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Abstract. In this study, the structure and properties of a terpolymer based on methyl
methacrylate (MMA), 2-ethylhexyl acrylate (2-EHA), and methacrylic acid (MAA)
were investigated. The chemical structure of the resulting material was determined
using infrared spectroscopy (IR). IR spectroscopy results showed that the terpolymer
contains carbonyl (C=0), ester (C—O—C), and methyl and methylene groups (—CHs,
—CHz2), confirming the formation of a terpolymer based on MMA, 2-EHA, and MAA
monomers. Furthermore, the surface morphology of the material was studied using
scanning electron microscopy (SEM). SEM micrographs revealed that the terpolymer
structure consists of layered aggregates, micropores, and particles of varying sizes.
This morphological structure can influence the physical and mechanical properties
of the polymer. The mechanical properties of the obtained copolymer samples were
also studied, including their tensile strength, elongation, and viscosity. The results
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revealed that the mechanical properties of the samples depend on their compositional
characteristics. The studies comprehensively characterized the structure and properties
of the MMA-2-EHA-MAA-based terpolymer, demonstrating its practical application.
Furthermore, the mechanical properties of the terpolymer samples were studied,
including their tensile strength, elongation, and viscosity. The results revealed that the
tensile strength of the samples ranged from 18.6 to 31.88 MPa, elongation from 20 to
60%, and viscosity from 610 to 1100 Hz. The study demonstrated that the structural
characteristics of the polymer significantly influence its mechanical properties. The
studies confirmed the chemical structure and morphological properties of the MMA-2-
EHA-MAK-based terpolymer, and the mechanical properties of the resulting materials
demonstrated their practical application.

Keywords: methyl methacrylate (MMA); ethylhexyl acrylate (EHA); methacrylic
acid (MAA); scanning electron microscope (SEM); infrared spectroscopy (IR)
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AnHoramusi: byn sxymeicta merunmerakpunar (MMA), 2-3THAreKCHIaKpUiaT
(2-OTI'A) xome wMetakpwi KbIIKbUIEI (MAK) HeriziHae ajblHFaH TEPIIOIUMEPIIH
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KYpBUTBIMBI MEH KAaCHETTepi 3epTTenfi. 3epTTey OapbIChIHIA albIHFAaH MaTepHalblH
XUMUSUIBIK KYPBUTBIMBI HH(PaKbI3bll criekTpockonust (MK) omici apKplibl aHBIKTaIAbL.
UK-criektp HoTHKENEpi cononuMep KypaMmbiHaa kapoonna (C=0), a¢uprik (C-O-C),
COHali-aK MeTHJ oHe MeTwieH tonTtapbiHblH (—CHs, —CH2) Gap ekeHiH kepcerTTi,
oyn MMA, 2-OI'A xoHe MAK MonoMmepsepi HeriziHae TepHoIMMEpAiH TY3UI1yiH
nonenaeiai. CoHbIMEH Karap MaTepHaiablH OeTki MOpQOIOrHsICh CKaHepIeyli
ANMEKTPOHIBIK MUKpockonust (COM) amici apkpuibl 3eprrenai. COM mukpocypertepi
COMOJMMEP/IH KYpBUIBIMBI KabaTTajfaH arperartapjaH, MHKpPOKEYEKTEpJICH >KoHe
OpTYpAi emmemeri OeIeKTepAeH TYPaThIHBIH KopceTTi. MyHaail MOp(hOIOTHsIBIK
KYpBUTBIM OJUMEPIiH (HU3UKa-MEXaHUKAJIBIK KAaCHETTEpiHE ocep €Tyl MYMKiH.
AJBIHFaH TEPHIOJIUMEp YITUIEPiHIH MEXaHUKAJIBIK KaCHeTTepi e 3epTTelil, OJapAblH
CO3bUTYy OEpIKTIri, CaJbICTBIPMAalbl Y3apybl JKOHE TYTKBIPJIBIFBI aHBIKTANAbl. OHBIH
HOTHXKeJepi OOMbIHIIA YATIIEPAiH MEXaHUKAIIBIK KOPCETKIIITEPl OIapIblH KYpaMIbIK
epeKUIeTIKTepiHe Toyenai eKeHi aHbIKTangsl. JKyprisiireH 3epTreyiep HOTHXKECiHAe
MMA-2-3I'A-MAK Herizinaeri TepnoiuMepi KYpbUIbIMBI MEH KaCHeTTepi KelIeH 1
TYpPZ€ CHUIATTAJIbIN, OHBIH NMPAaKTHKAJIBIK KOJJaHy MYMKiHAIri kepceringi. CoHbIMeH
Katap TEpHIojuMep YITUIepiHiH MeXaHMKalbIK KacHeTTepl 3epTTelil, OJapAblH
CO3bLTY OEpIKTIri, canbICTHIPMabl Y3apybl )KOHE TYTKBIPIBIFB aHBIKTAAbl. AJIBIHFaH
HOTHXeJep OoWbIHIIA YTrinepaid co3bury Oepikriri 18,6 — 31,88 Mlla, canbicTeipMatsl
y3apysl 20 — 60 %, an TyTKbIpabEsl 610 —1100 [ apanbiFbiHaa e3repeTiHi aHBIKTANIbI.
3eprTey HOTHXKEJEpi MOMMMEPAIH KYPBUIBIMIBIK €PEKIIENiKTepi OHbIH MEXaHHKaJIbIK
KacueTTepiHe alTapibIKTail acep ereTinin kepcetTi. XKyprizinren 3eprreynep MMA-2-
OI'A-MAK Herizinaeri TepnoiuMepIiH XUMUSUIBIK KYPBUIBIMBI MEH MOP(OIOTHSIBIK
epeKUIETIKTEePIH pacTabl )KOHE aJbIHFaH MaTepualIapiblH MEXaHUKAIBIK KacHeTTepi
oJap/IbIH TPAKTUKAIBIK KOJIJAHY MYMKIHJIITIH KOPCETETIHIH JIQMCIIC .

Tyiiin ce3nep: metunmerakpuiatr (MMA), stunrexcun akpuiat (O1°A), MeTakpu
kpIUKbIbl (MAK), ckanepneymi amekTpoHAbIK MuKpockon (COM), MHOpPaKbI3bLI
cnekrpockomnus (UK).

© Hypasi6aesa A.H.!, ’Kapasikanosa P.B.!, Tay6aesa P.C.!, Maruuszosa I.K.%,
Pycrem E.W**, 2026.

'"M.X. Tapa3ckuit yuusepcuret Jlynaru, Tapas, Kazaxcran;
“MexyHapoiHbIi yHUBepcHTET «AcTaHay, ActaHa, Kasaxcras;
*lOxno0-Kazaxcranckuit yauBepcutet uMeHn M.Aya30Ba, [lIsivkent, Kazaxcran.
E-mail: rustem_ergali@mail.ru

W3YUYEHUE ®U3UKO-XUMHUYECKUX U MEXAHUYECKHX CBOVICTB
AKPUJIOBOI'O TEPIIOJIMMEPA

Hypasi6aesa Aiima — PhD, acconnupoBanuslii npodeccop, Tapasckuii yansepcuter nm. M.X. lynaru,
Tapas3, Kazaxcran,

E-mail: rustem_ergali@mail.ru, https://orcid.org/0000-0003-1243-3068;

KapavikanoBa Po3a — k.T.H., accorumpoBaHHbIi npodeccop, Tapasckumit ynumBepcuter mm. M.X.
Hynaru, Tapa3, Kazakcran,

311



ACADEMIC SCIENTIFIC JOURNAL OF CHEMISTRY

E-mail: Ros61 2010@mail.ru, https://orcid.org/0000-0003-1243-3068;

Tay6aeBa Payman — PhD, accoumupoBannslii npogeccop, Tapasckuit ynusepcurer um. M.X. lynary,
Tapa3, Kazakcran,

E-mail: raushan.taubaeva@mail.ru, https://orcid.org/0000-0001-9772-2496;

MaruausizoBa I'yiacum — PhD, accounnpoBanHblii mpodeccop, ACTAaHHHCKUI MEXTyHapOIHbBIH
yHUBepcuTeT, Actana, KazakcraH,

E-mail: gulsim.matniyazova@mail.ru, https://orcid.org/0000-0002-6820-5219;

Pycrem Epranu Liiec6exyiibl — MarucTp TexHuueckux Hayk, OxHo-Ka3axcranckuil yHuBepcureT
umenu M. Ayazona, llIsivkent, Kazakcran,

E-mail: rustem-ergali79@mail.ru, https://orcid.org/0000-0002-1237-9711.

AHHoTanus: B tanHO# paboTe HccienoBaHbl CTPYKTYpa M CBOWCTBA TEPIIOTUMEpa Ha
ocHoBe Metunmerakpuiara (MMA), 2-stunrekcnnakpuiara (2-O1'A) n MmeTakpuiIoBoit
kucinotel (MAK). B Xome wuccienoBaHuss XHMMHUYECKash CTPYKTypa IOJyYEHHOTO
MaTepuaa onpeaesuiach MeTonoM nHbpakpacHou criekrpockonuu (MK). Pesynsrarst
HK-criekTpockonuy TOKa3ajlu, 4YTO COIOJIUMEp COACpKUT KapOoHuibHbie (C=0),
s¢upuble (C—O—C), a Taxke MeTUIbHBIE U MeTwieHoBble Ipynnsl (—CHs, —CH>), uto
MTOATBEPKAACT 00pa30BaHHME TEpIOJMMEpa Ha OCHOBe MOHOMEpOoB MMA, 2-OI'A u
MAK. Mopdornorust moBepxHOCTH MaTepuaia Oblia H3yuyeHa METOAOM CKaHUPYIOLIEeH
aneKTpoHHON MuUKpockorun (COM). MukpodoTorpaduu COM mokazaim, 4To CTPYKTypa
TeproiinMepa MpeJCcTaBleHa CIOUCTBIMU arperarami, MHUKpPOIIOpaMH M YacTHLAMU
Pa3NIMYHOrO pasMepa, YTO MOXKET OKa3blBaTh BIMSHHE Ha (DU3MKO-MEXaHHMUYECKHUE
CBOIicTBa MarepHasia. bbltn Takxke HccieIoBaHbl MEXaHHYeCKHEe CBOICTBA MOTyUYeHHBIX
00pa3LoB TeproimMepa, BKII0Yas IPOYHOCTD Ha Pa3phbiB, OTHOCUTEIBHOE YUIMHEHNE U
BS3KOCTb. YCTAHOBJICHO, YTO MEXaHMUECKHUE [10KA3ATENIHN 3aBUCAT OT KOMIO3ULIMOHHBIX
ocobeHHocTel Matepuana. [IpoyHocTs Ha pa3psiB Bapsupyetcs ot 18,6 1o 31,88 Mlla,
OTHOCHUTENBbHOE yIunHeHHe - 0T 20 110 60%, a Bs3kocTh - 0T 610 mo 1100 I'r. Pesynbrarst
HCCIIIOBAHUS MOKA3aJH, YTO CTPYKTYpHBIE OCOOCHHOCTH IOJHMMEpa CYIIECTBEHHO
BJIMAIOT Ha €ro MexaHW4yecKkue cBOWCTBA. IIpoBeaéHHbIC MccnenoBaHus MOATBEPANIH
XUMHUYECKYI0 CTPYKTYPY ¥ MOpP(]OJIOrHUecKHe XapaKTepUCTUKU TeproiuMmepa Ha
ocHoBe MMA-2-O'”A-MAK, a Taxxe npoJIeMOHCTPUPOBAIU MEPCHEKTUBHOCTH €r0
IIPAKTUYECKOTO IPUMEHEHUSI.

KuaroueBbie cioBa: wmerunmetakpunar (MMA); ostunrexcunakpunar  (OIA);
MetakpuiioBas kucinora (MAK); ckarupyrommii 25eKTpoHHBI MuKpockorn (COM);
nH(ppaxpacHas ciiekrpockonus (MK)

Introduction. This class of acrylic terpolymers is widely used in the production of
paints and varnishes due to the ability of the ethylhexyl acrylate component to provide
film elasticity, while methyl methacrylate is responsible for the hardness and resistance
of the coating to external influences (Singh, 2017). The introduction of fragments with a
low glass transition temperature into the copolymer structure allows for the adjustment
of the adhesion characteristics of the material, making it a promising binder for the
creation of highly effective pressure-sensitive adhesives (Korpimar et al., 2022). The
combination of these monomers also helps improve the film-forming properties and
operational durability of coatings in various climatic conditions (Boudraa et al., 2020).
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Modification of these systems with functional additives allows for further variation of
viscosity and crosslinking density, which is critical in the development of specialized
protective compounds with specified physical and mechanical properties (Mozelewska
et al., 2021). Optimization of the molecular weight distribution and ratio of acrylic
components ensures the formation of stable polymer matrices capable of maintaining
their strength properties when exposed to organic solvents and variable temperatures.
Furthermore, the use of ethylhexyl acrylate in the copolymer significantly reduces the
brittleness of the final product, preventing cracking under intense mechanical stress.
Current research focuses on the influence of various radical polymerization mechanisms
on the topology of molecular chains and the formation of graft copolymers. Particular
attention is paid to methods for controlling the hydrophilic-hydrophobic balance of
macrochains, which opens up broad possibilities for the targeted synthesis of polymers
with specified physicomechanical parameters (Dauitbayeva et al., 2021). Also of
significant interest is the integration of organofunctional silanes into polymer matrices,
which can significantly improve the adhesion properties of composites when in contact
with glass and silicon-containing substrates (Andre, 2022).

Literary review. Methyl methacrylate and ethylhexyl acrylate are key monomers in
the modern organic synthesis industry, forming the basis for a wide range of polymeric
materials with high transparency, mechanical strength, and thermal stability (Lapychak
et al., 2016). While methyl methacrylate is traditionally used in the production of
polymethyl methacrylate, ethylhexyl acrylate is widely used as a base component of
adhesives and elastomers, providing the necessary performance characteristics to the
final products (Yevlampieva et al., 2016). Due to its low glass transition temperature,
ethylhexyl acrylate is effectively used as a soft segment in thermoplastic elastomers,
imparting the required flexibility and durability to polymer matrices (Boudraa et al.,
2020). The combination of these monomers during copolymerization allows for fine-
tuning the physicochemical properties of the composites, expanding their application
range from high-strength engineering plastics to specialized adhesive systems
(Lapichak et al., 2016). In particular, the use of copolymers based on these components
enables the creation of highly effective adhesives for the electrical industry and the
production of protective marking materials. Studies of the thermodynamic parameters
of the interaction of such monomers with solvents play a critical role in optimizing
their polymerization processes, ensuring control over the molecular weight distribution
and purity of the final product (Serheyev, 2012). This paper examines the influence of
the chemical structure of these monomers on the enthalpy of mixing and the nature of
intermolecular interactions in solutions, which allows for a deeper understanding of
the mechanisms underlying the formation of polymer film properties (Serheyev, 2015).
Particular attention is paid to analyzing the influence of side-chain substituent polarity
on the kinetic characteristics of radical polymerization in various reaction environments
(Ezhilan and Varadhan, 2024). Comparative analysis of these systems allows us to
identify patterns in the influence of steric factors on the stability of active chain growth
sites. Experimental results confirm that the introduction of ethylhexyl acrylate units
into the methacrylate chain significantly reduces internal stresses in cured coatings,
increasing their resistance to atmospheric exposure (Singh, 2017).
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Methods and materials.

Synthesis of a terpolymer based on methyl methacrylate, 2-ethylhexyl acrylate
and methacrylic acid. The terpolymer based on MMA, 2-EHA and MAA monomers
was synthesized by the bulk polymerization method, by the radical polymerization
mechanism, in the presence of 2,2-azo-bis-isobutyronitrile (AIBN) initiator. The initial
monomer mixtures in the terpolymer composition were taken in the following volume
ratios: MMA-2-EHA-MAA = M1 (65-30-5), M2 (75-20-5) and M3 (80-15-5) wt.%.

A portion (10 ml) of all monomers (MMA-2-EHA-MAA) was poured into a round-
bottomed three-necked flask, then heated in a water bath at 60°C. When the water bath
reached a certain temperature, nitrogen or argon gas was introduced into the reaction
mass. The remaining volume of the MMA-2-EGA-MAK mixture was treated with the
initiator AIBN (0.1 g) and added dropwise for 4 hours at 65°C (approximately 12 ml/h),
and then synthesized at 80°C for 1 hour.

The resulting MMA-2-EHA-MAA terpolymer was dissolved in acetone,
reprecipitated first in methanol, then in diethyl ether several times, and dried in a
vacuum oven.

The main reaction for the synthesis of the MMA-2-EHA-MAA-based terpolymer
was demonstrated by conducting studies using physicochemical and physicomechanical
research methods in order to characterize the various properties of the copolymers
obtained with the following reaction mechanism.

Films based on terpolymer powder. To prepare these films, powders of the
synthesized MMA-2-EHA-MAK terpolymer in different ratios were dissolved in
methyl methacrylate (MMA) monomer at room temperature (25°C), and benzoyl oxide
was used as an initiator (BT content 0.1% by volume of copolymer and terpolymer).
When MMA monomer is added to the terpolymer chains, the polymer gradually melts,
turns into a viscous state, and its viscosity increases after a few minutes.

The films were obtained by pouring the resulting mixture into a special flat container
and drying at room temperature. The physicomechanical properties of the obtained
films were studied.

Results.

FTIR Analysis.

To determine the structure of the terpolymer based on MMA, 2-EHA, and MAA,
their IR spectra were recorded and studied (Fig. 1). The appearance of absorption bands
corresponding to the functional groups of the original monomer components is observed.

To confirm the chemical structure of the MMA-2-EHA-MAA-based copolymer,
infrared (IR) spectroscopic analysis was performed. The IR spectrum allows one to
determine the presence of polymer functional groups and their interactions within the
molecular structure. The spectrum shown in the figure displays several characteristic
absorption bands corresponding to the main functional groups of the copolymer.

A stretching vibration region characteristic of the MMA monomer was recorded
in the synthesized terpolymer; a broad absorption band at 3441 cm™ corresponds to
vibrations of the hydroxyl group (~OH). This signal indicates the presence of carboxyl
groups in methacrylic acid (MAA) or hydrogen bonds between polymer chains.
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Absorption bands at 2960 and 2875 cm™ correspond to symmetric and asymmetric
stretching vibrations of alkyl groups (—CHs and —CH:). These signals confirm the
presence of hydrocarbon chains of methyl methacrylate (MMA) and 2-ethylhexyl
acrylate (2-EHA) fragments.

A prominent absorption band at 1736 cm™ is characteristic of the stretching
vibrations of the carbonyl group (C=0). This signal is one of the main functional groups
characteristic of acrylate and methacrylate esters and indicates the presence of ester
groups in the terpolymer.

The absorption bands at 1463 and 1384 cm™ correspond to the deformation vibrations
of the methyl and methylene groups. These signals confirm the presence of hydrocarbon
structures in the polymer chain.

The absorption bands observed at 1242 and 1167 cm™ correspond to the stretching
vibrations of the ester bonds (C—O—C). These bands are characteristic of the structure of
acrylate and methacrylate esters.

Furthermore, the signals in the 990 and 960 cm™* regions correspond to vibrations
of vinyl fragments or hydrocarbon backbones in the polymer chain. Meanwhile, the
absorption bands in the 842 and 770 cm™ regions are characteristic of out-of-plane
deformation vibrations of hydrocarbon groups. The weak signal in the 593 cm™ region
may be associated with vibrations of the main chain in the molecular structure.

More specifically, the O-H group is observed in the range of 3441-3414 cm.
Stretching vibrations are found in the range of 1734-1736 cm™' for the C=0 bond, and
stretching vibrations are characteristic of acidic carbonyl and ester groups, while the
C—O-C bond is located in the range from 1242 to 1167 cm™'. Deformation vibrations
were recorded in the range of 1466-1384 cm™ for the CH, group, while an intense peak
of the CH, group was recorded in the region of 2960-2919 cm', and for the CH group,
in the range from 2875 to 2851 cm™' (Smith, 2023).
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Figure 1 — IR spectrum of MMA-2-EHA-MAA-based terpolymer, M1 (65-30-5),
M2 (75-20-5) and M3 (80-15-5) wt.%

SEM Analysis. The scanning electron microscope (SEM) method was used to
study the morphology of the terpolymer structure. SEM micrographs of the terpolymer
are presented in Figure 2. From the SEM analysis of the samples formed from the
terpolymer, it is observed that they differ somewhat in practice depending on the amount
of monomer. The nature of the monomer and the percentage of the initial monomers in
the mixture affect the morphology of the polymer particles. In this regard, as shown in
Figure 2, it was observed that the surface folds were observed with a decrease in the
MMA concentration, and with a decrease in the concentration of 2-EHA, folds were
formed due to the longer side chains, and as the concentration of MMA monomers
increased, the total number of pore-like spheres increased. It was found that the surface
layer of the terpolymer (M3) based on MMA and 2-EHA was thinner.

The obtained micrographs revealed that the copolymer surface structure is
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uneven and has a complex morphology. The first micrograph shows that the sample
structure consists of layered and lamellar aggregates. The polymer particles are tightly
interconnected, forming large aggregates. This structure is formed by the interaction of
polymer chains. Furthermore, the presence of small cracks and cavities in the surface
layer indicates a certain degree of porosity in the internal structure of the material.

The second micrograph shows a porous structure on the sample surface, consisting
of numerous micropores and small particles. This structure indicates that the micropores
form within the polymer matrix, and the particles are unevenly distributed. This porous
morphology can increase the surface area of the material and affect its physicochemical
properties.

The third micrograph shows a relatively dense and smooth structure. In this region,
the polymer layers are well interconnected, and the aggregates form large lamellar
structures. This morphology indicates high structural strength of the polymer (Bikiaris,
2013).

Figure 2 — SEM micrographs of MMA-2-EHA-MAA-based terpolymers, M1 (65-30-5), M2 (75-20-5)
and M3 (80-15-5) wt.%
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Determining the Viscosity of Powder Films. One of the important rheological
characteristics of polymer systems is their viscosity. Viscosity characterizes the internal
resistance of polymer solutions or dispersions to flow and depends on the length of
polymer chains, intermolecular interactions, and structural features of the system. The
viscosity index is an important parameter in assessing the processability of a material,
its film-forming ability, and its applicability. Viscosity is one of the most important
characteristics of acrylic polymers [190-191]. The viscosity of the acrylic polymer was
determined using a Brookfield viscometer. Standard method ASTM D4878 was used to
determine the viscosity of acrylic compounds. The viscosity of the MMA-2-EGA-MAK
copolymer was measured at 25°C and is shown in Figure 3.
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Figure 3 — Viscosity of Terpolymer Films in Different Ratios

The study determined the viscosity of MMA-2-EHA-MAA-based powder films. The
results revealed differences in viscosity between the samples. As shown in the diagram,
the viscosity of sample M1 was 1100 Hz, sample M2 was 840 Hz, and sample M3 was
610 Hz.

A comparative analysis of the results revealed a gradual decrease in viscosity between
the samples. The highest viscosity was recorded for sample M1. This indicates strong
interactions between macromolecules in the polymer system and tight bonding between
molecular chains. This structure increases the internal resistance of the solution to flow,
resulting in high viscosity.

The decrease in viscosity in samples M2 and M3 can be explained by increased
polymer chain mobility or weakening of intermolecular bonds in the system. In
particular, the lowest value (610 Hz) in sample M9 indicates that the polymer structure
is relatively more flexible, and the system's flow resistance is reduced.

Thus, the obtained results demonstrate that the viscosity properties of MMA-2-
EHA-MAA-based powder films depend on their composition and structural features.
Changes in the viscosity index allow one to evaluate the rheological properties of the
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polymer system and play an important role in determining the technological processing
of materials, as well as their practical application. It was found that the methyl group
in the terpolymer, i.e., the carboxylic acid, is dependent on changes in temperature and
polymer concentration, and the viscosity of acrylic compounds can be controlled using
these data (Deka, et al., 2020).

Determining the Tensile Strength of Powder Films. One important parameter
when assessing the mechanical properties of powder films is their tensile strength. This
parameter characterizes the load a material can withstand before failure under external
forces. Tensile strength depends on the structural properties of the polymer materials, the
interaction of macromolecules, and the density of the polymer network. The mechanical
properties of MMA-2-EHA-MAA terpolymer films with different ratios are shown in
Figure 4.

The study determined the tensile strength of MMA-2-EHA-MAA-based powder
films. The results showed that the tensile strength of sample M1 was 18.6 MPa, sample
M2 was 26.8 MPa, and sample M3 was 31.88 MPa. As the diagram shows, a gradual
increase in tensile strength was observed between the samples.

The highest value was recorded for sample M3, indicating the high mechanical
strength of this material. This phenomenon can be explained by increased interaction
between polymer chains, increased network density, or the strength of intermolecular
bonds. The relatively low value for sample M1 indicates a more flexible polymer
structure and lower network density.
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Figure 4 —Tensile Strength of terpolymer Films with Different Ratios

Thus, the study results demonstrated that the tensile strength of MMA-2-EHA-
MAA-based powder films depends on their compositional properties. This indicator
is important in assessing the mechanical stability of materials and determining their
practical applicability.
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According to the data obtained, the very high tensile strength is due to the presence
of carboxyl groups in the MAA monomer in the terpolymer, which act as an additional
crosslinking agent during film curing. The internal ionic center of the MAA monomer
contributes positively to the polymer's properties, forming hydrogen bonds and
significantly increasing the mechanical strength of the materials. Furthermore, the hard
MMA segment is known to be present as a physically pure substance, which is typically
associated with the strength properties of acrylic polymer (Boudraa, et al., 2020).

Determining the Relative Elongation of Films. One of the important parameters
characterizing the mechanical properties of powder films is their relative elongation at
break. This parameter characterizes the degree of elasticity of the material, its tensile
strength, and the freedom of movement of the polymer chains. The higher the relative
elongation, the greater the flexibility and plasticity of the material. In this terpolymer,
the relative elongation at break decreases, as shown in Figure 5.

The study determined the elongation of MM A-2-EHA-MAA-based films. The results
showed that the elongation of sample M1 was 60%, the highest among the samples
studied. For sample M2, this value was 45%, and for sample M3, it was 20%.

The results of this study demonstrate that the compositional characteristics of the
films significantly influence their mechanical properties. The high elongation of sample
M1 indicates the high flexibility of the polymer chains and their ability to move together.
Meanwhile, the decreased elongation values in samples M2 and M3 may be due to
increased rigidity of the polymer structure or the density of the network structure.

Thus, the studies demonstrated that the mechanical properties of MMA-2-EHA-
MAA-based powder films depend on their composition and structural characteristics.
The relative elongation index is an important parameter in assessing the elastic properties
of materials and allows determining their practical applicability (Mark, J. E. 2007).
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Figure 5 — Elongation of Terpolymer Films in Various Ratios

Discussion. When assessing the performance of polymeric materials, their
mechanical and rheological properties play an important role. In this regard, the
mechanical properties of powder films based on MMA-2-EHA-MAA, including tensile
strength and elongation at break, as well as rheological properties (viscosity), were
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studied. These parameters characterize the structural properties of polymeric materials,
intermolecular interactions, and their resistance to external influences. The study found
that the mechanical properties of films based on MMA-2-EHA-MAA vary depending
on the compositional characteristics of the samples. According to the data obtained, the
tensile strength of sample M1 was 18.6 MPa, sample M2 — 26.8 MPa, and sample M3 —
31.88 MPa. These results indicate a gradual increase in tensile strength between samples.
The highest mechanical strength was observed for sample M3. This phenomenon can
be explained by the strengthening of bonds between macromolecules in the polymer
system, as well as an increase in the density of the structural network. Strengthening the
interaction of polymer chains increases the material's resistance to external mechanical
loads.

The relative elongation at break showed an inverse trend between the samples.
According to the study results, the relative elongation in sample M1 was 60%, in sample
MBS it was 45%, and in sample M3 it was 20%. The highest relative elongation was
observed in sample M1, indicating the high elasticity of this material. This property may
be related to the free movement of the polymer chains and the relatively weak bonds
between them. The low relative elongation in sample M3 is explained by the increased
rigidity of the material's structure and the dense arrangement of the polymer network.
This situation demonstrates a pattern often observed in polymeric materials: as tensile
strength increases, relative elongation decreases.

Furthermore, the study determined the viscosity of powder films based on MMA-2-
EHA-MAA. According to the obtained results, the viscosity of sample M1 was 1100 Hz,
sample M2 was 840 Hz, and sample M3 was 610 Hz. The gradual decrease in viscosity
values may be due to increased macromolecular mobility in the polymer system or
weakening of intermolecular bonds. The highest viscosity was recorded for sample M1,
indicating a high level of interaction between the polymer chains and a high level of
internal resistance in the system.

Conclusion.

The conducted studies allowed for a comprehensive evaluation of the structural,
morphological, and mechanical properties of the MMA-2-EHA-MA A-based terpolymer.
IR spectroscopy results confirmed the chemical structure of the copolymer formed from
MMA, 2-EHA, and MA A monomers. Absorption bands characteristic of carbonyl, ester,
and hydrocarbon groups observed in the spectrum indicate the presence of acrylate and
methacrylate moieties in the synthesized polymer. This demonstrates the successful
formation of the chemical structure of the MMA-2-EHA-MAA terpolymer.

Scanning electron microscopy (SEM) results revealed that the surface morphology
of the terpolymer consists of a layered structure, micropores, and aggregated particles.
This morphological structure contributes to an increase in the surface area of the
material and can influence its physicochemical properties, adhesion, and mechanical
stability. Furthermore, the observed microporous structure can improve the functional
properties of the material. The results of mechanical and rheological studies showed that
the properties of MMA-2-EHA-MAA-based powder coatings are directly dependent on
their structural features. While sample M1 exhibits high elasticity and viscosity, sample
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M3 is characterized by high mechanical strength. These differences are explained by
the relative positions and bonding characteristics of the macromolecules in the polymer
system.

Thus, the obtained results demonstrate a relationship between the structure and
properties of MMA-2-EHA-MAA-based powder coatings. The properties of polymeric
materials can be specifically controlled by varying their composition and synthesis
conditions. The conducted studies allowed for a comprehensive assessment of the
physical and mechanical properties of the obtained materials and served as a basis for
determining their potential for practical application.
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