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Abstract: The results of the research into the influence of polymer components ratio - high density
polyethylene and low density polyethylene, into the regularity of changes in thermomechanical properties
are presented. The deformation was measured at varying temperatures and at a constant load of 0.5 kg/cm?.
The concentration of low density polyethylene varied from 10 to 100 wt%. Depending upon the test
temperature, two physical states were recorded: solid and viscous-flow. It found that as the concentration of
low-density polyethylene in the composition of the polymer mixture rose, the transition temperature in the
softened state and the transition temperature in the viscous-flow state dropped. The differential thermal
analysis curves showed that at low concentrations of high density polyethylene, two-phase systems were
formed in the polymer system. The study of composites based on aluminum hydroxide and a mixture of high
and low density polyethylene revealed a wave-like change in softening and viscous-flow temperatures.

Keywords: polymer blend, high density polyethylene, low density polyethylene, thermomechanical

properties, viscous-flow state.
DOI: 10.32737/2221-8688-2023-1-41-47

Introduction

At present, polymers and materials based
on them have take the place of such basic
construction materials as wood, metal, concrete
and ferro-concrete. The potentialities of
polymer materials are extremely wide due to the
variety of polymers and fillers, the inexhaustible
variability of mixtures of composites based on
them and their modification methods [1]. One
such modification method is the polymer
blending. Polymer blends are physical mixtures
of two or more polymers and are promising for
the preparation and development of new
materials. By mixing polymers, it is feasible to
obtain composite materials with predetermined
structural features and properties. Since

polyolefins are the most widely used
commercial polymers, the research into the
properties of composite materials based on the
mixture of polyethylenes is of great interest [2-
4].

Having regard to the above, the aim of
this work was to study mixtures of low and high
density polyethylene and composites based on
them by  thermo-mechanical analysis that
makes it possible to get valuable information on
thermal expansion, softening temperatures,
composition and phase changes of materials
simply by applying a constant force depending
on temperature.

Experimental part

Polyethylenes  with  the  following
properties were used as the main object of
study: low density polyethylene (LDPE) with a

density of 912 kg/m®, ultimate tensile stress 15
MPa, elongation at break 764 %, melt flow rate
89 g/10 min. (at 5 kg load and 190°C
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temperature);  high  density  polyethylene
(HDPE) with a density of 963 kg/m®, ultimate
tensile stress 30 MPa, elongation at break 50 %,
melt flow rate 17 g/10 min. (at 5 kg load and
190°C temperature).

Aluminum hydroxide AI(OH); (GOST
11841-76, OKP 631887 repackaged by ZAO
VEKTON) is a colorless solid, insoluble in
water. When heated above 180-200°C, it
decomposes depending on the particle size.

Polymer blends with various component

ratios in blends of 90HDPE/10LDPE,
80HDPE/20LDPE, 70HDPE/30LDPE,
60HDPE/40LDPE, 50HDPE/50LDPE,
40HDPE/60LDPE, 30HDPE/70LDPE,
20HDPE/S8OLDPE, 10HDPE/9OLDPE were

made on laboratory rolls at temperatures of 150-
170°C within 8-10 minutes. Furthermore, at a
pressing temperature equal to 170-190°C, plates
were molded from which appropriate samples
were cut out for testing.

Composite materials
HDPE/LDPE+AI(OH)3 were obtained by the

above method. The concentration of aluminum
hydroxide in these composites was 1, 3, 5, 10,
30 and 50 wt%.

The thermal stability test was carried out
using a thermogravimetric analysis on a Q-1500
D derivatograph from MOM (Hungary) of the
Paulik-Paulik-Erdey system. Sample weight 100
mg, channel sensitivity TG-100, DTG-1mV,
DTA-250uV, T/V-500/5, crucible Pt. Samples
were taken on a derivatograph in air flow and
heating rate 5°/min.

The thermomechanical properties of the
samples were specified using a Kanavets
instrument. The deformation was measured at
successively changing temperatures (T) and a
load of 0.5 kg/cm? with a heating rate of 50°C/h.
To carry out research, tablets 24 mm in
diameter, 6 mm high, and weighing 3.5-4 gr
with a smooth surface were pressed in a special
mold. Based on the experimental data obtained,
thermomechanical curves of A= f(T)
dependence of polymer composites were
constructed.

Results and discussion

Fig. 1 shows  thermomechanical
deformation-temperature curves for HDPE,
LDPE, and composites based on HDPE + LDPE
blends at different blend ratios. On all the
curves shown in this Fig., the structural
transition of composite materials from the solid
to the viscous-flow state is clearly traced.
Comparing the curves in this Fig., it can be
established that as the concentration of LDPE in
the HDPE + LDPE mixture increases, a regular
decrease in the softening temperature and the
transition temperature in a viscous-flow state is

observed. In the HDPE, 90HDPE/10LDPE,
80HDPE/20LDPE, 70HDPE/30LDPE,
60HDPE/40LDPE, 50HDPE/50LDPE,
40HDPE/60LDPE, 30HDPE/70LDPE,
20HDPE/80LDPE, 10HDPE/90LDPE, LDPE

sequence, the transition temperature in the
softened state is respectively 145°C, 143°C,
140°C, 140°C, 135°C, 135°C, 135°C, 130°C,
127°C, 113°C, 103°C; and the transition to a
viscous-flow state is respectively 147°C, 145°C,
144°C, 143°C, 143°C, 143°C, 143°C, 139°C,
138°C, 133°C, 118°C. Fig. 1 shows that the
thermomechanical curves of polymer mixtures

are located between the curves of the initial
HDPE and LDPE. The obtained results are
interpreted in such a way that with an increase
in the concentration of LDPE in a mixture of
HDPE + LDPE, a regular decrease in the
density, melting point, and crystallinity of the
mixture occurs. The decrease in the temperature
of the first-order phase transition together with
an increase in the LDPE concentration in the
mixture shows an increase in the fraction of the
amorphous phase.

In the thermomechanical curves of the
initial LDPE and the composite material with
the composition 10HDPE/90LDPE, a slightly
different regularity is observed in the change of
the thermo-mechanical curves. This difference
appears itself mainly in the region of
deformations and the temperature range from
60°C to 103°C for LDPE and from 61°C to
113°C for the 10HDPE/90LDPE composition,
which can be associated with partial
amorphization of the mixture structure. This
circumstance is especially strongly reflected in
the decrease in the physical-mechanical and
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thermophysical properties of the compositions.
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Fig. 1. Influence of the concentration of LDPE + HDPE mixture components ( wt%) on the nature

of the change in thermomechanical
3(m)-80HDPE/20LDPE;

6(A)-50HDPE/50LDPE;

curves:
4(0)-70HDPE/30LDPE;
7(#)-40HDPE/60LDPE;

1(8)-HDPE;  2(0)-90HDPE/10LDPE;
5( A )-60HDPE/40LDPE;

8(0)~30HDPE/70LDPE;

9(+)—20HDPE/80LDPE; 10(*)-10HDPE/90LDPE; 11(x)-ASPE.

A comparative analysis of the results of
thermo-mechanical tests and differential thermal
analysis once again proves our assumption on
the appearance of "concentration compatibility"
of the mixture components in the range of ratios
40/60 - 60/40 [6]. According to the data of
differential thermal analysis (Fig. 2), the
melting temperature of the studied samples
changed in the following sequence: HDPE-
125°C, 90HDPE/10LDPE-125°C,
80HDPE/20LDPE-125°C, 50HDPE/50LDPE-
120°C, 20HDPE/80LDPE-105°C and 125°C,
10HDPE/90LDPE-100°C wu 120°C, LDPE-
95°C. Analyzing the curves in this Fig., it can
be seen that at a concentration of LDPE in the
mixture below 50 wt%, only one endothermic
melting peak appears, and above 50 wt%, 2
endothermic melting peaks appear. This fact is
interpreted, first of all, by the insufficient
compatibility of HDPE with LDPE at its low
concentrations, a relatively large difference in
the melting point [6]. The existence of two
melting peaks indicates the formation of a two-
phase system, or rather, it can be associated
with phase inversion, according to which, with
an excess of LDPE, it becomes a dispersed

medium, and HDPE becomes a dispersed phase.

It should also be noted that there is a
discrepancy between the melting point values
determined by the DTA method and the
thermomechanical method. This is interpreted
by the fact that the thermomechanical analysis
estimates the softening temperature of the
polymer, and DTA the melting process itself,
which usually takes place in a certain
temperature range, which can vary between 8
and 12°C [7, 8].

It was of interest to investigate the effect
of aluminum hydroxide flame retardant filler on
the thermomechanical properties of
HDPE/LDPE blends. To this end, composites
based on 50 wt% HDPE/50 wt% LDPE and
aluminum hydroxide were obtained. The
concentration of aluminum hydroxide varied in
the range of 1-50 wt%. The choice of the
HDPE/LDPE =50/50 mixture ratio came from
the fact that, according to the results of the
study of the physical-mechanical [6] and
rheological [9] properties of composite
materials based on mixtures of high and low
density polyethylene, it was confirmed that the
best technological miscibility and mutual
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dispersibility were achieved when using an
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Fig. 2. Differential thermal analysis curves

Fig.3 shows the thermomechanical curves of
HDPE/LDPE+AI(OH)3; composites. As can be
seen from this Fig., the test samples do not
undergo deformation over a wide temperature
range. Only after a temperature of 136°C does
the process of softening of the composites
begin. A comparative analysis of the curves
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reveals that with an increase in the
concentration of aluminum hydroxide, the
transition temperatures in the softened state and
the transition temperatures in the viscous-flow
state of composites with 0, 1, 3, 5, 10, 30, and
50 wt% AI(OH); compositions changed,
respectively, in the following sequence:

Fig. 3. Influence of aluminum hydroxide concentration (wt%) on the nature of the change in
thermomechanical curves of compositions based on HDPE/LDPE + AI(OH)s: 1(e)-initial
HDPE/LDPE; 2(m)-1% AI(OH)3; 3(¢)-5% AI(OH)3; 4(A)-10% AI(OH)s; 5(0)-30% AI(OH)s;

6(0)-50% AI(OH)s.
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135°C, 135°C, 137°C, 134°C, 133°C, 126°C,
133°C and 143°C, 145°C, 145°C, 144°C,
141°C, 141°C, 144°C.

As can be seen from the data obtained, a
maximum was observed in the change in both
indices. A drop in the temperature of the
viscous-flowing state of composites at a

relatively high concentration of flame retardant
can be associated with loosening of the crystal
structure and accumulation of filler particles in
the interspherolitic region. The results of our
dilatometric studies of HDPE/LDPE+AI(OH);
composites confirm this hypothesis [10].

Conclusions

Based on the foregoing, it can be
concluded that with an increase in the
concentration of LDPE in the composition of
the HDPE + LDPE mixture, a decrease in the
softening  temperatures  and  transition
temperatures to the viscous-flow state of the
composites were observed. Comparative
analysis of thermomechanical curves and curves
of differential thermal analysis showed that the
best technological miscibility and mutual
dispersibility was achieved with the ratio of

components HDPE/LDPE=50/50.

Studies of the  thermomechanical
characteristics  of =~ HDPE/LDPE+AI(OH);
composites showed that as the concentration of
aluminum hydroxide in the composition of the
polyethylene mixture increases, a maximum
appears, followed by a decrease in the softening
temperature and viscous-flow state, due to
loosening of the supramolecular structure of the
polymer compositions.
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ASAGI VO YUXARI SIXLIQLI POLIETiLEN QARISIQLARI 9SASINDA
KOMPOZIiSiYA MATERIALLARININ TERMOMEXANIKI XUSUSIYYOTLORI

F.O. Mustafayeva', N.T. Qahramanov

Azarbaycan Respublikast Elm va Tahsil Nazirliyinin Polimer Materiallar: Institutu,
AZ5004, Azarbaycan Respublikast, Sumqayit §., S.Vurgun, 124
e-mail: mustafayevafatima@mail.ru

Xiilasia: Magaloda polimer komponentlarinin - agagi va yuxari sixligli polietilenin nishatinin termomexaniki
xususiyyatlorinin dayismo ganunauygunluglarina tasiri tadqiq olunmusdur. Deformasiya doyison temperatur
va 0.5 kg/sm? sabit yiik altinda 6l¢iilmiisdiir. Asag sixliqh polietilenin migdar1 10-100 kiitlo % araliginda
doyisdirilmisdir. Smaq temperaturundan asili olaraq iki fiziki hal qeyd olunmusdur: bork vo ozliaxict.
Polimer qgarisigin torkibinds asagi sixligh polietilenin migdarinin artimi ilo yumsalma temperaturunun vo
Ozliiaxici temperatura kecid temperaturunun asagi diisdiiyli miiayyan olunmusdur. Differensial termiki analiz
oyrilori polimer sistemds asagi sixligh polietilenin asagi miqdarinda ikifazali sistemlorin formalagdigini
gostormisdir. Asaglr vo yuxart sixlight polietilen qarigigi vo aliiminium hidroksid ssasinda kompozitlarin
tadgigi yumsalma vo Ozliaxict hala kegid temperaturlarinda dalgayabonzor doyismonin oldugunu
gOstormisdir.

Acar sozlar: polimer qarisig1, yuxari sixligh polietilen, agag1 sixligli polietilen, termomexaniki xiisusiyyat,
ozltiaxici hal.

TEPMOMEXAHUYECKHUE CBOMCTBA KOMIIO3UIIMOHHBIX MATEPHAJIOB HA
OCHOBE CMECEN NOJIM3TUJIEHOB BRICOKOM M HU3KOM IJIOTHOCTHU

D.A. MyCTa(l)aeBa*, H.T. KaxpamanoB

Hucmumym Honumepnvix Mamepuanos Munucmepcmea Hayxu u Obpasosanus Azepbaiiosxcanckotl
Pecnyonuxu, AZ5004, 2. Cymeativim, yrauya C. Bypeyna, 124;
e-mail: mustafayevafatima@mail.ru

Annotanusi: [IpuBoasTcs pe3yabTaThl HCCIACIOBAHYS BIUSHUS COOTHOIICHUS TOJTUMEPHBIX KOMITOHEHTOB —
MOJIMATHIICHA BBICOKOM TUIOTHOCTH W TOJHMATHICHA HWU3KOM TUIOTHOCTH, Ha 3aKOHOMEPHOCTh W3MEHEHUS
TEPMOMEXaHUYECKNX CBOWCTB. [ledopmarus wm3Mepsiiach MpH U3MEHSIONIMXCS TEeMIIEpaTypax W IIpU
TIOCTOSHHOM Harpy3Ke paBHOii 0.5 kr/cM’. KOHIEHTPAIMIO MOTHATHICHA HU3KO ITOTHOCTH BAPBUPOBAIIH OT
10 mo 100%macc. B 3aBUCHMOCTH OT TeMIlepaTypbl HCIBITaHUS ObUTM 3a)UKCHPOBAHBI /1Ba (hYM3MUECKUX
COCTOSTHHSI: TBEpJOE M BSI3KOTEKydee. YCTAHOBIEHO, YTO C YBEJIMYCHUEM KOHIICHTPAIUM ITOJIMATUIICHA
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HU3KOH ITUIOTHOCTH B COCTaBe MOJMMEPHONW CMECH HaONIOaeTCsl CHIDKEHHE TeMIepaTyphl IMepexona B
pa3MsATYEHHOE COCTOSHHE W TEeMIIepaTypbl Iepexoja B  BsA3KOTEKydee cocTosHue. Kpusbie
TUQGepeHIIMATEHO-TEPMUYECKOTO aHaN3a IMOKa3ald, YTO MPU HU3KUX KOHIICHTPAIMSX MOJIMATHIICHA
BBICOKOH IUIOTHOCTH B TIIOJIMMEPHON cucteMe ¢GopMupyroTcs naByxdasHele cucteMsl. lccienoanue
KOMITO3UTOB Ha OCHOBE THAPOKCH/A AFOMHUHUS M CMECH TONMATHIIEHA BBHICOKONW M HW3KOH IUIOTHOCTH
MOKa3aj10 BOIHOOOpa3HOE N3MEHEHHE B TEMIepaTypax pa3MsITrdeHUs U BI3KOTEKYUYeTrO COCTOSHUSI.
KuaroueBble ¢ji0Ba: cMech MOJMMEPOB, MOJMUATUICH BHICOKOHN IUIOTHOCTH, TMOTUATHIICH HU3KOU TUIOTHOCTH,
TePMOMEXaHUYIECKHE CBOICTBA, BA3KOTEKYUee COCTOSHHUE.
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