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Abstract 

Anti-corrosion protective polymer thin films are used to prevent metal contacting with an aggressive 

environment. It is known that the density of the polymer film coating can be controlled at the stage of formation 

its. Based on the results of the simulation of the oxygen ions transport  in the polymer film, it was shown that 

its conductivity increases with an decrease in hte film densitythe. It is also shown that a decrease in the density 

leads to an increase in the rate  of the crack propagation. The images of fractal surfaces simulated on the 

basis of the Diffusion Limited Aggregation (DLA) algorithm and the reptation model are presented. By 

comparing the image of the real surface and the simulation results at different values of the coating density, it 

was shown that there is a correlation between the corrosion resistance and surface texture. 

Keywords: Textured polymer coating, corrosion resistance, fractal surface, ionic conductivity, salt spray 

chamber 

1. INTRODUCTION 

Polymer textured coatings of a metal sheets are created by adding granules of polyacrylic, polyamide, etc. to 

the paintwork material. During the drying process, a radial organization of wrinkles is formed. Moreover, 

wrinkled domains grow by the diffusion and association in a certain way [1], depending not only on the chemical 

structure of the material, but also on the drying regime. Wrinkle formation has been studied in many fields such 

as engineering, materials science, chemistry and physics, but the process of wrinkle formation is not yet fully 

understood [2]. At the same time, the size and shape of the wrinkles help to describe main properties of the 

test material [3]. This fact is especially used in biology. For example, examining human skin helps to determine 

the health status. Non-biological objects are no exception. The purpose of this work is to determine the 

correlation between the corrosion resistance of a textured polymer coating of a metal sheet and its surface 

structure. 

2. INFLUENCE OF DENSITY ON ANTI-CORROSION PROPERTIES 

The corrosion is the result of an oxidizing component environment adsorption (O2-, HO-, Cl- and other) on the 

metal surface. To prevent a metal contacting with an aggressive environment, anti-corrosion protective 

polymer thin films are used. The movement of charges in polymers is described most consistently by the 

models constructed within the hopping mechanism of charge transfer. In the work [4], a model of hopping ionic 

conductivity through a polymer thin film is presented. It is shown that there is a certain number of molecular 

layers by which the film is a protective coating against the corrosion. Therefore, the main parameter of the 

quality of polymer-coated rolled metal is its thickness. However, the results of simulation and the data of 

production tests  showed that there are modes of coating formation, which give an increase in the thickness 
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of the polymer coating due to a decrease in the density. For a more detailed study of the ions movement inside 

the polymer film, a PVDF coating was considered, the macromolecules of which have dipole moment directed 

perpendicular to the chain backbone and associated with electronegative fluorine and electropositive hydrogen 

in the composition of side groups (Figure 1). The conformation of the dipoles was calculated according to the 

method proposed in [5] 

 
 

Polymer chains are perpendicular to the plane of the figures 

Figure 1 The structure of the PVDF 

macromolecule [16] 

Figure 2 Location of dipoles near the trap 

The simulation results showed that the dipoles are located in such a way that points are formed inside the 

coating, which become natural traps for the ions (Figure 2). The ion located in the bulk of the polymer matrix 

increases the mobility of the chains. In the presence of oxygen atoms, when the chains are broken, active 

radicals are formed at their ends (7), which contributes to the formation of nuclei and sustainable crack growth. 

The crack propagation velocity V in a linear polymer system is determined by the formula[17]: 
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where:  

C - the coefficient of proportionality, 

b   - the intermolecular distance, 

T - the temperature. 

Therefore, with a decrease in the density of the coating (an increase in the inter-chain distance), the crack 

propagation speed increases, and, consequently, its anti-corrosion properties decrease. This fact is confirmed 

by an experiment in a salt spray chamber (Figure 3). The wet coating thickness is the same. During the 

production of sample 1, the increase in thickness using the appropriate temperature mode was not performed, 

in contrast to sample 2, in which the thickness was artificially increased by 0.3 μm. The experimental results 

showed that even a slight decrease in the density of the coating leads to a violation of the corrosion resistance. 

However, it is not possible to measure the density of the coating by conventional laboratory methods. 

Therefore, we need to use indirect methods that will not be time-consuming, like a salt spray chamber. 
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Sample 1 Sample 2 

Figure 3 Images of samples of rolled metal with a polymer coating 500 hours after the experiment in the 

salt spray chamber 

3. INFLUENCE OF DENSITY ON SURFACE MORPHOLOGY 

The polymer surface is usually represented by fractal functions [7-12]. The most adequate method for modeling 

the surface morphology of a textured polymer coating is the diffusion limited aggregation method [13]. In this 

model, the initial position of the particle on the circle surrounding the granule is randomly selected. Then it 

starts to walk  around the surface. Its coordinetes  𝑥𝑘,𝑗 and  𝑦𝑘,𝑗 are changed by the equation (2) 
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where: 

j - the particle number 

k - the step number 

r  - the step length 

The angle φ in the formulas (2) is measured from the direction of motion of the particle in the previous step. 

But the random walk of particles in this model is based on the uniform distribution of the angle  [13]. 

However, such a model of motion is not acceptable for  polymer systems, since it does not take into account 

the density of the medium, the rigidity of the chain, and its limitations on the mobility. Therefore, in this work, 

we used the reptation model [14], in which the chain moves inside a tube of diameter d. According to this 

model, the angle 𝜑 distribution is Gaussian. 
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where: 

σ - the standard deviation σ can be estimated from the expression lb=  

l - the length of the Kuhn segment 
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d - the tube diameter equal to the interchain distance 

For example, for PVDF: b = 4.9 Å, l = 30 Å, σ = 0,16. Naturally, with an artificial decrease in density, the 

interchain distance increases according the formula 
a

m
b


=


0

, where   is the density of the polymer 

coating, 0m and a  are the mass and length of the polymer chain segment. 

Figure 4 shows the resulting fractal surfaces for different values of the parameter σ. 

a) b) c) 

 

d) 

Figure 4 Results of the surface simulation for different values of the parameter σ.  

a) σ = 0.1 b) σ = 0.4 c) σ = 0.7 d) uniform distribution 

Figures 5a and 5b show images of the surface of a textured polymer coating obtained with an optical 

microscope. In Figure 5b, the density is artificially reduced by 15%, in contrast to the sample shown in 

(Figure 5a). As you can see, "star clusters" become anisotropic with decreasing density. Therefore, to 

compare the simulation and experimental data, we introduced the anisotropy parameter of the constructed 

fractal model using the formula. 
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where: 

S -  the area of the polygon paving the fractal 

L - the length of the median line (Figure 4). 

Figure 6 shows the dependence of the anisotropy parameter a on the standard deviation. As you can see from 

the figure, with increasing the anisotropy parameter decreases. This is most important for polymers with a low 

parameter value, such as PVDF. For this polymer, even a slight decrease in density will lead to a change in 

surface morphology. 

To construct a three-dimensional image, we have the model [15] with the following modifications: after the 

particle reached the granule or growing cluster, its coordinates were replaced in the center of the hemisphere, 

which was added to the data array by summing the values on the matching cells. The simulation results are 

shown in (Figures 5c and 5d). 
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a)  b)  

c)  d)  

Figure 5 Images of the surface of a textured polymer coating of a metal sheet obtained with the optical 

microscope (a and b) and their fractal three-dimensional models (c and d). Coating density in (Figures a and 

c) are larger than in (Figures b and d). 

Figure 6 shows the dependence of the 

anisotropy parameter α on the standard 

deviation. As you can see from the figure, with 

increasing the anisotropy parameter 

decreases. This is most important for 

polymers with a low parameter value, such as 

PVDF. For this polymer, even a slight 

decrease in density will lead to a change in 

surface morphology. 

 

4. CONCLUSION 

With a decrease in the density of the polymer coating of the metal during its drying, the anticorrosive properties 

decrease. But in this case, there is also a change in the surface morphology, which can be observed with the 

optical microscope. A change in the anisotropy of "star clusters" on the surface of textured polymer coatings 

results in a violation of product quality.  
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Figure 6 The anisotropy parameter 𝛼 vs. the  

parameter σ 
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