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New Catalyst Support Improves 
Efficiency and Durability of Fuel Cells

Recently there has been a shift of focus from a catalytic activity to the reliability and durability for functional-
ized catalytic supports.  The catalytic supports play a key "active" component in Fuel Cells.  A new Ti0.7Ru0.3O2 
support, featuring a high surface area and high proton conductivity, facilitates a synergistic effect with respect 
to CO oxidation and enhances corrosion tolerance, resulting in the enhancement of catalytic activity and du-
rability of Pt-based catalysts for direct methanol fuel cells and polymer electrolyte membrane fuel cells.   
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In contrast to the early development of catalysts 
for fuel cells, which focused on catalytic activity,1 re-
cent research has been directed towards the improve-
ment of reliability and durability.  The introduction of 
novel support materials with co-catalytic functionality 
has proven to be a very effective approach for improv-
ing both the catalytic activity and the durability of Pt-
based catalysts.2   

At present, fuel cell technology uses carbon black 
as a catalyst support for both the anodes and cath-
odes.  However, the predominance of weak interac-
tions between the carbon support and the catalytic 
metal nanoparticles leads to their sintering and a con-
sequent decrease in the active surface area with long-
term operation.  Additionally, dissolution of the active 
elements and the electrochemical carbon corrosion 
of the carbon support under normal operating condi-
tions  are  major  issues  impacting  on  fuel  cell du-
rability  that  remain  unresolved.  Here, we approach 
the above-mentioned problems by exploring the use 
of a robust non-carbon based material comprising 
Ti0.7Ru0.3O2 to support the catalytic Pt nanoparticles 
(NPs).3 

The structure of the Ti0.7Ru0.3O2 NPs was eluci-
dated by X-ray diffraction (XRD).  We confirmed that 
Ti0.7Ru0.3O2 is present principally as a single-phase 
solid solution with the TiO2 being in the anatase form.  
No signal corresponding to a single metallic phase 
of Ru, or to phase separation between ruthenium 
and titanium oxide was detected.  More importantly, 
Ti0.7Ru0.3O2 possessed a high surface (275.6  m2/g) area 
─a critical requirement for carrying the Pt NPs.  This 
surface area value is significantly higher than that of 
the well-known Vulcan XC-72R (241.0 m2/g).

Inspired by the initial analysis and characterisa-
tion of our support material, we applied our catalyst to 

the direct oxidation of methanol.   The electrochemi-
cal surface area (ECSA) was estimated by CO stripping 
measurements in 0.5 M H2SO4 (Fig. 1).  Pt/Ti0.7Ru0.3O2 
has a high active surface area (116.8  m2/g), compared 
to comparable commercial materials such as Pt/C (E-
TEK) (67.5  m2/g) and PtRu/C (JM) (103.9  m2/g), due 
to its small size and the good dispersion of Pt catalyst 
facilitated by the nanostructured Ti0.7Ru0.3O2.  CO 
oxidation enhanced by Pt/Ti0.7Ru0.3O2 can be investi-
gated by the broader peak shape.  The onset potential 
for Pt/Ti0.7Ru0.3O was lower (ca. 278 mV (NHE)) than 
that of either Pt/C (E-TEK) (595 mV) or PtRu/C (JM) 
(292 mV), suggesting that the CO-tolerance of the Pt/
Ti0.7Ru0.3O2 catalyst was improved by the co-catalytic 
site in the Ti0.7Ru0.3O2 being modified by interactions 
with the electronic band structure of Pt, as seen in the 
X-ray absorption near-edge structure (XANES) mea-
surements, Fig. 2(a).  Interestingly, in the case of Pt/
Ti0.7Ru0.3O2 with only one catalyst component (Pt), the 
large decrease in its white line intensity arises from a 

Fig. 1:  The oxidation of pre-adsorbed CO as measured by CO-
stripping voltammetry in N2-saturated 0.5 M H2SO4 solu-
tion for Pt/Ti0.7Ru0.3O2 and commercial catalysts at 25 oC.
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different origin ─ namely, the strong metal-support 
interaction (SMSI) between Pt and the Ti0.7Ru0.3O2 sup-
port.  This mechanism explains the facile nature of 
electron donation from the Ti0.7Ru0.3O2 support to Pt 
metal, leading ultimately to a drastic decrease in the 
d-band vacancy of Pt.

Figure 3 compares the MOR current–potential 
curves for Pt/Ti0.7Ru0.3O2, and commercial Pt/C, PtRu/C 
catalysts in methanol solutions at room temperature.  
The Ti0.7Ru0.3O2-supported Pt catalyst electrode showed 
excellent electrocatalytic activity towards methanol 
oxidation compared to carbon-supported Pt or PtRu 
catalyst electrodes, it is noted that: (1) the potential at 
which methanol oxidation starts (onset potential, Eonset) 
is the lowest, (2) the methanol oxidation peak current 
(if), which indicates the extent of methanol oxidation 
capability, is the highest, and (3) the ratio if /ib also is 
the highest, which indicates the electrode's efficiency 

in destroying CO-like residues, and hence its better 
oxidation of methanol to carbon dioxide during the 
anodic scan.  Thus, the difference in the catalytic ac-
tivity with respect to the MOR between carbon black 
supporting Pt or PtRu, and Pt/ Ti0.7Ru0.3O2 is due to the 
catalyst support. 

The significant enhancement of catalytic activity 
and durability by the strong metal–support interac-
tions, as well as the co-catalytic synergy and ultrahigh 
stability together with the large surface area created, 
make systems such as presented here, very attractive 
for direct methanol fuel cell applications.  Our find-
ings not only show that Ti0.7Ru0.3O2 can be applied 
to fuel cell applications, but also indicate that binary 
metal oxide multifunctional catalysts are promising 
candidate materials for use in other areas such as cat-
alytic biosensor technology.
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Fig. 3: Cyclic voltammograms for methanol oxidation, sweep 
rate = 10 mV/s in N2-saturated 10 v/v% CH3OH in 0.5 M 
H2SO4 solution at 25 oC.

Fig. 2: (a) Pt LIII-edge XANES spectra of Pt/ Ti0.7Ru0.3O2, commer-
cial Pt/C (E-TEK), PtRu/C (JM) catalysts and Pt foil.  Inset 
shows enlarged region of peaks of Pt LIII-edge white line. (b) 
Variation in unfilled d-states for Pt foil and different cata-
lyst samples.
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