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The impact of thermal annealing on the morphology and diffusion behavior of
platinum nanoclusters in the anodic aluminum oxide template
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In this study, the influence of post deposition annealing (PDA) up to temperatures of    

T

PDA

=900°C on the diffusion of sputter deposited platinum in porous anodic aluminum

oxide (Pt/AAO) is investigated. The considered porous anodic aluminum oxide (AAO)

template is an hexagonal array of packed cylindrical and parallel nanochannels with

thickness 60 μm, and average pore size of 100 nm. A low pressure plasma sputter

deposition of Pt in the porous AAO template is carried out, which has been shown to be

advantageous for controlling low catalyst content and location. The morphology of

Pt/AAO membrane and the grain size are observed by High Resolution Scanning

Electron Microscope (HRSEM), the depth density profile is investigated by Rutherford

Backscattering Spectrometry (RBS). Finally, a description of Pt anomalous diffusion in

the nanochannels and the resulting concentration profiles is established to understand

the experiment results. In the "as deposited" samples, a majority of Pt particles

concentrate on the surface and few of the particles penetrate into the channels and

adhere on the interface of the channels under the action of the plasma and

rdiffusion/adsorption/clustering of Pt atoms. Up to T-PDA=400°C, the morphology has

not obvious change both on the surface and in the channels. However, for annealing at

600°C, Pt atoms migrates up to the surface and form a film. Simultaneously, thermally

induced voids also appear at the boundaries of the pores. After the annealing

temperature reaches to 900°C, a capillary-driven agglomeration process occurs both

on the surface and the interface of the channels. During this annealing step, the Pt

density on the surface is decreasing as the annealing temperature increases, and the

maximum depth of Pt reached into the AAO nanochannels strongly depends on the

annealing temperature.
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