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A strategy for producing advanced nanoparticles, nanowires and nanotrusses:
dual-target High Power Pulsed Hollow Cathode Sputtering
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By the use of two sources in combination with variation of smart pulsing sequences

we have been able to controllably generate Ni/Fe nanoparticles (NPs) in the form of

the pure metals, alloys of the two metals and core-shell NPs, respectively. The

process is based on a rapid synthesis method, high-power pulsed hollow cathode

sputtering [1]. With this method, NPs are synthesized in the plasma and, as in the

present case with magnetic materials, self-assembles into wires and trusses. To grow

a NP into a size >20 nm, several pulses from the hollow cathode are required. This

can be exploited when growing NPs from several different materials. By pulsing

different targets individually, we show that it is possible to change both the

composition and constitution of the NPs, such as generating core/shell structures.

Magnetic NPs do not agglomerate inside the plasma because of electric repulsion, but

self-assemble into one-dimensional strings, nanowires, at the substrate. The particles

in such wires have a narrow size distribution of about 30-50 nm. If a permanent

magnet is placed behind the substrate, the size distribution of the NPs on the

substrate broadens to about 10-60 nm, resulting in cross-linking of the nanowires,

generating nanotrusses. This yields a more rigid and stable structure, giving rise to a

variety of different 3D structures with a length of several hundred µm. The structures

are suitable for catalysis because of their huge surface area, combined with their

electrical properties. We demonstrate this through electrocatalytic water splitting,

where Fe nanotrusses are used as electrodes in the process.

[1] I. Pilch, L. Caillault, T. Tiberiu, U. Helmersson, A. Tal, I. Abrikosov, P. Münger, N.

Brenning, Journal of Physics D: Applied Physics 49, 395208 (2016).
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