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Fig.1 XRD patterns of composite films with different TiB;

contents
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Fig.2 TEM images and corresponding SAED patterns (insets) of composite films with TiB, contents 0.7at% (a, b), 5.8at% (c, d) and

7.1at% (e, )
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Abstract: In order to investigate the strengthening effect of highly dispersed ceramics on metal films, TiB./Al composite films with
different TiB, contents were prepared by magnetron co-sputtering with Al and TiB, targets. The composition, microstructure and
mechanical properties of the films were characterized by X-ray energy dispersive spectroscopy, X-ray diffraction, transmission electron
microscopy, scanning transmission electron microscopy and nanoindentation. The results show that TiB; are supersaturated in the Al lattice
due to high dispersibility of sputtered particles and non-equilibrium growth of the film in sputtering process. The composite film forms
supersaturate solid solution which exhibits both substitutional and interstitial features. Because of the dramatic lattice distortion of the
"dual-supersaturated solid solution”, the film grains are refined to nanoscale quickly, and the solute is enriched in the grain boundary. With
the solute content increasing, the grain boundaries broaden and the composite film gradually forms a two-phase structure in which lower
solute content nanocrystals are dispersed in a higher solute content amorphous matrix. Correspondingly, the film hardness increases
rapidly and reaches the highest value of 6.9 GPa at 5.8at%TiB,. Then the hardness slightly decreases due to amorphization. The results
above indicate the significant refining and strengthening effects of the supersaturated solid solution of highly dispersed TiB, on aluminum
based films.
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