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The studied paint and varnish systems are complex mixtures of mutually
soluble high molecular weight and low molecular weight substances, which are
applied to a metal surface and form paint coatings when the solvent evaporates.
Evaporation of solvents increases the interaction between the non-volatile
components of the coating. This leads, on the one hand, to shrinkage, and on the
other hand, to an increase in stiffness and a slowing down of the rate of relaxation
processes [1].

However, the formation of coatings, unlike free films, is not exhausted by
this. Adhesion occurs between the coating and the surface of the product
(substrate) to be coated. A polymer coating applied to a rigid substrate and having
a sufficient amount of adhesion to it is not able to contract freely during the
evaporation of the solvent and therefore appears to be stretched against the
equilibrium state. Internal stresses arise in the coating [2].

Thus, the process of internal stresses in polymer coatings is one of the
important factors determining the mechanism of their formation. Interest in the
study of internal stresses in polymer coatings is determined by two reasons.

The simultaneous development of shrinkage, growth of stiffness and
slowing of relaxation processes causes the emergence of internal stresses in
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coatings formed on rigid substrates. Therefore, internal stresses in paint coatings 
are an important factor determining both the coating formation mechanism and 
their further behavior during operation [3]. 

It is known from the practice of using SHT paint coatings that their service 
life is often determined by a violation of integrity or simply by cracking or flaking 
[4]. Internal stress often causes mechanical failure of coatings used to protect 
products operating over a wide temperature range. 

Internal tension, depending on their magnitude and duration of action, can 
significantly reduce the adhesive and cohesive properties of coatings and thereby 
cause their premature destruction. However, insufficient attention has been paid 
to the study of internal stresses during the operation of coatings, although some 
works indicated their certain influence on the durability of coatings. 

The work [5] should be considered the main work on the study of internal 
stresses in polymer coatings. The voltage estimation method proposed in it is as 
follows. The polymer coating was applied to a metal surface polished to a mirror 
shine. Using the birefringence value of the reflected polarized beam, the degree 
of tension in the coating was estimated. This approach was not further applied for 
the purpose of researching polymer coatings and studying the processes of their 
internal stresses. It was later applied to study stress distribution in loaded machine 
parts using hard polymer coatings [6]. 

Koenig St. performed several works devoted to the study of the formation 
of varnish coatings and the occurrence of internal stresses in them. He used the 
optical method of studying stresses in the coating. Light was transmitted through 
the coating, so this method could be used to study only transparent coatings [7]. 

Koenig V. came to the conclusion that when the coating hardens, it 
experiences shrinkage, which is a source of internal stresses. 

Of greatest interest from this series of works is work [152], which 
investigated the behavior of free and adhered varnish films during atmospheric 
aging. The results of the research are shown in Table 1. 

 
Table 1 

Effect of atmospheric aging on loose and adhered varnish films 
Item 
No 

The name of the varnish Optical effect after 3 months of aging 
Free films films on a glass substrate 

1 Nitrocellulose lacquer 
without plasticizer 

weak complete destruction in a 
month 

2 Oil varnish with phenol-
formaldehyde resin (1:1) 

weak complete destruction after 3 
months 

 
It follows from the table that free, unstressed nitro films after 3 months of 

atmospheric aging had only a weak birefringence effect, preserving their integrity, 
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while the same films adhered to the substrate were completely destroyed after 
only one month of aging. Films and oil varnish coatings behaved similarly. 

These data show how significant an impact internal stresses have on the 
protective properties of polymer coatings. 

 

 
Fig. 1. Scheme of the method of studying internal stresses in polymer 

coatings 
 
Rogovskii I.L. investigated the internal stress in lacquer coatings. For this, 

they used the Polanyi device. Strips of solvent-resistant paper with dimensions of 
3 x 30 x 140 mm were taken. The ends of the paper strips were previously covered 
with varnish and dried. Then the strips of paper 1 were fixed in the clamps 2 of 
the device (Fig. 1) and varnish 3 with a thickness of 0.015-0.05 mm was applied 
to one side of the strip. In the process of forming the coating, sensor 4 recorded 
the force P with which the lacquer film tended to shrink. Knowing the cross-
section of the lacquer film S and the internal force P with which the film tends to 
shrink, was producedcalculation of the internal stress that arose in the film 𝜎 = Р. 

The internal stress in nitrocellulose, urea-formaldehyde, phenol-
formaldehyde, and cresol-formaldehyde lacquer coatings was investigated by this 
method. The influence of the curing temperature, the nature of the solvent and the 
molecular weight on the internal stresses, as well as the relaxation of the internal 
stresses during the storage of the coatings, was investigated. 
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