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Abstract

Solar and wind based energy supply will increase from the current level by more than
one decade by the year 2040 [1], which lays foundation for the hydrogen economy
concept where hydrogen serves as an energy carrier. Hydrogen utilization requires,
however, introduction of efficient, durable and economically feasible electrochemical
conversion of electrical energy into hydrogen bond energy. Electrochemical water
splitting can meet these expectations if its key components, electrocatalysts, can be
improved.

Today scarce platinum group metals (PGMs) are utilized to electrocatalyze the
hydrogen evolution reaction. In addition to PGM availability and cost issues, these
electrocatalysts suffer from inadequate durability because of the altering operation
conditions induced by intermittent nature of solar and wind energy technologies.

Single-walled carbon nanotubes (SWNTs) have several beneficial properties needed
for electrochemical applications: high conductivity, good chemical and
electrochemical durability and appropriate properties for fabricating 3D electrodes
[2]. Here, the unique morphology of SWNTs contributes to achieve material with
ultra-low loadings Pt nanowires (PtN'W). For the hydrogen evolution reaction (HER)
in aqueous electrolyte, with ultralow Pt content of 340 ngp; cm™ this kind of a material
reaches catalytic activity comparable to that of state-of-the-art supported Pt with a
notably higher Pt content (38,000 ngp; cm™). Furthermore, at the cathode of a proton-
exchange-membrane electrolyzer generating stable voltage for more than 2,000 h at
high current density it successfully competes with the state-of-the-art construction but
with one tenth of Pt mass loading.

The high activity and excellent durability is attributed to favorable PtNW interaction
with the SWNTs as well as exposed PtNW edge-sites which adsorb hydrogen
optimally and help to alleviate repulsive interactions on the nanowire surface. In
addition, the metallic nature of Pt, morphological effects and enhanced surface
wetting contribute positively to the performance.
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