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The polymer electrolyte fuel cell (PEF@ one
of the most attractive power generation systems for fuel
cell vehicles. Platinum-based catalysts supported on
carbon are typical cathode catalysts for PEFCs, but the
degradation of the carbon support in the high potential
region is a problem to be solved. Tin oxide (S5Qs
stable in the high potential region and becomes a good
candidate for use as a non-carbon support if it possesses a
high electrical conductivity. Meeting such an
expectation, whave succeeded synthesis dadoped
tin oxide (Nb-SnQ;) support wih a network structure,
like carbon black (CB), by a flame oxide-forming
method? In this research, we evaluate the electrical
conductivity of the Nb-SnO.s; with such unique
morphology, and the electrochemical properties of Pt
catalysts supported on thib-SnG; ;.

The obtained particles (crystallitezei 1020
nm; specific surface area, 40-106/g) were necked with
nearest neighbors and formed a network structure (Fig. 1).
We proposed two parameters to evaluate the degree of
such a structure formatio®ne is“SSA rati@, and the
other is“primary pore volume”. The SSA ratio is defined
asthe ratio of measured specific surface area (BT
the geometric surface area estimatennfthe sphericdy
approximagd crystallite size. The SSA ratio for the
separated particles is unitit decreases with the increase
of necking degree among the primary particles. Thi
second parameter is defined as the open space volul
formed by their non-linear aggregatidhe Nb-SnO,.;
support had a similar pore size and volutoethat of
CB.? Increase of primary pore volume could be due to :
ramification of the aggregates, which would contribute tc
the improvement of the electron conducting paths.

We investigated the relationship between the
network structure and the electrical conductivity by using
these parameters mentioned above. The SSé vatied
from 0.67 to 0.91 depending on synthetic conditions
With decreasing the SSA ratiohet apparent electrical
conductivitycap, Of the support increased (Fig. 2, dotted
line), which is ascribed to the decrease of contac
resistance accompanied by development of the neckir
among the particleSome particles exhibited a deviation
from the simple correlation curve to higher conductior
values even though the SSA ratios were nearly the san
(0.82~0.85) The corresponding conductivities are
increased with increasing their primary pore volumes a
shown in Fig.3. This suggests that increase in the
apparent electrical conductivity further increases witt.
increasing the open space in the network structure

Pt was loaded on th&lb-SnO,_; by a colloidal
method (7 wt%, Pt particle size, 3.0 nm). The
electrochemical activity of each sample was measured by
the rotating disk electrode (RDE) technique. The
kinetically controlled current density,) for the oxygen
reduction reaction (ORR) at 0.85 V increased with
increasing the,p,. 0f the support. The maximujnvalue
reached 0.84 mA/chior the catalyst with the maximum
Oapp(2.0 % 10* S/cm), which is superior to that of
commercial PYCR0.65 mA/cni, TEC10E50E, Tanaka
Kikinzoku Kogyo Co).®> We considered that the network
structure and necking of the support particles affected the
electrochemical activity for the ORR of the Pt catalyst.
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Fig. 1. TEM image oNb-SnG,; support synthesized
by the flame oxide-forming method.
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Fig. 2. Relationship betwee&3SAratio and
apparent electrical conductivitg{,p) of Nb-SnQ, ;.
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Fig. 3. Relationship between primary pore volume anc
apparent electrical conductivitys,) of Nb-SnQ, ..



