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Abstract: This study evaluated the effect of stearyl methacrylate addition on the physical and
mechanical properties of bisphenol A glycidyl methacrylate- and triethylene glycol dimethacrylate-
based polymers, which are traditionally used in dental applications. Methacrylate-based monomer
compositions are polymerized under the visible blue light spectrum. An analysis of double bond
conversion, surface microhardness test, three-point bending test and water sorption and water
solubility were tested to determine the physical and mechanical properties of the dental polymers.
The results indicated that stearyl methacrylate addition up to 25 wt% reduced the water sorption of
the polymers. At amounts of stearyl methacrylate higher than 25 wt%, the solubility of the polymer
in water increases due to the monofunctional structure. Mechanical properties are negatively affected
by the increasing stearyl methacrylate ratio. Further, the addition of stearyl methacrylate slightly
increased thermal stability. As such, the amount of stearyl methacrylate in a polymer composition is
critical for the optimization of its mechanical and physical properties. According to the results, the
amount of stearyl methacrylate has to be between 12.5-25 wt%.
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1. Introduction

Tooth hard tissue loss due to dental caries is a common problem in oral health. Accord-
ing to the World Health Organization (WHO), the vast majority of children and all adults
worldwide have tooth decay [1]. Teeth play a significant role in human life, both physically
and psychologically. Healthy teeth ensure that food is chewed properly, while, on the other
hand, good-looking teeth have a positive psychological impact [2]. However, the ongoing
increase in life expectancy and changes in eating habits cause dental diseases to increase
day by day [3]. Accordingly, the reconstruction of dental hard tissue is becoming more
significant for oral rehabilitation. Restorative materials are used to replace the missing
hard tissue of the tooth. There is an interest in improving the properties of restorative
materials, such as their lifetime, mechanical and aesthetic properties [4]. Composites [5],
glass ionomer cements (GICs) [6], resin-modified glass ionomer cements (RMGICs) [7] and
polyacid-modified composites (compomers) [8] are dental restorative materials used for
different purposes. Compomers contain acidic groups in addition to methacrylate-based
monomers. The inorganic component also contains aluminosilicate glasses that can release
fluorine. After the restoration process, a limited amount of fluorine is released as a result
of the acid-base reaction between the glass component and the polyacid [9]. GICs are
an important type of dental restorative material that can continuously release fluorine.
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However, the colors of GICs are not compatible with the tooth and they wear easily due
to their poor mechanical properties. RMGICs have been developed to overcome the poor
mechanical and physical properties of GICs. These materials contain monomers in which
curing is achieved by photopolymerization, in addition to the curing reaction by acid-base
reaction in GICs [10]. The most widely used dental restorative materials are dental com-
posites. Composite materials are preferred for dental restorations instead of amalgams
due to their tooth-like appearance and biocompatibility [11]. Dental composites consist
of two distinct phases: an organic matrix and an inorganic reinforcement. The organic
phase comprises monomer mixtures and the inorganic phase generally comprises ceramic
particles. The surface of the ceramic particles is modified with a silane coupling agent to
be compatible with the polymer matrix [12]. Additionally, initiation systems are used for
the polymerization of matrix monomers [13]. In addition to good mechanical, physical,
thermal and tribological properties, dental composites have superior properties, such as
their biocompatibility, aesthetic appearance and antibacterial and nontoxic behavior [14].

Various types of dental composites are available commercially. Dental composites can
be divided into two groups, as self-curing and light-curing, in terms of curing mechanism
and are preferred according to the clinical need [15]. Polymer-based composites curable
with light are widely used as a filling for dental restorations. Photopolymerization has
become applicable with visible light, which is more environmentally friendly, with the
development of UV technology [16]. This development has led to the widespread use
of photopolymerization technology in microelectronics, 3D printing, coatings, adhesives
and dentistry [17]. In light-cured dental applications, methacrylate-based monomers
are generally used as a matrix resin and the resins are reinforced with silane-coupled
inorganic materials. Bisphenol A glycidyl methacrylate (Bis-GMA) and triethylene glycol
dimethacrylate (TEGDMA) are widely used as resins in commercial dental composites [18].
Each component of the matrix adds a different property to the composite. For example,
Bis-GMA provides rigidity and strength, while TEGDMA is used as a diluent [19]. Bis-GMA
has high viscosity due to hydroxyl groups and -7 interactions derived from the aromatic
ring. Its high viscosity negatively affects the processability of this monomer. For this reason,
low-viscosity TEGDMA is added to the composition to reduce viscosity and increase
processability [20]. In addition, the high viscosity of Bis-GMA leads to low reaction mobility
during photopolymerization [21]. Photopolymerization is the most effective method for
the polymerization of methacrylate monomers [22]. Dental composites contain initiator
systems for the initiation of photopolymerization. Initiators such as camphorquinone
(CQ) are commonly used in methacrylate-based monomers to initiate polymerization with
visible light. [23].

Dental composites have many superior advantages, but there are also many challenges
to overcome. Dental composite restorations need to be replaced over time for different
reasons. These include marginal defects, secondary caries, fractures and discoloration
of the restoration material [24]. A number of properties required in dental composites
such as low polymerization shrinkage, low water sorption (WS) and water solubility (SL),
conversion rate and mechanical strength directly affect the occurrence of these reasons.
For example, micro gaps due to improper placement or polymerization shrinkage, or
an increase in the surface roughness of the restorative material due to poor mechanical
properties, can lead to secondary caries [25]. Marginal defects and fracture are largely
related to the mechanical properties of restorative materials. Poor mechanical properties
seem to be directly or indirectly related to all of the causes of deterioration of restorative
materials. Therefore, the development of aesthetic materials with great mechanical proper-
ties has always been the main goal [26]. In addition to providing the necessary properties
such as mechanical strength initially, restorative materials must be able to maintain these
properties in a moist environment after restoration [27]. WS and SL are among the most
important factors that cause the properties of the composite to deteriorate over time. SL
is mainly caused by the release of unreacted monomers from composites to the aqueous
environment of the mouth. This can lead to increased bacterial growth, allergic reactions
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and low biocompatibility [28,29]. WS of the composite leads to deterioration of the me-
chanical properties of composites, and also negatively affects the aesthetic appearance
of dental restoratives [30-32]. Interactions of polymer chains are broken down due to
water uptake [33]. Furthermore, WS makes the polymer chain network more plastic, so
wear resistance and chemical stability of dental composite decrease. Polymer matrix—filler
interfaces are disrupted via hydrolysis. All these reasons cause deterioration of mechanical
properties of dental composites over time [34]. In addition, water molecules of small size
can diffuse into nano spaces between chains in polymers [35]. Hydroxy sides of polymer
chains react with water, leading to hydrogen bonding. This leads to an increase in water
uptake. Because of the hydroxyl groups of Bis-GMA and TEGDMA copolymers, these
copolymers behave more hydrophilic, and water uptake of these copolymers is relatively
high [36].

There are different studies in the literature that reduce the amount of water sorption.
In some of the studies, the reduction in water sorption was realized by modification of the
inorganic component, while in others the organic component was modified. The use of dif-
ferent reinforcements can reduce the water sorption of the composites [37]. The silanization
treatment applied to the reinforcing elements also influences the water sorption behavior.
The type and optimum amount of silane compound ensures minimum water sorption [38].
The amount of water sorption in composites also varies depending on the composite pro-
duction process. Studies have shown that the amount of water sorption increases if the
reinforcement process causes voids and decreases if no voids are formed [39-41]. It is also
seen that the hydrophilicity of the dental composite increases the amount of water sorption
of the composite [42,43]. In addition, water sorption and solubility in dental composites
are known to be strongly correlated with polymer amount, conversion rate and the amount
of unpolymerized monomers [44]. Water sorption is predominantly caused by the matrix
component of the composite. Therefore, it is important to carry out water sorption and
solubility studies with pure monomers in order to understand their behavior in the com-
posite [18]. In this study, it was aimed to reduce the amount of water sorption by adding a
hydrophobic monomer to the polymer composition. Stearyl methacrylate (SMA), which
has high hydrophobicity due to its long alkyl chain, was used as a hydrophobic monomer
in the study, which has not been tried in dental resins before. The effect of SMA on water
sorption, water solubility, flexural strength, flexural modulus and hardness was investi-
gated. Finally, thermogravimetry-differential thermal analysis (TG-DTA) was performed to
characterize the thermal behavior of the polymers. SMA also contains double bonds that
can react with double bonds of Bis-GMA and TEGDMA [45]. SMA is a mono-functional
monomer. Mono-functional monomers lead to the formation of more linear polymers
than multifunctional monomers, reducing the amount of crosslinking [46]. Therefore, the
addition of a mono-functional monomer causes a decrease in the mechanical properties
of the polymer structure obtained. However, secondary interactions arising from the long
alkyl chain in the monomers added to the composition are expected to have a positive
effect on the mechanical properties. It is thought that the mechanical improvement due to
the long alkyl chain of SMA can tolerate the deterioration in mechanical properties caused
by mono-functionality.

2. Materials and Methods
2.1. Materials

The methacrylate monomers used were Bis-GMA (Sigma-Aldrich, St. Louis, MO,
USA), TEGDMA (ACROS Organics, Waltham, MA, USA) and SMA (Sigma-Aldrich). All
chemicals were used without further purification. CQ (ACROS Organics) 0.5% by weight
and Ethyl 4-(dimethyl amino) benzoate (EDMAB) (ACROS Organics) 0.5% by weight were
used as the initiator and activator for all compositions.
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2.2. Preparation of Resins

Four resins were prepared by compositions presented at Table 1. The resins were pre-
pared by the same route. First of all, the Bis-GMA and TEGDMA were stirred mechanically
in the determined ratios. Then SMA was added at the weight ratios of 0%, 12.5%, 25%
and 37.5% to prepare SMA-0, SMA-12.5, SMA-25 and SMA-37.5, respectively and stirred
mechanically. Finally, for the photoactivation CQ and EDMAB were added to the mixture
at the weight ratio of 0.5 and stirred mechanically. The whole process was carried out in
ambient conditions. The SMA-0 was used as a control specimen. All the specimens were
cured by blue light with 400-500 nm wavelengths (Foshan YUYO, LY-B200, 1600 mw /cm?,
Foshan, Guangdong, China). All of the molds used in sample preparation were made of
stainless steel with two open surfaces.

Table 1. Composition of monomers mixtures used in this study.

Composition of Resins by Weight Percent (%)

Abbreviation
Bis-GMA TEGDMA SMA
SMA-0 50 50 0
SMA-12.5 50 37.5 12.5
SMA-25 50 25 25
SMA-37.5 50 12.5 37.5

2.3. Double Bond Conversion Test

The double bond conversion (DC) values of all the compositions were measured by
Fourier transform infrared spectroscopy (FTIR) (Spectrum 100, Perkin Elmer, Waltham,
MA, USA) with an attenuated total reflectance (ATR). The FTIR scans were made at 4 cm ™!
resolution between 650 and 4000 cm ™. Firstly, unpolymerized samples were measured
for all the compositions. Then, the samples were polymerized for 20 s with a light curing
device from both sides of the samples, and FTIR spectrums of the samples were measured
immediately after irradiation and one week after irradiation. Samples were kept in the
absence of light for one week. Five measurements were performed per sample. DC was
determined from the ratio of the aliphatic and aromatic C=C peak intensity at 1636 cm ™!
and 1608 cm !, respectively. Equation (1) was used for the calculation of DC.

(C= C) atiphatic/ (C = C) Avomatic) After Curing

DC=(1-
( (C=0) Alz’phatic/(c = C)Aromatic)BefOVf Curing

) % 100, (1)

2.4. Vickers Microhardness Test

For each composition, four specimens with a diameter of 15 mm and a thickness of
1 mm were prepared. The samples were polymerized with the light curing unit for 20 s
from each side of the mold. The microhardness values of each of the specimens were
measured after 24 h and 7 days (M1 C010, EMCOTest, Kuchl, Austria). Samples were kept
in the absence of light for one week. Five indentations were applied for each specimen and
the mean lengths of the indentations were measured. The microhardness was measured
with a load of 0.5 kg and 30 s. and obtained with the following Equation (2).

1854.4 x P
HV = —5—, (2)

where HV is Vickers hardness (kg/mm?), P is the load (grams) and d is the diagonal length
of indentations (um).

2.5. Three Point Bending Test

Ten specimens were prepared for all the compositions. A stainless-steel mold with a
size of 25 x 2 x 2 mm was filled by mixed pastes. The open faces of the mold were covered
with glass microscope slides. The pastes were polymerized with the light curing unit for
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20 s from each side of the mold. A 3-point bending test was applied to obtain the flexural
strength (FS) and flexural modulus (FM) of the polymerized samples (5581, INSTRON,
Norwood, MA, USA). For the 3-point bending test, a 20 mm span and 0.75 mm/min cross-
head speed, according to ISO 4049 [47], were used as the test parameters. FS and FM were
calculated from the following Equations (3) and (4).

3FI

FS = W' (3)
A

M= odn @)

where F is the maximum load (N), / is the distances between the supports, b is the width
of the specimens, d is the height of the specimens and h is the flexural extension at
maximum load.

2.6. Water Sorption and Water Solubility Test

The pastes in all compositions were filled into a stainless-steel mold with a diameter of
15 mm and height of 1 mm. The open faces of the mold were covered with glass microscope
slides. The pastes were cured for 20 s from each side of the mold. For all compositions, three
specimens were prepared. The specimens were dried in a desiccator until a constant mass
(m1) was obtained at room temperature. Then, the specimens were stored in distilled water
for 7 days at 37 °C. The excess water was removed from the surfaces and the masses of
specimens were weighed (m;). The wet specimens were dried in the desiccator again until
a constant mass (m3) was obtained at 37 °C. All specimens were weighed at an accuracy
of £0.1 mg. Water sorption (WS) and solubility (SL) were calculated from the following

Equations (5) and (6).
ws ="2" " (5)

v
_ mp —m3

sL=—1-= (6)

where v is the volume in cubic millimeters. The masses are in micrograms. WS and SL are
in micrograms per cubic millimeter.

2.7. Thermal Analysis Test

Thermal stability and decomposition steps of the samples were analyzed by
thermogravimetry-differential thermal analysis (TG-DTA, STA 449F3 Netzsch, Selb, Ger-
many). Thermal analysis was applied with a heating rate of 10 °C/min from 30 to 800 °C
temperature range in an air atmosphere with a flow rate of 30 mL/min.

2.8. Statistical Analysis

One-way analysis of variance (ANOVA) was used to analyze the test data. Tukey’s
post hoc test was applied to determine the differences between the groups. Paired samples
t-Test was used to determine the differences in microhardness values of the samples after
24 h and 7 days. The statistical significance level was set at o« = 0.05 for each analysis.

3. Results
3.1. Double Bond Conversion

DC values were given in Figure 1. The highest DC value was obtained with SMA-0
after curing. The after-curing DC values of SMA-12.5 and SMA-25 were decreased according
to SMA-0, but comparable with SMA-0. The DC value was dramatically decreased at the
SMA-37.5 sample. After a week, the DC values of all samples were increased. The highest
increase of DC values was obtained in the SMA-37.5. The increases of DC values were 3.7,
8.7, 28 and 225% for SMA-0, SMA-12.5, SMA-25 and SMA-37.5, respectively. After a week,
the highest DC value was obtained for SMA-25.
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Figure 1. Effect of SMA content on the double bond conversion.

3.2. Vickers Microhardness

As shown in Figure 2, when SMA was added to the control sample, the surface
microhardness (HV) of the samples decreased (p < 0.001). Decreases of HV were around
18-34% and 12-30%, respectively, at 24 h and 7 days, and were not linear. Maximum
decreases (34%) of hardness were obtained in the SMA-25. The HV of SMA-0 (p > 0.05),
SMA-12.5 (p < 0.001), SMA-25 (p < 0.001) and SMA-37.5 (p < 0.05) increased after 7 days
compared to 24 h. However, the obtained HV values of SMA-0 after 24 h and 7 days are
comparable (p > 0.05). The HV of SMA-25 was the lowest (p < 0.001) sample among all the
samples. SMA-12.5 and SMA-37.5 had comparable HV values (p > 0.05).
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Figure 2. Vickers microhardness (HV) of all the samples.

3.3. Three Point Bending

The results of flexural strength (FS) and flexural modulus (FM) of all samples are given
in Figure 3. The FS and FM values of the samples with SMA added were lower than the
control sample. The FS and FM of SMA-37.5 with the lowest values (p < 0.001) were less
than the FS and FM values of the control sample by 49% and 53%, respectively. All of the
FS values were statistically different (p < 0.001), except for SMA-0 and SMA-12.5 (p > 0.05).
The FM of SMA-0, SMA-12.5 and SMA-25 were comparable (p > 0.05). Only the FM of the
SMA-37.5 was statistically different (p < 0.001) from the others.
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Figure 3. Flexural strength (FS) and flexural modulus (FM) of SMA-0, SMA-12.5, SMA-25
and SMA-37.5.

3.4. Water Sorption and Water Solubility

The WS and SL results are summarized in Figure 4. The WS values of samples were
decreased with the addition of SMA. When 12.5, 25 and 37.5 wt% SMA was added to the
control sample, WS was decreased by 7, 28 and 26%, respectively. The lowest water sorption
was obtained at SMA-25. However, the WS of SMA-25 and SMA-37.5 were very similar.
SL of SMA-12.5 and SMA-25 decreased 73 and 43%, respectively. The SL of SMA-37.5
increased 6%. The lowest SL was obtained for SMA-12.5, and the SL values of the samples
were increased with an increase of SMA quantity.

SMA-0 | SMA-12.5 | SMA-25 | SMA-37.5
40.64 37.67

40 — — I ________________
2938 30.04

SL | WS | SL [ WS | SL | WS| SL | WS

Figure 4. WS and SL of experimental resins: SMA-0, SMA-12.5, SMA-25 and SMA-37.5.

3.5. Thermal Analysis

Figure 5 shows the TG curves of the SMA-0, SMA-12.5, SMA-25 and SMA-37.5 samples.
DTG and DTA curves were added to the graphs to better show the mass changes depending
on temperature. Details about TG-DTG curves are given in Table 2. The SMA-0, SMA-12.5,
SMA-25 and SMA-37.5 samples are stable up to 231, 232, 236 and 242 °C, respectively.
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Figure 5. TG/TDA-DTG curves of SMA-0, SMA-12.5, SMA-25 and SMA-37.5.

Table 2. Temperatures and mass loss amounts of thermal stages obtained from TG/DTA-TGA curves.

e First Second

Volatilization e ... .

Samples Ste Decomposition = Decomposition Units

P (FD) (SD)

25-231 231-482 482-653 °C

SMA-0 16 78.6 19.8 Am/%
25-232 232490 490-669 °C

SMA-12.5 18 79.6 18.6 Am/%
25-236 236-486 486-676 °C

SMA-25 18 77 212 Am/%
25-242 242-508 508-686 °C

SMA-37.5 27 75.7 216 Am/%

4. Discussion

The development of new dental polymers is crucial for maintaining the comfort of life
disrupted by dental disease. The longevity of dental restoratives is highly correlated with
the stability of the polymers used as matrix elements in dental composites. Additionally,
the stability of polymers is closely related to low water sorption. Enhancing hydrophobicity
through the addition of a hydrophobic monomer in the polymer formulation is one of the
most important ways to decrease water sorption [48]. For this purpose, SMA is added to
Bis-GMA-TEGDMA formulations, as shown in Table 1.

SMA is a monofunctional monomer. According to the literature, the presence of
monofunctional monomers in bifunctional monomers increases the DC [49,50]. In this study,
contrary to the literature, DC values decreased with SMA addition. In our formulation,
SMA was added instead of TEGDMA. So, as the amount of SMA increased, the amount
of TEGDMA decreased, which resulted in a relatively increased amount of Bis-GMA.
This caused a decrease in the DC values. This is because TEGDMA, with low viscosity,
enhances the reactivity of monomers due to the increase in mobility of monomers when
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it is added to Bis-GMA [51,52]. Further, the increase of high molecular weight monomers
in polymer compounds negatively affects the DC [53]. It was seen that all the DC values
were enhanced after a week. The polymerization reaction occurs in two stages. In the first
stage, called auto-acceleration, or the Trommsdorff effect, polymerization is high due to
high mobility of monomers. In the second stage, called the glass effect, the polymerization
reaction rate decreases due to crosslinking, the reaction being limited by diffusion [46,54,55].
Steric hindrances cause suppression of the first stage as they reduce the polymerization
rate [56]. The bulkiness of monomers reduces the polymerization rate at the first stage
due to low mobility as well [57]. These reasons lead to the suppression of the first stage
during polymerization and the second stage has a greater effect on the DC. The second
stage of polymerization can be effective for a longer time, and this is called the post curing
mechanism in the literature [58]. In our study, the relatively increased amount of Bis-GMA
with a high molecular weight and the bulkiness of SMA monomers resulted in a shortening
of the first polymerization stage. Accordingly, the addition of SMA caused a decrease in DC
values after curing, especially in the SMA-37.5 sample. Figure 1 shows that as the addition
of SMA increases, the amount of increase in DC values after one week also increases. This
shows that the post-curing mechanism becomes more effective as the SMA ratio increases.
Therefore, the highest DC value increase after one week was obtained in SMA-37.5.

It is clearly seen that the hardness of the samples is decreased with SMA addition. The
crosslinking density has a significant effect on the hardness of polymers. It can be said that
hardness is a measure of the crosslinking rate [59,60]. Increasing monofunctional monomers
in the polymer composition results in a decrease of crosslinking density [61]. Due to the
addition of the monofunctional SMA to the polymer composition instead of TEGDMA,
the crosslinking density of polymers decreased as expected, and thus the hardness of
the polymers decreased. After a week, the hardness of the samples increased. The other
effective parameter on hardness is DC [62]. As it can be seen in Figure 1, the DC values
of all the samples increased after a week. As such, the crosslinking density and molecular
weight of the polymers increased, and therefore the hardness of the samples after a week
was higher than the hardness of the samples after curing. According to Figure 2, hardness
values tend to decrease. Although it is lower than SMA-0, the hardness of the SMA-37.5
sample has a higher hardness than the SMA-25 sample, unlike its tendency to decrease.
At high SMA rates, SMA monomers can polymerize among themselves to form polySMA
independently of the Bis-GMA and TEGDMA. Therefore, the polySMA phase can occur
in the main polymer matrix, which consists of Bis-GMA, TEGDMA and SMA. This phase
can act as reinforcement by restricting the molecular mobility of the matrix polymer. The
hardness of SMA-37.5 may have increased as a result of restriction of the polymer chains.

As regards flexural strength and modulus, the values of SMA-0 and SMA-12.5 were
statistically similar. The increasing amount of SMA resulted in a decrease in flexural
strength and modulus. In this study, the concentrations of Bis-GMA and initiators were
kept constant for all samples. The SMA was added instead of TEGDMA. As such, the
concentration of TEGDMA decreased with increasing SMA concentration. It is known
that the high functionality of monomers causes a high reaction rate and crosslinking
density. So, it can be said that monofunctional monomers lead to low flexural strength and
modulus [63,64]. The addition of the monofunctional SMA decreased flexural strength and
modulus, as expected. The crosslinking density is a critical factor for mechanical properties.
At a low crosslinking density, polymers behave more flexibly and show low strength. In our
study, the SMA caused low crosslinking density because of its monofunctional structure.
Thus, flexural strength and modulus decreased.

According to Figure 4, the addition of SMA resulted in a decrease in water sorption.
Although WS decreased at SMA-12.5 and SMA-25, it increased at SMA-37.5 according to
SMA-25, but all values of WS are lower than SMA-0. The SL of the SMA-12.5 decreased
with SMA addition. The increase of SMA content resulted in the increase of SL. Blends of
Bis-GMA and TEGDMA are accepted as hydrophilic materials with considerably high WS
and SL [35]. One of the biggest disadvantages of TEDGMA is its high WS capacity [23]. The
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amount of WS is related to the chemistry of the polymer composition and the crosslinking
density and hydrophilicity of the polymer [34]. WS is low in polymers with high crosslink-
ing density [65]. The addition of monofunctional monomers like SMA to the polymer
composition may cause an increase in WS due to decreasing crosslinking density. However,
SMA has high hydrophobicity due to the long alkyl chain groups in its structure [45].
Therefore, SMA content at the hydrophilic Bis-=GMA TEGDMA polymer increased the
hydrophobic behavior of the polymer, although decreasing crosslinking density due to the
decreasing TEGDMA amount. When SMA content was increased to 37.5 from 25wt%, WS
did not decrease as expected. SMA dissolves in TEGDMA. Increasing SMA with decreasing
TEGDMA caused more SMA to be found, unreacted with crosslinking TEGDMA and Bis-
GMA monomers. Additionally, the possibility of SMA monomers reacting with each other
to form polySMA increases. As can be seen in Figure 4, SL values enhanced with increasing
SMA amounts. This may be caused by the release of polySMAs from samples. Increasing
SMA simultaneously increased the amount of polySMA, so SL enhanced with increasing
SMA amount. Released polySMAs cause micro-voids in the polymer. The lower WS values
could not be obtained at the SMA-37.5 sample due to micro voids which occurred related
to the release of polySMA.

Figure 5 shows that the addition of SMA slightly increases the thermal stability of
the polymers. In all samples, mass loss occurred in three stages. The first stage is the
volatilization stage (VS). The mass loss in the VS stage is due to the evaporation of moisture
on the sample surface and the combustion of uncured monomers. It is seen that the initial
mass loss in the SMA-37.5 sample is higher than the other samples. This is due to the
thermal degradation of polySMAs on the surface, which also leads to an increase in the
amount of water dissolution. The next stage is the first decomposition (FD) stage. The
addition of SMA changes the profile of the FD stage. With the addition of SMA, the mass
loss between 300-350 °C in the FD stage decreases, while the mass loss between 400—450 °C
increases. In the SMA-37.5 sample, the peak between 300-350 °C almost disappeared. In
this sample, the mass loss in the FD stage is mostly above 400 °C. In the SMA-0 sample, it
is seen that the mass loss occurs at the beginning of the FD stage. With the increase in the
addition of SMA, the effect of SMA, which has a long alkyl chain, on thermal properties
increased. It is thought that the addition of SMA monomer to the polymer increases the
thermal stability due to the increased physical interactions (Van der Waals bonds) resulting
from the long alkyl chain. Therefore, the addition of SMA delays the thermal degradation
of the polymer. The last stage is the second decomposition (SD) stage. The mass loss in the
SD stage is due to the degradation and oxidation of carbonaceous substances [66].

5. Conclusions

The addition of SMA up to 25 wt% to the TEGDMA and Bis-GMA mixture reduced
the WS value of the polymers. However, mechanical properties reduced with the increasing
SMA ratio due to the monofunctional structure of SMA. According to the results, the
amount of SMA is critical for the best composition. For high mechanical properties, the
SMA amount has to be lower than 25 wt%, and at the same time, it has to be higher than
12.5 wt% for lower water sorption. It is seen that the addition of SMA slightly increases the
thermal stability of the polymer obtained. SMA changes the thermal degradation profile of
the polymer.
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