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Disordered alloyed alumina thin films as wear-resistant coatings – a TEM and FIB
study
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Many different alumina phases and ceramic nanostructures, e.g. nano-layers or

nano-composites have been successfully synthesized to improve the thermal and

mechanical properties of wear-resistant coatings. In this work chromium alloyed

alumina thin films are compared to pure alumina thin film. Films were prepared by

reactive dual magnetron sputtering deposited on tungsten carbide (WC) substrates.

This new technology was recently installed for tool coatings.

Quantitative micro-indenting was used to analyze the local mechanical properties of the

alumina films. Here we show FIB-prepared cross-sections of micro indents to evaluate

the fracture toughness of the strongly disordered and nanocrystalline structure. Energy

filtered electron diffraction was performed in a Zeiss912Ω for samples in plan view.

Only d

hkl

-spacings smaller than 0.2 nm appear in the TEM electron diffraction pattern

and that for smaller scattering angles no reflections are observed rather an intensity

distribution typical for amorphous structures is found. The diffracted intensities are

heavily damped for larger scattering angles and the observations do not match with any

of the known alumina phases. Both observations indicate a poor long-range order and,

therefore, we call this structure disordered.

It was shown by dark-field images that the whole volume contributes to the diffuse part

of the diffraction pattern. However, individual grains contribute to the reflections forming

a ring like structure and the grain size was identified as 80 nm for the alumina thin film

and slightly larger for the chrome alloyed alumina film.

For a quantitative analysis the radial averaged intensity distribution is estimated from

the TEM electron diffraction pattern for both thin films. No difference is seen with

respect to the d-values and shape of the reflections.

Samples are measured by EDX in the TEM, which indicates homogeneously distributed

Al and Cr on the sample, thus a solid mixture is formed. Thermodynamics predicts

miscibility gap for the a-phase up to a temperature of 800°C larger than the deposition

temperature. However this is not in contradiction to the experimental result, because

the crystal structure is not rhombohedral and even the chromium alloyed thin film

comprise the large degree of disorder known for the alumina film.
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