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ABSTRACT ¢ This study aims to investigate the influence of atmospheric plasma treatment on the abrasion resist-
ance of particleboards, as an example of a wood-based material, coated with a waterborne finish. The treatment
of the substrate, prior to coating application, using a floating-electrode dielectric barrier discharge (FE-DBD)
plasma, resulted in an enhanced abrasion resistance of the coated particleboards in comparison to the untreated
ones during the abrasion test with a duration of 200 revolutions. This finding was related to lower contact angles
of water and coating after treatment with plasma and greater hardness of the coating on the treated substrates.
The micrographs of the sample cross sections recorded with scanning electron microscope showed differences
in the amounts of remained coating on the abraded areas. Investigation with attenuated total reflection Fourier
transform infrared spectroscopy revealed that treatment of the substrate with plasma did not affect the chemical
composition nor the curing and structure of the later applied coating. Further studies should be performed to de-
termine the resistance properties of such surface systems to other impacts.
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SAZETAK -« Cilj ovog rada bio je istraziti utjecaj atmosferske plazme na otpornost iverica na abraziju, kao
primjer materijala na bazi drva premazanoga vodenim premazom. Tijekom ispitivanja abrazije u trajanju od 200
ciklusa obrada iverica uz pomo¢ plazme (FE-DBD) prije nanoSenja premaza rezultirala je poboljsanom otporno-
S¢u premazanih iverica na abraziju u usporedbi s neobradenom ivericom. Rezultat istrazivanja povezan je s nizim
kontaktnim kutom vode i premaznog materijala nakon obrade iverica plazmom i s vecom tvrdocom premaza na
podlozi obradenoj plazmom. Mikrografije presjeka uzorka dobivene pretraznim elektronskim mikroskopom poka-
zale su razlike u kolicini preostalog premaza na povrsinama ispitanima na otpornost na habanje. Ispitivanje infra-
crvenom spektroskopijom uz prigusenu totalnu refleksiju pokazalo je da obrada podloge plazmom nije utjecala na
kemijski sastav ni na otvrdnjavanje i strukturu kasnije nanesenog premaza. Potrebno je provesti daljnja ispitivanja
kako bi se dodatno utvrdila otpornost takvih povrsinskih sustava.

Kljucéne rijeci: iverica; plazma; premaz, abrazija
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1 INTRODUCTION
1. UVOD

Surfaces of wood and wood-based products in
interior and exterior applications are exposed to a num-
ber of physical and mechanical stresses. Protection or
resistance of the wooden structure against physical and
chemical influences can be obtained by surface treat-
ment, which depends on selected coating and the type
of substrate (Keskin and Tekin, 2011; Veigel et al.,
2014). Protection and durability of the material are im-
portant with regard to economy and manufacturing
technique. Chemical and anatomical structure of
wood, as well as its properties such as density, surface
roughness and colour, may affect the effect of the coat-
ing. In indoor applications, the mechanical coating
properties are of a prime importance, especially those
like surface hardness, deformability as well as resist-
ance to impact, friction, scratch and abrasion (Brischke
et al., 2019). Mechanical properties of a coating
strongly depend on the binder type and the film thick-
ness (Keskin and Tekin, 2011). Nowadays, different
nanoparticles are added to the coating formulations to
enhance their resistance to physical, chemical and me-
chanical impacts (Cristea ef al., 2011).

Particleboard is a wood-based panel consisting of
wood or other lignocellulosic particles of various sizes,
manufactured by bonding them together with a syn-
thetic resin or binder under heat and pressure. Particle-
board is used widely in the manufacture of domestic,
institutional and office furniture, stair treads, cabinetry,
counter tops, speakers, core for doors, signs, displays,
shelving, table tops, subflooring in constructions and
other industrial product application due to the smooth
surface, uniform density and thickness, dimensional
stability, strength, machining ability, and screw-hold-
ing capacity (Bardak et al., 2011). Usually, the boards
have to be overlaid (by veneers, laminates, impregnat-
ed papers, foils) or coated (application of liquid finish-
ing materials with various finishing techniques) to
meet the specific requirements of their final use. In the
case of painted or overlaid boards, irregularities in the
substrate, or the differences in thickness of the coating
film, may have a negative impact on the adhesion of
paints and overlays and hence on the quality of the fi-
nal product. Uniform and flat panels provide an excel-
lent surface for the application of coating materials,
like paint, print, or varnish substances. Together form-
ing a surface system, the performance of the coated
panels is dependent on the quality of wood based pan-
el, the type of the coating material, and a good compat-
ibility between both (Nemli et al., 2005; Rolleri and
Roffael, 2010; Bardak ef al., 2011). As an example of
the latter, a rough surface gives paints several possi-
bilities to penetrate and create strong joins, but on the
other hand, by very high roughness, an excessive vol-
ume of paint necessary to give surfaces a smooth ap-
pearance is expected (Rolleri and Roffael, 2010). Now-
adays, waterborne coatings are increasingly used due
to the reduced impact on the user and environment.
Besides the appearance, one of the requirements of
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coatings for interior flooring is the ability to withstand
mechanical loads like wear, erosion and abrasion
(Scrinzi et al., 2011; Sell and Feist, 1986).

Various methods upgrade the appearance and
features of coated wooden materials, extending their
lifetime and increasing their value (Nemli and Hiziro-
glu, 2009). Improved scratch and abrasion resistance
can be induced by the use of additives such as inor-
ganic fillers and nanoparticles (SiO,, AL O,, carbon-
ates, silicates and sulfates of various metals) with high
hardness (Bauer ef al., 2006; Veigel ef al., 2014). Fur-
thermore, the abrasion resistance depends on the adhe-
sive used for the panel production (Bardak et al., 2011).

In applications of coatings for interior, besides
proper protection properties and a suitable appearance,
good resistance to impact and abrasion are expected
(Rossi et al., 2009; Keskin and Tekin, 2011). Concern-
ing load bearing applications, the resistance of the ma-
terial used to abrasion becomes the decisive mechani-
cal property (Welzbacher et al., 2009). Surface quality
of wood composites such as particleboard is an impor-
tant physical property influencing different processes,
including their finishing (Istek et al., 2010). There are
various methods and devices to simulate the abrasion
conditions of the components, and finally measure and
determine the resistance of wooden materials to abra-
sion according to weight loss or wear through the coat-
ing after a defined time of wearing. The most useable
method for the determination of abrasion resistance of
various surface systems is the Taber Abraser test (Ros-
si et al., 2005; Bauer et al., 2006; Rossi et al., 2009;
Aytin et al., 2015).

Electrical gas discharges, more commonly known
as plasmas (Zigon et al., 2018; Altgen et al., 2019), can
be used to enhance the interaction of wood and wood-
based materials surfaces with applied coatings and
other liquids. These plasmas can be generated in air at
atmospheric pressure, presenting a cost efficient and
clean technology. The effects caused by such a treat-
ment of the substrate, via physical and chemical reac-
tions, contribute to enhanced wettability, penetration,
adhesion of the applied polymer and final properties of
the formed surface system (Liston et al., 1993; Wolk-
enhauer et al., 2008; Wolkenhauer et al., 2009; Wolf
and Sparavigna, 2010; Altgen et al.,2015; De Cademar-
tori et al., 2016; Perisse et al., 2017; Reinprecht et al.,
2018). Generally, the basic concept for increasing the
surface free energy by plasma treatment (PT) is either
breaking polar bonds and leaving polar end groups, or
adding polar groups to the surface (Ko ez al., 2018). A
combination of mechanical abrasion followed by PT
enhances the bonding quality (Moghadamzadeh et al.,
2011), but this is highly dependent on the type of plas-
ma reactor and treatment conditions. By some plasma
pre-treatments, the microstructure of treated wooden
material can be altered. Coating penetration increases
after exposure of the substrate to plasma. The solvent-
borne as well as waterborne polyurethane coating
showed deeper penetration on PT wood than on the un-
treated one. The ability of PT to improve coating per-
formance on wood depends on the coating type and the
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effects of the treatment on the surface microstructure
of wood (Haase et al., 2019).

Pendulum hardness test is one of the most widely
used methods for determining the coating hardness.
The measured value of hardness greatly depends on the
thickness of the coating; it gradually decreases with the
increasing coating thickness (Sénmez et al., 2011; Ma
et al., 2013; Gurleyen ef al., 2017).

Based on the cited literature and our previous re-
search work, the aim of the present study was to inves-
tigate whether the treatment of wood-based materials
surfaces with atmospheric plasma influences the abra-
sion resistance of a coating. For this purpose, a parti-
cleboard substrate with homogenous structure and a
waterborne coating were selected as research materi-
als. The treatment of the substrate with plasma, prior to
coating application, was performed using a floating-
electrode dielectric barrier discharge device (FE-DBD,
Zigon et al., 2019). We hypothesize that PT that in-
creases adhesion and penetration depth of waterborne
coating into wood-based materials, further leads to im-
proved resistance of surface system to abrasion. De-
tailed interactions between untreated or PT substrate
and coating were investigated by the measurement of
water and coating droplets contact angle (CA). Besides
the determination of abrasion resistance, measure-
ments of coated surface hardness were performed,
while the appearance of coated samples cross sections
was studied with scanning electron microscope. In or-
der to detect possible influence of PT on curing of the
coating film, attenuated total reflection Fourier trans-
form infrared spectroscopy was used.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Particleboard as a substrate
2.1. lverica kao podloga

As a substrate, samples of a particleboard with
dimensions of (100 x 100 x 3) mm? were selected. Be-
fore future processing, the samples were conditioned in
a chamber with a temperature of 20 °C and relative hu-
midity of 65 % for three weeks. After conditioning, the
substrate density of 857 kg/m® was determined gravi-
metrically.

2.2 Plasma treatment of substrates surfaces and
formation of coating systems

2.2. Obrada povrsine podloge plazmom i formiranje
sustava premaza

The surface of each individual sample was treat-
ed with FE-DBD non-thermal plasma in air at atmos-

Insulated electrode connected to high voltage source
izolirana elektroda spojena na izvor visokog napona

Plasma discharge
plazma

Treated particleboard substrate
obradena iverica

|

pheric pressure, as presented in previous publications
(Zigon et al., 2019). For plasma ignition, an alternating
high voltage (frequency 5 kHz, 15 kV peak voltage)
was introduced in the insulated brass electrodes. The
treated particleboard workpiece was moving with a
moving rate of 2 mm/s below the electrodes, and the air
discharge occurred in the gaps between the dielectrics
and the samples surface (Figure 1). The distance be-
tween the dielectrics was set to 5 mm, while the dis-
tance between the dielectrics and the surface of the
workpiece was about 1 mm.

The samples were coated immediately after PT
process, with a black shaded commercial acrylic water-
borne coating (Belinka Interier, Belinka Belles, d.o.o.,
Ljubljana, Slovenia), with a solid content of 34.9 %,
determined according to ISO 3251 (2008). The coating
with a wet film thickness of 240 pum (approximately
150 g/m?) was manually applied with a quadruple coat-
ing applicator on the surface of control, untreated, PT
samples. For reference measurements of coating hard-
ness and ATR FT-IR spectroscopy, glass samples with
applied coating were also prepared. Prior to further
testing and analyses, the samples were stored in a con-
ditioning chamber with relative humidity of 65 % at
20 °C for 21 days.

2.3 Contact angle measurements
2.3. Mijerenje kontaktnog kuta

Droplets of distilled water and coating were de-
posited on untreated and PT particleboard surfaces (5
samples per series) by Theta optical goniometer (Bio-
lin Scientific Oy, Espoo, Finland), and CA measure-
ments were made by Young-Laplace analysis using the
software (OneAttension version 2.4 [r4931], Biolin
Scientific, Espoo, Finland). Droplets with a volume of
5 pL were applied on 4 different places per sample,
while their shape was automatically recorded and ana-
lyzed within 60 s (1.9 frames per second) after deposi-
tion.

2.4 Determination of hardness
2.4. Odredivanje tvrdoce

Hardness of the untreated and coated, and PT and
coated samples (5 samples per series, 5 measurements
per sample) was determined by the pendulum damped
oscillations test method using Konig pendulum tester
(Model 299/300, Erichsen GmbH & Co. KG, Hemer,
Germany; EN ISO 1522, 2007). The hardness value
corresponded to the damping time of the pendulum
oscillating on the sample surface from 6° to 3°, with
respect to normal axis, measured with an electronic
counter.

—
5 mm

Figure 2 Treatment of particleboard substrate with air discharge plasma

Slika 2. Obrada iverice plazmom
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2.5 Abrasion resistance tests
2.5. Ispitivanje otpornosti na abraziju

The abrasion resistance tests were performed ac-
cording to the Taber Abraser method (EN 438-2, 2016)
on 10 samples per series. After weighing, the speci-
mens were mounted into the rotary platform abrasion
tester (Model 503, Erichsen GmbH & Co. KG, Hemer,
Germany) and abraded with rotating rubber wheels
covered with sanding paper S-42 and loaded with
500 g each. The abrasion process was stopped after 10,
25, and after every further 25 revolutions up to final
200 revolutions. After each stop, the samples were
weighted and scanned. A fresh sanding paper was used
with every sample. A mass loss of the sample was de-
termined according to the following equation:

Am =0 41%100 [%] (1)
y
Am — samples mass loss due to abrasion (g, %)

m— samples mass, before abrasion (g)
m — samples mass, after abrasion (g)

The scans of the samples, taken during the abra-
sion test, were analyzed by measuring the percentage
of the abraded area with the Fiji software (Imagel
1.46d, Bethesda, Maryland, USA) by grey value set to
80 (ranging from 0 - total white to 255 - total black)
(Schindelin ef al., 2012; Altgen et al., 2019).

2.6 Scanning electron microscopy (SEM)
investigations

2.6. Istrazivanje pretraznim elektronskim
mikroskopom (SEM)

The cross sections of the untreated and PT sam-
ples in the region of abrasion were analyzed with SEM
FEI Quanta 250 (FEI, Hillsboro, Oregon, USA). Be-
fore the start of observation, the surfaces were evened
by microtome. Possible differences in the microstruc-
ture between untreated and PT substrates were ana-
lyzed with a large field (LFD) and circular backscat-
tered (CBD) detector. The dry film thickness of the
coating and its penetration depth were measured on 20
spots of the cross sections as well. The micrographs
were taken at 100xand 500x magnification in a low
vacuum (50 Pa), the electron source voltage of 10.0 kV,
at a working distance of 10 mm, and the spot size of
3.0. During the capture of the image, the time of the
beam transition through the sample was 45 ps.

2.7 Attenuated total reflection Fourier transform
infrared (ATR FT-IR) spectroscopy

2.7. Poja¢ana infracrvena spektroskopija uz priguSenu
totalnu refleksiju (ATR FT-IR)

ATR FT-IR spectroscopic measurements of the
dry coating film on glass, untreated and PT particle-
board were performed using a Perkin Elmer Spectrum
Two spectrometer (PerkinElmer Inc., Waltham, Mas-
sachusetts, USA), with a LiTaO, detector in the absorb-
ance mode. The spectra were measured on 5 different
spots (16 scans per spot) of the coated samples, at a
wavelength range from 600 cm™ to 4000 cm™ and at a
resolution of 0.5 cm™. For later comparison, ATR FT-
IR spectra were also recorded on coated glass samples.
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3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Contact angles of liquids on untreated and PT
substrates

3.1. Kontaktni kutovi tekucina na neobradenim
podlogama i podlogama obradenim plazmom

Average values of apparent CA of water and coat-
ing droplets during the first 60 s after application are de-
picted in Figure 2. On the right side, the photos of the
droplets immediately after deposition are shown. The
surface of the particleboard treated in this study turned
out to be less prone to interact with water, but the values
are in agreement with findings in the literature
(Baharoglu ef al., 2012; Sandak et al., 2015), since the
measured CA of water droplets were above 100°. This
might be related to relatively high density of the sub-
strate, applied higher temperature during pressing in the
production of boards and consequently physical-chemi-
cal modifications of the surface, presence of the adhe-
sive and other possible water repellent constituents on
its surface. Treatment of the surface with plasma low-
ered the CA of water by about 15°, making the surface
more hydrophilic. However, CA of applied coating
droplets was lower in comparison to water CA. Here, the
influence of PT to make the surface more susceptible to
coating was less pronounced, but obvious (about 5° low-
er CA). Wolkenhauer and co-authors (2008) found an
enhanced absorbency of a waterborne formulation (i.e.
polyvinyl acetate adhesive) into particleboard surfaces
treated with atmospheric DBD plasma. According to
their findings, the reason for that could be the enhanced
hydrophilicity of the surface treated with the formula-
tion containing waterborne polymer.

3.2 Surface hardness
3.2. Tvrdoca povrSine

The pendulum hardness test is based on the prin-
ciple that the harder the measured surface, the greater
the oscillation time of the pendulum. The amplitude of
the pendulum oscillation decreases gradually because
of the damping during the pendulum hardness test. The
pendulum hardness of the coating is greatly related to
its dry film thickness (Ma et al., 2013). There were no
significant differences in the average thickness of the
dry coating film (about 45 um), measured on untreated
and PT sample with SEM at different spots. From the
results shown in Figure 3, it can be seen that a coating
film applied on a glass plate (thickness film about
65 pum) had a very low oscillation time, meaning high
damping of the pendulum due to the elastic deforma-
tions of the film. The coatings applied on untreated
substrates exhibited slightly lower average oscillation
time (about 1 s) than a coating applied on PT substrate.
However, the increase in film hardness of 4 % for the
PT substrate as compared to the one on untreated
substrate is not significant due to the relatively low
statistics. It is thus not possible to deduce any influence
on the bulk hardness by PT prior to coating application.
Therefore, further investigations are required to deter-
mine possible alternations of the curing process of this
coating due to PT.
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0 Untreated-Water / neobradeno — voda

O Untreated-Coating / neobradeno —
premazni materijal

o Treated-Water / obradeno — voda
A Treated-Coating / obradeno

— premazni materijal

Apparent contact angle, °
kontaktni kut, ©

0 10 20 30

40 50 60

Time / vrijeme, s
Figure 2 Apparent contact angles of water and coating droplets applied on untreated and PT substrates surfaces. On the right

side, photos of droplets immediately after deposition are shown

Slika 2. Kontaktni kut vode i premaznog materijala nanesenoga na neobradenu i plazmom obradenu podlogu (na desnoj su

strani fotografije kapi neposredno nakon nanosenja na podlogu)

30
25 {
- 3
EZ 15
S [
§§ 10
g5 |
5

Untreated Plasma treated Coated glass
neobradeni uzorak obraden  premazano staklo
uzorak plazmom

Figure 3 Pendulum oscillation times of waterborne acrylic
coating films applied on untreated and PT particleboard
substrate, and on glass

Slika 3. Vrijeme titranja njihala filma vodenoga poliakrilat-
nog premaza nanesenoga na neobradenu i plazmom
obradenu povrsinu uzorka te na staklo

3.3 Resistance to abrasion
3.3. Otpornost na abraziju

Figures of representative samples, taken during
the abrasion test after a certain number of revolutions are
shown in Table 1. Visual differences between untreated
samples and PT samples are summarized in Figure 4,
showing detected pixels by grey value set to 80. The dif-
ferences in the amount of abraded coating were shown
already after the first 25 revolutions. After 100 revolu-
tions, the differences reached the maximum (about 6 %),
and at the final amount of revolutions, the surface sys-
tem with untreated substrate was completely abraded,
while at PT ones, some coating still remained.

The mass losses during the abrasion test of the
samples are in agreement with other results shown in
this paragraph (Figure 5). The absolute mass losses
with respect to the masses of the whole samples are

< 30

o\a:% QIS 5 © Untreated / neobraden

g 25 A Treated / obraden

g

o =

ERS

E’ % 20

> -
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@z 15
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23
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= X

s

gL s i

2

=3 é .
< o

0 20 40 60 80 100 120 140 160 180 200

Revolutions / ciklusi

Figure 4 Detected pixels as percentage of remained coating on abraded area during abrasion resistance test on untreated or

PT substrates

Slika 4. Detektirani pikseli kao postotak preostalog premaza na istroenom podrudju tijekom ispitivanja otpornosti na

abraziju na neobradenim i plazmom obradenim podlogama
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Table 1 Appearance of representative samples after a specific number of revolutions in abrasion resistance test. Left side of
images is shown as processed with Fiji software for grey value analysis

Tablica 1. Izgled reprezentativnih uzoraka nakon odredenog broja ciklusa ispitivanja otpornosti na abraziju. Lijeva strana
fotografija obradena je Fiji softverom za analizu sive vrijednosti.

Sample Type
Vrsta uzorka

Number of revolutions, appearance
Broj okretaja, izgled

0 10

25

Untreated
neobraden

Plasma treated
obraden plazmom

Untreated
neobraden

Plasma treated
obraden plazmom

lower than 1 %, but expected, since only a part of the
coating was removed, and at the end of the tests a part
of the substrate was removed as well. The results
showed that on the samples, treated with plasma prior
to coating process, less material was removed. From
the results of visual estimation and detected mass loss-
es, it can be concluded that increased abrasion resist-
ance of PT samples is related to a greater hardness of
the coating film applied on such a substrate.

3.4 SEM micrographs
3.4. SEM mikrografije

Figure 6 shows micrographs of samples cross
sections detected with LFD and CBD detectors. The

0.25

micrographs were captured in the region comprising
non-abraded (central) part of the samples surface and
part with abraded surface.

On the abraded area of an untreated sample (Fig-
ure 6a) no coating is present, whereas at the PT sample
after 200 revolutions some coating still remained on
the surface (Figure 6b). The reason for that could be a
greater hardness of the coating film and/or deeper pen-
etration of the coating by treated substrate. However,
due to compressed structure of the cells, it was hard to
estimate the coating penetration depth and make con-
structive conclusions about the latter between untreat-
ed and PT samples.

1.0

0.20

0.15

0.10

Mass loss / gubitak mase, g

0.05 R
(2]

2 o

0.6

;
g

0.4

Mass loss / gubitak mase, %

0.2
O Untreated / neobraden

A Treated / obraden

0.00 ¢ 2
0 20 40 60 80

100

0.0

120 140 160 180 200

Revolutions / ciklusi

Figure 5 Absolute mass loss of surface systems during abrasion resistance test with respect to mass of the whole sample,

previously untreated or treated with plasma

Slika 5. Apsolutni gubitak mase povrSinskih sustava, prethodno neobradenih i obradenih plazmom, tijekom ispitivanja

otpornosti na abraziju u odnosu prema masi cijelog uzorka
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Abraded area
istroseno podrucje

Samples central part
sredisnji dio uzorka

Abraded area
istroseno podrucje

Samples central part
sredisnji dio uzorka

Figure 6 SEM micrographs of samples after abrasion resistance test: a) untreated substrate, b) substrate treated with plasma
Slika 6. SEM mikrografije uzoraka nakon ispitivanja otpornosti na abraziju: a) neobradena podloga, b) podloga obradena

plazmom

_Coated glass
premazano staklo

___Untreated + Coated
neobraden + premazan

3650
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2946
2850
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- = = ==
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1800 1400 1000 600

Wavelength / valna duljina, cm’

Figure 7 ATR-FTIR spectra of waterborne acrylic coating films, applied on glass, and untreated and PT particleboard substrate
Slika 7. ATR-FTIR spektar filma poliakrilatnog premaza nanesenoga na staklo i na neobradenu i plazmom obradenu ivericu

3.5 ATR FT-IR spectra
3.5. ATR FT-IR spektri

Infrared spectroscopy is a sensitive and reliable
technique, which permits to quantify the chemical
changes of the chemical structure of polymer materi-
als. Figure 7 shows the infrared spectra of waterborne
acrylic coating films, applied on glass, and untreated
and PT particleboard substrate. Some IR characteristic
bands of functional groups, such as O-H (3650 and
3250 cm™), alkane C—H (2946 and 2850 cm™'), carbox-
ylic acid CO (1780, 1730 and 1440 cm™), ester C—O—
(1730 and 1250 cm™) and aliphatic ether (1150 cm™),
are marked (Scalarone et al., 2007; Nguyen et al.,
2016). By comparing the main peaks of all three spec-
tra, it can be seen that no changes between them were
detected. Therefore, the higher hardness of the coating
film due to prior PT of the substrate could not be ex-
plained by this technique.

4 CONCLUSIONS
4. ZAKLJUCAK

Particleboards were successfully treated using
FE-DBD plasma in air at atmospheric pressure, yield-
ing an increased abrasion resistance of waterborne
coating according to both visual estimation and mass

DRVNA INDUSTRIJA 71 (2) 129-137 (2020)

losses after a specific number of revolutions. The rea-
son for such behavior could be related to greater hard-
ness (oscillation time 1 s or 4 % longer) of the surface
system with PT substrates and enhanced wettability of
the substrate with both water (CA lower for about 15°)
and coating (CA lower for about 5°). Similar to visual
estimation of abraded coating in the abrasion test, the
investigation of the cross section structures on micro-
scopic level showed the differences in the amounts of
coating remained on the abraded areas. Investigations
with ATR-FTIR revealed that PT did not have effects
on chemical composition of the coating film, which
could be the reason for higher hardness detected on
these samples.

For a better understanding of the properties of
such surface systems, further studies should be per-
formed to investigate the influence of PT, prior to coat-
ing application, on their resistance to other impacts.
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