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Abstract: A study of the effect of epoxy-polyester powder coatings on the mechanical properties of plates made
of rolled sheet steel has been carried out. The effect of a coating with a thickness of about 100 um on the
mechanical properties of samples with a thickness of 0.7-1.5 mm was considered. Tests carried out at room and
elevated temperatures showed that thin coatings insignificantly affect the mechanical properties of plates in
bending and tensile tests. In particular, the stiffness of the plates under tension and bending practically does not
change in the presence of coatings, despite the fact that the modulus of elasticity determined in tests of steel
plates with coatings is always slightly lower than the Young's modulus of steel, due to the increased thickness of
the samples, determined taking into account the presence of coatings. In contrast, in compressive strength tests,
the effect of coatings is significant. In the supercritical deformation mode, the bearing capacity of the coated
plates is significantly reduced, and their critical buckling load is 1.2-2.3 times lower (depending on the substrate
thickness) in comparison with uncoated specimens. This effect can be explained by the influence of residual
temperature stresses arising in the samples after the deposition of coatings.
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Introduction

The study of the mechanical properties of materials and coatings is an important task from the point of view of
ensuring their strength and wear resistance during operation [1-10]. Polymer protective coatings are widely used
in various fields of technology [11-21]to protect structural elements from corrosion, to provide electrical
insulation, to control the frictional characteristics of surfaces, for decorative purposes, etc.[22-30].Determination
of the elastic modulus, strength and other mechanical properties of coatings can be carried out by micro /
nanoindentation methods or in bending tests of specimens with coatings with measurement of residual
deformations on specimens with a one-sided coating, in tensile tests, when conducting direct tests of thin film-
coatings, or by studying the nature of warpage of coatings on compliant substrates, etc. [31-39].

Experimental techniques

The tests were carried out on specimens in the form of plates 120 mm long, 12 mm wide and 0.7 mm, 0.9 mm,
1.2 mm, and 1.5 mm thick (Fig. 1). The plate material is rolled sheet steel (unalloyed structural steel with a low
carbon content). The surface of the plates was electrostatically applied with an epoxy-polyester powder coating.
Before applying the coatings, the steel surface was degreased and phosphated. Coating was carried out in a
Gema paint booth (Switzerland). Drying was carried out at a temperature of 120°C for no more than 5 minutes.
Polymerization of the sprayed layer was carried out in a heat chamber at a temperature of 150°C for 30 min.
Samples were cooled in air for several hours. The thickness of the coatings on the samples was about 100 pm
with a scatter of values of + 30 um. The thickness of the coatings was measured with a micrometer. Were made
batches of samples with different thickness of the substrate with coatings and without coatings for testing
bending, tensile and stability at room and at elevated temperatures. Each batch for each type of test consisted of
five samples.
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Fig. 1. Lots of samples in the form of steel plates without coatings (a) and with a powder epoxy-polyester
coating (b).
Mechanical tests were carried out on an Instron 5969 (UK) setup with Bluehill 3 software. In the three-point
bending test, the distance between the supports was 100 mm. The test speed was 1 mm/min. To accurately
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measure the displacements of the plate during bending, a contact extensometer with a base of 50 mm was used,
which was attached to a deflectometer installed in the center under the bent sample. Bending tests were carried
out up to a maximum strain on the stretched fibers of 0.1%. As a result of bending tests, the elastic modulus was
determined. The program automatically selected the most typical interval on the stress-strain diagram to
determine the elastic modulus of the samples.

In tensile tests, the length of the working part of the samples was 80 mm. The tests were carried out at a speed of
0.5 mm / min at the linear stage of deformation and at a speed of 3 mm/ min at the stage of plastic deformation
and fracture. In the tests, a video extensometer with a measurement base of 50 mm was used, therefore, the
stress-strain diagram was built with a high accuracy in measuring deformations up to the destruction of the
samples.

When tested for loss of stability in compression, the length of the working part of the sample (distance between
the grips) was 86 mm. The test speed was 1 mm/min. As a result of the tests, a diagram of the dependence of
displacements on the applied compressive load in the linear region of deformation of the sample and in the mode
of supercritical deformations after loss of stability was constructed. The moment of buckling was established
visually.

Elevated temperature tests were carried out using a climatic chamber. The test temperature was 70C. Exposure
of the samples at an elevated temperature after their installation in the grips and before the start of testing was 5
minutes. Tensile tests at elevated temperatures used a contact extensometer with a base of 25 mm.

Results and discussion

A comparison of typical load-displacement diagrams obtained for specimens of different thicknesses with and
without coatings in bending tests is shown in Figure 2. Each diagram shown in this figure is obtained by
averaging experimental data for five specimens of the same type. It can be seen that the stiffness of the plates
(the slope of the diagrams) changes insignificantly in the presence of coatings on them. However, if we
recalculate the modulus of elasticity of the plates according to the results of these tests, then for specimens with
coatings it will always be lower than specimens without coatings due to their increased thickness, determined
taking into account the presence of coatings (see Table 1). Provided high-precision measurements of plate
deflections and loads, this type of test can be used to identify the elastic modulus of coatings. In particular, the
Young's modulus can be found for the coatings under study, which was about 3 GPa. However, from the point of
view of calculating the stress-strain state of structures, the established insignificant effect of coatings in most
cases can be neglected.
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Fig. 2. Diagrams of the dependence of the deflections on the applied load obtained during the three-point
bending test of plates with different thicknesses of the steel substrate with and without coatings.

Table 1. Results of bending, tensile and buckling tests of plates.

Samples Eesg, GPa ow, MPa (20 °C) ow, MPa(70 °C) Per, N
coated 91 254 261 294
0,7 mm .
withoutcover 190 301 289 670
coated 105 255 272 423
0,9 mm .
withoutcover 180 307 307 977
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1,2 mm

1,5 mm

coated 123 330 340 1032
withoutcover 185 357 357 1726
coated 159 331 368 2147
withoutcover 184 396 400 2672

The tensile test results are shown in the Fig. 3. Each diagram presented here was obtained by averaging
experimental data for five samples of the same type. Note that the standard values of the tensile strength of
sheets of steel can be in the range of 275-390 MPa. The values of the ultimate strength of samples without
coatings obtained in the experiments lie within these limits (see Table 1), and the greater the thickness of the
sample, the higher its ultimate strength. The effect of heating up to 70 ° C turns out to be insignificant (see Table
1), however, in the results obtained for plates with coatings, it can be seen that heating leads to an increase in
their ultimate strength by 10-40 MPa, which may indirectly indicate the presence of a corresponding level of
residual stresses in steel substrates at room temperature, which relax upon heating.
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Fig. 3. Stress-strain diagrams obtained during tensile testing of samples with substrates 0.7 mm (a), 0.9 mm (b),
1.2 mm (c), and 1.5 mm (d) with and without coatings. The designations are similar to those shown in Fig. 1.
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Conclusions

In this work, it is shown that the critical buckling load for coated plates, the modulus of elasticity of which is two
orders of magnitude lower than the elastic modulus of the substrate, can decrease by more than two times. This
phenomenon can be explained by the influence of residual temperature stresses acting in the coating and in the
substrate. Heating, polymerization and cooling of coatings when applied to steel plates leads to the occurrence of
sufficiently significant residual stresses. Determination of the level of these stresses and modeling the effects of
their influence on the supercritical behavior of the plates are planned to be carried out in subsequent works of the
authors.
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