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Abstract: This paper deals with the study and evaluation of the utility properties of selected types of polymer powder coating systems applied 

to S235JR structural steel. The primary objective was to assess the influence of the coating system composition (combination of primer and 

topcoat versus individual layers) on its mechanical properties and corrosion resistance. The experimental part included surface preparation 

by blasting, electro kinetic application of four types of coating systems (Corro zinc 97, Corro coat MX, and Corro coat PE-F), followed by 

testing of roughness, thickness, adhesion, and bending resistance. Corrosion resistance was evaluated in a condensation chamber. The 

measurement results confirmed that the plasticity, measured by the bending angle, decreases with increasing coating thickness. The highest 

adhesion was exhibited by the combined coating system Corro zinc 97 + Corro coat MX. Corrosion tests demonstrated the crucial 

importance of the zinc-rich primer, which significantly slowed down the spread of sub-corrosion at the site of mechanical damage. 
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1. Introduction 

Sustainability is becoming a key pillar of modern industry. 

Manufacturers seek ways to reduce their environmental footprint 

without compromising quality. Polymer powder coatings are 

emerging as one of the most eco-friendly surface treatment 

methods, offering a superior alternative to traditional liquid paints 

by eliminating harmful emissions and minimizing waste. 

The primary environmental benefit of this method lies in the 

elimination of organic solvents, resulting in virtually zero emissions 

of volatile organic compounds (VOCs). Toxicological studies 

indicate that most polymer-based powder coatings are considered 

inert. Since these coatings contain no solvents, they can be applied 

immediately without the need for ancillary processes typical of wet 

coatings, such as dilution or mixing. [1 – 4] 

In contrast to wet coatings, where the solids-to-solvent ratio is 

typically 50:50, the solids content in powder coatings is practically 

100%. However, because powder coatings are relatively 

hygroscopic, they absorb moisture from the surrounding air during 

production, bringing the actual dry matter content to approximately 

99.5%. From an environmental perspective, these coatings play a 

crucial role by substantially reducing emissions of volatile organic 

compounds and other hazardous air pollutants. 

The protective performance of polymer coatings depends on the 

chemical nature of the base material and its resistance to aggressive 

environmental factors. The durability of the protection is primarily 

determined by the diffusion of corrosive agents into the coating, 

structural changes caused by sorption and diffusion, and the overall 

coating thickness. 

Most polymer coatings consist of a mixture of resin (e.g., 

polyester, epoxy), curing agents, flow control agents, catalysts, 

pigments, and fillers, with the resin serving as the matrix in which 

all other components are dispersed. This resulting mixture is 

practically insoluble in water. Similarly, most other components of 

the powder formulation exhibit very low to zero solubility. 

Toxicological studies indicate that the majority of powder coatings 

are considered inert materials. [5 – 12] 

In addition to the basic resin system with a curing agent 

(binder/hardener), the resulting powder coating mass consists of: 

- pigments - contribute to the colour and covering properties of 

powder coatings, 

- fillers (fillers) - reduce the price of raw materials and give 

applications their properties. 

- additives - they help with useful properties (film spillage, 

creation of texture and structure). 

The earliest experiments and commercial applications of 

polymer coatings utilized thermoplastics. While these powder 

coatings are still used to some extent today, manufacturers now 

focus primarily on thermosetting powders. A key property of these 

reactive powders is that curing occurs during the melting process, 

triggering a change in molecular structure. This results in a cross-

linked polymer that does not melt when reheated. [13 – 15] 

Initially, powder coating manufacturers had to adapt materials 

originally developed for liquid coatings; however, binder systems 

eventually evolved specifically for powder applications. The 

requirements for binders in thermosetting powder coatings differ 

significantly from those used in conventional liquid paints. For 

reactive powders, it is crucial that the binder system has a relatively 

high melting point (above 100°C) and a specific viscosity profile 

once melted. The melting point is also critical for storage stability. 

Additionally, these systems must offer rapid curing alongside 

excellent mechanical and chemical properties. Due to these 

requirements, the number of suitable binders for powder coatings 

remains limited. 

 

2. Materials and methods 

 

2.1 Basic material 

Unalloyed structural steel of usual quality S235JR was used 

as the basic material. It is used for fusion-welded, statically and 

dynamically stressed parts of constructions and machines of 

medium thickness. The chemical composition of the materials is in 

Table 1. 

Table 1. Chemical composition of used steel S235JR in wt. % 

Material C P S N 

S235JR 0.17 0.045 0.045 0.009 

 

2.2 Pre-treatment of the surface 

The surface of the S235JR steel test samples was blasted with 

steel shot with a grain size of dz = 0.71 mm.  

Steel shot is a round metal blasting medium made of 

hypereutectoid, specially heat-treated steel. It has a fine, 

homogeneous structure of tempered martensite, which exhibits 

optimal rebound elasticity and fatigue resistance. This material 

is optimal for most applications using shot blasting wheels. 

Chemical composition: C  0.75%, P  004%, S  0.04%,  

                                      Mn  0.40%, Si  0.70%.  

Average hardness: 460-560 HV. 

A pneumatic blasting device, type TJVP - 320, was used for 

blasting the samples. 
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2.3 Roughness measurement methodology 

   Surface roughness of the produced samples was evaluated 

according to ISO 21920 by the contact method using a stylus 

profilometer Surftest SJ-201, Mitutoyo, Tokyo, Japan. This 

standard defines roughness parameters based on the deviation from 

the mean line for the primary profile. The measurement parameters 

used were as follows: 

- a measured profile: R,  filter: GAUSS,  a sampling length 

λc = 0,8 mm, a number of sampling lengths N = 5, 

- an evaluation length ln = 4 mm, 

In order to obtain as much information as possible about the 

produced surfaces in individual positions, the surface roughness 

was evaluated using a set of several parameters: 

- the arithmetical mean deviation of the assessed profile (Ra), 

- the maximum height of profile on the basic length (Rz). 

 

2.4 The coatings used, the method of their application and 

testing of properties 

 

2 coating systems and 2 coatings were chosen for the experiments: 

1. coating systems: Corro zinc 97 + Corro coat MX   (sample 

designation Z+MX) 

2. coating systems:  Corro zinc 97 + Corro coat PE-F  (sample 

designation Z+PE-F) 

3. coating: Corro coat MX   (sample designation MX) 

4. coating: Corro coat PE-F  (sample designation PE-F) 

 

Corro zinc 97 [16] is a powder coating material, the basis of which 

is epoxy resin, the powder is enriched with zinc for increased 

corrosion resistance. Corro zinc 97 is used as a basic powder 

coating material. 

Corro-Coat MX is a powder coating based on a combination of 

epoxy resin and polyester (hybrid). This product highly satisfies the 

requirements, both in the field of aesthetics and functionality 

Corro - coat PE-F is a powder coating material, the basis of which is 

a mixture of polyester resins, inorganic and organic pigments, fillers 

and additives. The coating meets strict requirements for gloss 

stability and color fastness. 

 
The samples were coated in an electrokinetic way using an EKP 

031 gun for manual application of powder coating materials with an 

attached powder container. 

 

Coating thicknesses were measured with a DIGI-DERM 179 device 

from Mitutoyo, Japan. It is a non-destructive method of coating 

thickness measurement based on the electromagnetic method. 

 

 

 

Fig. 1 Scheme figuration of specimen bending 

 

As part of the experimental works, the bending angle of the 

monitored coating systems was assessed. The ISO 7438 brittleness 

test was used to determine the bending resistance. The test scheme 

is shown in Fig. 1. 

The bending test was performed on a ZD 40 hydraulic press from 

VEB Leipzig. The bending process was completed at the moment of 

the appearance of a visible crack in the coating at the bending point, 

and then the bending angle was measured α.  

The adhesion evaluation of coating systems was carried out by a 

modified tear-off test according to ISO 4624:2023. It is expressed 

as a pull-off strength, which is the proportion of the tensile axial 

force required to jointly tear off a coating with a defined area that is 

adhered to the test counterpart 

 

The protective effectiveness of the coating system in an aggressive 

atmosphere containing sulfur dioxide was evaluated using a 

simulated condensation chamber test in accordance with ISO 6270-

2:2025. To simulate coating pores, the integrity of the system was 

intentionally breached with a cross-cut, allowing the atmosphere to 

access the substrate surface. The extent of corrosion along the cut 

and the spread of corrosion products beneath the coating were 

evaluated according to ISO 4628-1:2016. The total test duration was 

21 days. 

3. Results and evaluation 

 Roughness:  

The quality of the blasted surface of the samples was evaluated 

from 10 measurements. The average values achieved were: 

- Ra = 9.87μm, 

- Rz = 56.73μm. 

In Fig. 2 is a profilogram of a surface blasted by round steel shot. 

The blasted samples were subsequently coated by electrokinetic 

method. 

 

 

 

Fig. 2 Surface profile blasted by round steel shot 

 

 Coating thickness: 

For the Corro coat MX coating, the manufacturer indicates a 

coating thickness of 60 to 90 m. The average value we achieved 

was 86 m. For the Corro coat PE-F coating, the thickness 

recommended by the manufacturer is 80 to 110 m, the coating 

thickness we achieved was 103 m. For the base coating type Corro 

zinc 97, the manufacturer recommends a coating thickness of 90 to 

120 m, the average coating thickness we achieved was 117 m. 

The coating system type Z + PE –F reached an average thickness of 

191 m, this value is in the range of values recommended by the 

manufacturer. The coating system type Z + MX reached an average 

thickness of 244 m. 

All coating systems achieved an average thickness in the range of 

values recommended by the manufacturer. Higher thickness values 

were measured only for the Z + MX coating system, the average 

value being 34 m more than recommended by the manufacturer.  

 

 Bending angle: 

The values of the bending angle in relation to the average thickness 

of the coating are shown in Table 2. 
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Table 2. The bending angle and the average thickness of the coating 

Type of coating 
Sample 

number 

Bending 

angle  

α [˚] 

Average 

coating 

thickness 

 [µm] 

Corro - Zinc 97 

+  

Corro - Coat PE-F 

1 120 228 

2 139 147 

3 118 242 

Corro - Coat PE-F 

1 129 157 

2 135 75 

3 116 211 

Corro - Zinc 97 

+  

Corro - Coat MX 

1 95 218 

2 85 241 

3 105 151 

Corro- Coat MX 

1 116 134 

2 137 75 

3 112 103 

 

The experiments confirmed the theoretical assumption that 

increasing coating thickness leads to a decrease in the bending angle 

at which the coating fails. A comparison of the average bending 

angles revealed that Corro-Coat PE-F coatings exhibit slightly 

higher plasticity than Corro-Coat MX, based on the point of failure. 

This trend was observed both in individual coatings and in coating 

systems where both types were applied over the same Corro-Zinc 

97 primer. 

 Adhesion of coating systems: 

 The average values of the pull-off-strenght are shown in Fig. 3. Of 

the verified coatings, the Z+ MX coating system exhibited the 

highest tear-off stress, and the Z+PE-F coating system showed the 

lowest tear-off stress. The Z+MX and Z+PE-F coating systems 

displayed a type C cohesive failure of the second coating, coating 

systems MX and PE-F showed cohesive failure of type B (cohesive 

failure of the first coating). 

 

Fig. 3 Average pull-off strength values 

 
 Protective effectiveness of coating systems 

When evaluating the protective effectiveness of the coating 

systems, a fundamental difference was observed between systems 

with a primer (Corro-Zinc 97) and those without. These differences 

were most evident in their respective resistance to corrosive 

environments. 

On samples with a primer-based coating system, the first signs of 

under-film corrosion—appearing as dark brown spots—were 

observed only after 14 days of exposure in the condensation 

chamber. Subsequent spread of the corrosion was minimal. Visual 

assessment showed no changes in color shade for either primer-

based system. By the end of the test (after 21 days of exposure), the 

extent of corrosion was within the range of 6% to 8% of the cross-

cut length. 

In samples without a primer, the first signs of corrosion appeared as 

early as the second day of exposure. The progression of the 

corrosion was more pronounced compared to the primer-based 

samples; by the end of the 21-day test period, the extent of the 

attack ranged from 10% to 15% of the cut length. 

The appearance of the samples after the 21st day of exposure in the 

condensation chamber is shown in Fig. 4. 

 

 

a) coating MX 

 

 

b) coating PE- F 

 

 

c) coating system Z+MX 

 

d) coating system Z+PE-F 

 

Fig. 4 Appearance of the samples after exposure  

in the condensation chamber 

 

INTERNATIONAL SCIENTIFIC JOURNAL "INNOVATIONS" WEB ISSN 2603-3771; PRINT ISSN 2603-3763

13 YEAR XIV, ISSUE 1, P.P. 11-14 (2026)



Conclusions 

This study aimed to evaluate the properties of selected coating 

systems consisting of polymer powder coatings. Attention was 

focused primarily on their service life and corrosion resistance 

under accelerated environmental conditions. All coatings applied 

via electrokinetic deposition exhibited equivalent corrosion 

resistance in terms of adhesion, with no recorded decrease after 21 

days of exposure in the condensation chamber. Furthermore, no 

changes in the appearance of these coatings were observed during 

the testing period. 

A fundamental difference was observed when the integrity of the 

coatings was intentionally breached prior to exposure in the 

condensation chamber. The results clearly demonstrated the positive 

effect of the primer. In systems without a primer, corrosion products 

spread and accumulated at the site of the mechanical failure, leading 

to partial delamination of the coating. 

Based on the findings above, it can be concluded that all tested 

coatings and coating systems are corrosion-resistant, provided that 

technological parameters—especially minimum coating thickness—

are strictly maintained. Thinner coatings are more susceptible to 

porosity, in which case a primer (base coat) plays a crucial role. 

This also applies to scenarios involving mechanical damage, 

leading to the recommendation that a dual-layer system consisting 

of a primer and a topcoat be used. 

The experimental results underscore the importance of proper 

coating selection and application technology in ensuring long-term 

substrate protection. While polymer powder coatings offer a highly 

sustainable and efficient alternative to traditional liquid paints, their 

performance is heavily dependent on maintaining optimal thickness 

and structural integrity. The integration of a primer into the coating 

system serves as a critical safeguard, significantly enhancing 

corrosion resistance and durability even in cases of mechanical 

failure. These findings provide a valuable baseline for further 

optimization of surface treatment processes in demanding industrial 

environments. 
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