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Abstract: Polyoxymethylene (POM), polypropylene (PP), and poly(methyl methacrylate) (PMMA)
have been blended with adhesive-grade ethylene vinyl acetate (EVA), propylene elastomer (VMX),
isobutylene–isoprene rubber (IIR) and an acrylic block copolymer (MMA-nBA-MMA). The blends
were prepared using a two-roll mill and injection molding. The mechanical properties of the blends,
such as tensile strength, tensile modulus, elongation at maximum load, and impact resistance, were
investigated. The water contact angle, melt flow rate (MFR), and differential scanning calorimetry
were ascertained to evaluate the blends. The blend samples exhibited the following properties:
all POM/EVA blends showed reduced crystallinity compared to neat POM; the 80% PMMA/20%
MMA-nBA-MMA blend showed improved impact resistance by 243% compared to the neat PMMA.
An antiplasticization effect was observed for POM/EVA 1% blends and PMMA/EVA 1% blends,
with MFR reduced by 1% and 3%, respectively. The MFR of the PP/IIR 1% blend increased by 5%,
then decreased below the MFR near the polymer for the remaining IIR concentrations.

Keywords: PMMA; PP; POM; elastomer; blend; mechanical properties; thermal properties

1. Introduction
1.1. Enhancing POM with Elastomers

POM is a high-performance engineering thermoplastic widely recognized for its supe-
rior mechanical properties, which include high strength, stiffness, excellent dimensional
stability, and resistance to wear and abrasion [1–4]. These attributes, along with its low
friction and good chemical resistance, make POM an ideal material for a wide range of
applications, particularly in injection molding processes. The ability of POM to melt uni-
formly and flow well into molds facilitates the production of high-volume, intricate parts
with tight tolerances [5]. As a result, injection-molded POM parts are commonly found
in automotive powertrains, appliances, medical devices, industrial equipment, and more.
Typical components include gears, rollers, bushings, sprockets, cams, fasteners, nozzles,
and shaft couplings [6]. Despite its advantageous properties, POM has some shortcomings,
such as low-notch sensitivity, poor heat resistance, and prohibitive costs, which limit its
application scope [7]. Consequently, modifying POM resin to expand its applications and
improve its processing technology has been a significant research focus in recent years [8].
Various elastomers, including polyolefin elastomer (POE) [9], thermoplastic polyurethane
(TPU) [2,10,11], ethylene propylene diene terpolymer (EPDM) [12], and acrylics [13,14],
have been studied for their effects on POM blends. Modifying POM with elastomers such
as EVA presents both opportunities and challenges. EVA, with its low-glass transition
temperature, can effectively absorb impact energy, making it a suitable impact modifier for
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POM, especially at low temperatures [12]. The modification of POM with EVA has been
found to influence parameters such as the melt flow index, tensile tests, surface resistance,
contact angle, as well as thermal properties of the resulting blend [8]. EVA may also serve
as a copolymer compatibilizer in POM blends [12,15–17]. The introduction of EVA or
EBA into POM/EPDM blends has notably enhanced impact resistance [12,18]. However,
achieving the significant toughening of POM at room temperature requires well-dispersed
elastomer particles with a critical interparticle distance. Additionally, good compatibility
and interfacial adhesion between POM and the elastomeric modifier are crucial for effective
toughening [19]. While modifying POM with elastomers like EVA can improve impact
toughness, challenges such as reduced strength and rigidity, poor antistatic performance,
and limitations in solvent and high-temperature resistance must be addressed. Research
on elastomer-modified POM blends highlights the potential for enhancing the mechanical
properties of POM through elastomer incorporation. By carefully selecting elastomers,
optimizing blend compositions, and refining processing conditions, it is possible to improve
the toughness, impact resistance, and low-temperature performance of POM blends.

1.2. Enhancing PP with Elastomers

PP is a versatile thermoplastic polymer known for its exceptional mechanical proper-
ties, chemical resistance, and ease of processing [20–25]. PP exhibits high tensile strength
and modulus, making it suitable for applications that require good load-bearing capacity
and dimensional stability. The polymer’s semi-crystalline structure, resulting from the
regular arrangement of methyl groups along the backbone, contributes to its excellent
stiffness and rigidity.

Isotactic polypropylene (iPP) is a semi-crystalline thermoplastic polymer with a reg-
ular structure where all the methyl groups are oriented on the same side of the polymer
backbone. This stereoregular arrangement allows iPP to crystallize, resulting in high me-
chanical strength and chemical resistance [26–28]. The properties of iPP can be tailored
by controlling the molecular weight, molecular weight distribution, nature of the crystal
phase, and atactic content during polymerization [29,30].

It finds applications in consumer goods, industrial products [31], the automobile in-
dustry [25,32], and furniture manufacturing [33]. Used for interior trims, bumpers [34], and
under-the-hood components due to its adequate impact resistance in ambient temperatures,
heat resistance, and cost-effectiveness [35], PP fibers find use in concrete reinforcement [36].
Despite its numerous benefits, the application of PP is constrained by its limited fracture
toughness, especially at low temperatures [37–41]. The impact resistance of PP is commonly
improved using blending or dynamic vulcanization with elastomers like EPDM [42,43],
ethylene-octene elastomers [44], EVA [45], or propylene-based elastomers [46,47]. Ther-
moplastic vulcanizate (TPV) PP/EPDMs are commonly used in the automotive industry.
Both their strength and elasticity may be improved by introducing nucleating agents [48].
Vistamaxx polymers, primarily composed of isotactic propylene repeat units with a random
ethylene distribution, are notable for their compatibility and performance enhancements in
various applications with high filler loading [37,49,50]. The presence of isotactic propylene
segments allows Vistamaxx polymers to be highly compatible with other polyolefins, such
as PP and polyethylene (PE). This enables the creation of blends with improved properties,
as demonstrated using Vistamaxx as an impact modifier in high-flow thermoplastic poly-
olefin (TPO) compounds based on homopolypropylene and impact copolymers [46,51,52].

1.3. Enhancing PMMA with Elastomers

PMMA is widely recognized for its versatility across various sectors, including automo-
tive, construction, lighting, and biomedical applications, due to its outstanding properties,
such as high strength, stiffness, and biocompatibility. PMMA is favored for automotive
components due to its transparency, excellent injection molding properties, chemical resis-
tance, superior weatherability, favorable acoustic qualities, robust mechanical properties,
and cost-effectiveness [53–55]. Its high light transmittance and resistance to UV light and
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chemicals are beneficial for creating functional surfaces and optical devices [56–58]. How-
ever, PMMA is known to be brittle at room temperature, with a low elongation at break
(~5%), which limits its applications.

Efforts to enhance the toughness of PMMA often involve melt blending with vari-
ous types of rubber, including natural rubber, TPU, an EVA copolymer or a core–shell
approach involving compatibilizers [59–63]. This process aims to improve the material’s
resilience without significantly compromising its inherent properties and can substan-
tially increase its toughness, with notable improvements on impact resistance. Acrylic
triblock copolymers (i.e., Nanostrength®—Arkema, Colombes, France and Kurarity™—
Kurashiki, Okayama, Japan), consisting of PMMA hard-blocks and poly(n-butyl acrylate),
or poly(n-butyl acrylate/2-ethylhexyl acrylate) soft-blocks, are an alternative to PMMA for
applications requiring high toughness and optical transparency [64–66]. They share many
similarities to styrenic block copolymers as the toughness of acrylic triblock copolymers
is determined by the soft-block concentration [64]. Nevertheless, mechanical properties,
particularly the strength and stiffness, of resilient acrylic triblock copolymers exhibit con-
siderably lower values in comparison to commercially available PMMA grades, especially
rubber-toughened PMMAs. KURARAY has succeeded in designing the perfect living
polymerization of nBA using a Lewis base combined with di-phenoxyalkyl aluminum
(LA system) [67–69]. “Kurarity ™” acrylic block copolymers, synthesized using the LA
system, are pure PMMA-b-PnBA-b-PMMA triblock (MnBM) copolymers consisting of the
sequential polymerization of MMA, nBA, and MMA [68].

The polymer blocks of Kurarity™, namely PMMA and PnBA, exhibit the compatibility
or miscibility with traditional polar polymer materials. When employed as an additive
in rigid materials, Kurarity™ fulfills various functional roles, including serving as an
impact modifier, softening agent, fluidity enhancer, and adhesion enhancer. Kurarity™
finds application in PMMA, polybutylene terephthalate (PBT), polylactic acid (PLA), and
polyvinyl chloride (PVC). In instances where the composite material comprises soft or
elastomeric substances such as the styrenic thermoplastic elastomer, TPU, or soft PVC,
the incorporation of “KURARITY™” can lead to enhancements in paintability and the
adhesion properties of the material [68].

The aim of this work was to develop and evaluate the effects of blending adhesive-
grade resins with commercial polymers, specifically POM, PP, and PMMA, to enhance
their mechanical properties for injection molding applications. This research focuses on
evaluating the effects of these blends on tensile strength and impact resistance, thermal
and surface properties, blend miscibility, and melt flow rate. By integrating adhesive resins,
the goal is to improve the toughness, processability, and overall performance of these
polymers, thereby broadening their potential industrial uses. Although the toughening
effects of elastomers on thermoplastic resins are known, the effects of adhesive resins
on the properties of engineering thermoplastics used in the current study has not been
investigated before.

2. Materials and Methods
2.1. Materials

The PP, specifically the Moplen HP648T grade (melt flow rate 53 g/10 min (230 ◦C/2.16 kg),
density 0.90 g/cm3 (23 ◦C)), was acquired from Basell Orlen Polyolefins (Poland). The
IIR, specifically the BK-1675N grade (Mooney viscosity 47–57 MU ML 1 + 8 (125 ◦C),
density 0.92 g/cm3), was acquired from Konimpex (Poland). The propylene elastomer
(VMX), specifically the Vistamaxx 8880 grade (viscosity 1200 mPas at 190 ◦C, density
0.88 g/cm3), was acquired from Biesterfeld (Poland). The PMMA, specifically the Altuglas
VML100 grade (melt flow rate 14.5 g/10 min (230 ◦C/3.8 kg), density 1.18 g/cm3)), was
acquired from Trinseo PLC (Berwyn, PA, USA). Poly(methyl methacrylate-butyl acrylate-
methyl methacrylate) (MMA-nBA-MMA), specifically Kurarity LA3320 (MFR 31 g/10 min
(190 ◦C/2.16 kg)) was acquired from Mitsui (Skarbimierz, Poland). EVA, specifically Rep-
sol P40055 (MFR 55 g/10 min (190 ◦C/2.16 kg), was acquired from Torimex (Konstan-
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tynów Łódzki, Poland). POM, specifically Tarnoform 300 grade (melt flow rate 9.0 g/10
min (190 ◦C/2.16 kg); density 1.41 g/cm3), was acquired from Azoty Tarnow™ (Tarnów,
Poland).

2.2. Methods
2.2.1. Blend Preparation

The blends were prepared using a laboratory two-roll mill ZAMAK MERCATOR WG
150/280. Prior to blending, the base polymer and the modifier were dried at 55 ◦C/24 h.
A portion of 800 g of the base polymer was heated until melting, and then the secondary
polymer was added until a binary blend was obtained with a concentration of 20% by
weight (based on the weight of the entire system). The temperature of the rolls was set to
220 ◦C for PMMA, 210 ◦C for POM, and 200 ◦C for PP blends. The roll mill speed was set
to 15 rpm. The nip was set to 0.5 mm initially and then increased gradually to 3 mm as the
material was added. The blends were mixed for 15 min, including rolling with a spatula
and passing the rolls endwise at least 5 times. The resulting blend was then shredded using
a SHINI SG-1417-CE mill. Both the blend and neat polymer were dried at 55 ◦C/24 h before
injection molding. The obtained blend was reground with a concentration of 20% by weight
and was diluted with neat base polymer granules to the final concentrations of 1.0, 2.5, 5,
10, and 20% by weight, respectively. The granule–regrind mix was mechanically agitated to
ensure even distribution. Both the regrind and neat polymer granules exhibited similar size
to ensure there was no separation in the hopper after mixing. Standardized specimen type
1A and type B for mechanical tests were obtained according to ISO 20753:2019-01 [70]. The
samples type A1 were injected using an Engel e-victory 170/80 injection molder machine.
The temperature profiles were 215 ◦C, 225 ◦C, 225 ◦C, 205 ◦C, and 40 ◦C on the nozzle,
front, center, rear, and feed zone, respectively. The pressure profile was set to 850 bar at
0 s, 1000 bar at 6 s, and 200 bar at 8 s. The injection volume was 32.5 cm3, and the total
cycle time was 50 s. Type B specimens for impact tests with dimensions of 80 × 10 × 4 mm
(length × width × thickness) were obtained by mechanical shaping from the middle section
of injected samples of type A1.

2.2.2. Water Contact Angle Measurement

The water contact angle (WCA) was performed using the sessile drop technique
under standard ambient temperature and pressure conditions, using a Krüss DSA100
goniometer (Krüss, Hamburg, Germany) in accordance with the ISO 19403-2:2017 [71].
Each sample underwent three distinct measurements, employing a 5 µL water droplet for
each measurement, and subsequently, the outcomes were averaged to reduce the influence
of surface irregularities.

2.2.3. Melt Flow Rate Measurement

The effect of the modifier addition on the mass flow rate (MFR) was also determined.
Measurements were conducted with a Haida plastometer (RD824 model), according to the
ISO 1133 standard [72]. For PP and POM, the temperature was maintained at 190 ± 0.5 ◦C,
while for PMMA, the temperature was 230 ± 0.5 ◦C, and the piston load applied was
2.16 kg. The sample was cut using an automatic cutter; for MFR determination, 5–10 cuts
were used, and imperfect extrudates were discarded.

2.2.4. Mechanical Properties Measurement

The samples for tensile tests were injected into type 1B dumbbell specimens according
to ISO 527-1:2019 [73], respectively. Tests of the obtained specimens were performed on
a universal testing machine INSTRON 5969 with a maximum load force of 50 kN. The
testing machine was not equipped with an extensometer. The traverse speed for tensile
measurements was set at 2 mm/min. The Charpy impact test was conducted in accordance
with the ISO 179-1 standard [74] (samples without notches). The tests were performed using
an Instron Ceast 9050 instrument equipped with a pendulum hammer with a maximum
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energy of 25 J. Seven measurements were made for each tested material, with the two most
extreme values excluded.

2.2.5. Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) analysis was conducted employing a NET-
ZSCH204 F1 Phoenix calorimeter (Selb, Germany). Samples weighing 5 ± 0.2 mg were
loaded into aluminum crucibles with punctured lids. The experiments were conducted
under a nitrogen atmosphere within a temperature range of −60 ◦C–220 ◦C and at a heating
and cooling rate of 10 ◦C/min in accordance with the ISO 11357-1:2023 standard [75]. DSC
was conducted on reference samples and blends with a 10% concentration to identify
characteristic phase transitions and changes occurring in the samples.

3. Results and Discussions
3.1. Rheology

The melt volume flow rate (MVR) or melt flow rate (MFR) is an important characteristic
of the flow properties of polymeric materials. It is an assessment of the average molecular
mass and is an inverse measure of melt viscosity; in other words, the higher the MFR, the
more the polymer flows under test conditions [76]. The MVR test is a quick and convenient
way of analyzing the effect of additives and fillers on the flow of modified materials as well
as batch-to-batch flow variations. This simple analysis is widely used in the industry as a
quality control test.

All additives, except for IIR, exhibited a higher MFR than the corresponding modified
resin. As seen in Figures 1–3, the obtained results correspond to the expectation that the
MFR of the resulting blends should be an intermediate between the base and the modifying
resin [77,78]. Contrary to expectations, PMMA and POM blended with EVA exhibited
anti-plasticization effects at concentrations of 1–2.5%, as depicted in Figure 1.

Generally, as the temperature increases, the macromolecular polymer chains exhibit
higher mobility. This leads to decreased melt viscosity and increased MFR [15]. IIR exhibits
higher viscosity than PP and may not be easily dispersed using low-shear equipment.
Therefore, the droplets of the rubbery phase may have formed a coarse morphology
affecting the flow. It is a known phenomenon that in rubber/PP blends, the morphology is
governed by breakup/coalescence during mixing [79,80].
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3.2. Mechanical Analysis

In the context of designing new engineering materials, determining fundamental
strength parameters such as impact resistance and tensile strength is crucial. The mechanical
properties of neat polymers differ significantly from those of the blends and composites
made with them. In this study, a series of mechanical tests were conducted on POM,
PMMA, and PP polymer samples with various additives, including EVA elastomer, MMA-
nBA-MMA copolymer, IIR, and VMX. Introducing an elastomeric component with high
ductility and plasticizing characteristics into the presented polymer matrices resulted in a
decrease in tensile strength as the mass proportion of the additive increased. The tensile
and Charpy impact test results are shown in Table 1.
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Table 1. Mechanical properties summary table.

Sample Name Concentration (%) Rm (MPa) E (MPa) ε (%) KIC (kJ/m2)

POM/EVA

0.0 59.00 ± 0.48 1819 ± 36 10.46 ± 0.15 314.13 ± 14.66
1.0 58.27 ± 0.17 1862 ± 43 9.91 ± 0.17 348.00 ± 15.07
2.5 55.96 ± 0.79 1871 ± 27 9.67 ± 0.23 322.39 ± 7.50
5.0 52.36 ± 1.19 1721 ± 59 9.67 ± 0.13 311.72 ± 11.25
10.0 45.93 ± 1.03 1611 ± 46 9.84 ± 0.19 260.40 ± 15.31
20.0 35.28 ± 0.34 1288 ± 17 10.25 ± 0.10 175.38 ± 12.39

PMMA/EVA

0.0 66.05 ± 1.46 2922 ± 38 3.55 ± 0.25 20.35 ± 0.71
1.0 65.78 ± 1.61 3172 ± 39 2.87 ± 0.14 18.40 ± 0.92
2.5 60.92 ± 2.81 3031 ± 59 2.73 ± 0.23 18.50 ± 1.11
5.0 61.22 ± 1.72 2843 ± 60 3.29 ± 0.35 19.38 ± 0.38
10.0 54.26 ± 2.56 2492 ± 58 3.33 ± 0.51 22.16 ± 1.66
20.0 43.79 ± 0.71 1897 ± 28 4.19 ± 0.23 26.64 ± 4.82

PMMA/MMA-
nBA-MMA

1.0 63.74 ± 0.70 2909 ± 30 3.38 ± 0.10 21.31 ± 0.70
2.5 61.37 ± 4.16 2808 ± 28 3.43 ± 0.43 22.04 ± 0.96
5.0 60.30 ± 1.46 2729 ± 50 3.30 ± 0.55 22.23 ± 1.11
10.0 59.38 ± 1.83 2688 ± 60 3.68 ± 0.31 22.27 ± 1.53
20.0 32.49 ± 5.70 1424 ± 272 5.77 ± 1.19 49.49 ± 7.64

PP/IIR

0.0 34.21 ± 0.60 1324 ± 14 8.63 ± 0.16 93.96 ± 4.23
1.0 33.34 ± 0.72 1301 ± 37 8.09 ± 0.18 53.52 ± 2.85
2.5 32.11 ± 0.94 1273 ± 51 7.68 ± 0.19 42.95 ± 7.03
5.0 32.04 ± 0.80 1271 ± 56 8.15 ± 0.25 54.27 ± 8.16
10.0 26.37 ± 0.57 1257 ± 35 6.84 ± 0.15 39.04 ± 2.10
20.0 28.62 ± 4.36 1204 ± 97 7.13 ± 0.59 45.56 ± 6.14

PP/VMX

1.0 34.00 ± 0.28 1331 ± 26 8.70 ± 0.18 100.82 ± 15.71
2.5 33.87 ± 0.66 1280 ± 48 8.83 ± 0.26 119.53 ± 3.59
5.0 32.84 ± 0.55 1206 ± 23 9.33 ± 0.25 15.62 ± 3.27
10.0 30.08 ± 0.76 1068 ± 37 9.71 ± 0.32 17.72 ± 4.87
20.0 27.23 ± 1.99 1099 ± 23 6.15 ± 0.73 38.28 ± 9.70

The results indicate that both tensile strength (Rm) and Young’s modulus (E) generally
decrease as the concentration of the secondary component increases across all polymer
blends. Elongation at break (ε), while showing minor fluctuations, tends to either decrease
or stabilize with higher concentrations of the secondary component. For fracture toughness
(KIC), the PMMA/EVA and PMMA/MMA-nBA-MMA blends exhibit an increase in im-
pact resistance at specific concentrations (Figure 4), whereas the POM/EVA, PP/IIR, and
PP/VMX blends display a general decrease. These findings suggest that the mechanical
properties of the polymer blends are significantly influenced by the concentration of their
components and their miscibility, affecting their suitability for different applications based
on the desired mechanical performance.

In both POM/EVA blends, the tensile strength and impact resistance exhibit a linear
decrease with the increasing elastomer content (Figures 5 and 6). This is attributed to the
decrease in the degree of crystallinity with the increasing content of the elastomer, as shown
by thermal analysis. Related results showing a decrease in mechanical properties were
reported by Galeja et al. and Uthaman et al. [8,12].
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The tensile strength of PMMA/EVA decreases gradually from 63.74 to 32.49 MPa
with the increasing EVA content. The addition of the elastomer is expected to reduce the
maximum load and stiffness of the blends. Surprisingly, the impact resistance decreased
at EVA loadings <5% but was higher than the reference at higher loadings. The general
trend is consistent with the results of similar blends of PMMA/EVA (29% VA) obtained by
Poomalai et al. [81]. However, in this study, EVA (40% VA) reduces impact resistance at
low concentrations.

The blend of the MMA-nBA-MMA block copolymer with PMMA exhibited an impact
resistance of 49.49 kJ/m2 at a 20% concentration, which is a 243% improvement compared
to the neat resin’s value of 20.35 kJ/m2. However, the blend gradually lost transparency
with the addition of the block copolymer. Similar effects have been observed in PS/SEBS
miscible blends [82]. The impact resistance of PS was improved to be over 2-fold at a 13%
SEBS concentration. The dissipation of energy during impact testing by the soft block was
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possible due to the miscibility between the hard block of the block copolymer and the main
component of the blend.
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The tensile strength of PP blends decreases with the addition of both IIR and VMX.
The possible immiscibility between polymers, as well as the difference between elastic
moduli, causes the dispersed rubber particles to act as a filler, which does not transfer the
mechanical force effectively. The impact resistance was expected to increase [83]; however,
due to big viscosity mismatch between both phases and an insufficient shear during mixing
phase, a coarse blend might have resulted in obtaining inferior impact resistance. The
addition of 2.5% of VMX improved the impact resistance from 93.96 to 119.53 kJ/m2;
however, a higher concentration resulted in a brittle material with low impact resistance.
In contrast to the improved results obtained with the elastomeric VMX grades obtained by
Yang et al. [47], the adhesive grade VMX showed a decrease in impact resistance.

In all investigated blends, apart from PMMA/MMA-nBA-MMA blends, the reduced
mechanical properties are caused by the poor miscibility of the blend components, which
results in a poor interphase adhesion and force transfer between phases. The elastomeric
component effectively acts as a filler, and due to smaller elastic moduli compared to
the plastomer phase, the dispersed elastomer may be effectively treated as a void in
the plastomer matrix. In the case of PMMA/MMA-nBA-MMA blends, good miscibility
between MMA blocks and the PMMA phase was expected. This was evidenced by an
increase in impact resistance. Due to appropriate miscibility, the impact energy may be
efficiently distributed and dissipated in the nBA blocks, increasing the impact resistance of
the blends.

3.3. Water Contact Angle

Water contact angle analysis was conducted to evaluate the surface properties of both
the base polymers and their blends and to investigate the effect of varying component
ratios on these properties. Modifying hydrophilic/hydrophobic properties is crucial to
the design of new materials with desirable surface properties, especially in the context of
applications where moisture resistance is important, such as in the packaging and chemical
industries. The results of water contact angle measurements are shown in Table 2. The
base polymers, i.e., POM, PMMA, and PP, exhibited a water contact angle of less than
90◦, indicating their hydrophilic nature. However, a WCA value of 88.3◦ for PP is close
to hydrophobic properties. Incorporating EVA into both POM and PMMA resulted in a
reduction in the WCA, indicating a shift towards more hydrophilic properties in these
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blends. This effect is particularly pronounced in the POM/EVA blends. The water contact
angle decreased as the EVA content in the materials increased, which is likely related to the
presence of polar vinyl acetate (VA) groups in the EVA structure [84]. The introduction of
MMA-nBA-MMA into PMMA had a minor impact on increasing the contact angle of the
materials. The slight change in the contact angle may be attributed to similarities in their
chemical structures and the good compatibility between them. For PP/IIR blends, gonio-
metric analysis revealed that the water contact angle remained relatively constant at lower
concentrations (0–5%), ranging between 87.9◦ and 88.3◦. This suggests that the surface
structure of the material did not undergo significant changes within these concentration
ranges, thereby maintaining consistent surface properties. However, at higher concentra-
tions (10% and 20%), a notable decrease in the water contact angle to 81.4◦ and 80.2◦ was
observed, which may be attributed to changes in the blend. PP/VMX blends demonstrated
higher hydrophobicity compared to the base PP. The water contact angle values for these
blends exceeded 90◦, indicating a shift towards more hydrophobic properties. The increase
in the contact angle ranged from 1.9◦ to 4.4◦ over the base sample, underscoring the impact
of VMX on the surface characteristics of the blends. The incorporation of Vistamaxx into
polypropylene, which contains nonpolar isotactic propylene repeat units with randomly
distributed ethylene segments, preserved or enhanced the overall hydrophobicity of the
material. The analysis of contact angles, thus, provides crucial insights into the surface
behavior of polymer blends, guiding the design of materials with targeted properties
for various industrial applications. By adjusting the component ratios, it is possible to
fine-tune the balance between hydrophilicity and hydrophobicity, thereby optimizing the
performance of the resulting materials for specific functional requirements.

Table 2. Results of water contact angle analysis.

Water Contact Angle [◦]

Sample
Name/Concentration [%] 0 1 2.5 5 10 20

POM/EVA 79.0 ± 1.0 78.5 ± 1.0 76.1 ± 1.5 77.5 ± 3.0 68.4 ± 2.0 69.8 ± 3.5
PMMA/EVA 78.3 ± 1.0 71.6 ± 3.0 72.6 ± 2.0 75.2 ± 1.5 73.6 ± 1.0 75.1 ± 2.0

PMMA/MMA-nBA-MMA 78.3 ± 1.0 78.5 ± 2.0 79.3 ± 1.0 81.4 ± 3.0 80.0 ± 1.5 80.7 ± 2.0
PP/IIR 88.3 ± 0.5 88.3 ± 1.0 87.9 ± 0.5 88.0 ± 1.0 81.4 ± 3.0 80.2 ± 2.0

PP/VMX 88.3 ± 0.5 91.7 ± 1.0 90.2 ± 1.0 92.7 ± 2.0 92.1 ± 0.5 92.3 ± 1.5

3.4. Differential Scanning Calorimetry (DSC)

The melting temperature (Tm), crystallization temperature (Tc), and glass transition
temperature (Tg) were determined from the second measurement cycle using DSC (Table 3).

Table 3. Thermal properties based on DSC analysis.

Sample Tg [◦C] Tc [◦C] Tm [◦C] Degree of
Crystallinity [%]

PP - 123.1 164.0 35.8
PP/IIR - 122.9 163.7 38.5

PP/VMX - 122.2 163.8 35.9
POM - 144.9 168.2 42.3

POM/EVA - 144.8 167.0 33.4
PMMA 100.6 - - -

PMMA/EVA 100.2 - - -
PMMA/ MMA-

nBA-MMA 101.3 - - -

For PP and its blends (Figure 7), an endothermic peak was observed from which the
melting temperature TmPP = 164.0 ◦C and the crystallization peak TcPP = 123.1 ◦C were deter-
mined. In the case of the blends, no significant changes were noted (TmPP/VMX = 163.8 ◦C,
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TmPP/IIR = 163.7 ◦C, TcPP/VMX = 122.2 ◦C, TcPP/IIR = 122.9 ◦C). Additionally, the glass tran-
sition temperature (Tg), expected to occur below −20 ◦C, was not observed in the blends,
which might be due to the insufficient concentration of VMX or IIR in the samples. The
crystallinity of the composites was determined based on DSC curves (Table 3). Both for the
reference polymer and blends, the level of crystallinity was similar and ranged from 35% to
39%. The crystalline phase fraction was calculated using Equation (1).

Xc =
∆Hm

∆H0
m × ωi

× 100% (1)
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Xc—degree of crystallinity, ∆Hm = enthalpy of melting of the tested material; ∆H0
m = enthalpy

of melting of a completely crystalline substance, assuming PP—209 J/g [85]; and ωi = weight
fraction of polymer.

Based on the DSC curves, characteristic phase transitions were determined for POM,
including the melting temperature (Tm) and crystallization temperature (Tc) (Figure 8). For
the unmodified polymer, phase transitions occurred at temperatures of 168.2 ◦C (Tm) and
144.9 ◦C (Tc), respectively. Similar to PP-based blends, no significant changes in tempera-
tures were observed for POM/EVA (Tm = 167.0 ◦C; Tc = 144.8 ◦C). The crystallinity was
calculated according to Equation (1), assuming that for a neat polymer (100% crystalline),
the enthalpy of melting would be 326 J/g [86]. The determined crystallinity of the unmodi-
fied polymer was found to be 42.3%, whereas the addition of an elastomer (EVA) resulted
in a decrease in the degree of crystallinity by 8.9 (Table 3). This indicates that the presence
of EVA has a notable impact on the crystalline structure of the polymer blend, leading to a
reduction in its overall crystallinity.
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The DSC curves of poly(methyl methacrylate) (PMMA) and its blends (Figure 9)
indicate the presence of a single endothermic peak corresponding to the glass transition
temperature (Tg). For unmodified PMMA, the Tg is 100.6 ◦C, while for the PMMA/EVA and
PMMA/MMA-nBA-MMA blends, the Tg values are 100.2 ◦C and 101.3 ◦C, respectively. It
was observed that the Tg for each system was similar, indicating good miscibility between
the base polymer and additives. This suggests that the introduction of additives did
not significantly affect the glass transition temperature, implying thermal stability in the
investigated systems.
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4. Conclusions

Engineering thermoplastics were blended with adhesive-grade elastomers to improve
their toughness without compromising their inherent desirable properties. In the case of
POM/EVA blends, an increase in the elastomer content resulted in a decrease in both tensile
strength and modulus, which was attributed to a reduction in crystallinity. Despite these
reductions in strength and rigidity, the toughness of the material improved significantly,
demonstrating a beneficial trade-off. An addition of 10–20 wt % of EVA may be added to
POM to improve its impact resistance at the cost of reduced tensile strength. For PMMA
blends, the impact resistance may be improved by 243% compared to neat resin by adding
20% of P(MMA-nBa-MMA); however, the transparency of the blends will be reduced, which
is consistent with the results reported in [64]. In the case of PP blends, the tensile strength
decreased, though the impact resistance was initially improved by the addition of VMX.

The melting and crystallization temperatures of the base polymers did not change
with the addition of elastomers; however, a decrease in crystallinity was observed in the
POM blends. The blends of PMMA showed good miscibility between the base polymer
and the modifying resins.

The hydrophobicity of PP/VMX blends was increased compared to the neat PP, mak-
ing them more resistant to moisture; however, any addition of VMX decreased the me-
chanical properties of PP. Conversely, POM/EVA and PMMA/EVA blends became more
hydrophilic, enhancing their ability to interact with moisture. This shift in hydrophilic
and hydrophobic properties can be advantageous depending on the specific application
requirements, such as in moisture-sensitive environments. The melt flow rate (MFR) of
the blends generally increased with the addition of modifying resins, which suggests an
improvement in processability. However, the addition of EVA led to anti-plasticizing effects
at lower concentrations, where the material exhibited reduced flowability despite the pres-
ence of an elastomeric additive. This underscores the importance of carefully controlling
the concentration of additives to achieve the desired balance between flow characteristics
and mechanical properties.
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