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INTRODUCTION

Relevance and approbation of the topic. The intensification of
the global industrial production of polyolefins is directly related to
the expansion of their use in various fields of engineering and
technology. This circumstance, in turn, contributed to a significant
expansion of developments in the field of producing composite
materials, especially nanocomposites based on polyolefins and
mineral fillers. This is due to the fact that large-scale research in the
field of materials science began to open up new and promising
opportunities for the practical use of polymer composites This is due
to the fact that large-scale research in the field of materials science
began to open up new and promising opportunities for the practical
use of polymer composites®. In this regard, research that allows a
more in-depth approach to the study of the basic principles of
obtaining polymer nanocomposites has become of paramount
importance?. At the same time, it is important not only the complex
of studies carried out by scientists to improve the final properties of
polymer composites, but also to obtain sufficiently voluminous
information about the mechanism of formation of the interphase
region and, in general, the microheterogeneous structure in
incompatible segregated mineral-polymer systems. In accordance
with the above, developments aimed at the possibility of using
nanoparticles of layered natural aluminosilicates as a polymer
reinforcing filler, the prominent representatives of which are
vesuvian (VS) and clinoptilolite (CTL), are of particular interest.

In this regard, it would be appropriate to note that despite the large
number of works in the field of producing composites based on
polyolefins, research on modifying the structure and properties of
composites and vulcanizates based on copolymers of ethylene with
a-olefins is very limited. Research on the effect of nanoparticles on

! Bepnun, A.A. TIpUHUMIBI CO3JaHUS KOMIIO3UIIMOHHBIX MAarepuajioB / A.A.
bepnun, C.A. Bonbdceon, B.I'. Ouiman — Mocksa: Xumus, — 1990. — 240 c.
2 Cumonos-Emenbsnos, U.J1. IlocTpoeHne CTPyKTyp B JUCIEPCHO-HATIOIHEHHBIX

MOJNIMMEpax U CBOMCTBA KOMIIO3UIMOHHBIX MaTepuanos // [lnactudyeckue Macchl, —
2015. No. 9-10, — p. 29-36.
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the thermal deformation properties of the above copolymers is
completely  limited. A separate consideration of the
thermomechanical characteristics of nanocomposites allows us to
analyée all processes occurring in the solid, highly elastic and viscous
states.

Analysis of the state of the problem shows that the creation of new
promising composite materials based on classical methods of
modifying polyolefins with traditional fillers and ingredients has
completely exhausted itself.

Research conducted in recent years has shown that revolutionary
breakthrough solutions can only be achieved using nanotechnology
using nano-sized dispersed fillers based on natural minerals®. At the
same time, the contribution of nano-sized filler particles is that it
helps to enhance the strength characteristics of nanocomposite
materials and the formation of a new level of supramolecular
structure and properties. It is this approach to the development of
nanocomposites that allows us to come close to obtaining structural
materials with predetermined structural features and performance
characteristics. In this case, ethylene-butylene copolymer (EBC) and
ethylene-hexene copolymer (EHC) were used as prominent
representatives of ethylene copolymers with a-olefins.

Object and subject of research. The objects of the study are EHC
and EBC, natural mineral nanofillers — vesuvian and clinoptilolite,
compatibilizer — graft copolymer of HDPE with methacrylic acid
(PEMAA), lubricant — calcium stearate, structure former - alizarin,
cross-linking agents - dicumyl peroxide (DP) and sulfur. The subject
of the research is the development of high-strength nanocomposites
based on EHC, EBC and vesuvian, clinoptilolite nanoparticles. To
increase heat resistance and strength properties, cross-linking agents
— DP and sulfur — were used.

The purpose and objectives of the research. The purpose of this

3 Mapkos, B.®. Hanomarepuaisl: 0JIy4eHUE, CBOWCTBA U NIPUMEHEHUE: YueGHOe
mocobue Uil CTYISHTOB By3a, 0Oy4aromIMXcs IO HANPaBICHHIO ITOATOTOBKH
18.03.01, 18.04.01 «Xummueckast rexnonorus» / B.d. Mapkos, JI.H. MackaeBa —
ExarepunOypr: Ypanbckuil GpenepanbHblii yHUBepcHTeT UM repsoro [Ipesunenra
Poccun B.H. Eapuuna, — 2023. — 160 c.

4



dissertation is to obtain and study the structure and properties of new
types of high-strength nanocomposites based on ethylene-hexene
copolymer (EHC), ethylene-butene copolymer (EBC) and natural
minerals of Azerbaijan - clinoptilolite and vesuvian.

Research objectives are:

in the process of mechano-chemical modification, develop
nanocomposites based on EBC and EHC sing nano-sized
particles of the natural minerals clinoptilolite (CTL) and
vesuvian (VS);

to study the influence of the particle size of KTL and VS, as
well as various ingredients and cross-linking agents on the
structure, physicomechanical, thermal deformation and
thermophysical properties of composite materials;

to investigate the rheological features of the flow of
nanocomposites in a wide range of temperatures (190-250 °C)
and loads of 2.16-21.6 kg, study the dependence of shear rate
on shear stress, determine the dependence of viscosity on shear
stress and temperature, estimate the activation energy of
viscous flow;

using the dilatometric method of stepwise cooling to study the
pattern of crystallization of nanocomposites depending on the
content and type of filler and polymer matrix, determination of
phase transitions of the first and second order; to investigate the
interfacial region, the mechanism of crystallization, as well as
the patterns of changes in the occupied and free specific
volumes of nanocomposites depending on temperature and the
ratio of mixture components;

to research and test at the METAC LLC the technological
features of processing nanocomposites based on EHC and EBC
using injection molding and extrusion methods in a wide range
of temperatures and pressures.

Research methods. The following research methods were used in
the dissertation work: IR spectroscopy, derivatography; X-ray phase
analysis, SEM analysis, Vicat softening point, flexural modulus,
ultimate tensile stress, tensile yield strength, elongation at break,
flexural strength, thermomechanical analysis according to Kanavets,

5



MFR, rheology, and step dilatometry.

Basic provisions for defense:

1. experimental data, theoretical conclusions and scientific
principles related to the mechano-chemical modification of
EBC and EHC with natural nanofillers and ingredients during
the process of mixing components in the melt mode;

2. results of the study of physical-mechanical, thermophysical,
rheological properties, kinetic patterns of crystallization and
the mechanism of growth of crystalline formations;

3. scientific principles and conclusions concerning the
mechanism of formation of the interphase region and the
establishment of the structure-property relationship;

4. experimental data, scientific statements and conclusions
regarding the study of the vulcanization process and mechano-
chemical synthesis of EBC and EHC nanocomposites;

5. experimental data and scientific conclusions on the influence
of technological parameters of processing nanocomposites by
injection molding on their basic physical and mechanical
properties.

Scientific novelty of the research. The scientific novelty of the

dissertation work lies in the fact that for the first time,

— nanocomposites with high physical, mechanical and
technological properties have been developed based on EBC,
EHC and natural minerals of Azerbaijan (vesuvian and
clinoptilolite);

- the influence of filler dispersion (particle size) from 20 to 4500
nm on the process of formation of the interphase region and the
pattern of changes in the strength characteristics, heat
resistance and MFR of nanocomposites was studied;

— The thermomechanical properties of nanocomposites based on
EHC and EBC were studied depending on the VS and CTL
content, the influence of the DP and sulfur content on the
pattern of changes in deformation, the first-order phase
transition, the process of glass-transition and the formation of
a region of highly elastic deformation was considered;

— using the step dilatometry method, the temperature dependence
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of the specific volume, occupied volume and free volume of
the nanocomposites under consideration was studied, the
Kinetic pattern of crystallization and the mechanism of growth
of crystalline formations were determined depending on the
nanofiller content;

— in the process of mechano-chemical modification, optimal
technological conditions for processing nanocomposites based
on copolymers EBC and EHC and natural minerals CTL and
VS were developed. Test certificates for nanocomposites were
obtained using injection molding and extrusion methods on
industrial units.

Theoretical and practical significance of the research. The
theoretical analysis, the developed main provisions and conclusions,
as well as the obtained experimental data can be used by scientists,
teachers, undergraduates and dissertation students at other research
objects. The practical significance of the work lies in the fact that
using standard injection molding equipment METAC LLC, a
technology for producing and processing hanocomposites based on
EBC and EHC was developed and tested (test certificate is available).
Varying the ratio of mixture components and cross-linking
components makes it possible to obtain a whole set of materials for
structural purposes intended for use in special fields of technology.

Approbation and application of research. Based on the
dissertation materials, 35 scientific works have been published,
including 1 Patent of the Republic of Azerbaijan, 20 conference
materials and abstracts, 14 articles, of which 9 were published abroad
and 2 mono-articles. The main results of the work were presented and
reported at the following conferences, symposiums and meetings:
International Conference dedicated to the 94™ anniversary of
National Leader H.A. Aliyeva (Ganja, 2017); International Scientific
and Technical Conference on "Petrochemical synthesis and catalysis
in complex condensed systems” (Baku, 2017); International
Scientific Conference on "Functional monomers and polymer
materials with special properties: problems, prospects and practical
views" (Baku, 2017); International Conference "Actual problems of
modern natural and economic sciences” (Ganja, 2018); Republican
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Scientific and Technical conference on "Youth and scientific
innovations™ (Baku, 2018); International Scientific and Practical
Conference on “Prospects for innovative development of oil refining
and petrochemistry”, dedicated to the 110" anniversary of
academician V.S. Alieva (Baku, 2018); Republican Scientific-
Practical conference on "Ways of applying scientific innovations in
the teaching process” (Lankaran, 2019); International scientific and
technical conference on ‘“Polymer composites and tribology”
Polycomtrib — 2019, (Belarus, Gomel 2019); International scientific
conference on “Current issues of modern chemistry”, dedicated to the
90" anniversary of the Institute of Petrochemical Processes named
after academician Y. Mamedaliev (Baku, 2019); International
Scientific Conference on "Innovative Development Perspectives of
Chemical Technology and Engineering” (Sumgait, 2019); All-
Russian scientific and practical conference on "Perspective
technologies and materials" (Sevastopol, 2020); XVII International
Conference of Young Scientists, National Academy of Sciences of
Belarus (Minsk, 2020); 15" international conference of young
scientists, students and postgraduates Kirpichnikovsky readings on
"Synthesis and investigation of properties, modification and
processing of high-molecular compounds” (Kazan, 2020);
International Scientific and Practical Conference on "Perspective
Technologies and Materials" (Sevastopol, 2021); International
scientific and technical conference of young scientists on "Innovative
materials and technologies” (Minsk, 2021); MSF 2022 Materials
Science Of The Future: Research, Development, Scientific Training
(Nizhny  Novgorod, 2022); Republican Conference on
"Environmental protection, industrial and household waste
recycling” (Ganja, 2022).

The name of the institution where the dissertation work was
performed. The dissertation work was carried out in accordance with
the plan of research works of the Institute of Polymer Materials of
the Ministry of Science and Education Republic of Azerbaijan.

The author's personal involvement. In the process of
completing the dissertation, the author took a direct part in setting the
task, summarizing and discussing the obtained results, conducting
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experimental studies. This work represents the completed scientific
work of the applicant, which allowed her to summarize the complex
of conducted studies in the scope of the dissertation work.

The volume and structure of the work. The dissertation is
presented on 193 pages (222702 characters), consists of an
introduction (13030 characters), V chapters (205216 characters) and
main conclusions (4456 characters), includes 27 tables, 45 figures, a
list of cited scientific literature (37491 characters), consisting from
183 titles.

In the introduction, the relevance of the topic is substantiated,;
the goal and main tasks of the research, scientific novelty and
practical value of the dissertation work are formulated.

In the first chapter (37084 characters), a detailed analysis of the
state of the problem of obtaining and studying composites and
nanocomposites is given, problems related to the study of the
interphase region, the formation of their structure and properties are
considered. After each section, conclusions are given, and at the end
of the literature review, there are conclusions and promising
directions for research.

In the second chapter (19341 characters), the methods of
experimental studies on the mechano-chemical synthesis of polymer
composite materials are given, the characteristics of the raw materials
and materials used in the dissertation work are given, various
methods of evaluating the structure and properties of polymer
materials are described, and the technological aspects of the
processing of polymer materials are given in detail.

In the third chapter (68947 characters) of the dissertation work,
in the part "results and their discussion”, the results of the study of
structural features, a complex of physical-mechanical and
thermophysical characteristics, as well as kinetic regularities of the
crystallization process, rheological properties of nanocomposites
depending on the type and content of the natural filler are given.

In the fourth chapter (53792 characters) detailed studies of
kinetic regularities of crystallization of nanocomposites of EBC and
EHC with natural minerals are given. The task of the study included
determining phase transitions of the first and second order, free and
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occupied volume, as well as the mechanism of crystallization of
nanocomposites during the continuous formation of crystallization
centers. Also, in this chapter, attention is focused on the study of
rheological characteristics of nanocomposites based on EBC and
EHC and natural minerals. Flow curves, dependence of viscosity on
shear rate and temperature were determined; activation energy of
viscous flow was calculated.

The fifth chapter (26052 characters) focuses on studying the
influence of technological features of processing nanocomposites
using injection molding and reaction extrusion methods. The
influence of the temperature regime of the material cylinder, injection
pressure, mold temperature and holding time under pressure on the
basic physical, mechanical and technological properties of
nanocomposites has been established.

The work is summarized by conclusions on the work done, which
presents the main results of the research conducted on the structure,
properties and processing technology of nanocomposites, and
predetermines the main innovative and promising directions for the
practical use of the resulting nanocomposites. The dissertation ends
with a list of cited literature.

The appendix contains a test certificate for nanocomposites in a
specialized and leading plastics processing company, "METAK"
LLC, Baku.

MAIN CONTENT OF THE WORK

1. Physical and mechanical properties of nanocomposites
based on EBC, EHC and natural minerals

In this section, the main attention is paid to the study of the
influence of the content and particle size of natural minerals —
clinoptilolite (CTL) and vesuvian (VS) on the main physical and
mechanical and thermophysical properties of nanocomposites based
on EBC and EHC. The choice of these research objects was due, first
of all, to their insufficient knowledge in the polymer-mineral filler
system, the results of which are shown in Table 1.
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Based on the experimental data obtained, it was found that with
increasing filler content, the strength properties of nanocomposites
change according to a certain pattern. The maximum value of the
ultimate tensile stress of nanocomposites is achieved at VS content
within 5.0 wt % and is 30.8 MPa. It should be noted that even with
the loading of 2.0 wt % VS, the ultimate tensile stress of
nanocomposites based on EBC increases from 27.1 to 29.7 MPa
while maintaining the elongation at break at the level of the initial
EBC.

Table 1.
Physical and mechanical properties of nanocomposites based on
EBC and VS with nanoparticle sizes in the range of 20-110 nm

e Ultimate ’ Flexural Vicat
Ne forgﬁﬁgﬁ;naﬁ % tensile stress, ftlg?eg:l??’?o modulus, g/l\lgffin softening
C MPa ’ MPa point, °C
1 |[EBC 27.1 880 532 4.6 116
2 [EBC+2%VS 29.7 880 571 52 118
3 |[EBC+5%VS 30.8 515 612 6.1 118
4 [EBC + 10 % VS 30.0 185 658 7.0 122
S|EBC+15%VS 28.4 95 705 8.5 123
6 |EBC +20 % VS 26.6 70 724 9.6 125
7 |EBC +30 % VS 24.5 35 755 6.2 128

Such a noticeable increase in the ultimate tensile stress at
minimum filler content (5.0 wt %) clearly supports the assertion that
VS nanoparticles can simultaneously perform the function of a
nucleating agent, ultimately promoting the formation of a fine
spherulite supramolecular structure and the strengthening of
nanocomposites. According to the data in Table 1, the introduction
of VS leads to an increase in the MFR of nanocomposites. This is
apparently due to the fact that most natural minerals, including VS,
contain nanoclay (9-10 wt %), which, as is known, is characterized
by a layered structure. The interlayer space of nanoclay contains
polar liquids, surfactants, glycerin, etc. We believe that when mixing
the components of the mixture on hot rollers and as a result of thermal
deformation, intercalation of macrochains of the polymer matrix
occurs into the interlayer space of the nanoclay, followed by
exfoliation of its structure. During the decomposition of the layered
structure of nanoclay, polar liquids migrate into the polymer matrix,
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which, like a lubricating agent, help improve the rheological
properties of nanocomposites. This fact was important, as it allowed
us to verify that the improvement in MFR is associated with the
presence of an organic component in the composition of the natural
VS, which is responsible for improving the rheological properties of
polymer composites.

To obtain more complete information about the processes
occurring in nanocomposites, it seemed interesting to study the
influence of the size factor of dispersed VS particles on the main
physical, mechanical and thermophysical properties of composites.
The size of VS mineral particles above the nanoscale level varied in
the following grinding fractions: 350-840 nm, 1420-2000 nm, 2210-
4430 nm. It was found that, in comparison with nanosized particles
(up to 110 nm), the loading of relatively larger VS particles into the
composition of the EBC is accompanied by a change in the ultimate
tensile stress with a maximum at 10 wt % content in the composite.
The flexural modulus changes according to a certain pattern.

Similar studies were carried out on composites based on EBC +
CTL, EHC + VS and EHC + CTL. And in these nanocomposites, it
was found that the maximum value of the ultimate tensile stress is
achieved in samples with 5.0 wt % content of mineral filler.

Identification of temperature transitions from one state to another
in polymer composites makes it possible to make the most accurate
choice of technological regime for their processing. In this regard,
the thermomechanical research method allows us to obtain the most
complete understanding of phase transitions from one state to
another. In this regard, using the example of EBC, EHC and mineral
fillers — vesuvian and clinoptilolite, the thermomechanical properties
of nanocomposites based on them were studied. Figure 1 shows
thermomechanical curves of deformation versus temperature. From
the comparative analysis of the data in this figure, it can be noted that
in the thermomechanical curve of the nanocomposite EBC + 5.0 wt
% VS forms a small plateau in the temperature range of 120-125 °C.

As the VS content increases within 5.0; 10 and 20 wt % in the
composition of EBC, the softening temperature of nanocomposites
increases accordingly in the following sequence: 115; 120 and 125
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°C. With an increase in the VS content from 0.5 to 20 wt %, the
temperature range of measurements at 2 mm deformation mark in the
viscous-flow state stretches, respectively, to 116; 121; 140; 171 and
189 °C.

~

1 A, mm Q

O=X

X0

DEFORMATION

0 50 100 150 200
Figure 1. Regularity of changes in deformation depending on
temperature for nanocomposites based on EBC + VS: 1 — initial
EBC;2-EBC+05wt% VS; 3-EBC +1.0wt % VS; 4-EBC
+5wt% VS; 5-EBC + 10wt % VS; 6 — EBC + 20 wt % VS

Further in this chapter, we present the results of a study of the
influence of the dicumyl peroxide (DP) content on the vulcanization
process of the considered nanocomposites based on EBC + VS and
EBC + CTL. As can be seen from Table 2, with an increase in the DP
content and, accordingly, the degree of cross-linking, an increase in
the strength characteristics, melting temperature and heat resistance
of nanocomposites is observed with a maximum at 0.5 wt % of the
cross-linking agent. At a higher DP content, the nanocomposite is
almost completely cross-linked and the MFR value becomes zero.

The influence of sulfur content on the vulcanization process and
the properties of nanocomposites based on EBC + 5.0 wt % VS and
EBC + 5.0 wt % CTL were studied. It has been established that,
regardless of the type of filler, with increasing sulfur content, a
noticeable change in the ultimate tensile stress is observed with a
maximum at 5.0 wt % content of the vulcanizing agent — sulfur. At
the same time, the most noticeable advantage of sulfur vulcanizates
over peroxide ones is maintaining the elongation at break and MFR
at a satisfactory level.

Figure 2 shows the effect of DP content in EBC and EHC
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nanocomposites on the pattern of changes in thermomechanical

curves. Using the example of EBC + 5.0 wt % CTL nanocomposite,

the effect of DP content on the pattern of changes in deformation
depending on temperature is shown.

Table 2.

Effect of DP content on the properties of nanocomposites based

on EBC +VSand EBC + CTL

No Composition formulation, Ullin}ate Elongation MEFR. . Vicat | Melting
0 Wt % tensile at break, ¢/10 min softenmg point,
stress, MPa % point, °C °C
1 |EBC 27.1 880 4.6 116 128
2 |[EBC+5.0VS 30.8 515 6.1 116 124
3 |EBC+5.0 VS +0.25 DP 31.9 375 3.4 118 128
4 |[EBC+5.0VS+0.5DP 33.5 265 1.5 129 134
5 |[EBC+5.0VS+1.0DP 29.7 85 - 147 149
6 |[EBC+5.0VS +2.0 DP 243 30 - 156 156
7 |EBC+5.0 CTL 31.2 400 6.7 115 124
8 |EBC+5.0 CTL +0.25DP 32.0 345 39 118 128
9 |[EBC+5.0 CTL + 0.5 DP 33.9 225 1.7 131 135
10| EBC +5.0 CTL + 1.0 DP 28.2 80 ~ 148 150
11 |EBC +5.0 CTL +2.0 DP 23.5 30 - 159 159

As can be seen from Figure 2, with the loading of DP in an amount
of 0.25 wt % the region of highly elastic deformation (plateau)
changes in the temperature range of 122-139 °C; with a DP content
of 0.5 wt %, this region appears in the temperature range of 143-164
°C.

27 A, mm

DEFORMATION

£
X%

/
A T, °C

0 4

T

0 50 100 150 200
Figure 2. Effect of DP content on the thermomechanical

properties of the EBC + 5.0 wt % CTL nanocomposite, wt %:
(1) 0—0.25; (2) x—0.5; (3) A—1.0; (4) A —2.0
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With an increase in the DP content above 0.5 wt %, the samples
lose their plasticity and melt fluidity and become vitrified. For glassy
nanocomposites cross-linked with 1.0 and 2.0 wt % DP, the
maximum temperature is 176 and 178 °C.

2. Kinetic patterns of nanocomposites crystallization

The cooling process is one of the critical moments in polymer
processing technology; since as a result of the correct choice of
cooling mode or crystallization of the melt, it is possible to obtain
high-quality structural products. And, as the results of research
carried out in this direction have shown, the method of dilatometric
measurements of specific volume depending on temperature in
stepwise cooling mode allows one to obtain fairly detailed
information about the patterns of nanocomposites crystallization.
Analysis of the crystallization process of nanocomposites opens up
additional possibilities for regulating their cooling mode in a mold or
forming head. For example, Figure 3 shows the dependence of the
specific volume on temperature for the original EHC and its
nanocomposites with CTL.

Vo, cm¥/g Vi, cm3/g
1.3

1.2

1.1

0.9
-273 -250 -200 -150 -100 50 0 50 100 150 200 °C

Figure 3. Effect of CTL content on dilatometric curves of
dependence of specific volume on temperature for
nanocomposites based on EHC, in wt %: o — initial EHC,
x-EHC+10CTL,A-EHC+5.0CTL, A —EHC + 10 CTL,
e _EHC+20CTL
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Comparing the dilatometric curves in Figure 3, it can be
established that, regardless of the CTL content in the composition of
EHC, a general pattern appears for all nanocomposites, which
consists in a first-order phase transition at the crystallization
temperature. In other words, the phase transition from a viscous flow
to a solid state is accompanied by a characteristic abrupt decrease in
specific volume. For the initial EHC and nanocomposites with CTL
content of up to 10 wt %, this phase transition occurs at 117 °C. At
20 wt % CTL content, the phase transition occurs at a relatively low
temperature of 114 °C. The decrease in the temperature of the first-
order phase transition can be interpreted based on the features of the
formation of the crystal structure in nanocomposites. A decrease in
the phase transition temperature from 117 to 114 °C indicates that at
very high filler contents, relaxation processes and conformational
mobility of macrochains are hampered, and therefore, to a certain
extent, crystallization processes that affect the decrease in the phase
transition temperature are blocked. In addition, during the
crystallization process and growth of spherulitic formations, filler
particles are pushed into the interspherulitic and amorphous region.
Since the amorphous region is characterized by the presence of
“passing” chains, the accumulation of nanoparticles in this region
will help block the mobility of passing chains, accompanied by
inhibition of the rate of crystallization processes.

Along with this, the dilatometric measurement method makes it
possible to determine the “occupied” (Vo) and “free” (Vs) specific
volume in the polymer mass. According to the dilatometric curves in
Figure 3, by extrapolating the lower branch of the curves to the region
of absolute zero (-273 °C), it is possible to estimate the value of the
occupied specific volume. From a comparative analysis of the
experimental data obtained, it can be noted that an increase in the
CTL content in the composition of EHC is accompanied by a
decrease in the occupied volume and, accordingly, an increase in the
density of the samples.

The influence of temperature on the pattern of changes in the free
specific volume of nanocomposites depending on the degree of filling
has been studied. When studying the kinetic laws of the
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crystallization process, the Avrami-Kolmagorov model was used,
which repeatedly confirmed the applicability of this theory for
polymer materials in the region of first-order phase transition.
According to Avrami theory, the crystallization process proceeds in
accordance with the expression:

p=e"" (1)

where ¢ — the part of the polymer that has not yet undergone
transformation into the crystalline phase; K — the generalized
constant of crystal nucleation and growth; © — crystallization time at
the temperature of a first-order phase transition, s; n — constant,
ranges from 1-4 and depends on the nucleation mechanism and the
shape of the growing crystals.

After taking the double logarithm of the Avraami-Kolmagorov
equation, we obtain the following expression:

lg(-Inp)=lgK+nlgr (@)

According to the resulting equation, this dependence is a straight
line in Ig(-Ing) coordinates from Igt. The results of experimental
studies showed the applicability of the Avrami-Kolmagorov theory
for studying the mechanism of crystallization of the considered
nanocomposites based on EHC. We found that at low filler contents
the rate of crystallization increases. Figure 4 shows the Kinetic
patterns of crystallization of nanocomposites in which the CTL
content varied within 1.0; 5.0; 10 and 20 wt %. As can be seen from
Figure 4, at a low filler content, the crystallization rate increases,
since, as shown above, filler particles play the role of crystallization
nuclei. As the content of the filler increases, this process slows down,
since, in this case, the predominant influence began to have an
increase in the viscosity of the system. The analysis results showed
that the n value for EHC was 2.1, and for nanocomposites EHC + 1.0
wt % — 2.3, for EHC + 5.0 wt % — 2.0, for EHC + 10 wt % — 1.4 and
for EHC + 20 wt % — 1.21. Based on the data obtained, it can be
established that at the minimum CTL content, the value of n is higher
than that of the initial EHC. The data obtained allow us to come to
the conclusion that the initial EHC and nanocomposites with a low
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CTL content (1.0-5.0 wt %) are characterized by a lamellar (two-
dimensional) type of crystal growth, and nanocomposites with 10-20
wt % CTL are characterized by linear (one-dimensional) type of
crystal growth with the continuous formation of crystallization
centers. The obtained research results once again confirm that the
Avrami index provides qualitative information about the nature of the
process of nucleation and growth of crystals, i.e. expressed by the
sum of the number of measurements, under isothermal conditions.
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Figure 4. Influence of CTL content on the kinetic patterns of
crystallization of nanocomposites based on EHC in Avrami
coordinates, in wt %: 1 —initial EHC, 2-EHC + 1.0 CTL,
3-EHC+5.0CTL,4-EHC+10CTL,5-EHC + 20 KTL

Similar studies were carried out with nanocomposites based on
EBC using VS and CTL as fillers. It can be argued that the
introduction of CTL or VS into EBC or EHC is accompanied by the
formation of a polymer material with a relatively new structural
organization. This is a result of the existence of interfacial
interactions at the polymer-nanoparticle interface. These include,
first of all, adsorption or molecular interactions in the boundary
contact zone in the interphase zone. The consequence of these
interactions is a noticeable improvement in the physicochemical and
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physicomechanical characteristics of polymer composite systems. In
other words, interfacial interactions predetermine the structural
features of the boundary layer, the nature of the molecular orientation
on the surface of solid particles, molecular conformational mobility,
supramolecular structure and its other properties.

3. Rheological properties of nanocomposites

The formation of the microstructure of the polymer matrix in the
presence of nanosized filler particles is fundamentally different from
the structure formed by conventional fine particles. It is possible that
nanoparticles interact with the polymer matrix somewhat differently
than larger particles. Apparently, it would be appropriate to state that
the distance at which this interaction occurs is commensurate with
the size of the nanoparticles.

In this regard, for a comparative analysis of data on rheological
studies, Figure 5 (a, b) shows the flow curves of the original EHC
and its nanocomposite EHC + 5 wt % VS in logarithmic coordinates.

From the obtained flow curves it can be noted that at the same
shear stress, an increase in the experimental temperature is
accompanied by a natural increase in the shear rate. Moreover, over
the entire range of temperatures and shear stresses, the flow curves
do not have a break in the upper and lower parts of the branches. This
is due to the fact that in the considered range of temperatures and
shear stresses there are no largest and smallest Newtonian flow
regions, i.e. the rate of destruction of associates of macrosegments in
the melt is equal to the rate of their recovery. In addition, from a
comparative analysis of the data in this figure, it is clear that the
loading of 5.0 wt % of the VS into the composition of the EHC is
accompanied by an increase in the shear rate by 1.8-2.0 times. The
discovered effect of increasing the shear rate in the nanocomposite
melt is interpreted by the fact that the natural mineral (vesuvian)
contains nanoclay with a layered structure, the interlayer space of
which contains various polar liquids, glycerin and surfactants. During
processing and thermomechanical action on the composite melt,
shear stresses promote the intercalation of macrosegments into the
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interlayer space of VS nanoparticles. Apparently, after intercalation
of macrosegments into the interlayer space, strong shear stresses
cause “exfoliation” of layer structures into even smaller ones. As a
result of the decomposition of layer structural units, surfactants,
glycerin and polar liquids are released directly into the composite
melt, which, like lubricating agents, contribute to such a sharp
increase in the fluidity of the melt.
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Figure 5. Flow curves of the initial EHC (a) and EHC + 5wt %
VS (b) at different temperatures: o — 190 °C, x — 210 °C,
e—-230°C, A —-250°C
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The rheological curves of the dependence of the effective melt
viscosity on the shear rate for EHC and its nhanocomposite with 5 wt
% VS content were studied. The main difference is in the pattern of
changes in the curves, which manifests itself at a temperature of 250
°C. The sharp decrease in melt viscosity, apparently, can be
interpreted with the partial occurrence of thermo-oxidative
destruction of EHC at such a high temperature. Unlike initial EHC,
such a sharp decrease in viscosity is not observed in nanocomposites
at 250 °C. Apparently, in this case, it would be appropriate to state
that the VS nanoparticles shield and, thereby, restrain the process of
thermal-oxidative destruction of the polymer matrix. This was
confirmed by the data of derivatographic analysis, according to
which, if for the initial EHC thermal oxidative destruction occurred
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at 242-272 °C, then for nanocomposites this process was recorded in
the temperature range of 265-285 °C.

Curves of the dependence of viscosity on inverse temperature are
presented in semilogarithmic coordinates. Analyzing the curves in
Figure 6a, it can be established that at a constant shear stress they
change according to a certain pattern. The difference is manifested in
the fact that if at a shear stress of Igt = 4.52 Pa (Figure 6a) the
viscosity value on temperature is expressed by an almost linear
dependence, then at a shear stress of 4.19 Pa and below the linear

dependence is violated at a temperature of 210 °C.
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Figure 6. Dependence of the effective viscosity on the inverse
temperature in Arrhenius coordinates for the initial EHC (a)
and the EHC + 5 wt % VS nanocomposite (b) at different values
of shear stress, Pa: o —3.77; x —3.88; e —4.19; A —4.52

In the case of nanocomposites, a change in the nature of the curves
is also observed at 210 °C only at shear stress of 3.88 Pa and below.
According to the data obtained, an increase in shear stress is
characterized by a sharp decrease in melt viscosity. This decrease is
especially pronounced at shear stress of 4.54 Pa. It should be noted
that the violation of the linear dependence of viscosity on the inverse
temperature in Arrhenius coordinates, first of all, indicates the
occurrence of complex physical and physicochemical processes in
the EHC melt. In this case, we are talking about a special mechanism
of destruction and restoration of macrochain associates in
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homogeneous nucleation centers in the polymer melt.

4. Technological features of processing hanocomposites based
on EHC and EBC by injection molding

When assessing the influence of the technological regime on the
properties of nanocomposites, EBC + 5.0 wt % KTL, EHC + 5.0 wt
% KTL, EBC + 5.0 wt % VS and EHC + 5.0 wt % VS were used as
the object of study. The influence of molding temperature on
properties in the range of 130-200 °C is presented. The molding
pressure is adjustable within the range of 50-150 MPa. As an
example, Table 3 examines the influence of temperature conditions
and molding pressure on the physicomechanical characteristics of
nanocomposites based on EBC + 5.0 wt % VS.

Table 3.

Influence of temperature conditions and molding pressure on

the properties of nanocomposites based on EBC + 5 wt % VS

Temperature by zones, Moldug Ultimate tensile Thereargd Shrinkage,
T. oC pressure, stress. MPa modulus, %
’ MPa ’ MPa
140-150-160-170 30.3 1407 0.56
140-150-170-180 50 30.5 1425 0.56
140-150-180-190 31.0 1436 0.55
140-160-190-200 31.0 1445 0.52
140-150-160-170 30.7 1425 0.32
140-150-170-180 100 30.7 1438 0.32
140-150-180-190 314 1503 0.30
140-160-190-200 31.6 1510 0.27
140-150-160-170 31.0 1433 0.17
140-150-170-180 150 31.5 1440 0.17
140-150-180-190 32.2 1489 0.11
140-160-190-200 322 1517 0.11

As can be seen from Table 3, as the temperature of the material
cylinder increases in zones, a slight increase in the ultimate tensile
stress and flexural strength is observed. With increasing molding
pressure, the strengthening effect of nanocomposites increases
noticeably. This circumstance is interpreted by the fact that with
increasing molding pressure and temperature, the sample is
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compacted to the maximum extent in the mold, which results in an
improvement in the strength and shrinkage of the nanocomposites.
At the same time, the advantage of screw cylinders in injection
molding machines is that when transporting composites from the
hopper to the nozzle, the material in the dosing zone is intensively
mixed, melted and evenlyheated throughout the entire volume to a
given temperature before injection into the mold. In the studied
temperature conditions and molding pressure, volumetric shrinkage
decreases from 0.56 to 0.11 %, i.e. 5.1 times. At higher molding
temperature conditions, a “reverse flow” was observed, which
affected an increase in energy consumption and a decrease in
equipment productivity, while the effect of further improvement in
properties was not observed. At lower molding temperature
conditions, there was a danger of underfilling the mold sample, which
is extremely unacceptable. Thus, in the chosen technological mode,
the permissible high temperature and molding pressure contributed
to the improvement of the ultimate tensile stress, flexural strength
and shrinkage of the nanocomposites. The influence of mold
temperature and holding time under pressure on the properties of
nanocomposites was studied.

The dissertation examines in detail the influence of molding
technological parameters on the basic physicomechanical properties
of nanocomposites based on various combinations of EBC, EHC with
mineral fillers such as VS and KTL. The optimal conditions for their
processing have been determined.

5. Extrusion method of nanocomposites processing

It is known that the extrusion method of plastic processing makes
it possible to obtain not only specific types of structural products, but
is also an effective way to modify polymers in the process of mixing
mixture components. The advantage of reaction extrusion is that in
the process of cross-linking nanocomposites based on ethylene
copolymers EBC and EHC, new types of polymer materials are
synthesized, in which forced compatibility of nanoparticles with the
polymer matrix is achieved. This compatibility occurs as a result of
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the retention of filler particles by spatially cross-linked structures of
the polymer matrix. Previously, we showed in Table 2 that for the
production of cross-linked nanocomposites, the most optimal was a
composition based on EHC or EBC, consisting of filler in an amount
of 5.0 wt % and DP — 0.5 wt %. The use of relatively small amounts
of vulcanization agents promotes the formation of a rare network
spatial structure of a nanocomposite with fairly high
physicomechanical properties.

Table 4 provides experimental data on the influence of extrusion
technological parameters on the main properties of nanocomposites
based on EBC.

Table 4.

The influence of the temperature regime of the extruder
material cylinder on the basic physicomechanical properties of
nanocomposites based on EBC, natural minerals (KTL and VZ)
and 1.0 wt % alizarin (AL), 1.0 wt % calcium stearate (CS)

No Temperature regime of | Melt dwell time U!tlmate | Elongation at
o = g o é tensile stress,
the material cylinder, °C | in the extruder, s MPa break, %

93 wt % EBC +5 wt % CTL + 1 wt % AL + 1 wt % CS

1 | 140-160-170-180-185* 153 29.2 395

2 | 140-165-175-185-190* 141 30.3 410

3 | 140-165-175-190-200* 118 32.9 480

4 | 140-165-180-195-210* 97 28.7 455

5 | 140-170-185-210-230%* 114 28.0 410
93 wt % EBC + 5 wt % VS + 1 wt % AL + 1 wt % CS

6 | 140-160-170-180-185* 145 30.0 490

7 | 140-165-175-185-190* 134 31.7 500

8 | 140-165-175-190-200* 112 32.3 515

9 | 140-165-180-195-210%* 95 31.8 515

10 | 140-170-185-210-230* 124 29.5 475

Note: * — temperature in the extruder head

Comparing the data in Table 4, it can be noted that, regardless of
the type of filler, comparatively better performance in terms of
ultimate tensile stress and elongation at break are achieved by
nanocomposites at a material cylinder temperature of 140-165-175-
190-200*°C and a dwell time of 112-118 seconds. As can be seen
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from Table 4, with an increase in the extrusion temperature, a natural
decrease in the dwell time of the nanocomposite in the material
cylinder is observed. The very fact of reducing the residence time of
the nanocomposite in the material cylinder is due to the fact that with
increasing extrusion temperature, the viscosity of the melt decreases,
which helps to increase the productivity of the extruder. The
exception is the temperature regime No. 5 and No. 10, which, on the
contrary, helps to increase the dwell time of the material in the
material cylinder. This circumstance is extremely important and
indicates that at a relatively high extrusion temperature, regardless of
the type of copolymer and natural filler, during the rotation of the
screw, the viscosity in the material cylinder decreases so much that a
“counterflow” of the nanocomposite melt occurs in the dosing zone.

The occurrence of a counterflow of the melt helps to reduce the
rate of supply of the polymer material to the forming head, i.e. there
is a decrease in the productivity of the extruder and, accordingly, an
increase in the dwell time of the material in the material cylinder.

The work similarly investigated the influence of the temperature
regime of extrusion of nanocomposites based on EHC and natural
minerals CTL and VZ. Based on the results of technological research,
METAC LLC received test certificates.

RESULTS

1. Forthe first time, the structural features and physicomechanical
characteristics of nanocomposites based on ethylene
copolymers (EBC and EHC) and natural minerals KTL and VS
with particle sizes up to 110 nm have been studied. It has been
shown that the maximum values of the strength properties of
nanocomposites are achieved with the loading of 5.0 wt %
nanoparticles of minerals into the composition of ethylene
copolymers. The ultimate tensile stress and flexural modulus
increase by 13-16 %. The additional use of ingredients such as
alizarin and calcium stearate further increases the strength
properties of nanocomposites by 20-22 %. The strengthening
mechanism of nanocomposites is considered taking into
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account the processes occurring in the interphase region [1, 6,
9,13, 18, 22].

. For the first time, it was established that at the same filler
content, nanocomposites based on EBC and EHC are
characterized by relatively higher deformation-strength
characteristics and melt fluidity compared to its dispersed-
filled composites (with a particle size of 300-4000 nm). It has
been shown that, regardless of the particle size, with increasing
filler content (KTL and VS) from 1.0 to 20 wt %, there is a
general tendency towards an increase in the heat resistance of
composite materials by 6-10°C [2, 4, 9, 10, 11, 15, 22, 23].

. For the first time, the separate influence of cross-linking agents
(DP and sulfur) on the physicomechanical properties of
nanocomposites was studied. Establishing the optimal amount
of cross-linking agents (0.5 wt % DP and 3.0-5.0 wt % sulfur)
made it possible to obtain nanocomposites with relatively high
values of heat resistance and ultimate tensile stress while
maintaining the MFR of the samples at a satisfactory level. The
most probable mechanism for the formation of a
supramolecular structure in polymer-mineral systems and their
vulcanizates is considered [8, 20, 21, 33, 34].

. Using the Kanavets method, the thermomechanical properties
of nanocomposites based on EHC, EBC and mineral fillers
were studied, making it possible to determine temperature
transitions from the solid to the viscous-flow state. It has been
shown that with an increase in the VS or CTL content in the
composition of ethylene copolymers from 5.0 to 20 wt %, a
slight increase in the heat resistance of nanocomposites is
observed from 2 to 11°C [12, 16, 24, 28].

. The thermomechanical properties of DP vulcanized
nanocomposites based on ethylene copolymers and mineral
fillers have been studied. It has been shown that with an
increase in the DP content from 0.25 to 2.0 wt %, significant
differences are observed in the pattern of changes in the
deformation of nanocomposite samples depending on
temperature. At DP content of 0.25-0.5 wt %, 3 phase states are
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observed on the thermomechanical curves of nanocomposites:
solid, highly elastic and viscous. A further increase in the DP
content in the composition of nanocomposites up to 2.0 wt %
reveals 2 states characteristic of densely cross-linked samples
on the thermomechanical curves: solid and glassy. When sulfur
was used as a vulcanizing agent, regardless of its content, all
samples were characterized by three physical states: solid,
highly elastic and viscous [13, 14, 16, 21, 24, 28, 32, 35].

. The rheological properties of nanocomposites based on
ethylene copolymers were studied, depending on the
temperature and CTL and VS content. The flow curves of
nanocomposites in a wide temperature range of 190-250 °C and
a load of 2.16-21.6 kg, the dependence of melt viscosity on
shear rate and temperature, and the activation energy of viscous
flow were determined. The study of the universal temperature-
invariant characteristic by determining the dependence of the
reduced viscosity (logne/mo) on the reduced shear rate (logyno)
made it possible to predict the melt viscosity of
nanocomposites that is close to the conditions of their
processing by extrusion and injection molding methods [3, 5,
7,8,13,17, 20].

. The dependence of the specific volume, free and occupied
specific volume of nanocomposites on temperature was studied
using the step dilatometry method. Phase transitions of the first
and second order are determined, which make it possible to
estimate the onset temperatures of crystallization and the glass
transition temperature of nanocomposites depending on the
filler content. It has been shown that with an increase in the
CTL and VS content, there is a noticeable decrease in the free
specific volume and an increase in the glass transition
temperature of the nanocomposites. The crystallization
mechanism of nanocomposites has been established. It is
shown that when CTL and VS content exceeds 5.0 wt %, the
growth mechanism of spherulites changes from the plate-type
growth of crystalline formations to one-dimensional with the
continuous formation of crystallization centers [13, 14, 15, 19,
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26, 29].

8. In accordance with the agreement concluded with the METAK
LLC, experimental studies were carried out on industrial plastic
processing units, which made it possible to evaluate the
influence of temperature, molding pressure, mold temperature
and holding time under pressure on the ultimate tensile stress,
elongation at break and volumetric shrinkage of
nanocomposites. The optimal technological regime for the
reaction extrusion of nanocomposites has been established. A
test certificate for nanocomposites has been received,
confirming the promising possibility of their practical use in
the production of high-quality structural products for technical
purposes (the contract and test report are attached) [6, 22, 25,
27, 30, 31].

The main provisions of the dissertation are published in the
following scientific works:

1 KaxpamaHos, H.T. JedopmarimoHHO-TTPOYHOCTHAS
XapaKTePUCTHKA HATIOTHEHHBIX MOJUMEPHBIX MaTEpPHAIIOB /
H.T. Kaxpamanos, Y.M. Mawmennu, 11.B. Baiipamosa // Elmi
macmuoalor (Milli Aviasiya Akademiyasi), — baky: —2017. T.
19. Ne 3, —c. 47-54,

2 Kaxpamanos, H.T., baiipamoBa, N.B., T'amxuesa, P.II.
[IpoGneMHbIE BOIPOCHI MEXAHO-XUMUYECKOW MOIU(DUKAIINN
nonuonepunoB //  Tesucel noxnanoB Kondepenuum,
MOCBAIIEHHON 94-JIeTHEMY IOOWJICI0 OOIICHAIIMOHAIBHOTO
maaepa [.A. AmueBa, — I'samka: — 04-05 maid, — 2017, — c.
274-276.

3 Kaxpamanos, H.T., baiipamosa, 1.B., Kaxpamaunnsi, F0.H.,
I'amxuesa, P.III. Peonormueckue OCOOECHHOCTH TEUEHUS
HAaHOKOMITO3MUTOB Ha OCHOBE COMOJMMEpa OJTUJICHA C
OyTHJIGHOM U TpPHUPOJHOTO MHUHepajga BelyBuaHa //
Mexnynapoanas Hay4YHO-TEXHUYECKas KOH(EepeHIIUS
«Hedrexumudecknii CcHHTE3 M KaTraau3 B  CIOXKHBIX
KOHJICHCUPOBAHHBIX CUCTEMax», nocssieHHas 100-1etHemy

28



roouero akagemuka b.I'. 3eitnanoa, — baky: — 29-30 utons,
—2017, —c. 233.

Kaxpamanos, H.T., BbaiipamoBa, U.B., Mamemmu, Y.M.
HaHOKOMITO3UTBI W TIOJIMMEPHOE MaTepHalloBeJIeHUE //
«Funksional monomerlor Vo xiisusi xassoli polimer
materiallar: problemlor, perspektivlor, vo praktiki baxisiar»
movzusunda Beynolxalq elmi konfransin materiallari,
Sumgayit: — 15-16 noyabr, — 2017, —s. 198-200.
Kaxpamanos, H.T., baiipamona, 11.B. OcobeHHOCTH TeueHUs
pacriaBa HAaHOKOMIIO3UTOB Ha  OCHOBE  JIMHEMHOTO
NONMMATWIICHA HM3KOW motHoctd // Gonca  Dovlet
Universiteti. Beynolxalq konfrans “Miiasir tobist vo igtisad
elmlorinin aktual problemlori”, — Ganca: — 4-5 may, — 2018,
V hisss, —s. 128-131.

Kaxpamanos, H.T., BbaiipamoBa, U.B., Mamenmu, Y.M.
[lonumepHble  HAHOKOMIO3UTHI  3TO  MEPCHEKTUBHBIC
KOHCTpyKIMoHHbIe MaTepuansl / Umummilli lideri Heydor
Oliyevin anadan olmasinin 95-ci ildoniimiina hosr olunmusg
“Gonclor vo elmi innovasiyalar” Respublika Elmi-texniki
konfransi, Azarbaycan Texniki Universitet, — Baki: — 3-5
may, — 2018, —s. 161-162.

Kaxpamanos, H.T. Peonornueckne xXapakT€pUCTHUKH
HaHOKOMIIO3MTOB HAa OCHOBE KIIMHONITUJUIOIUTA U INHEUHOTO
nonusTUiIeHa Hu3koi minotHocty / H.T. Kaxpamanos, H.C.
Kocesa, P.B. Kypb6anosa, W.B. baiipamoBa, H.b.
Ap3symanoBa, A.Jl. Wcwmaiibuzage // W3BecTust BBICHINX
yueOHbIX 3aBeneHui. Cepus: XuMHus U XUMHUYECKas
texnonorus, — MBanoso: — 2018. T. 61. Ne 7, —¢. 106-113.
Kaxpamanos, H.T. Peonorunueckue CBOMCTBA
HAaHOKOMIIO3UTOB Ha OCHOBE JIMHEHHOTO TMOJMATHIICHA
HU3KOH 1uioTHocTH U BedyBuaHa / H.T. Kaxpamanos, U.B.
baitpamoBa, C.C. Ileceuxuii, H.b. Ap3ymanoma, P.B.
Kyp6anosa, FO.H. Kaxpamannsr // [Inactudeckue maccol, —
Mocksa: — 2018. Ne 9-10, — c. 52-55.

Kaxpamanos, H.T., BaiipamoBa, W.B., Mamemiu, Y.M.,
Ucmaiibuzane, A.Jl. ®usuko-mexaHWYeCKHE CBOMCTBA

29



10

11

12

13

14

HAaHOKOMIIO3UTOB Ha OCHOBE JIMHEWHOrO IOJMATUIIEHA
HU3KOH TUIOTHOCTH U BesyBHaHa // Akademik V.S. Oliyevin
110 illik yubileyino hasr olunmus “Neft emali vo neft
kimyasinin innovativ inkisaf perspektivlori” adli Beynalxalq
elmi-praktiki konfrans, — Baki: — 9-10 oktyabr, — 2018, — c.
192.

baiipamosa, 1.B., Kaxpamanos, H.T., Annaxsepauena, X.B.
HaHokoMmnO3UTBl Ha OCHOBE JIMHEHHOIO IOJIMATUIIEHA
HU3KOI IUIOTHOCTH u MOHTMOPWJIJIOHUTA  3TO
NEPCIEKTUBHBIE  KOHCTPYKIHMOHHBIE  Martepuansl  //
Umummilli lider Heydor Oliyevin anadan olmasmin 96-Ci
ildoniimiine  hosr olunmus “Todris prosesinds  elmi
innovasiyalarin totbiqi yollar1” mévzusunda Respublika elmi-
praktiki konfrans, — Lonkaran: — 7-8 may, — 2019, —s. 81-82.
Kaxpamanos, H.T. ColicTBa HaHOKOMIIO3UTOB Ha OCHOBE
Be3yBHaHAa M cormoyiimMepa dSTwieHa ¢ rekceHom / H.T.
Kaxpamanos, W.B. baiijpamoBa, Y.M. Mamemmu, A.Jl.
Hcmaiibizane, B.C. Ocumuuk // Ilnactuueckue maccel, —
Mocksa: —2019. Ne 5-6, — c. 36-39.

baiipamosa, n.B. Peonornyeckue CBOMCTBA
HAaHOKOMIIO3UTOB Ha OCHOBE BE3yBHaHa M COMNOJUMEpa
3THWIIEHa ¢ TekceHoM // — YepHoronoBka: Kommo3uTsl u
HaHOCTPYKTYpbI, —2019. T. 11. Ne 3 (43), —c. 119-124.
Kaxpamanos, @ H.T., baiipamoa, @ W.B.  CsoiicTBa
HAaHOKOMIIO3UTOB Ha OCHOBE BE€3yBMaHa M COIOJIMMEPOB
TWIEHa ¢ TekceHoM // MexayHapoqHass Hay4yHO-
TexHn4yeckas KoHpepenuus «lloauMepHbIe KOMIIO3UTHI H
tpubonorus» [Tommkomtpu6-2019, — l'omens: — 25-28 utons,
—2019, —c. 33.

Kaxpamanos, H.T., baiipamoBa, 1.B. Hanokomno3utsl Ha
OCHOBE NPHUPOJHBIX MHUHEPAJIOB M COMOJUMEPOB 3TUJIEHA C
rekceHoM // MexnyHapoaHas Hay4dHass KoOH(pepeHIHs,
nocBsameHHas  90-netHemy  robunero  MHXIT  wuwm.
MamenanueBa 1o  TeMe  «AKTyalbHbIE  MPOOJIEMBI
COBpeMEHHOM xumumn», — baky: — 2-4 okra6ps, — 2019, — c.
323.

30



15

16

17

18

19

20

21

baiipamoBa, U.B., Kaxpamanos, H.T. TepMmomMexanndeckue
CBOMCTBAa HAHOKOMIIO3UTOB HAa OCHOBE KJIMHOMNTHIIONHUTA U
comoiMMepa OJTWIEHAa C TeKkceHoM // MexayHapoaHas
Hay4Has KOoH(pepeHus, nocBsieHHas 90-1eTHemMy 100HIIEI0
NHXII um. Mamenanuesa 1o reMe «AKTyalbHbIE IPOOIEMBI
COBpPEMEHHOM XxuMum», — baky: — 2-4 okra6ps, — 2019, — c.
324.

Bbaiipamosa, n.B. Peonornyeckue CBOMCTBA
HAaHOKOMIIO3UTOB HA OCHOBE JIMHEHHOIO MOJIMATHIICHA
Huskoii  motHoctu  // «Kimya  texnologiyast  vo
miihandisliyinin innovativ inkisaf perspektivlori» Beynslxalq
elmi konfransin tezislori vo materiallari, — Sumqayit: — 28-29
noyabr, — 2019, —s. 189-190.

Qohromanov, N.T., Polimer kompozisiyas1, Ixtira 1 2022
0063, Azorbaycan Respublikasi / Bayramova 1.V.,
Ismayilzado A.D.

KaxpamanoB, H.T. 3akoHOMEpHOCTM KpUCTaIIU3ALUU
HAaHOKOMIIO3UTOB Ha OCHOBE CONOJIUMEpa JTHUIIEHA C
OYTHJICHOM U MMPUPOIHBIMU MUHEPAIbHBIMU HATIOTHUTENSIMU
/ H.T. Kaxpamanos, W.B. baiipamona, }F0.H. Kaxpamanisl,
X.B. Anmnaxsepauena, ¥Y.B. Hamasznei, P.11. Mamxuera, C.P.
Aobnanosa // Azerbaijan Journal of Chemical News, — Baku:
—2020. V. 1. Ne 1, — p. 21-28.

Bayramova, 1.V. Rheological Properties of Nanocomposites
Based on Bifunctional Clinoptilolite and Ethylene/Hexene
Copolymer // — Baku: Azerbaijan Chemical Journal, — 2020.
Ne 2, —c. 83-89.

KaxpamanoB, H.T. CaoiictBa u TtepmonedhopMalioHHbIE
XapaKTePUCTUKH KOMIIO3UTOB U UX BYJIKAHU3AaTOB HA OCHOBE
comojuMepa OSTWJIEHAa C OYTUJIEHOM U TNPUPOIHBIMU
muHepanamu / H.T. Kaxpamanos, N.B. baiipamona, X.B.
AmnaxsepaueBa, C.C. Ilecenkuit, VY.B. Hamazmer //
Kommnosutsr n HaHOCTPYKTYpHI, — UepHoromoBka: — 2020. Ne
3 (47), —c. 107-113.

Kakhramanov, N.T. Physicomechanical properties of
nanocomposites based on copolymers of ethylene with a-

31



22

23

24

25

26

27

olefins and clinoptilolite / N.T. Kakhramanov, I.V.
Bayramova, V.S. Osipchik, A.D. Ismayilzade, S.R.
Abdalova, I.A. Ismayilov, U.V. Namazli // Azerbaijan
Chemical Journal, — Baku: —2020. Ne 4, — c. 22-27.
baiipamoBa, 1.B. CBolicTBa HaHOKOMIIO3UTOB Ha OCHOBE
Be3yBHaHA M COIOJIMMEpa JTHIeHAa ¢ TrekceHoMm // |-s
MexnyHaponHas KoH(GEpeHLHs CTYyJEeHTOB U  IOHBIX
HCCIIeIoBaTeICH, HOCBSIICHHAS 97-neturo
obmenanuonaiapHoro nuaepa I'. AmueBa, — baky: — 8-11
utons, — 2020, — c. 24-25.

Kakhramanov. N.T. Thermomechanical Properties of
Nanocomposites Based on Clinoptilolite and a Copolymer of
Ethylene with Hexene / N.T. Kakhramanov, 1.V. Bayramova,
S.S. Pesetskiy // Inorganic Materials: Applied Research, —
2020. V. 11. Ne 5, —p. 1184-1190

Kaxpamanos, H.T. BnusHue TEXHOIOIMYECKOTO pexUMa
JIMTh IO HAAaBJICHUCM Ha CBOMCTBA HAHOKOMIIO3MTOB Ha
OCHOBE JIMHEHHOrO TMOJMATUIIEHa HHU3KOM IUIOTHOCTH U
npupoausix  muHepanoB / H.T. Kaxpamanos, U.B.
baiipamoBa, B.C. Ocunuuk, A.Jl. I'ynues // [lnactuyeckue
Maccsel, — Mocksa: — 2020. Ne 5-6, — c. 48-51.

baitpamosa, 1.B., AnnaxsepaueBa, X.B., Hamaznsl, V.B.,
KaxpamanoB, H.T. Kunernueckue 3aKOHOMEpPHOCTHU
KpUCTAITU3allMd HAHOKOMIIO3UTOB Ha OCHOBE COMOJUMEpa
sTMiIeHa ¢ OyruineHoM u BedyBuaHom // XVII
Me:xnyHapoiHas KOH(pepeHIUs MOJIOABIX YUeHbIX, — MUHCK:
— 22-25 cents6ps, — 2020, — c. 486-488.

baiipamoBa, W.B., KaxpamanoB, H.T. Texnosorunueckue
OCOOCHHOCTH TepepadOTKM HAHOKOMIIO3UTOB Ha OCHOBE
JUHEHHOTO  MONHMATUJIEHAa  HHU3KOH  IUIOTHOCTH |
MUHEpaNbHBIX HamojHuteneit // HaywuHo-mpakTHueckas
KOH(QepeHIMsT ¢ MEXIYHApOJIHBIM  y4YacTHEM, —
Cesactonons: — 14-16 oxtsi6pst, — 2020, — c. 41-44.
Kakhramanov, N.T. Thermomechanical Properties of
Nanocomposites Based on Vesuvian and Copolymer of
Ethylene with Hexene / Najaf T. Kakhramanov, llaha V.

32



28

29

30

31

32

33

Bayramova, Khayala V. Allahverdiyeva // Processes of
petrochemistry and oil refining, — Baku: —2021. V. 22. Ne 1,
—p. 13-23.

Kakhramanov, N.T. Kinetic Regularities of Crystallization of
Nanocomposites Based on Clinoptilolite and Ethylene-
Hexene Copolymer / N.T. Kakhramanov, 1.V. Bairamova,
R.Sh. Gadzhieva // Inorganic Materials: Applied Research, —
2021. V. 12. Ne 1, —p. 13-16.

baiipamosa, 1.B., Kaxpamanos, H.T., Anmaxsepauesa, X.B.,
Hamazne, V.B., Hcmaiinos, U.A. dusuko-mexaHudecKue
CBOIICTBA HAHOKOMIIO3UTOB Ha OCHOBE COIIOJIMMECPOB
dTWJIEHAa ¢  o-oJepwHAMU W KIMHONTWJIONWUTA  //
KupnuunukoBckue wuyreHuss — XV MexayHapoaHas
KOH(l)epeHI_II/IH MOJIOABIX YYCHBIX, CTYACHTOB W ACIIUPAHTOB
«CHHTE3 W WCCIIeJOBaHUE CBOWCTB, Moau(UKanusi U
nepepaboTKa  BBHICOKOMOJICKYJSIPHBIX —~ COCAMHEHUI», —
Kazansb: — 29 mapra — 02 anpenst, — 2021, — ¢. 55-57.
Kahramanov, N.T. Reactive extrusion of nanocomposites
based on ethylene copolimers and mineral fillers / N.T.
Kahramanov, I.V. Bayramova, A.J. Guliyev // Inorganic
Materials: Applied Research, —2021. V. 12. Ne 5, — p. 1332-
1337.

baiipamosa, 1.B., Kaxpamanos, H.T. Tepmomexanuueckue
CBOICTBa HaHOKOMIIO3UTOB Ha OCHOBC JIMHEHHOT 0
IIOJIMDTUJICHA HU3KOH IIJIOTHOCTHU // MaTepI/IaHH
MEXIYHapOJAHOM  HAy4YHO-TIPAaKTUYECKOW  KOH(EepeHIUU
«HepCHGKTI/IBHBIe TEXHOJIOTUU u MaTcpualbl»,
Cesactonons: — 06-08 oxtsi6pst, — 2021, — c. 26-29.
Kaxpamanos, H.T., BaiipamoBa, N.B., Xamenoa, JI.X.
Dusuko-MexaHU4ecKUe CBOMCTBA HAHOKOMIIO3UTOB Ha
OCHOBC COITIOJIMMEpaA OTUJICHA C TCKCCHOM U BC3YBHAHOM //
MSF 2022 Materials Science Of The Future: Research,
Development, Scientific Training, — Nizhny Novgorod: — 5-7
april, — 2022, — c. 141.

Kaxpamanos, H.T., baiipamosa, 11.B. CtpykTypa u cBoiicTBa
HaAaHOKOMITIO3HMTOB Ha OCHOBC COINIOJIMMEPOB 3THUJICHA C OL-

33



34

onepuHaMK ¥ KIMHONTUNOMMTA // Otraf miihitin miihafizosi,
sonaye vo moisat tullantilarimin tokrar emali movzusunda
Respublika Konfransimmin Materiallar;, — Gonca: — 24-25
noyabr, — 2022, —s. 86-88.

Kaxpamano, H.T., Baiipamosa, W.B., A6nanosa, C.P.
CroiictBa M TepMoaeOPMAILMOHHBIE  XAPAKTEPUCTHKHU
KOMIIO3UTOB M HX BYJIKAHH3aTOB HAa OCHOBE COIOJMMEpa
3THJICHA ¢ OyTEHOM M NMPUPOJHBIMH MHUHEpaiamu // Otraf
miihitin miihafizasi, sonaye vo moaisat tullantilarinin tokrar
emali movzusunda Respublika Konfransinin Materiallari, —
Gonco: — 24-25 noyabr, — 2022, —s. 89-91.

34



The defense will be held on « 20 » September 2024 at 102 at the
meeting of the Dissertation council FD 1.28 of Supreme Attestation
Commission under the President of the Republic of Azerbaijan
operating at the Institute of Polymer Materials of the Ministry of
Science and Education Republic of Azerbaijan

Address: AZ5004, Sumgait, S. Vurgun street, 124

Dissertation is accessible at the Institute of Polymer Materials of
the Ministry of Science and Education Republic of Azerbaijan
Library.

Electronic versions of dissertation and its abstract are available on
the official website of the Institute of Polymer Materials of the
Ministry of Science and Education Republic of Azerbaijan
(http://amea-pmi.az/).

Abstract was sent to the required addresses on: « 2 » July 2024



Signed for print: 24.06.2024
Paper format: 60x90 1/16
Volume: 40024
Number of hard copies: 20 copies



