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Abstract

The purpose of this article is to obtain lightfast, resistant to oxidation, aggressive envi-
ronments and heat-resistant polymeric materials based on low-pressure polyethylene waste
by adding chemical binders and fillers. The analysis of heat resistance of polymeric materials
modified with chemical binders and fillers is carried out.
Keywords: polyethylene, polypropylene, oligomer, sulfur, melamine, sodium acetate, ex-

truder, derivatogram, thermogravimetry

Introduction

Today, the world’s population is growing
exponentially. This growth leads to the fact
that humanity’s need for modern equipment
and materials is growing every day. As a re-
sult, the globalization of large cities, the de-
velopment of production and industry lead to
the formation of a large amount of industrial
harmful gases, solid and household waste.
This will lead to serious environmental prob-
lems for humanity and the environment in
the future. Currently, the use of disposable
polyethylene packaging is growing rapid-
ly. The disposal of these wastes and their
economic use have become one of the main
problems of our time. In the field of recycling
polyethylene packaging waste, a number of
authors describe numerous recycling meth-

ods in the scientific works of a number of
authors (Mamatova Sh.B., QurbonovM.J.,
Safarova M. A., 2024; Mamatova Sh.B., Kur-
banovM.Zh., 2022; Mamatova Sh.B., Kur-
banévM.J., SafarovaM.A., IzbasarovaG.,
2024; Mamatova, Sh.B., Kurbanov, M.Zh.,
2023).

It is known that polyethylene waste, al-
though withdrawn from consumption, loses
its original properties, but these materials are
not considered obsolete. The efficiency of re-
cycling of waste from these polymer products
depends not only on the technology of their
processing, but also on the quality of the ma-
terial involved in processing, its homogeneity,
as well as the quantitative content of contam-
inating mechanical and organic impurities.
During operation, plastics lose elasticity and
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become brittle under the influence of heat,
moisture, stress, radiation (a, B and y radia-
tion), as well as oxygen in the air. As a result,
the mechanical and electrical properties of
products made of polymeric materials dete-
riorate. In particular, the effect of tempera-
ture adversely affects most of the physical
and mechanical properties of polymer mate-
rials. Lowering the temperature increases the
brittleness of most polymer materials, while
heating reduces properties such as coefficient
of linear expansion and viscosity. High tem-
peratures also lead to changes in the mechan-
ical properties of polymeric materials (tensile,
bending, compressive strength, etc.) (Mama-
tova Sh.B., QurbonovM. J., 2023; Mamatova
Sh., SafarovaM., DavronovaG., Raxmato-
vaG., MakhmayorovJ., AbdullayevB., Kur-
banovM. 2024; Mamatova Sh.B., Qurban-
ovM.J., To ‘rayeva M., 2024).

Research methods

For the study, the waste of low-density
polyethylene of PY-456 grade produced by
the Shurtan Gas Chemical Complex, which
had served its service life, was sorted, cleaned
of mechanical impurities, washed repeatedly
and the purified product was dried in a spe-
cial dryer. After that, the purified product was
crushed in a special device. A certain amount
of the resulting product was taken and placed
in the extruder. Also, to obtain a heat-resistant
polymer material, a certain amount of sodium
acetate, sulfur, melamine and polypropylene
oligomer was added to the crushed secondary
polyethylene. To obtain a mixed polymer mass,
the extruder operating mode was set at 60
rpm and the temperature was 115-140°C. To
form a homogeneous mixture in the extruder,
the product was passed through the extruder
2 times.The resulting hot mixture was cooled
and placed in a granulator. During the granu-
lation process, the hot mixture was transferred
to the forming head. Passing through the head,
the mass was continuously squeezed out in the
form of a wire, cooled and cut into granules
with a special knife. The size of the samples
was 3—5 mm. These granules served as the
main raw material for further research.

All studies of polymer materials obtained
from secondary polyethylene waste were car-
ried out in accordance with the requirements
of the State Standard for Polymer Materials.

Section 1. Chemistry

In particular, the data of thermogravimet-
ric analysis of the obtained polymer materi-
als were carried out in accordance with the
requirements of GOST-12423. Samples for
thermogravimetric analysis were identified
by the difference between the initial tem-
perature and the rate of decomposition.

The results of a thermogravimetric study of
polymeric materials based on recycled polyeth-
ylene were calculated on the basis of the rate of
mass loss of the samples taken for the experi-
ment according to the following formula:

vm=Am/At
here: Am is the decrease in the weight of the
weight, mg; A tis the time interval, minutes.

Discussion of the results

At present, industrialized countries pay
special attention to the production of mod-
ified polymer materials. This is achieved by
adding various organic modifiers to obtain
new types of materials based on recycled
polyethylene and organic modifiers. The use
of materials based on recycled polyethylene
as various consumer products is considered
to be very promising and economically ben-
eficial for the national economy. Two meth-
ods of modifying polymer materials are used.
The first method is structural modification
of polymers, the second is chemical modifi-
cation. Modification of polymeric materials
with chemical reagents and agents is carried
out by adding chemical reagents that process
chemical bonds with macromolecules of the
original polymer raw materials.

The main goal of this work is to obtain
a new type of heat-resistant modified poly-
mer materials. It is known that nitrogen-
containing organic modifiers increase plasti-
cizing properties, and salts of organic acids
increase the flame-retardant properties of
polymeric materials. From this point of view,
samples of the following composition were
taken for the study: polyethylene (PE), sulfur
(S), sodium acetate (CH3COONa), melamine
and polypropylene oligomer (o-PP) in ac-
cordance with the quantitative ratios of
50:1:1:1:1 (SMA-1 (from primary polyeth-
ylene)), 50:1:1:1:1 (SMA-2), 50:0.5:0.5:0.5
(SMA-3) and 50:1.5:1.5:1.5 (SMA-4). The
heat resistance of the obtained polymer ma-
terials was studied. Below is the DTA analysis
curve of the SMA-1 sample.
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Figure 1. Derivatogram of a sample containing CMA-1

3.0 167 .69C

According to the data obtained, the initial
decomposition temperature of the sample is
34.11 °C, and the final temperature is 305.68
OC. Mass loss under the influence of tempera-
ture for the CMA-1 sample was 7.13%. The
quantitative weight loss during the initial
degradation period of this CMA-1 sample is
0.319 mg in the range from 0.00 minutes to
28.35 minutes. The second temperature de-
composition period of the sample was 28.35
minutes and the temperature reading was
305.68 °C. The final temperature of this sec-
ond decomposition period was 601.74 °C.

43293C Weight Loss

The time required for this decomposition was
28.35 minutes and 58.63 minutes. The mass
loss of the CMA-1 sample during this second
degradation period was 4.278 mg, or 95.61%.
In the course of the study, two heat absorption
curves are observed on the derivatogram of
this sample containing CMA-1. These absorp-
tion curves have been found to be at tempera-
tures of 167.69 °C and 432.93 °C.

Similarly, the analytical DTA curve of
a sample containing CMA-2 was studied. Fig-
ure 2 shows the derivatogram of the CMA-2
sample.

Figure 2. Sample CMA-2 Derivatogram

11511C

ATOTIC
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According to the data of Figure-2, it was
determined that the initial decomposition
temperature of the CMA-2 sample was 34.95
0C, and the final temperature was 303.89 °C.
It was established that during the decompo-
sition of the CMA-2 sample at this tempera-
ture, a mass loss of 3.84% was observed. The
quantitative weight loss of the same sample
was 0.242 mg between 0.00 min and 27.91
min. The start time of the second decom-
position period under the influence of tem-
perature for this CMA-2 sample was 27.91
minutes, and the temperature reading was
303.89 °C. The final temperature of this sec-

Section 1. Chemistry

ond decomposition period was 540.59 °C.
The decomposition time was found to start
after 27.91 minutes and end after 52.05 min-
utes. The weight loss at the second stage of
decomposition was 6.01 mg, or 95.53%. As
can be seen from the derivatogram of this
CMA-2 sample obtained during the study,
two heat absorption lines are observed
during the decomposition period under the
influence of temperature. These absorption
curves were found to correspond to tempera-
tures of 115.11 °C and 470.72 °C.

The analytical curve of the DTA of the
CMA-3 sample was also studied below.

Figure 3. CMA-3 Sample Derivatogram

82290

136.93C

According to the data obtained, the initial
decomposition temperature of the CMA-3
sample was 34.87 °C, and the final tem-
perature was 386.36 °C. Mass loss during
decomposition of the CMA-3 sample at this
temperature was 5.521%. It was found that
the mass loss during the initial period of de-
composition of the same sample containing
CMA-3 was 0.242 mg in the range from 0.00
minutes to 36.47 minutes. The second de-
composition period of this sample under the
influence of temperature was 36.47 minutes,
and the temperature reading was 386.36 °C.
The final temperature of this second decom-
position was 601.87 °C. It was found that
the time required for this decomposition, It
started after 36.47 minutes and ended after

543 250

468 460

58.52 minutes. It was found that the weight
loss of the CMA-3 sample during this period
was 7.27 mg or 95.38%. In the course of the
study, four heat absorption curves are ob-
served on the derivatogram of this sample.
These curves have been found to correspond
to temperatures of 126.93 °C, 282.29 °C,
468.46 °C and 543.25 °C.

The analytical DTA curve of the CMA-4
sample was also studied.

According to the data obtained, the initial
decomposition temperature of the CMA-4
sample was 37.24 °C, and the final tempera-
ture was 395.29 °C. Mass loss in this tem-
perature range was 12.78%. The quantitative
weight loss during the initial decomposition
period of the same CMA-4 sample was 0.696
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mg in the range from 0.00 minutes to 36.97
minutes. It was found that the time of the
beginning of the second decomposition pe-
riod under the influence of the temperature
of this sample was 36.97 minutes, and the
temperature index was 395.29 °C. The final
temperature of the second decomposition
period was 532.02 °C. It was found that the
decomposition time was 36.97 minutes and

Section 1. Chemistry

50.87 minutes. The loss of mass and time of
the second resolution period was 4.57 mg,
84.06%. In the course of the study, two heat
absorption curves were obtained during the
decomposition period of a sample contain-
ing SMA-4 under the influence of tempera-
ture. These absorption curves were found
to correspond to temperatures of 115.36 °C
and 473.87 °C.

Figure 4. Sample CMA-4 Derivatogram

115360

The results from the data analysed above
are summarized in tables 1 and 2 below.

ATIETC

Table 1. Results of Thermogravimetric Analysis of Polymer Material
Based on Secondary Polyethylene Matrix (1st Decomposition Period)

Temperature Duration of decay. min Loss Loss
range. °C ) ) weight. mg Weight. %
SMA-1 ratio: 50:1:1:1:1
34.11-305.68 0.00-28.35 0.319 7.13
CMA-2 ratio: 50:1:1:1:1
34.95-303.89 0.00-27.91 0.242 3.84
CMA-3 ratio: 50:0.5:0.5:0.5:0.5
34.87-386.36 0.00-36.47 0.242 5.52
CMA-4 ratio: 50:1.5:1.5:1.5:1.5
37.24-395.29 0.00-36.97 0.696 12.78

As can be seen from the data presented
in Table 1, there is no significant difference
between the initial decomposition tempera-
tures and decomposition time of the CMA-1

sample and the CMA-2 sample. However, it
can be noted that the difference in weight
loss between these samples has changed
significantly. Comparing the results of the
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CMA-1 and CMA-2 samples presented above
with the results of the CMA-3 sample, a sig-
nificant difference can be noticed. that the
temperature in the first period of decompo-
sition (386.36°C) is higher, and the duration
(36.47 minutes) is slightly longer. Similarly,
the results of the three above samples were
compared with those ofCMA-4. The results
show that the initial decomposition tempera-

Section 1. Chemistry

ture of the CMA-4 sample (37.24-395.29 °C)
is higher, and the decomposition time is also
longer. However, it was found that the mass
loss of this CMA-4 sample was slightly high-
er than that of the three samples mentioned
above.

Table 2 shows the results of the second
decomposition of these samples.

Table 2. Results of thermogravimetric analysis of polymeric material
based on secondary polyethylene matrix (2nd decomposition period)

Temperature Duration of decay, min. Loss Loss
range, °C weight, mg Weight, %
SMA-1 ratio: 50:1:1:1:1
305.68-601.74 28.35-58.63 4.278 95.61
CMA-2 ratio: 50:1:1:1:1
303.89-540.59 27.91-52.05 6.01 95.53
CMA-3 ratio: 50:0.5:0.5:0.5:0.5
386.36—601.87 36.47-58.52 7.27 95.38
CMA-4 ratio: 50:1.5:1.5:1.5:1.5
395.29-532.02 36.97-50.87 4.570 84.06

Analysis of the data presented in Table 2
shows that the difference between the tem-
perature and duration of secondary degra-
dation of the CMA-1 sample derived from
virgin polyethylene and the CMA-2 sample
derived from recycled polyethylene has not
changed significantly, i.e. the temperature
in the CMA-2 sample has decreased. When
comparing the results of the CMA-1 and
CMA-2 samples presented above with the
CMA-3 sample, there is a significant differ-
ence. that the temperature in the second de-
composition period (601.87°C) is higher and
the duration (58.52 minutes) is slightly lon-
ger. Similarly, comparing the results of the
above three samples with those of CMA-4, it
can be observed that the temperature of the
second decomposition period (532.02°C)and
the decomposition time of theCMA-4 sample
also decreased. However, it can be observed
that the mass loss of this CMA-4 sample is

slightly lower compared to the CMA-2 and
CMA-3 samples.

Findings. As a result of the destruc-
tion of recycled polyethylene, carbon-carbon
bonds arise in some parts of the chain due to
the disproportion of hydrogen atoms from
methylene groups that are part of the poly-
mer chain. As a result, chemical bonds are
formed between the macromolecules of the
thermally destructed polymer material and
chemically binding reagents polypropylene
due to the breaking of the m bonds of dou-
ble bonds. In addition, the modified sulfur
contributes to the vulcanization of the poly-
ethylene product by forming sulfide bridg-
es between the macromolecules of recycled
polyethylene. Such polymeric materials have
increased heat resistance, reduced flamma-
bility, increased resistance to oxidation, as
well as increased resistance to weathering,
aggressive environments and light compared
to products made of pure polyethylene.
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