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High Temperature Yield Stress of Hard Coatings
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In order to evaluate the performance of hard coating materials used in aggressive

cutting operations such as high-performance milling or high speed machining, it is

necessary to investigate the materials properties at the high temperatures generated

in service. However, the small length scale of the coatings limits the utility of

conventional high temperature techniques. The recent extension of nanoscale

techniques such as nanoindentation and nanoimpact to elevated temperatures has

recently made this a possibility, while vacuum techniques for high temperature

nanoindentation has also allowed measurement at temperatures where oxidation of

the indenter or sample may be problematic.

Micropillar compression at high temperature offers several attractive advantages over

hardness testing: indentation is highly dependent on tip geometry for accurate

measurements, and indenter geometry variation due to erosion by oxidation and

abrasive wear or plastic deformation of the tip is a serious concern at high

temperatures [1]. The micropillar geometry additionally offers a uniaxial stress state in

contrast to the triaxial stress state of indentation providing a direct measurement of

the yield stress, while in situ micro-pillar compression allows direct visualisation of the

deformation mechanism changes at elevated temperature so that buckling, fracture,

or plastic deformation can be immediately observed [2].

The elevated temperature performance of a wide range of Chromium Nitride-based

PVD hard coatings was evaluated using in situ micro-compression. This allows the

first direct measurement of the uniaxial high temperature yield strength, rather than

the hardness, of such coatings. The microstructure of the coatings was analysed

using X-ray diffraction, Raman spectroscopy and focused ion beam cross sectioning

followed by electron microscopy. Micropillars were examined using electron

microscopy before and after compression. Trends in deformation behaviour and yield

stress with temperature are discussed in relation to microstructure.
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