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ABSTRACT

Grafting polymerization based on polypropylene glycol (PPG) and styrene (St) was synthesized with
different composition of styrene using the free radical technique in the presence of potassium persulphate
as an initiator. The grafted copolymers (PPG-g-St) used different styrene composition (65/15, 65/25, 65/35),
respectively. The grafted copolymers were investigated through FTIR (Fourier-transform spectroscopy),
Differential scanning calorimeter and thermogravimetric analyzer. FTIR showed new peaks at 1450 cm
and 1135 cm due to the grafting process of St on PPG. Thermal stability of grafted copolymer increases by
increasing the ratio of styrene, while T, decreases by increasing the ratio of styrene.
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Introduction

Polypropylene glycol (PPG) is a polymer with a
broad industrial application, including biomedical
mucoadhesive. In addition, PPG provides high
chemical stability; and is a safe, biodegradable, and
biocompatible polymer. Several researchers have
distinguished chemical modification of
polypropylene glycol via graft copolymerization.
They have used different techniques, including
anionic, cationic, free radical, and condensation
polymerizations based on monomers type and direct
attachment with functional polymer [1-7]. A series
of polypropylene glycol-grafted-polyethyleneimines
were synthesized with the grafting rate ranging from
9% to 19% [8]. Song et al., [9] reported that
polypropylene glycol-grafted multi-walled
polyurethane was synthesized based on the
hydroxyl functionalized polyurethane through a

two-step reaction. The obtained grafted copolymer
can improve the rheological behavior of the
polyurethane.

Ayman et al., [10] prepared PPG and grafted it
with different molar ratios of maleic anhydride in
the presence of dibenzoyl peroxide as a radical
initiator. The obtained grafts were esterified
different  weights of polyethylene glycol
monomethyl ether to produce nonionic surfactants.
Do et al., [11] reported that the PPG-grafted
polyimide precursor, poly (amic acid-co-amic ester),
was synthesized via partial esterification of poly
(amic acid) derived from pyromellitic dianhydride
(PMDA) and 4,4’-oxydianiline (ODA) with bromo-
terminated poly (propylene glycol) in the presence
of K;COsin hexamethylphosphoramide and N-
methyl pyrrolidone.

Maeda et al., [12] investigated the phase
behaviour of graft copolymers in an aqueous
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solution. The graft copolymers consist of PPG
side chains and N, N-dimethylacrylamide, N-
vinylimidazole, and N-isopropyl acrylamide as
backbones. Phase transition temperatures of
copolymers increased with increasing the content of
N, N-dimethyl acrylamide, and N-vinyl imidazole and
with an increase in the degree of ionization of the
incorporated N-vinylimidazole units. Murat et al.,
[13] prepared thermoplastic amphiphilic grafted
copolymers based on PPG and different molecular
weight of polyethylene glycol (PEG) in the presence
of a base via a “grafting to” technique. The
hydrophilicity of the amphiphilic copolymers
increases with the increasing PEG content in the
copolymer while the mechanical properties
decrease.

The present work was designed to study the
preparation and characterization of polypropylene
glycol-graft-styrene via FTIR (Fourier-transform
spectroscopy), thermogravimetric analyzer (TGA)
and differential scanning calorimeter (DSC).

Experimental part

Materials: polypropylene glycol (PPG), styrene
(St), potassium persulphate (KPS) and polyvinyl
alcohol (PVA) were purchased from Sigma Aldrich.

Preparation of PPG-Graft-St: Graft
copolymerization was carried out in a 250 mL three-
necked flask equipped with a thermometer, reflux
condenser, and stirrer. The following procedure was
used for the synthesis of grafting copolymers of
polypropylene glycol (PPG) and styrene (St) with
various ratios of St, i.e. [M1: (65: 15), M2: (65: 25),

Initiation:
o B
N\ _©O —
o s — 2K+ + 250
y >\S/ ~o— X\ K 4
A\ o
CH
so;
Propagation:

CH

M3: (65: 35)]. PPG, PVA (0.1 gm) and water added to
the flask and stirred continuously at a constant
temperature of 60 °C. After the PPG was fully
homogenous, the temperature of the system was
strictly maintained at a required value. Freshly
prepared potassium persulphate KPS solution about
(5 mL) (0.74 mM) was added followed by dropwise
addition of St. The reaction was conducted for two
hours with stirring continued for another 20 min at
room temperature.

Measurements: Infrared spectra were recorded
on a Perkin Elmer 4000.0-400.0 cm™ FTIR
spectrophotometer. Thermogravimetric analyzer
(TGA) was recorded on TGA/SDTA851%, METTLER
TOLEDO. Differential scanning calorimeter (DSC)
were recorded on Pyris 1DSC, Perkin Elmer.

Results and discussion

Characterization of grafted copolymers

FTIR Spectra. FT-IR spectra of the PPG is shown
in Figure 1a. Absorption peak at 3400 cm-1 due to
the stretch OH group, peak at 3000 cm™ for stretch
C—Hand 1100 cm™is ascribed to O — C group. Figure
1b presents the FTIR spectrum of grafted copolymer
PPG-Graft-St.). The results showed new peaks at
1500 cm™® and 2900 cm™ correspond to (C = C) and
(C-H) aromatic. It peaks at 1036 cm™® which is
attributed to stretch vibrations of C — O — C and
confirm the point of grafting St unto PPG.
Furthermore, the transmittance of the hydroxy
group reduced more than 75% due to the grafting
polymerization process as shown in Scheme 1.
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Scheme 1 - Mechanism of grafted St on PPG
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Figure 1 - FTIR spectra of (a) PPG and (b) PPG-Graft-St

TGA and DSC analysis

TGA in air at a heating rate of 10°C/min and
DSC at about the same heating rate under nitrogen
atmosphere is used to test the thermal activity of
pure PPG and PPG-g-Styrene. Figure 2 — 5 show TGA
and DSC analysis of pure PPG and PPG-g-Styrene.
The thermal decomposition temperature of pure
PPG and grafted PPG with a Styrene in different
formulations is around 350 °C, as shown by TGA
measurements.
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Figure 2 - TGA and DSC analysis of pure PPG

The TGA curves also show that pure PPG
follows a one-step decomposition process, as shown
in Figure 3. Between 200 and 500 °C occurs weight
loss, which leads to total decomposition and CO;
loss. Thermogravimetric curves can determine the
quantitative phase composition of various
substances. Therefore, our obtained samples are

single-phase since they have one decomposition
line. Thermal properties of samples shown in Table
1 illustrates the presence of styrene in the samples,
with increasing of styrene in samples follows
increasing in the temperature and amount of
residual.

Table 1 - Thermal properties of samples obtained from
TGA curve

Temperature Weight Residual
Polymers
(°C) loss % %
PPG 200 - 420 74.32 25.68
M31(65/15) 182 - 448 87.25 12.75
M2(65/25) 235-467 83.54 16.46
Ms3(65/35) 246 - 481 76.26 23.74

In DSC curves, peak area and the area
bounded by the experimental curve and the
baseline, which are proportional to the heat of
reaction. Decomposition of prepared samples follow
exothermic reaction. Moreover, a decrease of the
peak area with increasing styrene indicates that the
grafted polymer retains heat. The thermal
characteristic from DSC analysis in Table 2, shows
that the influence of styrene on glass transition,
crystallization and melting temperatures is not big,
but it still decreases [14, 15, 16, 17].
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Table 2 - Thermal properties as samples from DSC curve

Polymer | Tg(°C) | Tc(°C) Tm (°C)
PPG 58 144 354
M1 58 112 354
M: 54 114 360
M3 51 90 364
Ty: Glass translation temperature
Tc: Crystallization temperature
Tm: Melting temperature
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Figure 3. The TG and DSC analysis of PPG-graft-St (M1)

150 150

>
e 100 100 &
B 50 2
~ 50 &
o %

(]

0 50 T

0 200 400 600

Temperature, °C

Figure 4. The TG and DSC analysis of PPG- graft -St (M2)
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Figure 5. The TG and DSC analysis of PPG — graft- St (M3)

Conclusions

The grafted copolymers based on PPG and St
were  successfully  prepared by  grafting
polymerization using free radical technique and
potassium persulphate as an initiator. The grafted
copolymer (PPG-Graft-St) showed an excellent
thermal stability, however an increase in the ratio of
styrene, thermal stability and T, increase.
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TYAIHAEME
Monunponunexraukons (MMI) skaHe ctupon (CT) HerisiHAeri 6anaHbICTbIPy CONOAMMEPU3ALUACDI
Kanuii nepcynbGaTbl MHULMATOPbIHbLIH, KaTbiCybiIMeH 60C pasuKanabl d4icneH ap TypAi Kypamaarb
CTUPONAbl KONAAHY apKblabl cuHTesaendi. bainaHbictbipbinfad cononumepnepae (MNr-r-Cr) ap
TYypni  Kypamgarbl ctupon (65/15, 65/25, 65/35)
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Kabbinganabl: 13 winde 2021 cononumepnep FTIR, DSC kaHe TGA kemerimeH 3eptrengi. FTIR (®ypbe TypaeHaipy
cnekTpockonuackl) 1450 cm? skaHe 1135 cm? peHreiinepiHge aHa Tebenepai kepcetri, 6ya MMAM-
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TyliiH cesdep: BalinaHbIcKaH cononvmepusaums, nonnmepusaums, cTupon,
NOAMNPONUAEHTINKOb, CONOAUMEP, PagUKa.

Asmopnap mypanel aknapam:

3nbcaiid Hezum PhD Ookmopebl, npogeccop, Xumus-uHyMceHepnaiKk mekmebi, Ka3ak-bpumaH mexHUKasblK
yHugepcumemi, Aamamel, KasakcmaH. ORCID udeHmugukamopsi: 0000-0002-4370-8995.
InekmpoHObIK noyma: elashmawi5@yahoo.com

Mazucmpaum,  Xumusanelk — uH#eHepus Mekmebi, KasakcmaH-bpumaH  mexHUKaselkK

Koneic6aii A.M. yHusepcumemi, Aamamel, Ka3akcmat. 3nekmpoHObIK noyma: konysbaiaiman@gmail.com

Mpogpeccop, 0p2aHUKAnbIK 3ammap, MoauUMepsIEP HaHe MABUFU KOCbIAbICMApP XUMUSACH MeH
Upmyxamemoea I'.C. mexHonozuscsl Kagedpacs, In-Papabu ameiHOarsl Kazak yammelK yHueepcumemi, 71, dn-
®apabu Kew., 050040, Aamamei, KazaxcmaH. ORCID ID: 0000-0002-1264-7974. Email:

galiya.irm@gmail.com

Mpodpeccop, opaaHUKAsbIK 3ammap, noaumepsep #aHe MabuFru KoCoblabICMAp XUMUACHI MeH

Kanyaun C. H. mexHon02usAckl Kagedpacsl, In-Papabu ameiHOAFs! Ka3ak yammeolx yHusepcumemi, 71, on-

®apabu kew., 050040, Anmamel, KasaxcmaH. Email: kalugin_sn_org@mail.ru

CuHTes " XdpPaKTepPUCTUKa NOMNNPONUNEHTIUKONA NPUBUTDLIX CTUPOJIOM
Inbcaitg Herum, *KoHbicbait A.M., 2MpmyxameTosa I.C., 2KanyruH C.H.

1UlIkona xumuyeckoli uHxceHepuu, KazaxcmaHcko-bpumarckuli mexHuveckuli yHusepcumem, yn. BanuxaHosa, 106, Aamamel, 050010, KazaxcmaH
2Kaghedpa xumuu u mexHoA02UU 0p2aHUYECKUX 8euecms, NpupooHsix coeduHeHuli u noaumepos,
Kazaxckuli HayuoHanbHell yHusepcumem um. ans-®apabu, np. ane-Papabu, 050040, Aamamel, KazaxcmaH

AHHOTAUMUA

MNpuBuTas cononMmepusauma Ha ocHose noaunponuneHravkona (MMM w ctmpona (Ct) 6bina
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