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Coating Scratch Resistance and Interfacial Adhesion Evaluation through Nanoscratch

Protective coatings are designed to prevent substrate from corrosion, erosion, oxidation, scratch,
and wear. A high performance thin and sometimes an ultra-thin film coating are used to protect
or decorate a substrate for economical reasons and for conservation of precious and rare
materials. Nanoscratch testing is an important technique for characterization of surface properties
of these protective and decorative coatings. Knowing the characteristics of a coating in the

aspects of scratch resistance and interfacial adhesion can aid the development of coating material
with desired performance, functionality and lifetime.

One of the nanoscratch systems equipped in Ebatco’s Nano Analytical and Testing Laboratory
(NAT Lab) is capable of carrying out nanoscratch tests under ramp or constant load, pre-selected
scratch length and other control parameters. During a nanoscratch, four parameters: normal force,
normal displacement, lateral force, and lateral displacement are measured and recorded as a
function of time. From these parameters, comprehensive information about a material’s
nanoscratch properties can be characterized. Commonly characterized nanoscratch properties

include friction between the sample surface and the scratch probe, critical load of interfacial
failure, and scratch resistance.
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Figure 1. Nanoscratch test data obtained on an organic thin film on Si substrate specimen.
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Nanoscratch testing has been widely accepted as a way of evaluating interfacial adhesion of thin
film/substrate systems. Failure events may be found where the probe produces delamination,
debonding, crack, fracture, or breakthrough at the film/substrate interface. The failure events of
the film are normally symbolized by a combination of sudden changes in the lateral force,
normal displacement, and/or normal force data. The critical load is defined as the normal force
applied to the scratch probe at the time when interfacial failure is detected and can be determined
by analyzing the scratch data graphs. The critical load of adhesion failure is a good indication of
interfacial adhesion strength. Normally, a higher critical load represents a higher interfacial
adhesion. However, the true relationship between interfacial adhesion and critical load is
relatively complicated and may be affected by many factors such as the fracture toughness of the
materials involved, film thickness, and the scratch testing parameters.

In addition to determination of the critical load at interfacial failure, the nanoscratch tests can be
applied to evaluate material’s resistance to scratch such as for clear coat of auto body. It can be
used to simulate mar resistance by quantifying the minimum load for generating visible scratches
or change of surface gloss or by measuring the scratch width and depth under a selected load.

The friction measurement through nanoscratch is deemed very useful in studying thin film and
coating frictional characteristics under extremely lighter load or under very high contact pressure.
It is regarded as an invaluable tool for research on friction mechanisms and debris generation
under the terminology of nanotribology.
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Figure 2. 3D plot of a nanoscratch conducted on a polymer film on metal substrate for interfacial
adhesion evaluation imaged through in-situ SPM imaging.
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