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PREPARATION AND ANALYSIS OF A BIODEGRADABLE POLYMER COMPOSITION BASED
ON THERMOPLASTIC STARCH REINFORCED WITH STEARIC ACID-MODIFIED
MICROCRYSTALLINE CELLULOSE

Abstract: Plastic waste pollution is a global environmental problem. Therefore, the transition to
environmentally friendly, biodegradable polymer materials is an urgent challenge for humanity. Thermoplastic
starch is one of the most promising alternatives to synthetic polymers due to its availability, biodegradability,
and elasticity. However, its limited mechanical strength and poor barrier properties restrict its application in
packaging. To address these limitations, cellulose — a rigid and renewable biopolymer — was used as a
reinforcing agent and modified with stearic acid to improve hydrophobicity and barrier performance. A TPS/M-
MCC composite was prepared via melt mixing and analyzed using tensile testing, water absorption,
biodegradability, and dynamic mechanical analysis (DMA). Fourier-transform infrared (FTIR) spectroscopy
confirmed the successful surface modification of cellulose. Compared with neat TPS, the composite
demonstrated significantly enhanced mechanical strength, reduced water absorption and retained
biodegradability. These findings suggest that TPS reinforced with stearic acid-modified cellulose is a promising
environmentally friendly alternative to conventional synthetic polymers for packaging applications.

Key words: thermoplastic starch, cellulose, stearic acid, polymer composite, packaging materials.

Introduction

Thermoplastic starch is one of the most widely used alternatives among modern biopolymers.
Thermoplastic starch is produced by intensive mixing and heating of starch in the presence of
plasticizers. It is biodegradable, non-toxic, cost-effective, and exhibits excellent properties compared
to many other natural biodegradable polymers. At present, it is applied in the production of packaging
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materials, containers and tableware, as well as in pharmaceutical and the food industries, replacing
many synthetic polymers [1].

The transition towards environmentally friendly, biodegradable and cost-effective natural
materials has become a defining trend of the current generation. This shift is primarily driven by the
growing concern over global plastic pollution and its associated toxicity. Every year, hundreds of
thousands of tons of plastic waste enter and contaminate the environment worldwide [2]. For
example, in Almaty, a major metropolis of Kazakhstan, the total amount of municipal household
waste generated annually is estimated at approximately 1000-1200 thousand tons, of which about
23% consists of plastic waste. The morphological composition of household waste for the considered
year is illustrated in Fig.1 [3].

Household waste in Almaty

Foodwaste 1 Paper and cardboatd W Polymers WGlass M Scrap metal W Hazard Other

Figure 1 — Diagram of the morphological composition of household waste in Almaty for 2023 year

As evidenced by the date presented in the diagram, polymer waste ranks second after food
waste. However, unlike food waste, polymer waste does not decompose or disappear naturally. On
average, residents, including infants, generate approximately 42 kg/day of plastic waste capita per
year. The major portion of plastic waste consists of packaging materials, primarily containers, bottles,
and plastic bags, which are mainly produced from polymers such as polypropylene, polyethylene,
polyethylene terephthalate, polystyrene, and polyurethane. These polymeric materials either do not
degrade at all or require an extremely long period to decompose under natural conditions. Moreover,
most of them are neither recycled nor reused, which makes them one of the largest contributions to
environmental pollution [4].

Consider these factors; the transition to more environmentally friendly and biodegradable
biopolymers has become an urgent necessity of present time. Among them, thermoplastic starch is
regarded as one of the most promising materials for the production of eco-friendly packaging
products [5].

The main drawback of thermoplastic starch lies in its relatively poor mechanical properties.
To enhance its strength, various reinforcing agents are employed, including metal oxides, natural
biomasses such as wood shavings, agricultural and food industry residues, clays, as well as
biopolymers such as cellulose, chitosan and chitin. Below, studies conducted in this field and
polymer composites developed based on thermoplastic starch are presented (Table 1).

Table 1 — Effect of different fillers on the properties of thermoplastic starch

Polym_e_r Preparation Influence of the filler on the matrix Reference
composition method
TPS/ZNnO Solv_ent Th_e _mechanlcal strength increased, and antimicrobial [6]
casting activity was also observed
An increase in strength was observed with the
incorporation of eucalyptus nanofibrils (ENF), with the
TPS/eucalyptus : optimal concentration determined to be 4%. Moreover,
g Extrusion ) " [7]
nanofibrils the composite demonstrated faster and more efficient
biodegradation compared to neat thermoplastic starch
(TPS)
TPS/Pon. (buty- Thermal The incorporation of fillers enhances the processability of
lene succinate) / , (8]
I . compression | cassava starch
citric acid
TPS/nanocellul Solvent Improvement in strength and resistance to mechanical [9]
ose casting stress
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As can be seen, fillers used in thermoplastic starch generally improve its mechanical
properties, thereby increasing the strength of the final product. However, most fillers primarily
enhance the mechanical performance of the polymer composition, while the issue of barrier
properties remains unresolved. Therefore, in the present work, both the barrier and mechanical
properties of the resulting polymer composition were investigated [10].

The aim of this study was to develop a biodegradable polymer material based on
thermoplastic starch with improved barrier and mechanical properties. For this purpose, cellulose
was selected as thefiller, as it possesses excellent mechanical properties and, according to literature
data, significantly enhances the strength of thermoplastic starch. However, objectives of this study
were not limited to improving mechanical performance; they also included enhancing the barrier
properties of the material. In this context, barrier properties refer to the resistance of a material to
water vapor and gases [11].

Since both cellulose and thermoplastic starch exhibit relatively low barrier properties, stearic
acid was introduced to enhance moisture resistance. Stearic acid is a non-toxic and readily available
hydrophobic component capable of improving the water resistance of the material [12]. To achieve
better dispersion of stearic acid and to improve the homogeneity of the resulting polymer composite,
a filler modification approach was employed, specifically the modification of cellulose.

In conclusion, this study resulted in the development of a cost-effective, environmentally
friendly, and biodegradable polymer composite material suitable for use in the production of
packaging products.

Materials and methods

Modification of cellulose with stearic acid

Microcrystalline cellulose (MCC) was mixed with 95% ethanol in a 1:3 ratio in a two-neck
round-bottom flask. The mixture was thoroughly stirred for 30 minutes using a magnetic stirrer.
Stearic acid, in an amount equivalent to that of cellulose, was then added to the mixture. The
resulting mixture was continuously stirred with heating for 8 hours at 80°C. To prevent ethanol
evaporation, a reflux condenser was attached to one neck of the flask, while a thermometer was
placed in the other neck to monitor the temperature. The obtained modified MCC was filtered and
dried in a drying oven at 50°C for 6 hours, followed by 12 hours at room temperature. The success
of the modification was confirmed using FTIR spectroscopy (fig. 2).

Figure 2 — Laboratory setup for cellulose modification

Preparation of TPS/M-MCC composite material

Corn starch was dissolved in distilled water at a 1:19 mass ratio and heated at 70°C for 10-
15 minutes until the thermoplastic starch (TPS) reached a viscous consistency. Subsequently,
modified MCC (M-MCC), pre-dissolved in ethanol at a 1:3 volume ratio, and 2 mL of glycerol were
added. The resulting suspension contained 20 wt. % of M-MCC relative to TPS. The mixture was
stirred for 20 minutes, after which it was poured into a Petri dishes to form films. The films were dried
at room temperature for 24 hours.

In total, two types of films were prepared: one neat TPS film and one TPS/M-MCC composite
film with 20 wt. % M-MCC. Initially, the films were cast as circular sheets. For further characterization
and testing, specimens were cut from these films into standardized dumbbell-shaped samples for
mechanical and barrier property measurements.

Methods for Sample Analysis

FTIR spectrometry

Fourier-transform infrared (FTIR) spectroscopy was performed to confirm the modification of
microcrystalline cellulose with steraicic acid. Samples of unmodified and modified microrystalline
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cellulose (0.3-0.5 mg) were thoroughly mixed with potassium bromide (0.5 g) and pressed into pellets
with a diameter 13 mm. The FTIR spectra were collected in the range of 4000-400 cm™ with a
resolution of 4 cm™ using an IR Fourier spectrometer.

Dynamic Mechanical Analysis (DMA)

Dynamic mechanical analysis (DMA) was performed to determine the glass transition
temperature (Tg) of polymer samples. In this study, Tg and the loss tangent (tan ) of thermoplastic
starch (TPS) and TPS/M-MCC composite were measured using a DMA DX04 T analyzer (RM
Electronic Measuring Instruments, Lazné Bélohrad, Czech Republic). Thermoplastic starch was
used as a reference for comparison.

Rectangular specimens with dimensions of 40x 8x 2 mm, were subjected to sinusoidal three-
point bending with a constant force amplitude of 500 mN at a frequency of 1 Hz. Measurements were
conducted over a temperature range of -93 to 100 °C with a heating rate of 2 °C/min.

Mechanical properties

The mechanical properties of the samples were evaluated by tensile test. Specimens were
prepared in a standardized «dumbbell» shape in accordance with the relevant ISO 527-3 standard.
Tensile testing machine (Instron 3365, Instron, Norwood, MA, USA) at a constant crosshead speed
of 100 mm/min at room temperature. For each component, five specimens were tested, and the
average values were reported.

Barrier properties: Water Absorption

The barrier properties of the samples were evaluated by measuring their water absorption.
Dumbbell-shaped specimens were conditioned in two controlled environments with relative
humidities of 50% and 90%, respectively, following ASTM E 104. Samples were placed in sealed
desiccators at room temperature for 7 days, after which they were weighed. Subsequently, the
specimens were dried over silica gel in a desiccator at room temperature until a constant weight was
achieved (approximately 14 days).

Water absorption (WA) was calculated using the following equation:

WA(%) = (W2-W1)/W1) x 100 1)

where w, is the mass of the sample in the moistened state (g), and w;, is the mass of the
sample in the dried state (g).

Biodegradability

The biodegradability of TPS and TPS/M-MCC samples was evaluated in accordance with
ASTM D5338. Specimens were placed in polyester mesh bags and buried in containers filled with
pre-conditioned compost soil. The containers, equipped with perforated lids for ventilation, were kept
in a drying oven at approximately 58° C for 7, 14 and 28 days. These compost moisture content was
maintained at ~50% throughout the experiment by regular watering.

After one, two and three weeks, the first, second and third layers of samples was excavated,
cleaned, dried to a constant weight, and weighed. The biodegradation (BD, %) was calculated
according to the following equation:

BD (%) =((m0-m1)/m0) x 100 (2)

where m, is the mass of the sample before decomposition (g), m; is the mass of the sample
after composting and drying (Q).

Results and discussion

Modification of Microcrystalline Cellulose with Stearic Acid and Comparative FTIR analysis
with Unmodified Microcrystalline cellulose

The modification of microcrystalline cellulose (MCC) with stearic acid (SA) is attributed to the
formation of hydrogen bonds between the hydroxyl groups of cellulose and the carboxyl groups of
stearic acid (fig. 3).

The resulting TPS/M-MCC composite exhibited a slightly different appearance compared to
neat TPS, as the presence of small white M-MCC particles led to loss of transparency.
Representative images of the TPS and TPS/M-MCC films are shown (fig. 4) below.

FTIR spectroscopy was employed to confirm the modification of MCC with stearic acid. The
figure below (fig.5) presents the results of the comparative spectral analysis between unmodified
MCC and modified MCC (M-MCC).

According to the FTIR spectroscopy data for MCC, a broad band in the range of 3300-3340
cm™* was observed, corresponding to the stretching vibrations of hydroxyl (-OH) groups. In the
spectrum of stearic acid-modified MCC (M-MCC) the intensity of this band decreased and its width
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was partially reduced, indicating surface modification of MCC due to the formation of hydrogen bonds
and partial interaction of carboxyl groups of stearic acid with the hydroxyl groups of cellulose.
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Figure 5 — Results of FTIR spectroscopy for: (a) MCC (b) M-MCC

Additionally, the peaks in the region of 1440-1390 cm™ increased in intensity, which is
attributed to the presence of CH stretching vibrations of the long alkyl chain of stearic acid. However,
no new peaks where detected between 1745 and 1715 cm?, which excludes the formation of C=0
bonds of esters and confirms that no covalent esterification occurred. This supports through
hydrogen bonding rather than deep chemical modification.

At the same time, intense signals were observed in the range of 1050-1150 cm™, typical for
the vibrations of C—-O—C glycoside bonds in the cellulose structure, confirming the preservation of
the cellulose backbone.

Taken together, these spectral changes confirm the successful surface modification of MCC
with stearic acid and the formation of a hydrophobic layer, which is consistent with the observed
improvement in filler-matrix compatibility in the composite materials.

Dynamic mechanical analysis

Dynamic Mechanical Analysis (DMA) was conducted to investigate the influence of stearic
acid-modified cellulose (M-MCC) on the thermomechanical behavior of thermoplastic starch (TPS).
Figure 6 shows the temperature dependences of the storage modulus (E') and loss modulus (E") for
neat TPS and the TPS/M-MCC composite.
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The glass transition temperature (Tg) of the samples was determined as the temperature at
which the amorphous regions of the polymer transitions from a rigid, glassy state to a soft, rubbery
state.

As shown in Figure 6a, neat TPS exhibited a characteristic decrease in E' with increasing
temperature, indicating the softening of the starch-plasticizer matrix. The peak E" and maximum tan
0 correspond to the glass transition region (Tg), which was observed at approximately 63°C.

FFT data ovaluation EG' - E/6"
o

FFT data avaluation EG' - EiG

Figure 6 — Results of dynamic mechanical analysis (a) TPS, (b) TPS/M-MCC

In contrast, the TPS/M-MCC composite maintained a higher E' across the entire temperature
range, indicating a pronounced reinforcement effect on the filler. The glass transition temperature,
determined from the maximum of tan 8, shifted to approximately 120°C — about 57°C higher than
that of neat TPS. This significant shift confirms the restricted mobility of the polymer chains, resulting
from the interactions with the hydrophobically modified cellulose.

The tan 0 peak of the TPS/M-MCC composite was slightly lower and broader compared to
that of neat TPS, indicating reduced viscous damping and a more elastic response. Additionally, the
appearance of distinct «shoulders» on the E" suggests the presence of heterogeneous relaxation
processes, likely associated with the filler—matrix interface.

Overall, the incorporation of stearic acid-modified cellulose effectively enhanced the rigidity
and thermal stability of TPS by improving filler-matrix compatibility and restricting the mobility of the
starch chains.

Mechanical properties

The mechanical properties of neat TPS and the TPS/M-MCC composite were evaluated

using uniaxial tensile testing. Table 2 summarizes the average values of Young's modulus, maximum
tensile strength and elongation at break for the investigated samples.

Table 2 — Results of mechanical testing

Sample Average value of Average value of maximum | Average value of elongation
Young’s modulus (MPa) tensile strength (MPa) at break (%)
TPS 2312 1,60+0,3 23+3
TPS/M-MCC 31+2 2,89+0,1 27+3

The stress-strain curves obtained from the tensile tests are presented in Figure 7.
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Figure 7 — Tensile strength results: (a) TPS (b) TPS/M-MCC

According to the results summarized in Table 2 and stress-strain curves in Figure 7, the
incorporation of M-MCC into the TPS matrix significantly enhanced mechanical performance of the
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material. The Young’s modulus increased from 23 MPa to 31 MPa, indicating improved stiffness and
more efficient stress transfer between the matrix and the filler. Furthermore, the maximum tensile
strength nearly doubled, confirming the pronounced reinforcing effect of the M-MCC and its ability to
improve the load-bearing capacity of the composite. Notably, the elongation at break also increased
slightly, suggesting that the composite retained — and even slightly improved — its ductility. Overall,
the TPS/M-MCC composite demonstrated excellent mechanical properties, combining increased
stiffness with preserved elasticity.

Barrier properties

Barrier properties were evaluated by measuring the water absorption of the materials. Table
3 shows the water adsorption results for neat TPS and the TPS/M-MCC composite at relative
humidity of 50% and 90%.

Table 3 — Results of water absorption tests

Samples WA at 50%, % WA at 90%, %
TPS 2312 5212
TPS/M-MCC 12+1 3912

According to the data presented, the water absorption of the composite was nearly reduced
by half compared to neat TPS. This indicates that the hydrophobicity of the material was significantly
improved due to the modification with stearic acid. Enhanced moisture resistance is advantageous
for applications in packaging, particularly for products requiring protection from humid environments
or for extending the shelf life of dry goods under wet conditions.

Biodegradation

Biodegradation is a critical parameter for evaluating the environmental impact of bio
composites, as it reflects their ability to decompose under natural conditions (Fig.8).

Figure 8 — Visual appearance of biodegradation tests
According to the data in the Table 4 and Figure 9, the incorporation of M-MCC slightly

enhanced the biodegradability of the material. The degree of biodegradation increased from
54.35+3% for neat TPS to 57.38+3% for the TPS/M-MCC composite.

Biodegradation

0,5

Initial weight 1week 2 week 3 week

e TPS === TPS/M-MCC

Figure 9 — Biodegradation of polymers as a function of time (weeks)

Table 4 — Results of biodegradation degree of the samples
Material TPS TPS/M-MCC
BD, % 54,353 57,383

In general, the incorporation of the filler did not substantially alter the overall biodegradation
behavior of the composite. This is expected, as the filler itself is biodegradable and environmentally
benign.

Consequently, the resulting material can be considered environmentally friendly, showing a
high degree of biodegradation under composting conditions, and safe for disposal with minimal
environmental impact.
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Conclusion

In conclusion, the polymer composition based on thermoplastic starch showed excellent
performance and fulfilled the intended objectives. Compared with neat thermoplastic starch, the
TPS/M-MCC composition exhibited higher strength and toughness. The incorporation of stearic acid-
modified cellulose reduced, water adsorption by nearly 50%, significantly improving the barrier
properties of the material. The biodegradability of the composite remained comparable to that of neat
TPS, confirming its environmental safety and sustainable applications. Overall, the reinforcement
with modified cellulose led to a substantial improvement in the mechanical and barrier performance
of TPS. Therefore, the TPS/M-MCC composite demonstrates strong potential as an environmental
friendly, cost effective and fully biodegradable material for the production of packaging products,
contributing to the reduction of plastic pollution.
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CTEAPUH KbILIKbINbIMEH MOAU®ULIMPNIEHTEH MUKPOKPUCTANABIK LIENNIONO3AMEH
HbIFAUTBINFAH TEPMOMNNACTUKAIBIK KPAXMAI HEF3IHAET BUONOTMMANbIK bliAbIPAUTbIH
NOJNIMMEPII KOMMNO3ULUUAHDBI ANY XXOHE 3EPTTEY

KopwaraH opmaHbiH rnnacmukansik KandblkmapMeH rnacmaHybl — xahaHOblK 3KO02usbIK
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O3iHiH KoJ1 )XemimOainiaiHe, 3K002usibiK ma3saribifbl MEH 3USIHCbI30bIFbIHA XXKOHE driacmukKasibiK KacuemmepiHe
balinaHbicmbl cUHMeMuUKarblK rnoniumepriepee eH nepcrnekmuesarnsi banamanapObiH 6ipi 605bin caHanaobl.
LezeHmeH Oe, oHbiH 6epimizgiH Hawap/bifbl MEH 871Ci3 mocCKaybl/iOblK Kacuemmepi Kanmama eHiMOepiH
6HOipyde KondaHy MyMkiHOieiH wekmelidi. Ocbl KeMwinikmepdi Ok yWiH mepMoriacmukasbiK Kpaxmar
2udpoobmeinbifbl MEH MOCKaybIObIK KacuemmepiH apmmbipy MakcambiHOa cmeapuH KblWKbUTbIMEH
modugpuyupneHaeH, bepikmiai xorapbl XoHe KormkemimOi buononumep — MUKPOKpuUcmarnobl Uesono3ameH
Hbiratimbindel. TIIKIM-MKL komno3umi b6ankbimala apanacmbipy o0ici apKbifibl arsblHbIM, CO3blIyFa
bepikmiei, cy CiHipy Kacuemi, buonoausisibiK biObipay 0spexeci XoHe OQUHaMUKarbIK MexaHuKarnbiKk manday
(DMA) oadicmepi apkbinibl 3epmmendi. @ypbe mypneHOipyni uHgppakbidbin crnekmpockonuscel (FTIR)
uennono3aHbiH bemmik modughukauusiceiH pacmadsl. Taza TIK-meH canbicmbipraHda, arbiHFaH KOMIo3um
altimapnblKmal Xofapbl MexaHuKasnblK 6epikmikmi, memeH cy CiHipydi xxeHe XaKCbl 6uono2usinbiK biObipay
KabinemiH kepcemmi. byn Homuxenep modughukauusinaHFaH yesnnosameH HeiraimsbinFaH TITK kanmama
MamepuandapbiH 6HOipyee apHanraH 0acmypsi CuHmemukasrbiK [ofuMepriepae rnepcrnekmusaribl
9KOJ102USIIbIK ma3a basiama ekeHiH kepcemedi.

TyiiH ce30ep. mepmonnacmukanblK Kpaxmarsr, Uenosio3a, cmeapuH KblWKbIIbI, [oauMepsii
KOMro3uuyusi, Karnmama Mamepuanoapbl.
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Kasaxckuin HaumoHarbHbIV UccrneaoBaTeNbCKUIA TeXHUYECKUIA yHuBepceuTeT nMmenn K.M. Catnaesa
050013, Pecnybnuka KaszaxctaH, Anmatsl, yn. Catnaesa, 22
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NMONYYEHUE N NCCNEQOBAHUE BUOPA3JIATAEMOW NMOJIMMEPHOW KOMNO3MLMK
HA OCHOBE TEPMOIMJITACTUYHOIO KPAXMAJIA, APMUPOBAHHOIO NjVIKPOKPI/IC:I'AﬂHI/I‘-IECKOVI
LEENN0Nno3om mognenunPOBAHHOU CTEAPUHOBOU KUCNIOTOM

BaepsizHeHue okpyxatowel cpedbl nnacmukosbiMU — omxodamu  sensemcsi  2nobarnbHou
aKoroauyeckol npobremod. [Nloamomy rnepexod Ha 3KOro2u4eckU Yucmsle, buopa3arnazaemblie rNouMepHbIe
Mamepuarnbi se57emcsi akmyarnbHol 3adadell Onsi ece20 4Yenogedyecmea. TepmMonaacmuyHbIl Kpaxmarl,
bnazolaps ceoeli docmynHocmu, buopasnazaeMocmu U 3facmuyHocmu, siensgemcsi oOHouU u3 Haubornee
rnepcrnekmueHbIX aribmepHamue cuHmemuyeckum nonumepam. OOHaKko e20 HU3Kasi MPOYHOCmb U criabbie
bapbepHbie ceolicmea 02paHuYU8arm 803MOXHOCMU MPUMEHEHUS 8 IPoU3800CMee yrnako8o4YHbIX u3denud.
Adna  ycmpaHeHuss ~ amux  Hedocmamkos,  mepMmornacmuydHbll  Kpaxmasna — 6bin apmMuposaH
MUKPOKpUCMarnnu4deckol  UesIroaio3old  —  XKEeCcmKuM U 80300HO8ssieMbiM  BGUOMOSIUMEepOM,
mModugbuyuposaHHbIM cmeapuHosol  Kucriomol 0ns rnoebiweHuss 2udpogobHocmu U bapbepHbix
xapakmepucmuk. Komnosum TITK/M-MKL 6b11 nonydyeH memodoMm cmewugaHUsi pacrinasea u uccredogaH ¢
MOMOWbIO UcMbimaHuli Ha pacmsikeHue, orpedesieHUsi 8000M0a/Io0WeHUs], OUeHKU buopasnazaemocmu U
OuHamu4yeckoz2o MexaHudecko2o aHanu3za (DMA). UHpakpacHas criekmpockonusi ¢ rnpeobpasogaHuem
Q®ypbe (FTIR) nodmeepduna ycriewHyo modugbukauyuro rnogepxHocmu uyenmonossl. Mo cpasHeHuo ¢
yucmbiM  TTIK, nony4YeHHbIO KOMIO3um roKa3asl 3HayumesilbHO B8bICOKYI0 MEXaHUYECKYI0 [POYHOCMb,
CHUX€eHHOoe 8000roaioueHue U COXpaHEeHHY CrnocoObHOCMb K 6U0o2u4eckoMy pPassfioxeHu. dmu
pesynbmamsi ceudemersiscmgyrom o mom, ymo TIIK, apmupogaHHbili MOOUUUUPOBaHHOU Uesoso30U,
s6/19emcsi MepPCrnekmueHOU 3KoI02udeckU Yucmol anbmepHamueol mpaluUyUOHHbIM CUHMEeMUYECKUM
rnonumepam 0115 pouseoocmea yrnako8oYHbIX Mamepuarsos.

Knroyesbie cnoea: mepmonnacmuyHbil — Kpaxmar, Uessiifo3a, CcmeapuHoeasi —Kucioma,
ronuMepHasi KOMo3uyus, yrnakogoyHble Mamepuaribl.

Information about the authors
Samira Nurbokyzy Sagatova — PhD student and teacher of Kazakh National Research Technical
University named after K.I. Satbayev, Almaty, Kazakhstan; e-mail: samira.sagatova9@gmail.com. ORCID:
https://orcid.org/0000-0001-7078-8938.
Khadichakhan Sabirzhanovna Rafikova — PhD, professor of Kazakh National Research Technical
University named after K.I. Satbayev, Almaty, Kazakhstan; e-mail: kh.rafikova@satbayev.university. ORCID:
https://orcid.org/0000-0001-8028-2244.

ABTopnap Typanbl ManimeTTep
Camupa Hyp6onkbiabl CaratoBa — K./. Catnaes aTbiHaafbl Kasak ¥ntTblk 3epTTey TexHuKanbik
YHUBEPCUTETIHIH, OKbITyWwbICHl xaHe PhD crtygeHnTi, KasakctaH Pecnybnukacbl, Anmatbl kanacel; e-mail:
samira.sagatova9@gmail.com. ORCID: https://orcid.org/0000-0001-7078-8938.
XapnuaxaH CabbipxkaHoBHa PacdmkoBa — PhD, K.W. Catnaee atbiHaarel Kasak ¥ntTeik 3epTTey
TexHukanblk YHuBepcuTeTiHiH npodpeccopbl, KasakctaH Pecnybnukacel, AnmaTbl Kkanacbl, e-mail:
kh.rafikova@satbayev.university. ORCID: https://orcid.org/0000-0001-8028-2244.

ISSN 2788-7995 (Print) Bectuuk Yuusepcurera [llakapuma. Texuuueckue Hayku Ne 1(21) 2026 663
ISSN 3006-0524 (Online) Bulletin of Shakarim University. Technical Sciences Ne 1(21) 2026


mailto:samira.sagatova9@gmail.com
mailto:samira.sagatova9@gmail.com
https://orcid.org/0000-0001-7078-8938
mailto:kh.rafikova@satbayev.university
https://orcid.org/0000-0001-8028-2244
mailto:samira.sagatova9@gmail.com
https://orcid.org/0000-0001-7078-8938
mailto:kh.rafikova@satbayev.university
https://orcid.org/0000-0001-8028-2244

CBeneHus 06 aBTOpax
Camupa Hyp6onkei3bl CaratoBa — PhD cTygeHT u npenogasaTens Kasaxckoro HaLMOHambHOro
nccnepoBaTenbckoro TexHudeckoro yHuepcuteta umeHu K.A. CatnaeBa, Anmartbl, KasaxcraH; e-mail:
samira.sagatova9@gmail.com. ORCID: https://orcid.org/0000-0001-7078-8938.
XagnuaxaH CabbipxxaHoBHa PadwmkoBa — PhD, npodeccop Kasaxckoro HauMoHanbHOro
nccrnegoBaTenbCckoro TexHudeckoro yHueepcuteTa mmeHn K.W. Cartnaesa, Anmatel, KasaxcrtaH; e-mail:
kh.rafikova@satbayev.university. ORCID: https://orcid.org/0000-0001-8028-2244.

Received 24.09.2025
Revised 08.12.2025
Accepted 09.12.2025

https://doi.org/10.53360/2788-7995-2026-1(21)-72 D)y 40 |
IRSTI 61633174 W) Check for updates

B.Sh. Khassankhojayeva!, G.F. Sagitova®, G.A. Takibayeval, S.Zh. Yegemberdiyeva?,

A.T. Kabylbekova3

IM. Auezov South Kazakhstan University,

160012, Republic of Kazakhstan, Shymkent, Tauke-khan avenue, 5,
2Regional Innovation University,

160000, Republic of Kazakhstan, Shymkent,

Ryskulova Street, 27/2,
3Miras University,
160000, Republic of Kazakhstan, Shymkent, Sapak Datka, 2
"e-mail: guzalita.f1978@mail.ru

OPTIMIZATION OF RECIPES OF DEVELOPED RUBBER MIXTURES TAKING INTO ACCOUNT
THE EVALUATION OF PHYSICAL AND MECHANICAL PROPERTIES

Annotation: Optimization of the composition of rubber compounds is a complex and multifactorial
process due to the variety of components used and the complex relationships between them. Conducting a
series of experimental studies to select the optimal formulation requires a significant investment of time, raw
materials and laboratory resources. In this paper, an approach based on the use of mathematical modeling
methods is proposed, which makes it possible to predict the properties of rubber compounds and determine
their optimal composition. Special attention is paid to the use of natural zeolite and oil refining waste as
modifying additives, which helps to increase the efficiency and environmental friendliness of production. The
additives used include the organic fraction of oil sludge and natural zeolite from the Chankanai deposit. Based
on a priori information, an experimental design was developed to enable the construction of adequate
mathematical models using the least squares method. These models describe the relationships between the
component composition and both performance properties and economic criteria. An optimization problem is
then formulated based on these models, followed by an analysis of its features and the selection of the most
effective solution method. The effectiveness of the proposed approach is demonstrated through an example
of optimizing the rubber compound formulation. Modification of rubber compounds makes it possible to obtain
composite materials with increased oil resistance, stable elastic and strength properties. This approach helps
to reduce production costs by using affordable raw materials and simplifying the technological process. The
developed computational model for determining the optimal composition of a rubber compound can be used
both in scientific research and in industrial practice in the development of new formulations of elastomeric
compositions.

Key words: multicomponent mixtures, rubber mixtures for sealing the hydraulic seals, optimization
problem, conditional tensile strength, composition — cost.

Introduction. Modern production of rubber, construction and other industrial products relies
on the use of complex multicomponent systems, which include binders, fillers, resins, plasticizers
and various chemical additives that provide the required performance characteristics of materials.
These materials represent heterogeneous systems composed of particles and grains of varying
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