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This research focused on comparison of adhesion properties of three different primers for wide consumption. Test-
ed primers differed in their price range, and the conducted experiment aimed to determine whether more expen-
sive primers were providing better adhesion between the substrate material and the coating. The primers were 
applied on specimens in two layers, each being 30 µm thick (total dry film thickness was 60 µm), as well as in one 
layer being 45 µm thick. After drying, specimens were exposed to indoor and outdoor atmospheric conditions. 
Adhesion properties were tested by the cross-cut test, and analysis of obtained results proved that the primers’ price 
range cannot be considered as an indicator of the primers’ quality with respect to their adhesion properties.
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INTRODUCTION

Corrosion causes damages on the material through 
harmful action of atmospheric conditions. It represents 
a major problem in steel constructions, from their stor-
age to maintenance of finished products under certain 
operating conditions [1]. This fact is supported by the 
information that costs related to corrosion damage 
amount to 2,5 billion USD [2]. In order to reduce such 
negative effects of corrosion, it is necessary to invest 
into surface protection technologies. Besides influenc-
ing indoor and outdoor factors that cause corrosion, it is 
also possible to create a protective barrier between the 
supstrate material and a potentially aggressive environ-
ment. Since 3/4 of metal structures are protected by or-
ganic primers [3], the above-mentioned surface protec-
tion technology is investigated in this research. Accord-
ing to their purpose, there are primary coats, intermedi-
ate coats, and top coats, of which primers have to de-
liver good adhesion [4, 5]. This research studies adhe-
sion properties of such coats. By applying the cross-cut 
test, i.e. by cutting a right-angle lattice pattern into the 
coating in order to test adhesion properties, this research 
tests three different primers for wide consumption. 
Those primers are not developed for a specific industry, 
but primers for widespread use. Within this experiment, 
the primer A belonged to the lowest price range, the 
primer B to the medium price range, while the most ex-
pensive primer was marked with C. Primers were ap-
plied in two layers of different dry film thicknesses, 
which were then exposed to two different environments, 
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all with the aim of determining if the quality of primers’ 
adhesion properties.

EXPERIMENTAL PART

Specimens of 150 x 100 x 3 mm in size are present-
ed in the Figure 1. Chemical composition of the sup-
strate material used for preparation of specimens is 
overviewed in the Table 1.

Table 1 �Chemical composition of the supstrate material  
/ mas. % [6]

C Si P S N
0,17 + 0,05 0,05 ≤ 0,007

Figure 1 Specimen

Prepared specimens were treated with abrasive jet in 
accordance with the HRN EN ISO 12944-4 standard to 
meet the required quality of Sa 2,5 as determined by the 
HRN ISO EN 8501-1 standard. Roughness of specimens 
was measured with the Elcometer 224 device. Each 
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specimen was measured for ten times in order to obtain 
the mean value, which had to range from 40 to 70 µm. 
Before applying the primer to the supstrate material, it 
was necessary to check the environment conditions, as 
they need to comply with determined values (substrate 
material temperature (Ts) minimum 3 °C higher than the 
dew point temperature, air temperature (Ta) minimum 5 
°C, maximum relative humidity 85 %). In this experi-
ment, environment conditions were determined by the 
Elcometer 319 Model S&T device, and the obtained val-
ues were as follows: relative humidity (RH) 52,2 %, sup-
strate material temperature (Ts) 25,8 °C, air temperature 
(Ta) 26,5 °C, dew point temperature (Td) 15,9 °C, differ-
ence between the substrate material and the dew point 
temperatures (ΔT) 9,9 °C. Since all measured values 
were within determined limits, the experiment proceed-
ed with the primers’ application on the prepared speci-
mens. As mentioned above, in this experiment three 
primers were marked with the letters A, B and C to de-
note their different price ranges. The primer A was the 
cheapest, while the primer C was the most expensive. 
Primers were applied either in one 45 µm-thick layer or 
in two layers, each being 30 µm thick, thus making total 
dry film thickness of 60 µm. Although manufacturers 
recommend that all tested primers be applied in a dry 
film thickness of 60 µm, real application is often differ-
ent. All tested primers are commonly used in house-
holds, for some crafts or hobbies, so it is expected that 
they will be usually applied in just one coat, the thick-
ness of which shall not meet recommended values. For 
this reason, this experiment was performed also on spec-
imens coated with primers of 45 µm dry film thickness 
in order to determine adhesion properties for such an 
alternative. The Figure 2 shows measuring of the 60 µm-
dry film thickness, while the Figure 3 shows measuring 
of the coat with a target value of 45 µm.

Each specimen with two layers of primer was meas-
ured ten times to determine its formed dry film thick-
ness, the least value of which was 53,8 µm, while the 
greatest value was 61,1 µm. The mean value (arithmetic 

mean of ten repeated measurements) was 58,42 µm, 
which fits into tolerable limits. The value of 58,7 shown 
on Figure 2 refers to the last measurement.

Specimens with one layer of primer with the dry 
film thickness of 45 µm were measured ten times to de-
termine the formed dry film thickness, the least value of 
which was 38,8 µm, while the greatest value was 50,8 
µm. The mean value (arithmetic mean of ten repeated 
measurements) was 45,47 µm, which was within ac-
ceptable limits. The measured value of 50,5 µm pre-
sented in the Figure 3 refers to the last measurement. 
The Table 2 presents the experiment plan, i.e. labels of 
the specimens with corresponding values of the formed 
dry film thickness, as well as the designated testing en-
vironment to which specimens will be exposed.

Figure 2 �Measuring of the dry film thickness formed by the 
primer with the dry film thickness of 60 µm

Figure 3 �Measuring of the dry film thickness formed by the 
primer with the dry film thickness of 45 µm

Table 2 Experiment plan

Specimen Dry film thickness Testing environment 
A1-1 60 µm

(2 x 30 µm)
Indoor atmospheric 

conditionB1-1
C1-1
A1-2 Outdoor atmospheric 

conditionB1-2
C1-2
A2-1 45 µm Indoor

atmospheric conditionB2-1
C2-1
A2-2 Outdoor atmospheric 

conditionB2-2
C2-2

After being exposed to designated atmospheric con-
ditions, coated specimens were visually inspected to 
find out that none of the specimens developed bubbles, 
there were no signs of corrosion or any other damages. 
After visual inspection, specimens were tested for the 
adhesion properties of the applied primer by the cross-
cut test, i.e. the method of cutting a right-angle lattice 
pattern into the coating. The method is performed ac-
cording to the HRN EN ISO 2409 standard, and the test-
ing is done by the Elcometer 107 device. It is important 
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to select a cutter with a metal blade that is appropriate 
for specific dry film thickness. According to the stand-
ard, specimens coated with primer up to 60 μm thick are 
incised with a cutter of 6 x 1 mm-incision spacing, 
while specimens coated with 60-120 μm thick layer of 
primer are incised with a cutter of 6 x 2 mm incision 
spacing. A cutter is pressed against the specimen and 
pulled all the way down to the substrate material to cre-
ate incisions of 20 mm in length. Then a next cut is in-
cised by 90° rotation, so that horizontal and vertical 
lines form a lattice. After incision, the surface is brushed 
to remove the particles. Penetration of cuts into the 
coating is visually inspected. Adhesive tape is applied 
on the specimen lattice pattern, which has to be re-
moved within 5 minutes at an angle of 60° from the 
surface. The final step in performance of the cross-cut 
test is visual inspection of the lattice pattern by using a 
magnifying glass. Below there are figures presenting 
specimens after being subjected to the cross-cut test. 

Figures from 4 to 9 present specimens coated with 
primer and exposed to indoor atmospheric conditions.

Assessment of the performed tests is done in accord-
ance with the HRN EN ISO 2409 standard and the ob-
tained results are overviewed in the Table 3.

Figure 9 Specimen C2-1

Figure 4 Specimen A1-1 Figure 5 Specimen B1-1

Figure 6 Specimen C1-1

Figure 7 Specimen A2-1 Figure 8 Specimen B2-1

Table 3 �Assessment of specimens exposed to indoor 
atmospheric conditions

Specimen Assessment
A1-1 Gt 0
B1-1 Gt 1
C1-1 Gt 0
A2-1 Gt 0
B2-1 Gt 0
C2-1 Gt 0

Figures 10 to 15 present specimens exposed to out-
door atmospheric conditions and tested with the cross-
cut method.

Figure 15 specimen C2-2

Figure 10 Specimen A1-2 Figure 11 Specimen B1-2

Figure 12 Specimen C1-2

Figure 13 Specimen A2-2 Figure 14 Specimen B2-2
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Results for previously presented test specimens are 
overviewed in the Table 4.

According to the HRN EN ISO 2409 standard, the 
grade Gt 0 marks completely smooth lattice edges with 
none of the squares in the lattice detached, while the 
grade Gt 1 means that small flakes of coating detached 
at intersections, but no more than 5 % of the surface got 
affected [7].

CONCLUSION

Results obtained by the cross-cut test, as well as as-
sessment of tested specimens proved no major differ-
ences in adhesion properties of examined primers, 
meaning that there are no significant differences in ad-
hesion of tested primers to the substrate material. Re-
gardless of the price range, primers for wide consump-
tion have similar adhesion properties. The same trend 
occurred for coatings of 60 μm dry film thickness, as 
well as for coatings of 45 μm dry film thickness. Almost 
the same adhesion properties were confirmed for all 
tested primers, regardless of the type of atmospheric 

Table 4 �Assessment of specimens exposed to outdoor 
atmospheric conditions

Specimen Assessment 
A1-2 Gt 0
B1-2 Gt 1
C1-2 Gt 0
A2-2 Gt 0
B2-2 Gt 0
C2-2 Gt 1

conditions they were exposed to. Tested specimens sub-
jected to the cross-cut test did not exhibit deviations 
along the edges of the incised lattice or in detached 
squares. In cases of detachment, such coating removal 
was below the limit of 5 %.
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