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Abstract:. The paper considers the influence of the ratio of polymer components - high density polyethylene
and low density polyethylene, on the main physicomechanical properties. The properties of polymer mixtures
such as tensile yield stress, ultimate tensile stress and elongation at break were studied. It revealed that as
the content of low density polyethylene in the polymer mixture increases, two small maxima appear on
curves. These maxima correspond to 5.0 and 50 wt. % of the content of low density polyethylene in the
mixture. The loading of 1.0 wt. % of a structurant-titanium dioxide into the composition of polymer mixtures
leads to noticeable increase in their strength indicators and elongation at break at almost all ratios of
polymer components. The effect of the crosslinking agent, sulfur, on the basic physicomechanical and
thermophysical properties of composite materials was examined. It found that as the sulfur content rose from
1.0 to 5.0 wt. % in the polymer mixture, a regular increase in the tensile yield strength, elongation at break,
and heat resistance of the samples is observed. Along with this, a slight decrease in the melt flow rate of
polymer compositions with an increase in the concentration of the curing agent was noted. The theoretical
substantiation of processes occurring in polymer mixtures in the process of exposure to titanium dioxide and
sulfur was presented.
Keywords: low density polyethylene, high density polyethylene, structurant, vulcanization, heat resistance,
melting point, sulfur.
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Introduction

process of improving the density polyethylene (HDPE) and low density

technology of industrial polyethylene (LDPE) are among the most large-

In the
technique and

production, increased demands are made on the
quality of structural polymer materials. For this
purpose, homo- and copolymers produced in the
industry began to undergo various types of
modification using structure-forming agents,
plasticizers,  fillers, cross-linking  agents,
compatibilizers, allowing to a certain extent to
improve the basic physicomechanical and
operational  characteristics of  composite
materials [1-4]. Despite a large number of
works in this direction, studies based on
mixtures of the same type of polymers are very
limited. For example, it is known that high

tonnage polyolefins produced in the industry.
However, despite this, the literature contains a
very small number of studies devoted to the
study of a mixture of polyethylene. Obtaining
structural materials based on mixtures of
polyethylene is the simplest way to obtain a set
of various types of compositions differing in
their physicomechanical characteristics [5-7].
[5-7].

In the light of the foregoing, the purpose
of the work is to develop and analyze composite
materials based on mixtures of high and low
density polyethylene.
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Experimental part

The main objects of the study were:

LDPE with a density of 912 kg/m®, an
ultimate tensile stress of 10.25 MPa, an
elongation at break of 800%, a melt flow index
(MFI) of 5.8 g/10 min.

HDPE with a density of 963 kg/m®,
ultimate tensile stress of 31.8 MPa, elongation
at break of 200%, MFI = 8.4g / 10min.

Structuring agent - titanium dioxide
(TIOy).

The wulcanizing agent-sulfur is a
chemical element with atomic number 16.
Elemental sulfur is a bright yellow crystalline
solid at room temperature. Under normal
conditions, sulfur atoms form cyclic octatomic
molecules with the chemical formula Sg. Used
as a polymer vulcanization agent.

The melt flow index (MFI) was
determined on a MELT FLOW TESTER,
CEAST MF50 rheometer (INSTRON, Italy) at a
temperature of 190°C and a load of 5 kg.

LDPE and HDPE-based polymer
compositions were obtained in the process of
mixing on rollers at a temperature of 170°C.

Heat resistance was determined by the
Vicat method.

Ultimate tensile stress (oy, MPa), tensile
yield stress (oy, MPa) and elongation at break
(e,%) were determined in accordance with
GOST 11262-80.

Melting points were determined on a Q-
1500 D derivatograph (MOM, Hungary) of the
Paulik-Paulik-Erdey system.

Results and discussion

In practice, depending on the type and
purpose of structural products, an important
point is the selection and use of polymers of
varying degrees of crystallinity and density.
HDPE is a high strength and tough polymer,
while LDPE is of a relatively low strength and
elastic polymer. Moreover, they differ sharply
not only in their strength, but in their
thermophysical characteristics as well. In the
development of structural products, a significant
need arises for the use of polymers that would
have a sufficiently high strength and
concurrently a satisfactory elasticity. In this
regard, the use of polyethylene mixtures makes
it possible to obtain a whole range of polymeric
materials and related products with various
combinations of density and degree of
crystallinity. This method is distinguished by
the simplicity of the technological solution and
can be implemented in nearly all large and small
enterprises on plastic processing [1-3, 8].

At the same time, studies aimed at the
use of various ingredients, for example,
structure-forming agents or cross-linking agents,
on the nature of changes in the main
physicomechanical and thermophysical
properties of polyethylene mixtures, are of great
importance.  For this, Fig. 1 shows the
regularity of changes in strength properties -
ultimate tensile stress (Fig. 1.1), tensile yield

stress (Fig. 1.1") and elongation at break (Fig.
1.3) of polymer mixtures depending on the ratio
of HDPE / LDPE mixture components. The
same figure shows the results of studying the
effect of the structurant (TiO,) and the ratio of
the mixture components (HDPE / LDPE) on the
ultimate tensile stress (Fig. 1.2), tensile yield
stress (Fig. 1.2") and elongation at break (Fig.
1.4) of modified compositions. Analysis of
curves in this figure makes it possible to
establish that the nature of changes in the tensile
yield stress (oy) and ultimate tensile stress (o)
of polymer mixtures from the HDPE / LDPE
ratio occurs according to a certain curvilinear
regularity. These curves show two small
maxima: at the minimum concentration of
LDPE (5.0 wt. %) and at 50 wt. % of its content
in the mixture.

To answer the cause-and-effect
peculiarities of the origin of these strength
maxima, let us turn to the processes occurring in
the deformation of thermoplastics. The
appearance of a maximum at 5.0 wt. % LDPE
content can be associated with a special form of
packing of LDPE macrochains in the HDPE
polymer medium. Both polyethylenes under
consideration are electrically neutral and very
close to each other, both in composition and
structure, and therefore, we believe that to assert
about some classical formation of the dispersed
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phase of LDPE in the dispersed medium of
HDPE will be unjustified. It has to be kept in
mind that LDPE is one of the more branched
polyethylenes in comparison with HDPE. The
branching structure of LDPE, in fact, provides it
with a relatively high flexibility and low
crystallinity (54%). It is also known that in the
interspherolite region there are “through-chains”
which are responsible for strength and
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deformation properties of the polymer. In the
process of uniaxial deformation within 3-5%,
the primary load is directed to the expansion of
spherulites which, in terms of strength, is
characterized by the tensile yield stress. Further
stretching of the samples is already associated
with the formation of a "neck” the strength of
which is considered as ultimate tensile stress [9-
11].
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Fig. 1. Effect of HDPE / LDPE ratio on ultimate tensile stress (o) (1.2), tensile yield strength (oy)
(1', 2') and elongation at break (3.4) of composite materials based on the initial mixture of HDPE +
LDPE (1, 1', 3) and its modified TiO, compositions (2, 2', 4).

We believe that the loading of up to 5.0% LDPE
will testify to the fact that the branched part of
the macrochain will be redistributed mainly in
the interspherolite region of HDPE, providing a
partial removal of rigidity in it and thereby
increasing the probability of simultaneous
participation of the most of the passage chains
in the process of uniaxial deformation. We
believe that this is how one can interpret a
certain increase in the strength characteristics of
the mixture at a minimum concentration of
LDPE. A further increase in the concentration
of LDPE results in a decrease of the degree of
composition crystallinity of compositions with a
subsequent  decrease in  their  strength
parameters. It is characteristic that

at low LDPE concentrations in the composition
of the HDPE + LDPE mixture, the difference
between the values of oy and o, is greater than

those at a high LDPE content. The data obtained
once again confirm our statement that as the
concentration of LDPE in the mixture rises, the
plasticity of the composite material decreases
due to the increase in its flexibility and
elasticity. Some  increase in  strength
characteristics at 50 wt. % content of LDPE in
the mixture, in all likelihood, can be interpreted
with some approximation by phase inversion. In
contrast to strength indicators, the elongation
monotonically increases as the content of LDPE
in the mixture rises.

The same Fig. 1 shows the curves of the
dependence of the tensile yield stress (curve
1.2", ultimate tensile stress (curves 1.2) and
elongation at break (curve 1.4) of HDPE +
LDPE polymer blends containing 1.0% of a
structurant-titanium dioxide. A comparative
analysis of the curves in this Fig. reveals that
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the loading of titanium dioxide contributes to a
noticeable improvement in the strength
properties and elongation at break of polymer
mixtures. In this case, such an essential increase
in these indicators unambiguously testifies to
the fact that the loading of a structurant-titanium
dioxide  promotes the  formation  of
heterogeneous nucleation centers. Simultaneous
growth of crystalline formations during cooling
on homogeneous and heterogeneous nucleation
centers contributes to the formation of small-
spherolite formations which, in turn, results in
an increase in the strength characteristics of
composite materials [12]. A characteristic point
IS that in this case, at 5.0 wt. % LDPE in the
composition, a slight increase in the values of oy
and o, is observed. At the same time, at 50 wt.
% LDPE content, the second maximum of
strength characteristics is not observed. There is
a reason to believe that the appearance of
heterogeneous crystallization centers in the
presence of titanium dioxide and the formation
of a small-spherolite supramolecular structure

% e

lead to a relatively uniform mutual dispersion of
mixture components. The latter circumstance, to
a certain extent, can contribute to a decrease in
the likelihood of occurrence of a maximum of
strength indicators, depending on the ratio of
polymer components. In all cases, an increase in
LDPE concentration over 50 wt. % is
accompanied by a sharp decrease in strength
properties. This is a state when, in the phase
inversion, long-range order is, to a certain
extent, violated during the formation of
crystalline formations [12].

One of the important points in the study
of composite materials based on a mixture of
polymers is the use of vulcanizing agents that
promote crosslinking of dissimilar macrochains
which ultimately leads to forced compatibility
of mixture components. Fig. 2 shows the curves
of the dependence of the tensile yield stress of
polymer mixtures on the sulfur concentration.
The initial object of the study was to focus on a
mixture of HDPE + LDPE + 1.0 wt. % titanium
dioxide.

Gy, MPa
40 p 3
30 E SN
A T S
S
3 2 .
[
20 P W
x
-
od v
0 f
(' A A
0 20 40

HDPE

£, %
. 800
\d
L
X
b 4 600
5 <
oy
. : " 1 400
o v ]
. & p
7 200
0
60 80 100

LDPE

Fig. 2. Influence of HDPE / LDPE ratio and sulfur concentration on tensile yield strength (1, 2, 3)
and elongation (1', 2', 3") of vulcanized compositions: 1- 1.0; 2- 3.0; 3- 5.0 wt. %

Comparing curves 1, 2 and 3 in this Fig.,
it can be established that on Fig.2 the influence
of HDPE / LDPE ratio and sulfur concentration
on tensile yield strength (1, 2, 3) and elongation
(1', 2, 3) of vulcanized compositions: 1- 1.0; 2-

3.0; 3- 50 wt. % sulfur wvulcanization
contributes to a significant increase in oy of the
samples in the entire range of HDPE / LDPE
ratios.

CHEMICAL PROBLEMS 2020 no. 3 (18)



340

PHYSICOMECHANICAL PROPERTIES OF

The sulfur concentration varied in the range
of 1-5 wt. %. As can be seen from Fig. 2, at all
ratios of the mixture components, the maximum
strength is practically not observed The latter
circumstance is associated with the fact that
when sulfur vulcanization occurs in the melt,
the process of chemical crosslinking proceeds
uniformly throughout the entire volume of the
samples. In addition, one should take into
account that sulfur is an eight-membered cycle
which, under the influence of temperature and
shear stress on rollers, leads to the formation of
radicals that, as a rule, promotes the breaking of
double bonds or the attachment in the a-position
to the double bond. In polyethylene, double
bonds are relatively insignificant and
characterized mainly by terminal, transvinylene
vinyl groups [2,3]. Therefore, the use of sulfur
in excess of 5.0 wt. % produced no desirable

effect in improving the properties. The
appearance of eight-membered sulfur bridges
between polyethylene macrochains

simultaneously contribute to their strengthening
and improvement of deformation characteristics.

Another important aspect of research
into polymer mixtures was the consideration of
such  thermophysical and  technological
characteristics as heat resistance, melting point
and MFI of samples. In this case, MFI
characterizes the technological feature of the
processing of composite materials. Analyzing

the data presented in Table 1, it can be
established that sulfuric vulcanization
contributes to some increase in the heat

resistance of the samples. It is characteristic that
the melting point of the samples practically
undergoes no significant changes. This
circumstance is explained as being due to the
fact that the melting point is a thermodynamic
index which fixes the physical process of
melting of crystalline formations under the
influence of temperature. In sulfur vulcanizates,
the derivatograph shows the value of the
melting temperature in the sections of
crystalline formations of composite materials
free from crosslinking. The difference manifests
itself in a slight decrease in the intensity of the
melting peak as sulfur concentration increases.
As noted above, sulfur vulcanization
proceeds at the site of break of a relatively small
number of double bonds, and therefore,
contributes to the formation of a sparsely
reticulated spatial structure. This is confirmed
by results of the MFI study of composite
materials. As can be seen from Table 1, as the
sulfur concentration increases, a regular
decrease in the MFI of the samples is observed.
At the same time, the MFI values of vulcanized
polymer mixtures remain at a level sufficient for
their processing by injection molding and
extrusion methods and for obtaining structural
products with a given structure and properties.

Table 1. Influence of sulfur concentration on thermophysical and technological parameters of
composite materials based on HDPE / LDPE mixtures.

No Formulation of composition, Heat resistance, Melting point, MFI,
B wt. % °C °C g/10 min.
1 HDPE+20LDPE+1.0TiO, 132 139 5.6
2 | HDPE +20LDPE +1.0TiO,+1.0 S 132 139 4.1
3 HDPE +20LDPE +1.0TiO,+3.0S 134 139 2.5
4 HDPE +20LDPE +1.0TiO,+5.0S 135 140 1.3
5 HDPE +50LDPE +1.0TiO, 119 132 4.9
6 | HDPE +50LDPE +1.0TiO,+1.0 S 120 132 3.8
7 HDPE +50LDPE +1.0TiO,+3.0S 122 132 2.3
8 HDPE +50LDPE +1.0TiO,+5.0S 123 133 0.9
9 HDPE +80LDPE +1.0TiO, 105 118 4.2
10 | HDPE +80LDPE +1.0TiO,+1.0 S 106 118 2.9
11 | HDPE +80LDPE +1.0TiO,+3.0S 107 118 1.6
12 | HDPE +80LDPE +1.0TiO,+5.0S 109 118 0.5

S- sulfur
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Thus, on the basis of the studies
performed it can be stated that the loading of a
structurant-titanium dioxide into the
composition of HDPE+LDPE-based polymer
mixtures improves their strength parameters and
elongation at break. Sulfur vulcanization of

of polymer mixtures while maintaining the
thermophysical properties at a satisfactory level.
As a result of sulfur vulcanization of polymer
mixtures, a slight decrease in the MFI of the
samples is observed maintaining its value at a
level sufficient for obtaining structural materials

polymer mixtures makes it possible to on their basis by injection molding and
substantially ensure high strength characteristics  extrusion.
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ASAGI VO YUXARI SIXLIQLI POLIETiLEN QARISIQLARININ VO ONLARIN OSASINDA
OLAN MODIFiKASIYA OLUNMUS KOMPOZISIYALARIN FiZiKi-MEXANIKI XASSOLORI

F.D. Mustafayeva, N.T. Qahromanov, i.9. ismayilov, L.X. Xamedova, *Q.S. Martinova

Azarbaycan Milli EImlar Akademiyast Polimer Materiallart Institutu
AZ 5004, Sumqgayit sohori, S. Vurgun kii¢asi, 124
*Azarbaycan Milli EImlar Akademiyast Neft va Qaz Institutu
AZ1000, Baki sah., F.Omirov kii¢., 9; e-mail: najaf1946@rambler.ru

Mogaloda polimer komponentlarin - yuxar1 vo asagi sixliglt polietilenin asas fiziki-kimyavi xassalora tasiri
nozordon kegirilmigdir. Polimer qarisiglarin dartilmada axiciliq haddi vo mohkomlik haddi, nisbi uzanma
kimi xiisusiyyatlori Oyronilmisdir. Polimer garisiqda asagi sixliglt polietilenin miqdar1 artdiqca asililiq
oyrilorinds iki maksimumun alindigi gostorilmisdir. Bu maksimumlar qarisiqda asagr sixligli polietilenin 5.0
Vo 50 kiitlo % miqdarina uygun olmusdur. 1 kiitla % qurulusamalagatiricinin-titan dioksidin polimer
garisiglarin torkibino daxil edilmasi polimer komponentlorin praktiki olaraq biitiin nisbatlorindo méhkomlik
gostaricilorinin vo nisbi uzanmasinin nazoragarpacaq artmasina komok etmisdir. Kiikiird tikici agentinin
kompozisiya materiallarmn fiziki-Kimyavi va istilikfiziki xassalorina tosiri 6yronilmisdir. Polimer qarisiqda
kiikiirdiin migdarmin 1.0 kiitle %-don 5.0-0 gadar artirilmast ils niimunslorin dartilmada axiciliq haddi, nisbi
uzanma Vo istiliyadavamliliginin ganunauygun artdigi miioyyan olunmusdur. Homginin vulkanlasdirict
agentin miqdart artdiqca polimer kompozisiyalarn orintisinin axiciliq gostericisinin azalmasi geyd
olunmusdur. Titan dioksid vo kiikiirdiin tosiri zamani polimer gqarisigda gedon proseslorin nazoari
asaslandirilmasi verilmisdir.

Acar sozlor: asagi sixligh polietilen, yiiksak sixligli polietien, qurulusamologatirici, vulkanlagma,
istiliyodavamlilig, arimoe temperaturu, kiikiird.

®U3NKO-MEXAHNYECKHWE CBOMCTBA CMECEM IMOJUITHJIEHA BBICOKOM U
HU3KOM IIJIOTHOCTHU U MOJUPUIIMPOBAHHBIX KOMITIO3UIINI HA NX OCHOBE
®.A. Mycradaena, H.T. Kaxpamanos, U.A. Ucmaiijios, JI.X. Xamenosa, *I'.C. MapTbIiHOBa

Hncmumym Ionumepnoix Mamepuanos Hayuonanvnou AH Azepbaiidocana
AZ 5004, e.Cymeaiivim, yn. C.Bypeyna 124
*Uncmumym Hegpmu u 'asa Hayuonanvrnou AH Azepbatioscana
AZ1000, Baky, yi1. ®. Amuposa, 9; e-mail: najaf1946@rambler.ru

B pabore paccMOTpeHO BIMSHHE COOTHOIICHHMS IOJIMMEPHBIX KOMIIOHEHTOB — MOJHMITHUIIEHA BBICOKOM
IUIOTHOCTH U TIOJIMATHUJIEHA HU3KOM IUIOTHOCTH Ha OCHOBHBIE (DU3MKO-MEXAaHHUYECKHE CBOMCTBA. M3ydeHsbl
TaKue CBOMCTBA MOJIMMEPHBIX CMECEH, KaK Mpeze TEKy4eCcT! IPU PacTsDKEHNH, pa3pyLlarolee HaupsKeHUe
U OTHOCUTENbHOE yminHeHue. IlokazaHo, 4yTO Mo Mepe yBEIMUYEHMS COAEPKAHMS IOJUATUIIEHA HU3KOU
IUIOTHOCTH B ITOJIMMEPHONW CMECH Ha KPUBBIX 3aBUCHMOCTH MPOSBIISIIOTCS JBa HEOOIBIIMX MAaKCUMyMa. OTH
MaKCHUMyMbI COOTBETCTBYIOT 5.0 m 50%Macc. comep)KaHUIO MOJMITHIIEHA HU3KOW IUIOTHOCTH B CMECH.
Beenenue 1.0% wmacc crpykTypooOpaszoBarensi - IBYOKHMCH THTaHa B COCTaB IIOJMMEPHBIX CMecel
CIIOCOOCTBYET 3aMETHOMY BO3PAaCTaHHIO HMX NPOYHOCTHBIX IIOKa3aTeneil M OTHOCHTEIBHOIO YUIMHEHHUS
MPAKTUYECKH MPH BCEX COOTHOLICHHUSX IOIUMEPHBIX KOMIIOHEHTOB. 3y4eHo BIMsHME CLIMBAOLIErO areHTa
— cepbl Ha OCHOBHBIE (PM3UKO-MEXaHMUECKHE U TEIUIOU3NIECKHE CBOWCTBA KOMIIO3ULIMOHHBIX MAaTEPHAJIOB.
VYcTaHOBIEHO, 4TO C yBennueHWeM conepkaHua cepbl oT 1.0 go 5.0% macc B MOIMMEpHON cMecu
HaOIoaercsi 3aKOHOMEPHOE IIOBBILICHWE IIpefena TeKydecTH IIPH PACTSDKEHHH, OTHOCHTEIBHOTO
VIUIMHEHHUS W TeIUIOCTOMKOCTH oOpas3uoB. Hapsimy ¢ 3THM OTMEUEHO HEKOTOpOE CHUIKEHHE MOKa3aTess
TEKY4ECTH pacIulaBa MOJUMEPHBIX KOMIIO3ULUHN C pOCTOM KOHIEHTpAIMK BYJIKaHU3YIOLIETo areHTa. Jlaercs
TEOpEeTHIecKoe 000CHOBaHUE MpOLIEccaM, MPOTEKAIOMMMH B OMMMEPHBIX CMECSIX B Mpolecce BO3AeHCTBUS
JIBYOKHCH TUTaHA U CEPHI.

KnoueBble  cjl0Ba:  MOJUMATHICH  HHU3KOM  IUIOTHOCTH,  TOJMATHUJIEH  BBICOKOM  IUIOTHOCTH,
CTPYKTYpOOOpa3oBaTenb, ByJKaHU3AIMSA, TEINIOCTOMKOCTh, TEMIIEpaTypa MJaBleHus, cepa.
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