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In the research and development of polymer electrolyte fuel cells (PEFCs), one of the
challenges is to design better alternatives to the state-of-art Pt catalyst as anode and cathode

catalysts in PEFCs, for which high power density has been obtained

at room temperature. In particular, kinetics for the oxygen reduction HCOOH

reaction (ORR) and oxidation of small organic molecules such as
formic acid, methanol and ethanol is very slow, even at the surface
of the Pt catalyst. Therefore, a large overpotential is required for the

CO,+ 2H*

ORR and oxidation of small organic molecules to proceed at any ®: P> O:Pt _
practical speed under the operating conditions of PEFCs. To Ordered Intermetallc

accelerate the reduction and oxidation on anode and cathode to
reach a practical usable level in PEFCs, there has been a strong
demand for the development of anode and cathode catalysts that
can solve significant cost and durability issues as well as sluggish
electrode kinetics. Our recent investigations of electrocatalysts for
PEFCs have shown that ordered intermetallic compounds such as
PtPb, Pt;Ti, PtBi and PtSn have lower oxidation and reduction :
potentials and higher current densities for the oxidation of small organic
molecules and ORR than pure Pt electrodes. This paper presents our results
on the core-shell ordered intermetallic, dealloyed nanoparticles (NPs) and the
electronic interaction between NPs and support materials.
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Figure 1. Schematic drawing of a surface

of PtPb ordered intermetallic phase.
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Figure 2. (A) pXRD patterns of (a)

conventional, (b) converting
reaction-synthesized PtPb/CB and (c) starting
material Pt/CB. The solid bars in the bottom
half of the figure are the simulated pXRD
peaks for the Pt and the ordered intermetallic
PtPb. (B) HR-TEM image of (a) conventional,

(b) converting reaction-synthesized PtPb/CB.
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Figure 3. LSVs obtained in (A) 0.5 M
formic acid + 0.1 M H,SO4 and (B) 0.5 M
methanol + 0.1 M KOH with (a) co-reduction
reaction-synthesized PtPb  NPs/CB, (b)
converting reaction-synthesized PtPb NPs/CB
and (c) Pt NPs/CB-fixed GC electrodes at a
scan rate of 10 mV s and an electrode

rotation speed of 2000 rpm.
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Figure 4. pXRD profiles of Pt;Ti/CB
annealed at 300-900°C and as-prepared

PtsTi/CB.
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Figure 5. TEM of (a) as-prepared
Pt;Ti/CB, Pt3Ti/CB annealed at (b) 600 and
(c) 900°C and histograms of diameter of
nanoparticles. (d): high-resolution TEM of
Pt,Ti/CB annealed at 900°C.
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Figure 6. XPS spectrum of Pt (3d) on (a)
Pt/CB, (b) Pt;Ti/CB annealed at 900°C and

(c) bulk Pt3Ti ordered intermetallic phase.
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Figure 7. ORR voltammograms for Pt/CB,
as-prepared Pt3Ti/CB and Pt3Ti annealed at
300-900°C.
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Figure 8. Schematic description of (A)
CSCNT, (B) TiO,/CSCNT and (C) Pt

NP/TiO,/CSCNT.
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Figure 9. TEM Image of Pt/TiO,/CSCNT
and histogram of Pt nanoparticles on
TiO,/CSCNT.
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Figure 10. Voltammograms for ORR with
(a) PtPb/TiO,/CSCNT, (b) Pt/TiO,/CSCNT,
(c) PY/CB, (d) PtPb/CB, (e) PtPb/TiO; in
O,-saturated 0.1 M HCIO, aqueous solution
at the electrode rotation speed of 1600 rpm.
Inset: TEM image of PtPb/TiO,/CSCNT.
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Figure 11. ORR voltammograms (in
O,-saturated 0.1 M HCIO4 aqueous solution)
obtained with (a) as-prepared PtCu/CB
and dealloyed PtCu/CB with (b) 25, (c) 50

and (d) 100 potential cycles.
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Figure 12. ORR voltammograms (in
O,-saturated 0.1 M HCIO4 aqueous solution)
obtained with dealloyed (a) PtCu/CB, (b)

PtPb/CB and (c) PtNi/CB.
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Figure 13. ORR voltammograms (in
Og-saturated 0.1 M HCIO4 aqueous solution)
obtained with (a) Pt/CB, (b) Pt/TiO,, (c)

dealloyed- PtCu/CB and (d) PtCu/TiO..
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Figure 14. pXRD profiles of PtPb/CB,
PtBi/CB, PtSn/CB and Pt/CB.

Figure 15. TEM images of (A) Pt/CB, (B)
PtPb/CB, (C) PtBi/CB and (D) PtSn/CB.
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Figure 16. Voltammograms for (A)
methanol and (B) ethanol oxidations on (a)
Pt/CB, (b) PtSn/CB, (c) PtBi/CB and (d)
PtPb/CB. Potential scan rate: 10 mVs'1,

electrode rotation rate: 2000 rpm.
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Figure 18. (A) Anodic sweep voltammograms for formic
acid (FA) electrooxidation over (a) Pd;Pb/CB, (b) Pd/CB, (c)
Pt/CB and (d) Pt-Ru/CB in 0.1 M HCIO4 + 0.5 M formic

acid at 1600 rpm. All the oxidation currents were normalized
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by weight of Pd or Pt. (B) CO-stripping voltammograms

obtained with (a) Pd;Pb/CB and (b) Pd/CB.
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Figure 19. The d-band centers for Pd/CB
and intermetallic Pd;Pb/CB. The insets
show schematic illustration of the CO

admolecules on the Pd and intermetallic
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