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Progressive load measuring depth, friction & acoustic emission

Cohesive failure: chipping & cracking Adhesive failure: delamination

Fig. 1: Principle of scratch testing.

Comments on the critical load

The scratch test gives reproducible quantitative data that can be used to compare the
behavior of various coatings. The critical loads depend on the mechanical strength
(adhesion, cohesion) of a coating-substrate composite but also on several other
parameters: some of them are directly related to the test itself, while others are related
to the coating-substrate system. The parameters that determine the critical loads are
summarized in Table 1.

Test specific | Sample specific parameters
parameters
Loading rate Friction coefficient between surface and indenter
Scratching speed Internal stresses in the material for bulk materials
Indenter tip radius Material hardness & roughness for coating-substrate
Indenter material systems

Substrate hardness and roughness

Coating hardness and roughness

Coating thickness

Table 1: List of parameters that determine the critical loads.



Means for critical load determination

Microscopic observation

This is the most reliable method to detect surface damage. This technique is able to
differentiate between cohesive failure within the coating and adhesive failure at the
interface of the coating-substrate system.

Tangential (frictional) force recording

This enables the force fluctuations along the scratch to be studied and correlated to
the failures observed under the microscope. Typically, a failure in the sample will result
in a change (a step, or a change in slope) in coefficient of friction. Frictional responses
to failures are very specific to the coating-substrate system in study.

Acoustic emission (AE) detection

Detection of elastic waves generated as a result of the formation and propagation of
microcracks. The AE sensor is insensitive to mechanical vibration frequencies of the
instrument. This method of critical load determination is mostly adequate for hard
coatings that crack with more energy.

Depth Sensing

Sudden change in the depth data can indicate delimitation. Depth information pre
and post scratch can also give information on plastic versus elastic deformation during
the test. 3D Non-Contact imaging such as white light axial chromatism technique and
AFMs can be useful to measure exact depth of scratch after the test.



