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ABSTRACT
A polyethylene/acrylic copolymer was synthesized using a grafting technique with benzoyl

peroxide as a catalyst and xylene as a solvent. Acrylic acid (AA) was grafted onto polyethylene (PE)
in a 1:5 ratio. The resulting grafted copolymer, characterized by FTIR, was blended with rice straw
at varying percentages of 3%, 5%, and 7% to produce biodegradable films. The properties of these
films in water were evaluated through analyses of viscosity, tensile strength, elongation at break,
water contact angle, and solubility. Incorporating rice straw enhanced the grafted copolymer's
biodegradability, resulting in increased viscosity, tensile strength, and elongation at break of the
films, while reducing the water contact angle and solubility. However, incorporating 7% rice straw
in the grafted copolymer-based on PE (1.0%) and AA (5.0%) resulted in increases in viscosity,
tensile strength, and elongation at break by 29.5%, 46.1%, and 9.6%, respectively, while reducing
the contact angle and biodegradability solubility time at 45°C by 25.8%.
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Introduction

Synthetic polymers, such as polyethylene and
polypropylene, have become widely used as packing
materials due to their advantageous physico-
mechanical properties and cost-effectiveness [1].
However, polyethylene and polypropylene, non-
biodegradable polymers contribute to the growing
challenge of plastic waste management, with their
guantities increasing each year [[2], [3], [4]]. Recent

studies highlight the importance of pinpointing
plastic waste sources and differentiating polymers
by structural traits, including their crystalline and
amorphous forms [5]. Such distinctions are vital for
understanding how these materials affect aquatic
ecosystems and organisms [6]. Beyond being highly
toxic, the key chemicals used in manufacturing
plastic bags, such as polyethylene, polypropylene,
benzene and vinyl chloride, are known carcinogens
[[6], [7]]. These, along with gaseous and liquid

— 51 ——


https://doi.org/10.31643/2026/6445.28
mailto:g.yeligbayeva@satbayev.university
https://orcid.org/0000-0002-7098-5437
mailto:zhandos1403@bk.ru
https://orcid.org/0009-0002-0835-8392
mailto:abdassalamtameem@yahoo.com
https://orcid.org/0009-0009-6632-2380
mailto:milisova.n@kaznmu.kz
mailto:eny.k@ui.ac.id
https://creativecommons.org/licenses/by-nc-nd/4.0/

2026; 338(3):51-58

ISSN-L 2616-6445, ISSN 2224-5243

hydrocarbons, not only pose serious health risks but
also contribute significantly to environmental
degradation. Numerous methods, including
blending, derivation, and graft copolymerization,
have been extensively studied to improve the
characteristics of synthestic polymers using starch;
this is attributed to its complete biodegradability
[[81, [9], [10]]. Modified polyethylene using grafting
polymerization with starch in the presence of
benzoyl peroxide as a catalyst and xylene as a
solvene. The ratio between PE and starch was 1: 5
w/w%. The grafted copolymer was combined with
rice straw, wheat straw, and calcium carbonate
(CaC0s) as a filler to produce biodegradable films.
Starch, calcium carbonate (CaCOs), and rice and
wheat straws enhanced the biodegradability of the
grafted copolymer. The inclusion of CaCOs,
alongside rice and wheat straws, increased the
viscosity and tensile properties [11]. Rice straw
fiber-reinforced high-density polyethylene (HDPE)
composites were developed to explore how rice
straw fiber morphology and varying concentrations
of maleic anhydride polyethylene (MAPE) influence
their mechanical and thermal properties. The result
showed that higher aspect ratio rice straw fibers
were utilized to enhance tensile strength, while
lower aspect ratio fibers were applied to improve
the flexural strength of the composites. An increase
in rice straw fiber content from 20 to 40 wt% within
the HDPE matrix slightly boosted flexural strength;
however, impact strength dropped significantly due
to the fiber's stiffness. The addition of MAPE to the
system improved tensile, flexural, and impact
strength for composites containing 20 wt% rice
straw fiber, although it led to a marginal reduction
in tensile elongation at break [12]. This study
investigates the modification of polyethylene via
graft polymerization, using acrylic acid as the
grafting monomer and benzoyl peroxide as the
catalytic initiator. The modified polymer is
subsequently blended with rice straw to enhance its
mechanical properties.

Materials and Methods

Low density polyethylene (PE), xylene, benzoyl
peroxide, and acrylic acid (AA) were purchased from
Sigma-Aldrich Company (USA). Rice straw was
gathered from the fields and allowed air to dry. The
dried straw was subsequently cut into pieces
measuring 2-5 mm in length and milled into a fine
powder.

Synthesis of polyethylene-g-acrylic acid P(PE-g-
AA)

Graft polymerization was conducted in a three-
necked flask equipped with a mechanical stirrer
under a nitrogen atmosphere. Polyethylene (1.0 g)
was dissolved in xylene (50 g) by stirring in a water
bath maintained at 80°C. Once dissolved, benzoyl
peroxide (0.1 g) was introduced as a catalytic
initiator. After 5 minutes, acrylic acid (5 g) was added
as the grafting monomer. The reaction mixture was
maintained at 80°C for 3 hours under constant
stirring in a nitrogen environment. The resulting
product was precipitated using 2-propanol, air-dried
at room temperature, and subsequently oven-dried
at 60°C to achieve a constant weight.

Film formation

For the first film, polyethylene-g-acrylic acid
P(PE-g-AA) was incorporated into glycerol at 50°C
and stirred for 30 minutes until achieving
homogeneity. The resulting material was cast onto a
levelled surface and designated as PEA. For the
second film, the fully grafted copolymer was
dissolved in glycerol, followed by the addition of rice
straw in varying proportions (3, 5, and 7 w/w%). The
mixture was then milled for 40 minutes, cast onto a
leveled surface, and labeled as PEAS. All films were
left to dry at room temperature for 10 days before
being stored in a desiccator at ambient conditions
for subsequent characterization and analysis.

Measurements

FTIR absorbance spectra were acquired using a
Bruker Tensor 37 FTIR spectrometer, with spectral
data collected in the range of 4000-400 cm™. The
viscosity (n) of the dispersions was measured with a
Brookfield viscometer (Model LVTDV-II) at a shear
rate of 100 s and a temperature of 25°C. The
contact angle between water droplets and the
sample surface was determined using a CAHN DCA-
322 contact angle analyzer at 25°C, operating at a
velocity of 100 um/s. A microsyringe was used to
deposit water droplets onto the sample surface, and
contact angles were measured via monitor
observation, with three measurements taken at
different locations on the film. Mechanical
properties, including tensile strength and elongation
at break, were evaluated following ASTM D882-91
[13] standards using an MTS 10/M tensile testing
machine at a crosshead speed of 50 mm/min. A
minimum of three readings was averaged, with a 1-
kN load cell employed during the testing process.
Thermogravimetric analysis (TGA) was performed
using METTLER TOLEDOQ's TGA/SDTA851e system
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with aluminum-crimped pans under a nitrogen flow
of 20 mL/min. The analysis covered a temperature
range of 100-500°C at a heating rate of 10°C/min,
allowing for the determination of degradation
temperature and thermal stability.

Results and discussion of FTIR analysis

Figure 1 presents the FTIR spectra of
polyethylene (PE), highlighting key characteristic
peaks. The peaks observed at 2914 cm™ and 2847
cm™ correspond to the asymmetric stretching
vibrations of CH, groups. Additionally, the peak at
1463 cm™ indicates bending deformation, while the
peak at 719 cm™ is attributed to rocking
deformation [14]. Figure 2 illustrates the FTIR
absorbance spectra of PE-g-AA, revealing new
characteristic peaks. A peak at 2848 cm™
corresponds to C-H stretching, while peaks at 1370
cm™ and 738 cm™ are attributed to the C-H
vibrations of ethylene groups. Additionally, a peak at
1179 cm™ signifies C-O-C stretching, 1462 cm™
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related to CH2 scissor, 980 cm™ to CH, twist, 809 cm’
1to CH bend and the presence of a peak at 1722 cm™
indicates the carbonyl group, which confirms the
successful grafting of polyethylene with acrylic acid
(AA) [[15], [16], [17]].

Viscosity

Table 1 demonstrates the  viscosity
enhancement of the P(PE-g-AA) when blended with
rice straw. For instance, incorporating 3% rice straw
into P(PE-g-AA) increased its viscosity from 475
mPa-s to 560 mPa-s. With a further increase in rice
straw content to 5%, the mixture's viscosity rose to
573 mPa-s, while 7% rice straw achieved the highest
viscosity of 615 mPa-s. This viscosity increase can be
attributed to the more polar nature and larger
surface area of rice straw, which significantly
improves the interaction and viscosity relative to the
grafted copolymer [[18], [19]]. Consistent with the
findings previously reported by the authors [11], the
viscosity of polyethylene/starch films increases with
the incorporation of rice straw

NMNW\/VM’W,/WAWW\'WW’] (f\/"‘“’” ‘“M’/\WM’M

1900 1400 900 400

Wavenumber (cm-1)

Figure 1 - FTIR spectra of polyethylene (PE)
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Figure 2 - FTIR spectra of the P(PE-g-AA)
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Table 1 - Viscosity values for the P(PE-g-AA) and its mixture with glycerol, rice straw

Samples Composition Viscosity (mPa-s)
PEA P(PE-g-AA), glycerol 475
PEAS1 P(PE-g-AA), glycerol, and rice straw 3% 560
PEAS2 P(PE-g-AA), glycerol, and rice straw 5% 573
PEAS3 P(PE-g-AA), glycerol, and rice straw 7% 615

Table 2 - Water contact angles of P(PE-g-AA) and the grafted copolymer mixed with rice straw

Sample Number Contact angle (deg)
PEA 102

PEAS1 98

PEAS2 95

PEAS3 89

Table 3 - Mechanical properties of P(PE-g-AA) and the grafted copolymer mixed with rice straw

Samples Tensile strength (MPa) Elongation (%)
PEA 25.2 114
PEAS1 27.6 119
PEAS2 32.5 122
PEAS3 36.8 125

Water contact angle

The water contact angle serves as a critical
parameter for assessing the hydrophilicity of dried
polymer films. As shown in Table 2, incorporating
rice straw into P(PE-g-AA) resulted in a progressive
decrease in the water contact angle, with the
addition of rice straw yielding the lowest values.
Specifically, the integration of 3% rice straw reduced
the water contact angle of the grafted copolymer by
3.6%, while 5% rice straw further decreased it by
6.8%. The addition of 7% rice straw exhibited the
greatest impact, enhancing hydrophilicity by 12.7%.
The hydrophilicity of these polymers is influenced by
various factors, including the type of polymer
matrix, additives, ingredients, fillers and rice straw
utilized [[20], [21]]. The same behavior was
observed by Irmukhametova et al. [8], who reported
on the biodegradability of polymer blends
composed of polyvinyl alcohol, starch, and chitosan,
enhanced by the addition of rice straw.

Mechanical properties

The influence of rice straw on tensile strength

and elongation at break is illustrated in Table 3.
Incorporating rice straw into the grafted copolymer
resulted in an increase in tensile strength from 25.2
MPa to 27.6 MPa, a change attributed to the higher

SiO, content in the rice straw, as in the study
reported in Ref. [[3], [4], [22], [23]]. Further
enhancement in tensile strength, from 27.6 MPa to
36.8 MPa, was observed with a rice straw
concentration increase from 3% to 7%. The highest
tensile strength of 36.8 MPa was achieved at 7% rice
straw. Additionally, the elongation at break
improved significantly, rising from 4.3% to 9.6% with
the addition of rice straw to the grafted copolymer.
Biodegradability properties of P(PE-g-AA) films
The effect of rice straw on the swelling behavior
of grafted copolymer films, as influenced by time
and temperature, is presented in Figure 3. Swelling
time was observed to decrease with increasing
temperatures from 30°C to 45°C. Additionally,
incorporating rice straw into the grafted copolymer
reduced swelling time compared to the grafted PEA
copolymer. Swelling time further decreased with
higher rice straw content in the grafted copolymer.
For instance, at 45°C, the swelling time decreased by
5.8% with 3% rice straw, 15% with 5% rice straw, and
25.8% with 7% rice straw. This reduction in swelling
time is attributed to the role of rice straw in
enhancing the water solubility of the blend films.
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Figure 3 - The effect of water on the biodegradability of films

Conclusions

A polyethylene (PE)-based copolymer grafted
with acrylic acid (AA) in a 1:5 ratio was synthesized
using a grafting polymerization technique. Rice
straw was incorporated into the grafted copolymer
at varying concentrations (3%, 5%, and 7%) to
enhance its biodegradability. The findings
demonstrated that the addition of rice straw
improved both the mechanical properties and
biodegradability of the copolymer. The grafted
copolymer containing 5% rice straw exhibited the
best mechanical performance and a shorter swelling
time compared to the grafted copolymer without
rice straw. We explored the potential of utilizing the
prepared grafted films, incorporating 5% rice straw
(based on grafted polymer weight), for packaging
applications. Furthermore, we evaluated alternative
approaches to developing eco-friendly packaging

films, alongside the essential role of petroleum in
polymer production.
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Kypiw cabaHbIHbIH, NONNITUNEH-T-aKPUA KbILWKbINbIHbIH, MEXaHUKANbIK YKaHe
6uonornanbik biablpanTbiH KacuerTepiHe acepi
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TYWIHAEME

MonnatnuneH/akpun cononmmepi Katanmnsatop peTiHae 6eH30MN NEPOKCUAI KaHe epiTKil peTiHae
KCUNIONIMEH ery 94iCiH KONAaHy apKblibl cMHTE3Aenai. AKpuA KplwKbibl (AA) 1:5 KaTblHacbiHAA
nonvatunenre (MN3) eringi. FTIR apKblAbl CMNATTanaTblH €rily apKblabl anblHFAH CONOAUMEP

Makana Kenai: 25 Haypeis 2025 610NOrMANBIK blAbIPANTbIH KabblKwanapabl any ywiH apTypai 3%, 5% skaHe 7% apaKkaTtbiHacTa

CapantamagaH eTTi: 28 Haypeiz 2025
Kabbinganabi: 21 cayip 2025 6epiKTiri, y3iny KesiHaeri y3apy, CymeH KaHacy Oypbilwbl KaHe epiriwTik Tanaaynapbl apKplibl

6afanaHgpl. Kypiw cabaHblH KOCY apKbi/bl eriireH conoanmepaiH 6MonormanbiK bliAblpafbiWTbIFbl

Kypil cabaHbiMeH apanacTbipbingbl. Byn KabbiKTapAbiH, CyAarbl KacueTTepi TYTKbIP/AbIK, CO3blay

apTTbl, HITUNKECIHAE TYTKbIP/bIK, CO3blIy BepiKTiri }KaHe naeHKanapAblH, y3inyi KesiHae cosbiny
apTagpl, COHbIMEH Bipre cyMeH »KaHacy 6ypbilbl MeH epiriwTiri TomeHaeai. JereHmen, M3 (1,0%)
»oHe AA (5,0%) HeriziHgeri eriireH conoanmepre 7% Kypiw cabaHblH KOCY TYTKbIP/bIKTbI, CO3bIY
6epiKTiriH XXaHe y3iny KesiHaeri ysapyabl TmiciHwe 29,5%, 46,1% »kaHe 9,6% apTTbipyFa akengj, byn
CaliKec XaHacy bypbliwbl MeH 6uorpagauma yakpitblH 45°C-aa 54 25,8%-fa TomeHaeTeai.

TyiiiH ce3dep: TONU3TUNEH, aKPWUA KbIWKbIAbI, Kypiw cabaHbl, BUONOTUANBIK blAbIPANTbIH,
MEXaHWUKanbIK.
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AHHOTauuA

MonunaTuNeH/akpnioBblii conosmmep 6bi1 CUHTE3UPOBAH C UCMO/b30BAHMEM TEXHUKM MPUBUBKU
¢ 6eH30MNNEepPOKCMAOM B KayecTBe KaTanM3aTopa WM KCMIEHOM B KayecTBe pacTBOPUTENA.
Akpunosas kucnorta (AK) 6bina npueuta K noamatuneny (M3) B cootHoweHum 1:5. MonydeHHbIN

NPUBUTON COMONMMEP, OXapaKTepusoBaHHbIM FTIR, 6blA CMeWaH C PUCOBOM CONOMOWN B
Moctynuna: 25 mapma 2025 P P P P ! P

PeueH3nposaHue: 28 mapma 2025
MpuHaATa B nevats: 21 anpens 2025 NNEHOK B BOAE 6b1/IM OLEHEHBI C NOMOLLLbIO aHa/IN3a BA3KOCTU, MPOYHOCTU Ha PaspbIB, YA UHEHUA

npu paspbiBe, yrna KOHTaKTa C BO,D,OI‘;I W pacTBOPUMOCTU. BKntoyeHne pVICOBOﬁ CO/I0OMbI NOBbICMNIO

PasNNYHbIX COOTHOLEHMAX 3%, 5% 1 7% Ana nonydeHuns Guopasnaraembix naeHoK. CBOMCTBa 3TUX

61opasnaraemocTb NPUBUTOrO CONOMMEPA, YTO NPUBEIO K NOBbILLIEHWUIO BA3SKOCTU, MPOYHOCTM Ha
paspbiB U YAJMHEHUA MPU pPas3pbiBe MAEHOK, NPU 3TOM YMEHbLUMB YrON KOHTaKTa C BOAOW U
pacTBOpMMOCTb. OHAKO BKAOYEHME 7% PUCOBOM CONOMbI B MPUBUTOMN CONOAMMEP HA ocHoBe I3
(1,0%) n AA (5,0%) NnpuBeno K yBENUYEHWUIO BA3KOCTU, MPOYHOCTU HA Pa3pbIB U YAJUHEHWUA NpU
pa3pbiBe Ha 29,5%, 46,1% un 9,6% CcOOTBETCTBEHHO, NPV OAHOBPEMEHHOM CHUXEHWUW yrna
KOHTaKTa U BpeMeHU pacTBOpMMOCTH Npu Bruopasnaraemoctn npu 45°C Ha 25,8%.

Kniouyesbie cnoea: [ONVM3ITUNEH, aKPUIOBas KWUCNOTa, PUCOBAsA CO/OMa, GWopasnaraembli,
MeXaHWYeCKuM.
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