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The influence of a new filler of natural origin on the thermal oxidation process of high-pressure polyethylene
has been studied. The studied filler is carbonized rice husk, a waste product of agricultural production. It has
been established that CSF exhibits some thermostabilising effect, preventing the decrease of deformation
and strength characteristics of the polymer after its exposure for 3 hours at 170°C. The introduction of
CSF allows to keep the yield strength at the level of 77% (10% wt. CSF) and 46% (5% wt. CSF), while for
unfilled aged LDPE this index does not exceed 3% of the initial sample. The breaking stress of the filled
samples remains at the level of the unoxidized ones. A synergetic effect was revealed when the investigated
filler and standard antioxidant Irganox 1010 were used. At the introduction of 10% wt. of CSF and 0,2%
wt. of phenolic stabilizer, there is no decrease in destructive stress after the thermal aging of the material.
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7Kana TaOWFH TOJNTHIPFBIIITHIH JKOFApPbl KBICBIMIIBI TTOJIMSTUIICHHIH TEPMOTOTHIFY TPOLIECiHE acepi 3epT-
TeJli. 3epTTereH TOJNTHIPFBIII — OYJ1 aybUIIIAPYALIBLIbIK, OHIPICIHIH KaIAbIKTapbl OOJIBI TAOBUIATHIH KO-
MmiprekTi Kypim Kaobirbl. KKT 170°C Temneparypanga 3 carar O0iibl SKCIIO3MLIMAAAH KEeWiH MOJMMEPIiH
nedopMaMsUIBIK-OEpiKTIK CUMIaTTaMaJIapbIHBIH TOMEH/AEYiHe K0 OepMEHTIH Kelbip TepMOCTa0MIM3alIu-
sutblK, ocep ereTiHi aHbIKTamabl. KKT enrizy akkpintsik merin 77% (KKT 10% wmacc.) sxone 46% (5%
Macc. KKT) neHreriinzie cakrayra MyYMKIHAIK Oepeji, Oy peTte ToaThippuiMaral eckipred JKKITD yiain
OyJ1 KepceTKilll OacTankspl yJri KepceTkimrepiHid 3%-aaH acniaiabsl. TOATHIPbUFAH YATUIEPIiH AeCTPYK-
THUBTI KEpHeYyi TOThIKIIaFaH AEHreiae cakTaaaabl. 3epTTereH TOJNTHIPFBIII IIeH CTaHJAPTThl AHTHOKCHUAAHT
Wpranokc 1010-meH Gipre naiinananyga cCMHepreTUKaiblK acep aHbIKTanasl. 10% macc. KKT xone 0,2%
Macc. (PeHOJIbI TYPAKTAHBIPFBILI €HrI3IeHe MaTepUaIbH TEPMUSIIBIK KAPTAIObIHAH KEiH AeCTPYKTUBTI
KepHeyliH TeMeHeyi OalKaIMamIbl.

Tyiiin ce3aep: MOIMITUIICH, TONTHIPFBIII, KAPOOHU3AIMIIAHFAH KYPIilll KAOBIFBI, TEPMOTOTHIFY, Iehop-
Marus koHe OepiKTiK cumaTTamanapsl.
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W3yyeHo BAMSAHME HOBOIO HAIOJHUTENS MPUPOJHOIO MPOMCXOKIEHUs Ha MPOLECC TEPMOOKUCIIEHNUS
NOJIMITUJIEHA BBICOKOTO J1aBieHus. MccieloBaHHbIN HaMOJIHUTEs MPeICTaBlIsieT OO0 KapOOHM3UPOBaH-
HYIO PUCOBYIO LIEJTYXY, ABJIAIOLIYIOCS OTXOIOM CEJIbCKOXO3SIIICTBEHHOIO IPOU3BOJCTBA. Y CTAHOBIIEHO, YTO
VKH nposiBiisieT HeKOTOpoe TepMOCTaOMIIM3UPYIOIIee ASHCTBHE, TPETISITCTBY s CHUKEHUIO Je(pOPMAaIIIOHHO-
ITPOYHOCTHBIX XapaKTEPUCTHUK MOJIMMEpa MOCIE €ro SKCNO3UIMY B TeueHnn 3-x yacoB nipu 170°C. Beene-
Hue YKH no3BosisieT coxpanuTh npenen Tekydecty Ha ypoBHe 77% (10% macc. YKH) u 46% (5% wmacc.
VYKH), B To BpeMs /11 HEHAIIOJHEHHOro coctapeHHoro I19B]I sToT nokasartens He npeBbllIaeT 3% OT
NoKasatesiell UCXOJHOro obpasia. Paspymaioiiee HanpsbkeHUe HAOJHEHHBIX 00pa3lioB COXpaHseTcsl Ha
YPOBHE HEOKHUCJIEHHBIX. [Ipy cCOBMECTHOM HMCO/Ib30BAaHUM UCCIIEA0BAHHOIO HATIOJIHUTES U CTAaHJAPTHOTO
antuokcuganta Upranokc 1010 BeisiBneH cuneprernyeckuid a¢dext. [Ipu Benennu 10% macc. YKH n
0,2% macc. (beHOIBHOTO CTadbMIM3aTopa He HAOMI0JAeTCsl CHUKEHHS Pa3pyLIAIOIIero HaIpsKEeHNsI Tocie

TEPMHUYECKOI'O CTApEHUSA MaTEpUaJia.

KuiroueBble ci10Ba: MoJIMITUIIEH, HAIOJIHUTEITb, KAPOOHU3UPOBAHHAS PUCOBAs LIeTyXa, TEPMOOKHCIIE-
HUeE, 1e(POPMaLIMOHHO-ITPOYHOCTHBIE XapaKTEPUCTUKH.

Introduction. Polymer composite materials due
to the complex of their valuable qualities are
widely used in many spheres of human activity.
The use of fillers of various types (dispersed,
fibrous, woven) allows not only to increase the
strength characteristics of the material, but also to
change its thermal, electrical, frictional, and other
characteristics. The combination of thermoplastics,
fillers of different natures and aggregate states,
stabilizers, plasticizers, and other additives in the
polymer composition allows to create materials
with the widest range of properties and meeting
the requirements of the most demanding areas
of industry. However, during the processing of
polymers into products and their further operation as
aresult of thermal-oxidative aging, the performance
of the material deteriorates and its service life is
reduced. Therefore, one of the important objects
of research is the influence of various components
of composite material, in particular fillers, on
the resistance of polymers to various types of
degradation.

A number of publications have been devoted
to the study of thermal aging processes of filled
polymers, including polyethylene [1-4]. However,
they mainly consider the processes of aging and
stabilization of polymers filled with mineral fillers.

At present, carbon-silica composite is proposed as
a filler from natural renewable raw materials, which
is carbonized rice stalk and husk waste in a pyrolysis
furnace without access to oxygen at a temperature of
550-600°C [5]. According to [6], the composition of
carbon-silicon filler (CSF) includes 47,26 % carbon,
50,38 % Si0,, and 2,36 % impurities, mainly oxides
of various metals.

Since a number of researchers [7-10] note the
presence of a synergetic effect of rubber hardening
at the joint use of carbon black and silicon dioxide,
there is an increasing number of works on the
study of the influence of complex filler CSF on the
properties of various rubbers [11-15].

The aim of the study was to investigate the
influence of carbon-silica filler obtained from
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natural raw materials on the thermal aging processes
of high-pressure polyethylene.

Materials and methods. High-pressure
polyethylene (LDPE) of 15313-003 grade (GOST
16337-77, changes 1-3) and carbon-silicon filler
provided by «NeoCarbon» LLP (Republic of

Kazakhstan) were used as objects of research.
Characteristics of polyethylene are given in Table
1. The chemical composition of CSF filler is shown
in Table 2. Irganox-1010 (pentaerythrol tetrakis(3-
(3,5-di-tert-butyl4-hydroxyphenyl) propionate)
produced by BASF was used as a stabilizer.

Table 1 — Characteristics of polymers

Polymer Melt Melting Yield Tensile Relative
flow rate, | point, °C strength, breaking elongation
g/10  min, MPa stress, MPa | at break, %
T=190°C

15313-003 0,35 106 10,8 14 450

Table 2- Chemical composition of carbon-silica filler

Chemical composition | Contents, %
Carbon 47,26
Si02 50,38
Na20 0,04
MgO 0,16
AI203 0,01
P205 0,11
K20 1,72
CaO 0,28
TiO2 0,01
MnO 0,02
Fe203 0,01

Polymer compositions were prepared by mixing
in melt in a Brabender mixer for 10 minutes after
loading all components. The mixing temperature
was 150°C. Rotor speed150 rpm.

Samples for physical and mechanical tests were
obtained by pressing (GOST 12019-2021) at a
temperature of 160°C. After pressing all samples
were subjected to conditioning at room temperature
for a day (GOST 12423-2013).

Aging of the samples was carried out at 170°C for
1,2, and 3 h.

Determination of deformation and strength
properties of the samples was carried out on a
tensile testing machine TestP 108 with automatic

registration of results at a speed of 500 mm/min in
accordance with GOST 11262-2017.

Results and discussion. Currently, there is a
large amount of information on the successful
modification of thermoplastics with mineral fillers
to improve their performance. The study of the
possibility of using inexpensive fillers of natural
origin in polyethylene-based compositions is of
undoubted interest for the development of new
polymeric materials.

The investigations have shown that the
introduction of the studied filler practically does
not affect the strength of the material, only slightly
reducing the breaking stress of the composition.
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The increase in the concentration of CSF expectedly less than 4 % wt of CSF remains at the same level as

leads to a constant monotonic deterioration of the
elasticity of the material (Fig. 1). At the same time,
the relative elongation at break for LDPE filled with

that observed in LDPE filled with a similar amount
of other dispersed fillers.
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Fig. 1 — Influence of CSF concentration on deformation and strength characteristics of LDPE
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Fig. 2 — Change of yield strength (a) and breaking stress (b) of composites in the process of thermal aging

Since in addition to carbon black and silicon
oxide, the CSF contains 2.36 % of impurities, which
are oxides of various metals, it was of interest to
evaluate the effect of this filler on the thermo-aging
process of LDPE.

In the course of the research, it was found that
the strength characteristics of LDPE filled with
carbonized rice husk during aging decrease to a
lesser extent than for unfilled polyethylene (Fig.
2, 3). This indicates the manifestation of some
stabilizing properties by this filler. At the same
time, the joint introduction of filler and CSF allows

to keep the level of strength characteristics for
a longer time (Fig. 3). Inhibition of the process
of oxidation and destruction of polyethylene at
the introduction of complex carbon-silicon filler
is probably connected with the presence of metal
oxides, which are able to interact with carboxyl
groups formed at thermo-oxidation of polymer.
The use of the antioxidant Irganox 1010 in the
composition of polyolefin composition together
with CSF preserves the strength properties of the
aged material at the level of the initial unaged
composite. That is probably connected to some
synergetic action of the filler and antioxidant.
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Fig. 3 — Rate of yield stress (a) and failure stress (b) of composites in the process of thermal aging

Polyethylene filled with CSF has significantly
worse elasticity than the original one (Fig. 1), but
in the process of its thermal aging the decrease in
relative elongation at break is much slower (Fig. 4).
Relative elongation of the samples aged for 3 hours
at 170°C, filled with 5 and 10% of CSF, is 65 and
40% of the values of samples not subjected to aging.
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The combination of UCS and the standard stabilizer
of phenolic type Irganox1010 almost completely
stops the reduction of elasticity of the aged material.
However, it is necessary to take into account the
lower value of elongation at break when filling
polyethylene.
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Fig. 4 — Change of yield strength (a) and breaking stress (b) of composites in the process of thermal aging

Conclusions. Thus, the studies that were
conducted have shown that the use of CSF as a
filler has a positive effect on the process of thermal
oxidation of high-pressure polyethylene, reducing
its intensity. The introduction of CSF into LDPE
allows the yield strength after the exposition of
samples for 3 hours at 170°C at the level of 77%
(10% wt. CSF) and 46% (5% wt. CSF), while
the 6t of unfilled aged LDPE does not exceed
3% of the initial sample. The breaking stress of
the filled samples remains at the level of the

unoxidized ones. The use of this carbon-silicon
filler in polyethylene compositions in combination
with a standard stabilizer makes it possible to
practically stop the thermal aging of the polymer,
thus extending its service life. In spite of the fact
that the introduction of 10% wt. of CSF into the
polyethylene composition is more effective from
the point of view of ensuring thermal stability, it
seems reasonable to use smaller amounts of the
filler. This is due to its negative effect on the
elasticity of the material since the introduction of

182



10% wt. of CSF reduces the relative elongation polymer compositions.
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