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Research of the influence of external factors on copolymers
based on unsaturated polyester resins

The article is devoted to the research of the influence of external factors on copolymers based on poly
(propylene fumarate phthalate) and acrylic acid. In this paper, the effect of organic solvents and pH of the
medium on the rate of swelling of synthesized copolymers is studied. The rate of polymer swelling depends on
many factors, including: the nature of the polymer and the solvent, the presence of electrolytes, changes in pH
and ambient temperature, the molecular weight of the polymer, and so on. It is assumed that the polymer
network of copolymers consists mostly of unsaturated polyester resin links. Research results show that the ratio
of monomer units in the copolymer significantly affects the susceptibility of the polymer gel to the pH of the
medium and the presence of organic solvents (DMSO, DMFA, ethanol). It is proved that changing the
properties of the comonomer allows you to obtain hydrogels that can swell or collapse due to changes in the
ionic strength or thermodynamic quality of the solution. By varying the ratio of comonomers of the links was
adjusted by the intervals of the swelling and compression of the polymer networks. The molecular weight of
poly (propylene fumarate phthalate)was determined by gel-penetrating chromatography. The identification and
composition of copolymers were determined by IR spectroscopy and HPLC, respectively.

Keywords: polypropylene fumarate phthalate, acrylic acid, radical copolymerization, polar organic solvents,
swelling, collapse, unsaturated polyester resin.

Introduction

Hydrogels are one of great interest in high-molecular compound research area in the recent decades,
because these polymers able to swell in water by a several values from the original volume. Ability to absorb
large amounts of water and bind dissolved low-molecular substances is a distinctive feature of these polymers.
The primary quality of these polymers is the possession of macromolecular segment chain having hydrophilic
properties of ionic and non-ionic or ampholytic nature [1-3]. Since the main hydrogel feature is the absorption
of extremely large amounts of water, this impacts its structure which has a three-dimensional grid form. These
grids structure resembles a linear polymer with sparse cross-linking points. In case of swelling in water dis-
tance between adjacent cross-linking points increases while the amount of the points remains the same. Such
behavior allows hydrogels to absorb large amounts of water with massive volume change.

Unsaturated polyesters are promising polymeric systems creation chemical agents which are obtained
from polyatomic alcohols and carboxylic acids by polycondensation. The key feature of unsaturated polyesters
is high copolymerization reaction ability (curing behavior) with vinyl monomers at room temperature without
high pressure or volatiles or other byproducts emission [4-8]. Due to this, unsaturated polyesters can be used
as chemical agents for synthesizing «intelligent» polymers widely used in medicine, pharmaceutics, biotech-
nology and many other areas of the living environment.

Previously we have obtained and researched poly(propylene fumarate phtalate) based polymeric hydro-
gels with high absorbing abilities. Obtained results suggest prospects of their use as water sorbents in crop
production [9] and efficient nanocatalysts [10]. However, it was interesting to continue researching in this area
with a view to a comprehensive in-depth study of this unique and important group of materials.

This work is devoted to new polymers based on unsaturated polyester — poly(propylene fumarate
phtalate) (p-PFP) with acrylic acid (AA) physical and chemical properties synthesis and research. Synthesized
specimens have been analyzed for medium pH change, organic solvents and their concentration change, as
well as initial composition of copolymers polymeric grid.
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Experimental

This article is a continuation of the work of the authors in this field (topic). The synthesis of an unsaturated
polyester resin and the preparation of copolymers based on poly (propylene fumarate phthalate) are described
in a previous article [13].

Cross-linked copolymer formation as result of p-PFP oligomeric molecule and AA radical copolymeri-
zation in presence of BP as initiating agent can be shown in the following diagram:
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Figure 1. p-PFP and AA radical copolymerization

p-PFP molecular weight was defined by light scattering method at NACH 2100 AN nephelometer [14]
and by gel-permeation chromatography, which is 2272 and 2394 atomic mass units.

Copolymers p-PFP and AA was identified by IR spectroscopy.

Contents of obtained copolymers were defined using high-efficient liquid chromatograph LC-20 Promi-
nence by Shimadzu (Japan) [15, 16]. In order to find amount of copolymers unreacted double bonds (degree
of unsaturation) bromide-bromate method was used.

Hydrogel swelling equilibrium degree was defined by gravimetric method. Sample swelling rate (o) was
calculated as ratio of swollen hydrogel mass at swelling equilibrium degree point to its initial mass in dry
condition [9, 10].

DMSO, DMF and ethanol were taken as solvents. The choice of solvents was based on the polarity of the
solvents.

Result and Discussion

The fundamental research related to radical copolymerization, which allows us to control the properties
of polymers, their structure and molecular mass, and providing more ways to obtain the desired properties of
polymers. As previously stated, the most desired products are unsaturated polyesters-based solidified with
vinyl monomers; they have specific physical-chemical and physical-mechanical properties. The p-PFP mole-
cules have unsaturated double bonds making which allows them to be used as a polymer matrix for obtaining
cross-linked polymers during copolymerization with reactive acrylic acid.

p-PFP is obtained by fumaric acid, phthalic anhydride and propylene glycol polycondensation [11-13].

Cross-linked copolymer formation as result of p-PFP oligomeric molecule and AA radical copolymeri-
zation in presence of BP as initiating agent shown in the previous work of the authors [13]

p-PFP — AA copolymerization results are shown in Table 1. Copolymer yield ranges from 83 % to 62 %.

As seen in Table 1, copolymers are enriched with AA components throughout the range of initial mix-
tures; also, yield and swelling rate decrease at lower amounts of the latter.
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Table 1

Copolymer content dependence on initial mixture content in process of p-PFP (M1) and AA (Mz)

[BP] =8-10°mol/m3, T =333 K

Initial monomer ratio, % by mass Copolymer content, % by mass vield. %
M; M, My M ’
10.22 89.78 6.77 93.23 83.70
25.00 75.00 20.34 79.66 78.73
50.00 50.00 44.17 55.17 79.33
73.91 26.09 68.42 31.58 71.93
90.00 10.00 86.67 13.33 62.09

Copolymers were identified by IR spectrum data according to Figure 1. Bands describing the range of
1450~1640 cm™ are related to C=0 bond. Meanwhile, p-PFP-AA copolymers IR spectrum absorption bands
at 1744 cm™ and 2951 cm describe C=0 and —CH> bonds, respectively, and peaks at 1107~1172 cm™ are
typical for C-O-C bond. Besides, absorption bands at 1447 cm and 1396 cm™ relate to -CH(CH) bond.
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Figure 2. p-PFP-AA IR spectrum

Polymer swelling rate depends on number of factors: nature of polymer and solvent, presence of electro-
lytes, change of environment pH and temperature, molecular weight of the polymer, etc. Here, pH change
influence on p-PFP and AA copolymer based hydrogel swelling is studied. Figure shows p-PFP-AA gels with
various molar compositions swelling dependence on environment pH change. It can be seen on the figure that
p-PFP and AA copolymer based hydrogels are highly sensitive to environment pH change (Fig. 2).
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Figure 3. Impact of environment pH on pH p-PFP and AA copolymer based hydrogels volume
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Provided experimental data show that when amount of p-PFP increases in copolymer, gel swelling ability
decreases. This is explained by growth of p-PFP chains in initial monomer mixture and reduction of swelling
ability due to increase of obtained copolymers cross-linking density. p-PFP-AA based gels dependence curves
on figures can be example of hydrogels enriched by acid groups depending on change of medium pH.

Increase of solution pH leads to improvement of copolymer water-absorbing abilities, which causes rapid
growth of hydrogel volume. Switching to medium solution pH alkaline area does not affect swollen cross-
linked polymer conformation. Therefore, p-PFP-AA copolymer hydrogels also show properties of
polyelectrolytes containing ionized acid groups with covalent compound in main chain. The main factor
defining researched gel swelling is simple electrostatic repulsion of charge COO" groups. Due to large amount
of hydrogen ions carboxyl group dissociation can be traced in acid environment and compact subchain
extremely close to each other, i.e. defining polymer gel collapse, is formed. Raise of precise saturated area
environment pH leads to carboxyl groups hydrolysis, thus leading to similarly charged functional groups re-
pulsion from each other.

In acid environment carboxyl group dissociation is suppressed, their dense conformation and, as a result,
polymer gel collapse are formed. According to experimental data, increase of AA in copolymer leads to in-
crease of gel swelling ability.

In the following research impact of organic solvents on p-PFP-AA 6,77:93,23 mol.% swelling rate was
studied in order to obtain more information about impact of various environment factors on researched saples
absorbing ability. As organic components dimethylformamide (DMF), dimethylsulfoxide (DMSO) and etha-
nol were used; their content in water solution ranged from 0.1 to 1.0 volume ratio (ng). Choice of these solvents
was based on their polarity difference.

It was found that excessive content of DMSO, DMF and ethanol leads to polymer chains attraction and
collapsing. Gel volume in this case depends on elements attraction; this is why volume difference between
collapsed and swollen gels increases. Besides, it was found that p-PFP copolymers are also highly sensitive to
thermodynamically weak solvents.

In described experiments testing was performed on copolymer samples selected in water and then grad-
ually added into water-organic mixture with pre-set ratio of components. When the polymer swells and the
concentration of organic solvent increases to a certain critical amount, the part of the solvent that provides
relative stability of the hydrogel is reliably supported by the micromolecules in the form of a solvation layer.
This allows to «shift» copolymer contraction to increase of organic components share in water-organic mix-
ture.

As the research results suggest, in case of increasing clarifying tub volume hydrogel swelling ability
reduces in water and organic solvent mixture, i.e. this is natural for charged polymer grids in subchains.

Polarity of solvents obtained in the researched work decreases from DMSO to ethanol. It should be noted
that polymer swelling in pure organic solvents also follows this pattern.
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Figure 4. Impact of organic solvents volume ratio (n0) on p-PFP-AA copolymer
based hydrogel swelling at molar ratio (20.34:79.66 mol.%)

54 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



Research of the influence of external factors ...

250

200

150 -
——DMSO

—=—DMF
100 4 —&— Ethanol

i, ¥

50 1

0 02 0,4 0,6 0,8 1
QOrganic solvent ratio,, C.%

Figure 5. Impact of organic solvents volume ratio (n0) on p-PFP-AA copolymer
based hydrogel swelling at molar ratio (6.77:93.23 mol. %)
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Figure 6. Impact of organic solvents volume ratio (n0) on p-PFP-AA copolymer
based hydrogel swelling at molar ratio (68.42:31.58 mol.%)

It can be seen at graphs that nature of organic solvent has significant impact on copolymer swelling abil-
ity. Hydrogel collapse can be observed in ethanol, where its volume ratio is approximately 0.7 and DMF and
DMSO volume ratio is 0.9. It means that in a low polarity solvent collapse happens immediately, while in a
high polarity solvent contraction can be observed. Transition of gel particles from continuity to discreetness in
case of organic solvent change corresponds to change of solvent polarity.

Conclusion

Thus, the conclusion might be made that possibilities of control of physical and chemical properties of
polymers based on p-PFP, demonstrated in the work, allow to develop new polymeric materials of polyfunc-
tional destination. Copolymers of poly(propylene fumarate phthalate) and acrylic acid of various molar com-
positions have been obtained for the first time by radical copolymerization. Synthesized copolymers were
identified by IR spectrum data and were defined using high-efficient liquid chromatograph. The results of the
study, the influence of various factors (pH = 3-9, solvents DMSO, DMF, ethanol) on the swelling of the
polymers showed that the polymers exhibit the properties of polyelectrolytes and can be used as a sorbent in
purification and enrichment technologies.
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M.XK. bypkees, .M. XKymanazaposna, I'.K. Kynaiibepren,
E.M. TaxO0aes, I'.A. TypasiOek, 9.2K. XKakynOekoa

Kanpiknaran noam3gpupiai maipipJap HeridiHaeri comojgumepJiepre
CBIPTKBI (paKTOPIAPABIH dCEPiH 3epTTEy

Maxkana momu(miponmieHpyMapaTdTanar) koHe aKpHi KBIIIKBUIB HETi31HAET1 COMoIMMepIiepre ChIPTKHI (ak-
TOpJIApABIH 9CEPiH 3epTTeyre apHalFaH. ¥ ChIHBIIFAH )KYMBICTa OPraHUKAJBIK epiTkimTep MeH pH opTaHbIH
CHHTE3IEITeH CONOIUMEPIIEpIiH ICiHY KBUIIaMIBIFbIHA dcepi 3epTrenreH. [lomMep iy iCiHy KBUIIaMIBIFbI
KeTTereH (akropiapra GaiIaHBICTBI, OJIAPIBIH KaTapblHA: MTOJTUMEP/IiH jKOHE EPITKIMITIH TAOUFATHI, SJIEKTPO-
IUTTEpiH 6onysl, pH *oHe KopIaraH opTa TeMIEepaTypachIHbIH ©3repyi, MOJINMep/IiH MOJIEKYJIaIbIK Maccachl
XKoHe T. 0. )kaTanpl. JKyMBICTa COMOIMMeEpIIepAiH MOIMMEPITiK TOPHIHBIH KOIT 06JIiri KaHbIKIaraH moanddupii
aiblp OybIHIAPBIHAH TYpajbl el OoKaHFaH. 3epTTEy HOTHXKENIepi comoauMepIeri MOHOMepITiK OybIHaap-
JIbIH apa KaTbIHACHI MTOJMMEPIIiK TebAiH OpTaHblH pH-Fa KaObUIAAFBIIITHIFBIHA JKOHE OPTaHUKAJIBIK epiTKillI-
tepaiy (IMCO, IM®A, sranoxn) 6oxysIHa aliTapibIKTai ocep eTeTiHiH kopceTTi. COMOHOMEp KacHeTTepiHiH
e3repyl HOHIBIK KYIITIH HEMece epIiTIHIIHIH TepMOAMHAMUKAIBIK CAlaChIHBIH ©3Tepyi calgapblHaH iciHyre
HEMeCe CHIFBUTYFa KaOlIeTTi THAPOTeNbISPIl alTyFa MyMKIH/IK OCpeTiHi A0JIeIIeHTeH.

Kinm co30ep: nonunporunenpymapardranar, akpria KbIIKbUIbL, PaIHKAIIbI COTIOIMMEPIICHY, MOJSIPIIBI Opra-
HHKAJIBIK ePiTKIIITep, iCiHY, KOJUIAINC, KaHBIKIaFaH MOIMI(QUPII HIaibp.
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M.X. bypkees, I'.M. XKymanazapona, I'.K. Kynaiibepren,
E.M. Taxo6aes, I'.A. Typnbioek, 23.0K. XKakynoekoBa

I/ICCJIEJIOBaHI/le BJINAAHUSA BHCIIHUX (l)aKTOPOB Ha CONMOJIMMEPHLI
HA OCHOBC HCHACBIIICHHBIX l'[O.J'lI/I3(l)I/IprIX CMOJI

CraTbhs NOCBSIIEHA UCCIIEI0OBAHUIO BIUSHUS BHEIIHUX (PAKTOPOB Ha COMOIMMEPHI Ha OCHOBE MOJIH(IIPOTHICH-
(dbymapardTanara) U akpuIOBOW KUCIOTHL. ABTOPaMH M3YYCHO BO3/ICHCTBHE OPTaHHYCCKUAX PACTBOPHUTENCH U
pH cpenbl Ha CKOPOCTh HAOYXaHHS CHHTE3UPOBAHHBIX COMONMMEPOB. CKOPOCTh HAOYXaHUS TOJIMMEpa 3aBHCUT
OT MHOECTBa (DaKTOPOB, K YUCIY KOTOPBIX OTHOCSATCS MPUPOJIa TIOIUMEpPa U PACTBOPHUTEIIS, HATIYUE JICK-
TPOJIUTOB, U3MeHeHHe pH U TeMmeparypsl OKpysKarolieit cpebl, MOJIEeKyIIIpHas Macca moiuMepa u T.1. [Ipex-
MOJIaraeTcsl, YTO MOJMMEPHAs CeTKa COIOIMMEPOB MO OOJBIIEH YacTH COCTOUT M3 3BEHHEB HEHACHIIICHHON
noa3GUPHON cMOJBI. Pe3ynapTaTsl HCcne0BaHMi MOKA3bIBAIOT, YTO COOTHOLICHHE MOHOMEPHBIX 3BEHBEB B
COIOJIMMEPE CYIIECTBEHHO BIHUIET Ha BOCIPUUMUUBOCTH MOJMMEPHOTO el K pH cpenbl U mpUCyTCTBHIO Op-
raangeckux pactsoputeneit (AMCO, IM®A, stanon). Jloka3aHo, 4TO H3MEHEHUE CBOWCTB COMOHOMEPA 03~
BOJISIET MOJYYUTh THAPOTENH, CHOCOOHbIE HA0yXaTh WK Pa3pyLIaThCs BCICACTBUE U3MEHEHHUS HOHHOW CHIIBI
WM TEPMOJINHAMUYECKOTO KauecTBa pacTBopa. [IyTeM BapbUpOBaHUS COOTHOIICHHS COMOHOMEPHBIX 3BCHBCB
OBUTH OTpPETYJIMPOBAaHBI WHTEPBAJBI HAOyXaHHsS M CKATHS TOJMMEPHBIX CETOK. MoJeKyspHas macca
nonu(nponmieHpymapardranara) onpenesieHa METOJIOM relib-POHKKaroIIei xpomarorpaduu. Mnentuduka-
IIUSI ¥ COCTAB COTIOJIMMEPOB ObLIH YCTaHOBICHBI mocpencTBoM UK-crekTpockomnuu u BOYKX cooTBeTCTBEHHO.

Knioueswvie cnosa: nonmunponunendymapardTanaT, akpuiaoBas KUCIOTa, paJiKanbHask COMOIMMEPHU3aIis, 110-
JSIPHBIE OpTaHUYIECKHE PACTBOPUTENH, HaOyXaHue, KOJIIAIc, HEHACHIIEHHAs oMM (HPHAs CMOJIA.

References

1 Kandelbauer, A., Tondi, G., Zaske, O.C., & Goodman, S.H. (2014). Handbook of Thermoset Plastics. San Diego: William
Andrew, 111.

2 Kandelbauer, A., Tondi, G., & Goodman, S.H. (2014). Unsaturated Polyesters and Vinyl esters. Handbook of Thermoset Plas-
tics, 3" edition. Hanna Dodiuk, Sydney H Goodman (eds.). San Diego: William Andrew Publications, 111-172.

3 Yasko, A\W., He, S, Engel, P.S., Yaszemski, J.M., & Mikos, A.G. (2000). Injectable biodegradable polymer composites based
on poly(propylenefumarate) with poly(ethylene glycol)-dimethacrylate. Biomaterials, 21, 2389-2394.

4 Sarsenbekova, A. Zh., Kudaibergen, G.K., & Burkeev, M.Zh. (2019). Comparative analysis of the Thermal Decomposition
Kinetics of Polyethylene Glycol Fumarate-Acrylic Acid Copolymers. Russian journal of physical chemistry, 7, 93, 1252-1257.

5 Pot, U. (2009). Poliefiry i alkidnye smoly [Polyesters and alkyd resins]. Moscow: KTS [in Russian].

6 Koliago, G.G., & Struk, V.A. (1990). Materialy na osnove nenasyshchennykh poliefirov [Materials based on unsaturated
polyesters]. Minsk: Nauka i tekhnika [in Russian].

7 Filippova, O.E. (2000). “Vospriimchivye” polimernye heli [“Susceptible” polymer gels]. Vysokomolekuliarnye soedineniia —
Polymer Science, 42, 12, 2328-2352 [in Russian].

8 Holland, T.A., Tabata, Y., & Mikos, A.G. (2003). In vitro release of transforming growth factor-beta 1 from gelatin micropar-
ticles encapsulated in biodegradable, injectable oligo(poly(ethylene glycol) fumarate) hydrogels. J. Control Release, 91, 299-313.

9 Burkeev, M.Zh., Tazhbaev, E.M., & Burkeeva, G.K. et al. (2013). Effect of External Factors on the Swelling of Hydrogels
Dased on Poly(ethylene glycol) Maleate with Some vinyl Monomers. Russian Journal of Applied Chemistry, 1, 86, 63—68.

10 Tazhbayev, E.M., Mustafin, E.S., & Burkeev, M.Zh. et al. (2006). Enthalpy of swelling of crosslinked copolymers of acrylic
acid beta-vinyloxyethylamide in water and ethanol. Russian journal of physical chemistry, 8, 80, 1300-1304.

11 Burkeev, M.Zh., Tazhbaev, E.M., Burkeeva, G.K., & Kovaleva, A.K. (2015). Nanocatalytic Systems Based on Poly(ethylene
glycol maleate) — Acrylamide Copolymers, Russian Journal of Applied Chemistry, 2, 88, 314-319.

12 Burkeev, M.Zh., & Tazhbayev, Ye.M. et al. (2019). Constants and parameters of radical copolymerization of poly(propylene
glycol fumarate) with acrylic acid. Bulletin of the Karaganda University. Series Chemistry, 1(93), 32-37.

13 Burkeev, M.Zh., Zhumanazarova, G.K., & Zhakupbekova, E.Zh. et al. (2020). Poly(propylene fumarate phthalate) and acrylic
acid radical copolymerization constants and parameters. Bulletin of the Karaganda University. Series Chemistry, 1(97), 68-74.

14 Burkeev, M.zh., Kudaibergen, G.K., & Burkeeva, G.K. et al. (2018). The number average and mass average molar masses of
polyethylene (propylene)glycol fumarates. Bulletin of the Karaganda University. Series Chemistry, 2(90), 17-22.

15 Golbert, K.A., & Vigdergauz, M.S. (1990). Vvedenie v hazovuiu khromatohrafiiu [Introduction to Gas Chromatography].
Moscow: Khimiia [in Russian].

16 Zolotov, Yu.A., Dorokhova, E.N., & Fadeeva, V.1. (2000). Fiziko-khimicheskie metody analiza [Physico-chemical methods of
analysis]. (Eds. Yu.A. Zolotov) Moscow: Vysshaia shkola [in Russian].

Cepus «Xumusi». Ne 2(98)/2020 57





