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Scratch Failure Test of Automotive Paint Coatings

Paint coatings are widely used for prolonging product lifetimes and enhancing functionalities of
automotive parts and components. For example, paint coatings not only add aesthetic beauty to a
car, but also help it to withstand a variety of environmental and road hazards. Automotive paint
coatings are typically composed of several layers: a primer layer that promotes adhesion of the
paint coatings to the metal body underneath, a base coat that contains pigments and colorants, and
a clear coat that protects the underlying layers. These paint coatings are designed to last for the
lifetime of a car and maintain an attractive appearance. Therefore, evaluating a coating’s resistance
to mechanical damage and its adhesion to the car body become critical issues in designing
successful coating systems. Fortunately, scratch testing has been developed and adopted as a
standard method to tackle these issues.

In this demonstration, the interfacial adhesion and scratch resistance of an automotive coating
system was assessed through scratch testing that was carried out on a Revetest Macro Scratch
Tester (manufactured by Anton Paar). During the scratch test, a sharp conical probe made of
diamond was dragged across the sample surface while a linearly increasing force perpendicular to
the coating surface was applied. As the force increased, various types of failures were created in
the coating system. These failures could take the form of scratches, cracks, and delamination.
Scratches and cracks are cohesive failures within the coating, while delamination represents failure
of the interfacial adhesion between layers. By determining the types of failure and the critical
loads at which they occurred, it was possible to quantify the coating’s ability to resist mechanical
damage.
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Figure 1. Scratch parameter curves of the automotive paint system during a scratch test. The
black vertical lines indicate critical loads of failure for different failure modes.
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Figure 1 shows the scratch test results obtained for this automotive paint coating specimen. From
Figure 1, it can be seen that there are four critical loads identified based on the analysis of the
scratch curves and optical observation of the scratch surface. Figure 2 (a) presents a panoramic
image of the corresponding scratch track. The first critical load, 7.51 N, was the force at which
cracks started forming in the clear coat, as seen in Figure 2 (b). The second critical load, 9.75 N,
was the force at which cracking became more severe, as seen in Figure 2 (c¢). The third critical
load, 12.86 N, was the force at which the clear coat delaminated from the pigment layer, as seen
in Figure 2 (d). The fourth critical load, 38.11 N, was the force at which the entire coating system
separated from the metal substrate, as seen in Figure 2 (e).

Figure 2. A 5 mm long scratch on automotive paint. A 5x objective lens was used to create a
panoramic image of (a) the entire scratch track. A 20x objective was used to image (b) the onset
of cohesive cracking in the clear coat layer, (c) the severe cracking of the clear coat layer, (d) the

delamination of the clear coat layer from the pigment layer, and (e) the complete coating
delamination resulting in exposed substrate.

This automotive paint coating scratch failure study clearly demonstrates that scratch testing is a
powerful technique for characterizing coating/substrate systems. Furthermore, scratch testing has
the capability to determine the interfacial adhesion strength of the coating system, as well as to
predict its resistance to scratches that will be encountered during in-field service.
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