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The electrostatic application of plastics, in other words 
powder coating, represents an extended method of surface 
treatment consisting of different kind of metals. Powder 
coating has several key advantages over liquid coating, 
and fine powder coating makes the surface finish quality 
comparable with liquid coating (Shah et al., 2006). 

This technology has spread to the whole world. With 
its environmentally friendly production of metal parts, it is 
an appropriate solution especially in the environment of 
agricultural and forestry activities (Bulgakov et al., 2018; 
Zastempowski and Bochat, 2020). Among other protective 
material treatments, powder coating is one of the leading 
and most innovative segments of paints and coatings 
(Rustico et al., 2015). The main advantages of powder 
coating include its 100% recyclability, but it is very hard to 
reach in reality (Fu et al., 2011). Powder coating is mainly 
used for steel components that are exposed to corrosive or 
otherwise degrading environments (Badila et al., 2014; Frey 
et al., 2015; Prendi et al., 2015). Powder coatings are valued 
not only for their final aesthetic appearance but also for their 
protective properties, which increase the life of products, 
affect their functionality, and extend their applicability up to 
extreme conditions (Bajat et al., 2010; Pérez et al., 2002; Puig 
et al., 2015). There are various methods of powder coating. 
Clear powder coating is produced by the suspension 
method, which consists of a 10 μm particle size and narrow 
particle size distribution. This method has the advantage of 
excellent powder flowability and higher transfer efficiency 
compared to conventionally produced powder coatings 
(Satoh et al., 1998). In terms of corrosion, resistance needs 
to be enhanced by structural applications of corrosive 
environments (Bochon et al., 2015; Carboneras et al., 2010; 
Catarina et al., 2017). There are various kinds of formulations, 
and most of nano-zirconia coating formulations are based 
on hexafluorozirconic acid solutions that may contain 

hexafluorosilicic acid indispensably (Ramanathan and 
Balasubramanian, 2016). The trajectories of smaller particles 
can be managed by low airflow setting so that gas flow is 
narrow and therefore more focused (Golgoon et al., 2018; 
Scrinzi and Rossi, 2010; Shah et al., 2006). A very important 
part of powder coating that influences the final result is 
the quality of powder together with coating conditions 
that affect film thickness and efficiency (Lothongkum et 
al., 2007). In terms of powder coating for the required final 
outcome, proper pre-treatment is absolutely important. The 
usage of fine powder ensures the improved surface quality 
at the finish (Shah et al., 2006). Adhesion measurements 
from the cross hatch cut and the tape test indicated that 
plasma surface activation definitely enhanced adhesion 
irrespective of the type of plastic selected, though the rank 
varied depending on the substrate material (Gururaj et al., 
2011; Iuga et al., 2001). There are also other metals widely 
used in powder coating. Titanium and its alloys, which are 
used for healthcare such as dental or orthopaedic material, 
and the proper surface can be achieved by chemical 
treatments (Ágreda et al., 2012; Kozakiewicz et al., 2015; 
Mojtaba Mirabedini et al., 2002). 

The common doping method is rather less suitable 
for direct element doping of the surface Mg alloy due 
to its financial demand and complexity (Cai et al., 2020, 
Feng et al., 2021). To support the expected outcome, it 
is suitable to use an adhesion promoter. The use of the 
adhesion promoter significantly affects the strength of both 
uncoated EN AW-5754 aluminium alloy adhesive joints and 
the adhesive joints subjected to powder coating. However, 
the use of the adhesion promoter has a less significant 
effect on cataphoretic-coated samples or surface sensitive 
analytical  methods (Louati et al., 2020, Rudawska and 
Wahab, 2019). The failure mode was determined using 
surface-sensitive analytical methods. Surface treatments 
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different from 5 min recommended by the manufacturer 
and therefore were able to compare the results properly. 

Mechanical pre-treatment 
The treatment responsible for this area is blasting. Within 
this procedure, tiny pieces of abrasive are handled towards 
steel rods. This process eliminates minor grime on the 
surface, e.g., powder residue, corrosion, etc. The blasting 
machine Optima New delivered by OTECO CZ, spol. s r.o. 
(Czech Republic) was used for measurement. The machine 
has 3 throwing wheels with 6 blades and an input power of 
27 kW. Steel granulate S230 with a hardness of 390–530 HV 
was used as an abrasive.

Chemical pre-treatment
The treatment responsible for this area is degreasing. On the 
top of steel rods, there are oil layers that serve as a shield and 
prevent from corrosion. This procedure ensures the required 
condition of the material. The chemical pre-treatment line 
called the Ideal line was made by Kovofiniš, a.s. (Czech 
Republic) and represents a width of 1700 mm, heigh of 
2350  mm, and length of 15000 mm, with a maximum 
speed of 1.6 m·s-1. In terms of powder coating purposes, 
any oily or dirty superficies of steel materials represents 
strictly inappropriate way since there is no option to ensure 
a  powder layer. The system of chemical pre-treatment 
is based on warming the material of roughly 120 °C. 
The intended chemical medium starts to affect the steel 
surface after that. After the above-mentioned procedure, 
the selected material is without any obstacles and ready 
for application. The fourth technique is represented by 
mechanical and chemical procedure.

The application of powder coating to a pre-treated steel 
part is carried out in a MAJKA 1161-PDM cabin by the DATEL, 
s.r.o. manufacturer (Czech Republic). It is a walk-through 
cabin for two manual plastic application systems from both 
sides that are used simultaneously. In the cabin, there is air 

using plasma-sprayed LaRC-type polyimides result in 
good durability, as evidenced by minimal crack growth for 
wedge specimens and by failure in the adhesive, which 
can be labelled as a  cohesive failure (Dillard et al., 2006). 
Another approach is Taguchi method, which was used 
to investigate the effects of process parameters on the 
response and reduced number of parameters. The response 
surface methodology (RSM) was used for modelling the 
mathematical relationship between the process parameters 
and response, namely dry film thickness (DFT) (Barcova et 
al., 2006; Karaoglan and Ozden, 2021). 

Blasting, also known as sandblasting, is a technological 
surface treatment of materials with a stream of fine 
particles (Puig et al., 2014; Trabelsi et al., 2006). Chemical 
pre-treatment has various forms such as degreasing, 
phosphating, or chromating. In case of chemically untreated 
steel, EMPA (The Swiss Federal Laboratories for Materials 
Science and Technology) revealed a sharp phase boundary, 
rimmed again by Fe-based metallic particles (Barcova et al., 
2006; Louati et al., 2021).

The aim of this article is to determine the influence of 
surface treatment on the quality of powder coating, which 
is used not only in the conditions of primary production. 
The quality of powder coating will be determined based 
on measurements from the grid method, depending on the 
surface finish. Novelty is represented by the specific results 
by which the pre-treatment method has more influenced 
the final result in terms of surface adhesion. Furthermore, 
the described dependency between blasting time and final 
result could provide economic savings with shortening of 
blasting time in exchange for a little bit lower quality that 
can still meet specific requirements.

The steel rods of type h11 EN10278 that tend to be preferably 
used in agricultural equipment were utilized. The objective 
is to show a mutual dependency between the result and 
various surface treatments. The powder IGP-Korroprimer 
30 produced from epoxy resins is an anti-corrosion powder 
with grain less than 100 μm, density according to shade 
approx. 1.5–1.6 kg·dm-3, and impact penetration less than 
50.8 cm. Chemical pre-processing is made up of ferric 
phosphate Duridin and lasts for about 20 min. Four levels of 
pre-treatment methods were used. Namely, no treatment, 
mechanical only, chemical only, and their combination. 

In terms of the grind method, final quality was evaluated 
in accordance with respective standard (ČSN EN ISO 2409, 
2021). With a toothed hand machine, there are 6 linear 
furrows made and another 6 perpendicular, which lead up 
to 25 squares (Fig. 1). Then, the amount of adherent squares 
out of 25 is counted and finally associated with groups 0–5. 
The lower the score, the better the final outcome.

Thickness was measured using a special thickness 
meter POWDERTAG manufactured by TQCSheen, Ltd. (USA). 
Aesthetic test was made by visualy and ranked from the 0 
(best) to 5 (worst).

Four different blasting times of 0, 2, 5, and 15 min were 
used to compare the final effect. These times were chosen 
to create a larger variety of blasting periods that were 

Fig. 1	 Grid method

Material and methods
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Coating thickness 0.5, and Aesthetic 
test 0.2.

Forty final outcomes (10 per each 
category of pre-treatment) were 
processed to determine the mutual 
dependency between the result and 
various surface treatments. 

The evaluation of observed figures 
was carried out in accordance with 
ČSN EN ISO 2409 (2021), and points 
in are shown in Table 1. The lower the 
score, the better the final outcome. The 
scope is from 0 to 5.

Table 1 shows that the worst 
result is with no pre-treatment and 
average around 4.3 points. Mechanical 
pre-treatment reached an average 
around 2.3 point – still far away from 
acceptance. Chemical pre-treatment 
showed another improvement 
to 1.2  point. Blasting is obviously 
a  procedure with worse results than 
degreasing. The final set of steel 
material processed by both procedures 
showed an average of 0.10. The fourth 
measurement also represents the most 
stable figures in terms of standard 
deviation of 0.32. To reach the required 
level of satisfaction, other parameters 
out of the pre-treatment surface area 
must also be met (Fig. 2).

extraction integrated with a capacity 
of 2.6  m3·s-1. Subsequently, the air 
returns back through the filter. Opti 
Flex 2B created by ITW Gema, GmbH 
(Switzerland) is an electrostatic manual 
powder coating device consisting 
of two integral parts – the powder 
coating gun Opti Flex 2GM03 and the 
powder coating gun control Opti Flex 
2CG09.

The powder plastic MPBT FAST 
RED RAL 3000 by the INVER, SPA 
manufacturer (Italy) was used. For 
the optimal application of powder 
coating, the following parameters are 
necessary: 

1.	 Total amount of air: 2.5 Nm3·h-1.
2.	 Amount of floating powder: 

50%, i.e., 180 g·min-1.
3.	 For applying the powder to flat 

surfaces: voltage 80  kV, electric 
current 40 µA.

4.	 For applying the powder to 
inner corners: voltage 40 kV, 
electric current 20 µA.

The powdered part requires 
subsequent curing in a firing oven with 
a temperature of 165 °C for 20 min.

The statistical calculation of the 
means and standard deviations of 
the measured parameters together 
with the analysis of variance (ANOVA) 
was carried out. ANOVA compares 
test variants at a significance level of 
α = 0.05. The multi-criteria analysis 
is based on weighted arithmetic 
average in three different specific tests 
with the weights of Grid method 0.3, 

Table 1	 Results of significance of pre-treatment

Number of measurement Without pre-treatment Blasting Degreasing Blasting + degreasing 

1 4 3 1 0

2 4 2 2 0

3 4 2 1 1

4 4 2 1 0

5 5 2 1 0

6 4 2 1 0

7 5 3 1 0

8 4 2 2 0

9 4 3 1 0

10 5 2 1 0

Average 4.3 2.3 1.2 0.1

St. deviation 0.48 0.48 0.42 0.32

Results and discussion
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Fig. 2	 Effect of the surface preparation method on the result of the grid test 
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Sand blasting
The key factor of a sand blasting procedure is blasting time 
that affects the final result. The evaluation of 4 different 
times (0, 2, 5, and 15 min) of blasting was carried out with 
a focus on 3 evaluation tests. The grid method is connected 
with adhesion and shows a recalculated amount of square 
badly burnt out on the scale from 0 (the best) to 5. The 
second criterion is coating thickness that must be between 
70 µm and 90 µm. An aesthetic test reports an appearance 
of powder with a scale from 0 (the best) to 5. Find below 
Tables 2, 3 and Figs 3, 4, 5.

The comparison of thicknesses by the ANOVA method 
shows no significant differences between the files.

The multi-criteria analysis carried out with weighted 
averages in three different tests with the weights of grid 
method 0.3, coating thickness 0.5, and aesthetic test 
0.2 showed that the blasting time 5 min provided the best 

results. The points range from the best 0 to the worst 5 in 
all the three specific tests. Coating thickness was divided 
into 3 categories 70–73, 87–90; 74–77, 84–86, and 78–83 µm 
sorted by proximity to an ideal of 80 µm.

Blasting time has obviously an influence especially 
in terms of the grid method. There is an insufficient result 
(5 points) without blasting. The results have significantly 
improved towards point 1 when the time period rose to 2 or 
15 min. The best result with point 0 was achieved with 5 min 
of blasting. Blasting period did not affect the powder width. 
Regarding the aesthetic test, the blasting time of 15 or 0 min 
led to the worse result of 3.5 points, whilst the blasting 
time of 2 or 5 min reached point 0. The key assumption for 
a well-managed process of powder coating is a high quality 
of pre-treatment.

Surfaces intended for the application of plastics are often 
contaminated due to previous technological operations. 

Table 2	 Different tests dependent on blasting time of 0, 2, 5, and 15 min

Blasting time 0 min 2 min

Measurement number grid method coating thickness aesthetic test grid method coating thickness aesthetic test

1 5 90 4 1 87 0

2 5 70 4 1 79 0

3 5 89 3 2 88 0

4 5 89 3 1 87 0

5 5 73 4 2 80 0

6 5 81 3 1 75 0

7 5 81 4 1 70 0

8 5 84 3 1 77 0

9 5 74 4 1 87 0

10 5 80 3 1 70 0

Average 5 81.1 3.5 1.3 80 0

St. deviation 0 6.73 0.5 0.4 6.68 0

Variance 0 45.3 0.25 0.16 44.6 0

Blasting time 5 min 15 min

Measurement number grid method coating thickness aesthetic test grid method coating thickness aesthetic test

1 0 79 0 1 86 4

2 0 70 0 1 79 3

3 0 79 0 1 89 3

4 0 70 0 1 76 3

5 0 83 0 1 75 3

6 0 73 0 1 82 4

7 0 84 0 1 88 3

8 0 80 0 2 83 4

9 0 84 0 1 73 4

10 0 75 0 1 77 4

Average 0 77.7 0 1.1 80.8 3.5

St. deviation 0 5.14 0 0.3 5.36 0.5

Variance 0 26.4 0 0.1 28.7 0.25
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Only an appropriately chosen form of 
pre-treatment guarantees the removal 
of these unwanted impurities from 
the surface of the material. Insufficient 
pre-treatment is a cause of low 
adhesion, the formation of blisters, 
and early under-corrosion of coating 
(Cong and Fellner, 1993; Karaoglan and 
Ozden, 2021; Mirabedini et al., 2002). 
Mechanical pre-treatment improves 
adhesion conditions (Blažek, 2009). 
According to Klimeš (2003), blasting 
leads to impurity removal. Depending 
on the nature of the material and the 
degree of contamination, a suitable 
abrasive is selected. Most often, metal 
granulate with a grain size of 0.4 mm 
to 0.8 mm is selected (Mohyla, 2006). 
Chemical pre-treatment is a suitable 
medium in relation to the nature of the 
material much more complicated than 
the mechanical one. One of the most 
utilized methods is degreasing (Withy 
et al., 2006).

Conclusion 
Based on the measurement, a robust 
dependency between the pre-
treatment type and the final quality of 
the steel material is visible. Without any 
pre-treatment, the grid method (the 
lower the number the better) showed 
by far worse results represented by an 
average of 4.3 points. With mechanical 
pre-treatment, the average improved 
to 2.3 points only, however, still 
far away from the required figures. 
Chemical pre-treatment represented 
even better results with an average of 
1.2. Finally, their combination revealed 
the best way with an average of 0.1 and 
provided nearly flawless results.

The best option is thus 
a combination of both pre-treatments, 
followed by chemical pre-treatment, 
then mechanical pre-treatment, and 
finally with no pre-treatment.

In terms of blasting, the grid 
method confirmed the best blasting 

Table 3	 Multi-criteria analysis calculated based on weighted average (the lower the points the better) 

Blasting time 0 min 2 min 5 min 15 min

weighted average 
points

weighted average 
points

weighted average 
points

weighted average 
points

Grid method 1.50 0.36 0 0.33

Coating thickness 0.60 0.7 0.45 0.50

Aesthetic test 0.70 0 0 0.70

Sum 2.80 1.06 0.45 1.53
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Fig. 3	 Effect of the blasting period on the grid test result 

Fig. 4	 Effect of the blasting period on the coating thickness result 

Fig. 5	 Effect of the surface preparation method on the aesthetic test result 
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time of 5 min, averaged by 0. As for the aesthetic test (the 
lower the number the better), the optimal time of blasting 
is also 5 min, but 0 and 15 min showed very bad figures 
averaging around 3.5. 

However, coating thickness is not affected by the time 
of blasting, oscillating between targeted 70 µm and 90 µm. 
Thus, it is not confirmed that longer blasting time leads to 
better final result.
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