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Designed Synthesis of Pt Concentration Controlled Nickel-based Alloy Catalysts

Balachandran, Jeyadevan

3,000,000

Pt Pt
Ni-Pt-Pd Ni-Pt
Ni-Pt Pt
Ni Pt Ni Pt
Ni-Pt Ni-Pt
Pt

Designed synthesis of highly catalytic Ni-Pt and Ni-Pt-Pd nanoparticles was
attempted. Though these unique particles were cubic-shaped and their edges and corners were decorated
with Pt, the yield was very poor and modification of the synthesis ?rocess was needed. As a consequence,
the knowledge on the formation mechanism was elucidated experimentally. The results suggested that in the
case of Ni-Pt particles, Pt is deposited first and subsequently Ni precipitate on the surface of Pt
particles. However, as the reaction progressed, Pt atoms diffused outward and reached the corners and
edges of the particle, whose shape changed from nearly spherical at the initial stages of the reaction to
a perfect cube at the end of the reaction, forming a Ni rich cube (core)-Pt(cage). The hollow cage
obtained by dissolving Ni was composed mainly of Pt and the Ni content was 12%. Mass activity of the
Ni-Pt cage was about three times that of the commercial catalyst.
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Fig. 1 Hydrogen-Oxidation catalytic efficiency
of metals
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Fig. 2 (a) STEM-HAADF image, and (b—d)
EDS elemental mapping images of the Ni—Pt
NPs; (b) Ni K edge, (c) Pt M edge, and (d)
overlay of Ni and Pt mapping results.
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Fig. 3 (@) TEM image of Ni-Pt cage, (b)
STEM-HAADF image, and (c-d) EDS elemental
mapping images of the Ni-Pt NPs; (¢c) Ni K
edge; (d) Pt M edge and (e) overlay of Ni and Pt.
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Fig. 4 TEM images time resolved products
obtained for a reflux time of (a) 0, (b) 10, (c) 20
and (d) 120 min at 170 C during the synthesis of
Ni-Pt NPs.
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Fig. 5 STEM-HAADF image, and (b—d) EDS
elemental mapping images of the Ni—Pt NPs; (b)
Pt M edge, (c) Ni K edge and (d) overlay
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Fig. 6 (a) Cyclic voltammetry curves of
Ni-Pt cage. (b) Comparison of mass
activities between available Pt catalysts
and Pt-Ni cage.
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