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Alumina is one of the most cost-effective and widely used material in the family of

engineering ceramics. It is also very promising as a thin-film material for surface

modification of machining tools. In most cases, magnetron sputtering produces

alumina films at temperatures lower than 600 °C, which results, however, in the films

with a metastable structure. A post-deposition annealing of these films leads to

successive changes in their structure.

The aim of present study is to characterize transformation processes and understand

transformation phenomena in magnetron sputtered alumina films with a metastable

structure. For this purpose, purely amorphous, amorphous/γ-phase and purely

γ-phase films were sputtered in an Ar+O

2

 mixture at selected process parameters

using a dual magnetron system equipped with two aluminum targets. Phase

transformation sequences with thermodynamic and kinetic data were systematically

analyzed by means of differential scanning calorimetry and ex-situ X-ray diffraction.

It will be shown that thermal stability of a pure γ-phase as-deposited structure

exceeds 1100°C as the film is heated in air at 40°C/min. On the contrary, an

amorphous as-deposited structure is thermally stable to approximately 900°C at the

same heating conditions when the amorphous to γ phase transformation starts

proceeding. Independently of the ratio of an amorphous to crystalline γ phase in the

as-deposited structure, the metastable γ phase transforms to the stable α phase at

temperature of approximately 1200°C. This phase transformation is accompanied by

the formation of the intermediate metastable θ phase without any detectable heat

released indicating second-order thermodynamic character of this process. Further, it

will be shown that the changes in transformation enthalpies for all observed

transformations are close to each other while the kinetic of the phase transformations

is influenced by the as-deposited structure of the films. The kinetic triplets for

mathematical description of the phase transformations in alumina films will be also

discussed in detail.
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