolerance
n TiC supporting material.
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