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Interest of an in situ microscopic investigation to understand the deformation
and oxidation behaviours of nanocomposite films  
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Increasing research efforts have been devoted the past ten years to develop a new

generation of nanostructured coatings. The innovative concept of such films lies in their

microstructure, characterized by the coexistence of two nanosized phases, leading to

optimized functional properties. However, if the lifetime of coated parts is incontestably

increased, the reason of such enhancement remains still discussed.

In this study, we propose to present an original approach based on a real-time dynamic

observation of the surface, at a microscopic scale and during its degradation. In

particular, the paper will focus on how this local in situ investigation may contribute to a

better understanding of the film surface evolution at high temperature on the one hand,

submitted to an external tensile stress on the other hand, and in conditions where both

degradation modes are combined.

For the first part, SEM operates in an environmental mode (low pressure of water vapor

heated up to 1000°C). In this configuration, SEM chamber is used as a micro-reactor,

in which chemical reactions occur. The progressive oxidation of arc-evaporated TiSiN

nanocomposite coatings into the SEM chamber is presented, and the harmful effect of

growth defects is highlighted.

The second example concerns CrSiN nanocomposite coatings, which wear resistance

decreases with the Si content. To explain such an evolution, SEM is equipped with a

micro-tensile device, and the different damage steps are observed: cracks initiation,

propagation, saturation then rupture.

Our latest experimental developments will also be presented, in which consequences of

both deformation and thermal effects are combined. In such a case, micro-cracking

tests are carried out at high temperature in air. Therefore, both oxidation reactions and

thermo-mechanical mechanisms are susceptible to be activated, leading to the

definition of some synergistic relations.
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