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Abstract: This article presents the results of a study on polymer coatings containing poly ethoxylated
bisphenol A diacrylate (Bis-AEA10) with aluminum silicon nitride oxide (Sialon) and aluminum
nitride (AlN). The polymer coatings were obtained by the photopolymerization technique. Inves-
tigations were carried out to determine the effect of the AlN and Sialon content on the UV-curing
kinetics, as well as on the mechanical (hardness), thermal (Tg, thermal stability), physicochemical
(water contact angle), and structural properties of the polymer coatings. Polymerization rates were
characterized as functions of double-bond conversion using the photo-Differential Scanning Calo-
rymetry technique (photo-DSC). The results obtained showed that a small addition of sialon filler
(3–5 wt.%) to Bis-AEA10 increases the photopolymerization rate of the varnish, while the addition of
more Sialon decreases the rate of photopolymerization. However, for the systems containing AlN
filler, the maximum polymerization rate was observed for samples containing 10 wt.% filler. In the
case of a varnish composition containing AlN, the maximum polymerization rate is characterized
by the system containing 10 wt.% of AlN. This shows that the AlN filler has a good influence on
the polymerization process. In either case, the final double bond conversion was high (80%–95%).
Mechanical tests have shown that introducing the filler into the polymer matrix increases its hardness.
The content of Sialon and AlN in the coatings causes an increase (up to 4–5 wt.%) and a decrease
(>4–5 wt.%) in the glass transition temperature. The effect of the addition of fillers on the physic-
ochemical properties of the coating surface has also been investigated and characterized by the
water contact angle method. The addition of 20 wt.% Sialon and AlN increased the contact angle of
the samples by approximately 40% and 31%, respectively, resulting in coatings with hydrophobic
surface properties.

Keywords: aluminum nitride; sialon; UV-curable coating; UV-curing kinetics; hydrophobicity;
thermal properties; surface wettability

1. Introduction

Aluminum silicon nitride oxide (Sialon) has a complex chemistry and should be con-
sidered as a family of alloys with a broad range of properties, e.g., good high-temperature
strength, high fracture toughness, strength, and corrosion resistance, which have been
widely used as engineering ceramics, cutting tools, and refractory materials. Sialons are
formed when silicon nitride, aluminum nitride, and aluminum oxide are prepared by the
hot-press sintering method.

Sialon is an excellent oxy-nitride ceramic due to its unique combination of high Youngs
modulus (270–275 GPa), moderate hardness (15–17 GPa) and high fracture toughness
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(6–8 MPa) [1]. Most related work focuses on the synthesis and optimization of experi-
mental conditions for the synthesis of various Sialon materials [1–4]. Researchers have
used many additives to achieve desirable physical, thermal, mechanical and wear-resistant
characteristics of Sialon-based materials [2,5–7]. The above-mentioned ceramic materials
are commonly used for cutting tools, mechanical seals, heat exchangers, and ingredients
for heat engines, generally in the form of monolithic material [8]. Among the various fillers,
which are part of the Sialon particles, aluminum nitride (AlN) is an important ceramic
material that is in great demand due to its excellent thermal conductivity (82–170 W/mK),
electrical resistance (>1014 Ω·cm), as well as its thermal stability, lack of toxicity, silicon-like
low coefficient of thermal expansion, good chemical stability and high hardness [9–12].

An easier way to disperse fillers in a polymer matrix is to prepare the composite in
situ, by the polymerization of the monomer (or mixture of monomers) containing dispersed
additive [13–15]. The particularly interesting method is photopolymerization because of its
high-speed reaction rate, low temperature of the process, and solvent-free composition. The
polymerization process takes place only in the area exposed to direct light, which allows
the process to be controlled and does not require the use of additional solvents. These
advantages of photopolymerization in combination with the incorporation of inorganic
particles into the photocurable system are an attractive method for the generation of high-
performance coatings [13–17]. UV polymerization has been used in applications, especially
in surface coatings and adhesives. Although some studies have investigated the formation
of UV-induced inorganic coatings, the effect of the filler on the polymerization rate of these
systems was often overlooked. In our previous work [12], we used sialon (and aluminum
oxide) as fillers for polymer coatings. We noticed that the addition of small amounts
(5 wt.%) of inorganic compounds improved the hydrophobicity of the polymer coating
surface, scratch resistance, scratch hardness, and surface hydrophobicity. In these coatings,
SEM and AFM imaging showed a very fine distribution of fillers in the matrix studied.

This study was concentrated on the synthesis and characterization of coatings contain-
ing Sialon and AlN. Hybrid organic-inorganic coatings have been obtained by polymer-
ization of ultraviolet (UV) curable systems containing different contents of Sialon, AlN,
and bisphenol A diacrylate (Bis-AEA10). Photocuring kinetic analysis of UV-initiated pho-
topolymerizations of the acrylate system with and without fillers using photo-differential
scanning calorimetry (photo-DSC) was examined. Kinetic studies were complemented
by measurements of the formed thermal properties of the coatings and their selected
mechanical properties. This paper also presents the results of using a scanning electron
microscope (SEM) to study changes in the bulk morphology of the coatings. To the best of
our knowledge, there are no specific data on the photocuring behavior of systems contain-
ing Sialon and aluminum nitride. It is known that the incorporation of aluminum nitride
(aluminum solid nitride) into the composite significantly contributes to increasing stiffness,
thermal conductivity and reducing thermal expansion of the composites [18]. The chemical
properties of Sialon correspond to those of aluminum nitride (for example, it has a high
resistance to oxidation at elevated temperatures), so in this article we will compare the
influence of both fillers on physicochemical and thermal parameters. Our investigations
can help design polymer coatings containing Sialon and AlN for use in industrial sectors.

2. Materials and Methods
2.1. Materials

The monomer: ethoxylated bisphenol A diacrylate (Bis-AEA10, purity 96%, Scheme 1)
and the photoinitiator: 2,2-dimethoxy-2-phenylacetophenone (Irgacure 651) were kindly
donated by Sigma-Aldrich (Saint Louis, MO, USA). Bis-AEA10 is a highly reactive difunc-
tional diacrylate ester, which is polymerized by a common free radical initiator. The product
can be easily applied to wood and metal material and can provide chemical resistance and
corrosion resistance, increased external durability, and flexibility.
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Aluminum nitride (in the form of nanopowder with a particle size < 100 nm) and
Sialon (Al6N6O2Si, microsized) were purchased from Sigma Aldrich. The fillers were dried
at 110 ◦C for 2 h prior to use. Monomer/filler system containing 0–20 wt.% Sialon/AlN
and 0.2 wt.% of the photoinitiator were homogenized by ultrasonication for 3–22 h.

2.2. Viscosity

The viscosity of the composition was measured with a Brookfield RVDV-II + Pro
cone/plate viscometer with thermostat. Viscosity was measured at temperatures of 20, 25,
30, 40 and 50 ◦C and various rotational speeds of the cone (10–200 rpm).

2.3. Photopolymerization Kinetics

The curing kinetics were measured by DSC under isothermal conditions at 25 ± 0.01 ◦C
in a high purity argon atmosphere (<0.0005% of O2) using the Pyris 6 instrument (Perkin-
Elmer, Waltham, MA, USA) equipped with a specially designed lid for photochemical
measurements. The 2 mg samples were polymerized in open aluminum pans with diameter
of 6.6 mm. Polymerizations were initiated by the light from the Hamamatsu LC-L1 lamp
(365 nm, the light intensity in the sample pan was 2.75 mWcm−2). The photoinitiator
concentration was 0.2 wt.%. All photopolymerization experiments were conducted at least
in triplicate. For computations, the polymerization heat was taken to be 86 kJmol−1 per
double bond [19].

2.4. Thermal Properties

The glass transition temperature Tg was measured with a DSC instrument (DSC1
Mettler Toledo, Columbus, OH, USA) under a nitrogen atmosphere at a heating rate
of 20 ◦C/min. The 5 mg samples were scanned at a heating rate of 20 ◦C min−1 in a
temperature range from −40 to 110 ◦C (the sample was kept for 5 min at 110 ◦C and
−40 ◦C). Tg was evaluated from the second run of two separate DSC measurements.

Thermal resistance was investigated with a TG 209 F3 Tarsus thermogravimetric
analyzer (NETZSCH-Geratebau GmbH, Selb, Germany). The 10 mg samples were heated
in Al2O3 crucibles from 40 to 600 ◦C at a scan rate of 10 ◦C/min in a nitrogen atmosphere
(purge of 10 mL/min of N2 protection gas and 20 mL/min of N2 sample gas).

2.5. Mechanical Properties

The samples for mechanical tests were cured in a two-part stainless-steel mold. The
samples in the mold were covered with poly(ethylene terephthalate) foil. The BisEA10/filler
compositions were irradiated with the entire spectrum of the Dymax UV 5000 Flood lamp
for 300 s. Shore D hardness was measured according to DIN 53 505.

2.6. FTIR Analysis

Fourier-transform infrared (FTIR) spectra of the products were obtained using the
attenuated total reflectance (ATR) mode (a Nicolet 5700 equipped with a ZnSe crystal ATR
unit, Thermo Fisher Scientific Inc., Waltham, MA, USA and a Bruker Tensor 27 equipped
with a SPECAC Golden Gate diamond ATR accessory, Bruker Optiks GmbH, Ettlingen,
Germany). Spectra were recorded with a resolution of 4 cm−1 and an accumulation of
64 spectra.
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2.7. SEM

The morphology of all fillers and composite was investigated using a JEOL 7001F
scanning electron microscope (Akishima, Tokyo, Japan, SEI detector, 7 kV accelerating
voltage). Before measurement, small pieces of each sample were taken and placed on a
stub of metal with carbon adhesive tape and then covered with an ultrathin gold coating
applied to the samples by low-vacuum sputtering.

2.8. Surface Wettability

The water contact angle in the coatings was investigated using a sessile drop method
using the OCA 15EC contact angle goniometer (DataPhysics Instruments GmbH, Filderstadt,
Germany) at room temperature (approximately 25 ◦C) and with an accuracy ±0.01 mN/m.
Water droplets of 0.2 µL were deposited at ten random locations in the coatings for each
measurement. The droplet images were recorded and analyzed using the SCA shape
analysis software (SCA20, SCA21, DataPhysics Instruments GmbH, Filderstadt, Germany).

3. Test Results and Discussion

The SEM images are shown in Figure 1. Both AlN and Sialon samples have irregular
particles shapes. The particle size of AlN, as reported by the manufacturer, was <100 nm,
while the sizes were generally characterized as micrometric. However, the particle sizes of
both samples, measured by SEM, were much higher than those in the data sheets. Funda-
mental work on surface characterization of AlN nanopowders enabled an understanding
of the surface chemical structures and reactivity of AlN nanoparticles; as revealed, there are
hydroxyl and amine groups, as well as Lewis acid and base sites on the surface [20]. These
surface chemical features cause an inevitable agglomerated structure, as shown in the SEM
image (Figure 1). The SEM picture of the micro powder also shows also agglomerates
of Sialon particles. Both fillers have some carrot-like particles, with lengths up to a few
micrometers; however, in the case of aluminum nitride, nanometre-sized primary particles
are also present. The size distribution of AlN varies from 200 nm up of ~10 µm, however,
most of the sizes in the distribution are located approximately between 1.0 and 2 µm.

Coatings 2022, 12, x FOR PEER REVIEW 4 of 13 
 

 

Fourier-transform infrared (FTIR) spectra of the products were obtained using the 
attenuated total reflectance (ATR) mode (a Nicolet 5700 equipped with a ZnSe crystal ATR 
unit, Thermo Fisher Scientific Inc., Waltham, MA, USA and a Bruker Tensor 27 equipped 
with a SPECAC Golden Gate diamond ATR accessory, Bruker Optiks GmbH, Ettlingen, 
Germany). Spectra were recorded with a resolution of 4 cm−1 and an accumulation of 64 
spectra. 

2.7. SEM 
The morphology of all fillers and composite was investigated using a JEOL 7001F 

scanning electron microscope (Akishima, Tokyo, Japan, SEI detector, 7 kV accelerating 
voltage). Before measurement, small pieces of each sample were taken and placed on a 
stub of metal with carbon adhesive tape and then covered with an ultrathin gold coating 
applied to the samples by low-vacuum sputtering. 

2.8. Surface Wettability 
The water contact angle in the coatings was investigated using a sessile drop method 

using the OCA 15EC contact angle goniometer (DataPhysics Instruments GmbH, 
Filderstadt, Germany) at room temperature (approximately 25 °C) and with an accuracy 
±0.01 mN/m. Water droplets of 0.2 μL were deposited at ten random locations in the 
coatings for each measurement. The droplet images were recorded and analyzed using 
the SCA shape analysis software (SCA20, SCA21, DataPhysics Instruments GmbH, 
Filderstadt, Germany). 

3. Test Results and Discussion 
The SEM images are shown in Figure 1. Both AlN and Sialon samples have irregular 

particles shapes. The particle size of AlN, as reported by the manufacturer, was <100 nm, 
while the sizes were generally characterized as micrometric. However, the particle sizes 
of both samples, measured by SEM, were much higher than those in the data sheets. 
Fundamental work on surface characterization of AlN nanopowders enabled an 
understanding of the surface chemical structures and reactivity of AlN nanoparticles; as 
revealed, there are hydroxyl and amine groups, as well as Lewis acid and base sites on 
the surface [20]. These surface chemical features cause an inevitable agglomerated 
structure, as shown in the SEM image (Figure 1). The SEM picture of the micro powder 
also shows also agglomerates of Sialon particles. Both fillers have some carrot-like 
particles, with lengths up to a few micrometers; however, in the case of aluminum nitride, 
nanometre-sized primary particles are also present. The size distribution of AlN varies 
from 200 nm up of ~10 μm, however, most of the sizes in the distribution are located 
approximately between 1.0 and 2 μm. 

 
Figure 1. SEM images of the particles Sialon and AlN. 

3.1. Viscosity Test 

Figure 1. SEM images of the particles Sialon and AlN.

3.1. Viscosity Test

The viscosity of a UV-curable compositions is one of the most important parameters in
the production of coatings because it affects both the curing chemistry and polymerization
rate and is a fundamental factor in the correct application of the lacquer on the material
surface. Ethoxylated bisphenol A diacrylate is a difunctional acrylate monomer designed
for a wide variety of applications. BisEA10, which shows low odor and low volatility
monomer and is used in free radical polymerization. The viscosity of the composition is
crucial in the course of polymerization. Therefore, when preparing the composition of
new filler varnishes, it is necessary to pay particular attention to the type of filler and the
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amount of filler added, to obtain the desired viscosity of the composition [12]. Sialon is a
silicon nitride ceramic with a small percentage of aluminum nitride added; therefore, we
can say that Sialon are ceramic alloys containing the elements silicon (Si), aluminum (Al),
oxygen (O), and nitrogen (N).

The viscosities of the compositions are shown in Figure 2: (a) the BisEA10/Sialon com-
position; (b) BisEA10/AlN composition (at 25 ◦C) and (c) the dependence of the viscosity
on the filler content at the rotation speed V = 60 rpm. In our previous publication [12],
the 1.5 wt.% of the Sialon filler added to the varnishes slightly reduced the viscosity of
the composition, the larger amounts of Sialon (3 wt.% and 5 wt.%) increased the viscosity
of the composition by 11% and 20% (at 25 ◦C), respectively, compared to the viscosity of
the compositions without the filler. However, it was a mixture of other monomers with a
viscosity lower than that in the this publication. In the case of bisEA10 resin, the addition
of 5 wt.% Sialon caused the viscosity of the composition to increase by 91% (at 25 ◦C shear
rate ~60 rpm) and when the same amount of AlN was added, the viscosity of the composi-
tion increased by 38%. As can be seen, the composition viscosity increased with the filler
concentration, more than a threefold increase when compared to the monomer, indicating
a composition containing 20 wt.% of Sialon. Our coatings show some degree of pseudo-
plastic (shear-thinning) flow behavior. The non-Newtonian behavior of the formulation
may be caused by several factors, all of which are related to the structural reorganization
of the molecules of system due to the flow and formation of aggregates and clusters of
particles that increase the effective volume fraction of the filler in the system. Segregation
of different fillers and their quantity and size in the flow cause a shear thinning behavior
below the shear rate ~50 rpm. The increase in viscosity stems mostly due to the interfacial
friction between the fillers and between fillers and the dispersing medium. Due to Brown-
ian movement or interactions that induce relative motion of particles, the microstructure
can be rebuilt as the flow decreases or stops and, in some cases, forms a space-filling
structure network [21].
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3.2. Photopolymerization Kinetics

The conversion-rate curves for the photopolymerization of formulations containing
various amounts of Sialon and AlN are shown in Figure 3. Figure 3 shows the kinetic curves
of photopolymerization in the system Rp = f (p) (where p—is the degree of reaction, Rp—is
the rate of polymerization). The shape of the curves corresponds to the kinetic curve of
the polymerization of multifunctional monomers with immediate autoacceleration, the
occurrence of a maximum reaction rate (Rp

max), and subsequent deceleration. Rp
max appears

at ~20%–30% of double bond conversion. At this stage of the reaction, the termination
mechanism changes: from translational diffusion to diffusion of the reaction as the domi-
nant route [16]. The addition of each of the fillers influences the polymerization kinetics,
but increasing the filler content does not cause a monotonic trend in changes in Rp

max. This
parameter first increases and reaches the highest value (Figure 2c) for system containing
10 wt.% AlN; a further increase in the filler content slightly reduces the polymerization
rate. The analysis of the curves in Figure 3 indicates that the addition of AlN causes an
increase in the final bond conversion (pf) (Figure 3d). These results show that aluminum
nitride has a beneficial effect on the photopolymerization of the monomer used and may
suggest that the system mobility (which determines the pf value) also increases. This may be
related, among others, to the increase in viscosity of the composition after the introduction
of the filler (Figure 1). The termination rate coefficient is inversely proportional to the
viscosity of the polymerization mixture; therefore, the higher the viscosity, the higher the
reaction rate [13–15]. However, inhibition of polymerization with an aluminum nitride
concentration may be caused by light scattering by the filler.
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(a) monomer/Sialon, (b) monomer/AlN, (c) maximum polymerization rate Rp

maks, and (d) final bond
conversion (pf) for formulations at various filler content (in wt.%). The lines are guides for the eye.

Varnish compositions containing Sialon show a slightly different polymerization
process. The positive effect of Sialon is very slight, and the slowing-down effect dominates.
This is more apparent in Figure 2c showing the changes Rp

max of both compositions with
an increasing content of filler. It can be seen that the highest Rp

max value is achieved
by the composition containing 3 wt.% of Sialon addition. An additional increment in
filler concentration results in a reduction in the polymerization rate. Surprising results
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were obtained in the case of the pf. For fast polymerization reactions, as in the case of
photochemical initiation, an increase in rate entails an increase in the degree of conversion
as a result of a delay in volume relaxation relative to the chemical reaction. This also
corresponds to an increase in the pf value. However, pf also depends on the mobility of
the polymer chains (an increase in pf indicates an increase in chain mobility). Figure 3d
shows that Sialon addition affects the pf value causing the final bond conversion, but this is
independent of filler content. This may be related to the specific behavior of such a varnish
composition. The viscosity of the dispersion is determined by the interaction between the
filler and the varnish composition. The introduction of small amounts of Sialon reduces the
mobility of growing macroradicals, which can be adsorbed on the filler surface. In both
coatings, the final double bond conversion was high, in the range of 80%–95%.

3.3. Thermal and Mechanical Properties

The glass transition temperatures (Tg) of the polymer matrix depend on the free
volume of the polymer, which is associated with the relationship between the filler and the
polymer matrix [22]. A small amount of the fillers reduces the movement of the molecular
segments in bisEA10, and therefore the Tg of the coatings increased; this can be due to the
interactions between bisEA10 and the fillers (up to 5%), which appear to be strong enough
to increase the glass transition temperature. The results obtained suggest that the reduction
in the polymer chain mobility by AlN is stronger than that by Sialon. However, a higher
content of fillers shows a weak interaction between the particles and the polymer; therefore,
so as the free volume of the composites increased, Tg decreases. The positive effect of
Sialon at its 5 wt.% loading is very slight and the deceleration effect mainly dominates. The
results of mechanical measurements (hardness) of photopolymerized coatings are shown
in Figure 4b. Noticeably, the hardness of the coatings of the photocured varnishes increases
with increasing filler content by 15% (AlN) and 4% (Sialon), respectively, compared to
the neat photocured coatings. This proves that fillers have an important role in enhanced
UV-cured varnishes.
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The thermal stability can be estimated by TGA. Figure 5 demonstrates the weight loss
and DTG thermograms of the varnish composite when heated to 600 ◦C. The weight loss of
the system due to degradation is monitored as a function of temperature. The observed
weight loss below 100 ◦C was due to evaporation water, volatile substances, or components
of low molecular weight. The decomposition of the neat polymer appears in one main
stage; the cleavage of the main chain is probably the major degradation path. A weight
decrease between 100 and 500 ◦C is related to the decomposition of the organic group. The
selected characteristic thermal parameters were the temperature of 10% (T10%), 50% (T50%)
weight loss, and the maximum degradation rate temperature (Tmax) (Table 1). From the
TGA curve, it can be seen that the thermal stability of the coatings filled with Sialon and
AlN was initially better than that of the pure matrix. For coatings without fillers, the onset
temperature is 398 ◦C, while for coatings containing Sialon/AlN it increases to 400–403 ◦C.
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It is worth mentioning that the presence of fillers leads to a slight enhancement of the
decomposition stage, but the main degradation reaction is delayed. The residual mass of
the pure matrix increases above the theoretical filler loading, suggesting that the fillers
slightly impede diffusion of gaseous decomposition products.
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Table 1. Results of the thermal decomposition of Coatings.

Sample Fillers Content [wt.%] Residue [%]
Weight Loss Temperature [◦C]

Tmax [◦C]
T10% T50%

- 0 4.51 398.7 425.8 423.0

Sialon

5 12.30 400.1 429.0 479.0

10 16.63 404.1 432.0 427.7

15 23.02 400.1 433.2 427.1

20 24.89 403.1 433.9 426.9

AlN

5 11.14 397.7 427.7 426.7

10 19.74 403.2 432.0 477.8

15 20.26 400.0 433.2 479.0

3.4. FTIR-ATR Spectra

Figure 6 shows the FTIR-ATR spectra of the matrix and polymer coatings containing
Sialon and AlN particles. The spectra of polymer are typical of polyacrylates with char-
acteristic absorption peaks at 1718 cm−1 obtained from stretching vibration C=O and at
1100 cm−1 derived from the stretching bond C-O-C. The absorption band in the range
of about 3200–3600 cm−1 corresponds to the vibrations of –OH groups present in one of
the resins used. In filled coatings, the most visible and wide absorption band for AlN
was noticed at 698 cm−1, the spectrum showed a broad peak at 800 cm−1 in both cases
results from Al−N stretching vibration. The extensive band at 3200 cm−1 corresponded to
the N−H stretching vibrations of NH2 groups, which is also related to the NH2 band at
1543 cm−1. We cannot observe residual absorption of the C=C bonds at 1636 cm−1 indicat-
ing complete conversion of the acrylate functions. This observation is consistent with the
measurements of pf (Figure 3d). AlN fillers are responsible for one strong and broad band,
which peaked around 720 cm–1, according to with data [23]. The peak at this wavelength
widens and enlarges in polymer composites as the filler content increases. In coatings
containing Sialon, there is an increase in absorption peaks in the range: 600–800 cm–1 with
filler content. Absorption between 600 and 800 cm–1 is due to the Si–O, Al–N, and Al–O
bonds in the sample. Absorption at 1040 cm–1 in Sialon filler, which indicates the presence
of SiN4 tetrahedra in the structure. The presence of filler in the compound is revealed by
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the increase in the absorbance of bands in the range 1200–1500 cm−1 (peak overlapping)
and in 600–825 cm−1 according to the increase in the filler content (Figure 6c). There are
no displacements of the absorption peaks are observed, which confirms that the possible
interactions of fillers with the polymer are fairly small.
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Figure 5. TGA and DTG curves for coatings containing: (a) Sialon, (b) AlN. 

3.4. FTIR-ATR Spectra 
Figure 6 shows the FTIR-ATR spectra of the matrix and polymer coatings containing 

Sialon and AlN particles. The spectra of polymer are typical of polyacrylates with 
characteristic absorption peaks at 1718 cm‒1 obtained from stretching vibration C=O and 
at 1100 cm‒1 derived from the stretching bond C-O-C. The absorption band in the range of 
about 3200–3600 cm‒1 corresponds to the vibrations of –OH groups present in one of the 
resins used. In filled coatings, the most visible and wide absorption band for AlN was 
noticed at 698 cm‒1, the spectrum showed a broad peak at 800 cm‒1 in both cases results 
from Al‒N stretching vibration. The extensive band at 3200 cm‒1 corresponded to the N‒
H stretching vibrations of NH2 groups, which is also related to the NH2 band at 1543 cm‒

1. We cannot observe residual absorption of the C=C bonds at 1636 cm‒1 indicating 
complete conversion of the acrylate functions. This observation is consistent with the 
measurements of pf (Figure 3d). AlN fillers are responsible for one strong and broad band, 
which peaked around 720 cm–1, according to with data [23]. The peak at this wavelength 
widens and enlarges in polymer composites as the filler content increases. In coatings 
containing Sialon, there is an increase in absorption peaks in the range: 600–800 cm–1 with 
filler content. Absorption between 600 and 800 cm–1 is due to the Si–O, Al–N, and Al–O 
bonds in the sample. Absorption at 1040 cm–1 in Sialon filler, which indicates the presence 
of SiN4 tetrahedra in the structure. The presence of filler in the compound is revealed by 
the increase in the absorbance of bands in the range 1200–1500 cm−1 (peak overlapping) 
and in 600–825 cm−1 according to the increase in the filler content (Figure 6c). There are no 
displacements of the absorption peaks are observed, which confirms that the possible 
interactions of fillers with the polymer are fairly small.  
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3.5. Cross-Sectional Surface Morphology

The polymer matrix and the polymer composite containing the fillers had a smooth
surface (Figure 1; surface on the first photograph) due to the fillers being covered by the
polymer layer. Therefore, in order to investigate whether there is a good dispersion of fillers
in the polymer matrix, SEM images of the cross-sectional surface of the samples (Figure 7)
were taken.

SEM images show homogeneously distributed Sialon and AlN particles in the coatings
for all filler contents; however, the materials of the coatings show large size nonspecific
structures with rough surfaces and different shapes. Additionally, comparing the arrange-
ment of Sialon and AlN fillers in the bulk, one can find a better dispersion and smaller
particle size of AlN than Sialon in matrix. The AlN particles can be seen to be distributed
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throughout the polymer matrix and this distribution was more uniform at higher filler con-
tent. The presence of the voids that appear in the photographs of the cross-sectional surface
of the material is due to the fact that these specimens have been broken and there are still
some holes left from the filler. This shows that the interactions between the filler and the
polymer are not too strong and that the fillers are only “plugged” into the polymer matrix.
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3.6. Contact Angle

The hydrophilic or hydrophobic character of the surface of the coating material can be
evaluated by measuring the contact angle (θW). In our study, this parameter enabled the
evaluation of changes in the hydrophobicity of the polymer matrix. The contact angle results
are presented in Table 2. The contact angle determining surface wettability is the primary
parameter that characterizes the shape of a droplet on a solid surface. The wettability can
be explained as a characteristic controlled by intermolecular interactions that characterize
the degree of wetting of the solid surface by a drop of liquid. When the surface of the solid
is hydrophilic, θW will be lower than 90◦, a hydrophobic material has θW greater than 90◦;
θW values of the pure coatings are approximately 69◦. The addition of both fillers changes
the surface wettability. After the addition of 20% fillers, the wetting angle of the matrix
increases above 90◦, resulting in coatings with hydrophobic surface properties. This is
highly desirable for varnish coatings as it reduces the adhesion of dust. As should be noted,
coatings containing Sialon show a slightly better non-wetting property. In consequence,
products coated with the varnishes can be used longer and it is easier to remove impurities
from them [12].
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Table 2. The image of contact angle θW.

Fillers Content
[wt.%] - Contact Angle [◦] θW

0 -

θW = 69◦
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4. Conclusions

This work presents the results of an investigation of coatings based on poly ethoxylated
bisphenol A diacrylate filled with Sialon and AlN. The polymer coatings were obtained by
photopolymerization. The following main conclusions can be taken from the research:

• The addition of both types of fillers to the composition strongly influenced the pho-
topolymerization rate and the viscosity of the photocurable composition.
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• The addition of 20 wt.% Sialon and AlN increased the contact angle of the samples
by approximately 40% and 31%, respectively, resulting in coatings with hydrophobic
surface properties.

• The AlN filler embedded in the matrix reinforced the polymer (hardness) than Sialon,
which was associated with better interaction between AlN and the polymer. The
presence of fillers led to a slight enhancement of thermal stability of the coatings.

The research carried out will expand the knowledge on acrylate matrix polymer
coatings containing Sialon and AlN. Modification of the properties of the studied materials
may significantly contribute to a discovery of new applications for polymeric coatings with
silicon-aluminum oxynitride and AlN obtained by the photopolymerization method.
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