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Abstract

The article provides a comparative analysis of the degree of strength (tensile strength) of
composites based on fillers of various compositions. In this direction, research was conducted
and results were obtained taking into account a number of filler characteristics. The
corresponding fillers were brought from different places and made suitable for laboratory testing.
As a result of comparing the ultimate tensile strength values, it was determined which filler is
more suitable and superior to others. The fillers are based on natural mineral rocks, clays, etc.,
brought from several regions of Azerbaijan. The value of the results directly depends on the
dispersion of the filler, the relief structure of the area, the mineralogical wealth of the extracted
sources and a number of factors.
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Miivafiq tobii minerallar asasinda kompozitlor vo onlarin moéhkomlik
daracasinin miiqayisali tahlili
V.C. Cafarov, M.9. Manafov, N.R. Bektasi, N.O. 9limirzayeva,

S.M. Xalilova, S.9. Salahova, G.H. Musayeva

Polimer Materiallart Institutu, Azorbaycan Respublikasi Elm va Toahsil Nazirliyi (Sumgayt,
Azarbaycan)

Xiilasa

Mogalodo miixtolif torkibli doldurucular osasinda alinan kompozitlorin  méhkomlik
doracasinin (dartma qiivvaesi) miiqayisali tohlili verilmisdir. Bu yoniimdo todqiqat aparilaraq
doldurucunun bir sira xiisusiyyotlori nozora alinaraq noticalor oldo edilmisdir. Ayri-ayri
orazilordon gotirilorok laboratoriya soraitindo todqiqata yararli hala salinaraq miivafiq
doldurucular istifado edilmisdir. Dartilmada mdhkomlik haddinin giymatlorinin miigayisasi
noticasindo hansi doldurucunun daha miinasib vo istiin oldugu mioyyon edilmisdir.
Doldurucularin osasin1 Azarbaycanin bir sira regionlarindan gotirilmis tobii mineral siixurlar,
gillor va s. toskil edir. Naticalorin yiiksokliyi doldurucunun dispersliyi, gatrildiyi orazinin relyef
strukturu, ¢ixarildigi manboalorin mineraloji zanginliyi vo bir sira amillordan bilavasito asilidir.

Acar sozlor: tobii mineral siixur, gil, doldurucu, dartilmada méhkomlik haddi (o), qirilma
zamani nisbi uzanma (g), arintinin axiciliq gostaricisi (9AG).

CpaBHUTE/JBbHBI AaHAJM3 KOMIIO3UTOB HA OCHOBE COOTBETCTBYHOIIMX
NPUPOIHBIX MHHEPAJIOB U CTENIEHU UX IPOYHOCTH

B./I:x. {:xkadgapos, M.A. Manados, H.P. bekramm, H.A. Anumup3saesa,

C.M. Xaaunosa, C.A. Canaxosa, I'.I'. MycaeBa

Hncmumym — nonumepuevix — mamepuanos,  Munucmepcmgeo — nayku u  06paszosanus
A3zepbauiorcanckoti Pecnyonuxu (Cymeaum, Azepbatioscan)

AHHOTAIINA

B cratee mpuBeneH CpaBHUTEIBHBIM aHAIN3 CTEIIEHH MPOYHOCTH (TIpenesia MPOYHOCTH)
KOMITO3UTOB Ha OCHOBE HAMNOJHUTENEH pa3IMyHOrO CcOocTaBa. B 3TOM HampaBieHUU OBLTH
MPOBEACHBI HCCIAEAOBAHUS W TIONYYCHBI PE3YIbTaThl C YYETOM psAJla XapaKTEPUCTHK
HanonHuTensd. COOTBETCTBYIOIIME HAMONHUTETN OBLIM TMPHUBE3EHBI U3 Pa3HBIX MECT JJif
WCCTe0oBaHus B JIA0OpATOPHBIX YCIOBUSX. B pesynbpTaTe cpaBHEHHS TPENETbHBIX 3HAYCHHI
mpenena MPOYHOCTH Ha pa3pbiB ObUIO OIpeneseHo, KakoW HANoJHUTENs Oojee MOAXOAUT U
MPEBOCXOUT JApyrue. B ocHOBe HamoJHHWTENEW JeXaT MPUPOJIHBIE MHUHEPAIbHBIE TOPOIBI,
TJIMHBI ¥ T.1., IPUBE3EHHBIE M3 HECKOJBKUX PEeruoHOB AsepOaiimkaHa. [lokazatenu HampsMyro
3aBUCAT OT JUCIIEPCHOCTHU 3AIOJIHUTENIS, PETbe()HOTO CTPOCHHUS MECTHOCTH, MUHEPAIIOTHIECKOTO
OorarcTBa JOOBIBAEMBIX HCTOYHUKOB U psifia (haKTOPOB.

KiroueBsbie ciioBa: IpUPOJHAsl MMHEpalbHas I0pOJAA, IVIMHA, HAIOJHUTENIb, Mpeei

IPOYHOCTU TPU PACTSHKEHUM (G), OTHOCUTEIbHOE YAJIMHEHUE IpU
paspsiBe (&), npenen Tekydectu paciuiasa (IITP).
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Introduction

One of the priority directions of modern
chemical science is the production of new
materials with different compositions and
properties based on polymers and their
additives. In the production of any polymer
composite and in the creation of a new
material with higher properties, the influence
of the nature, structure and properties of the
binder added to the initial polymer is
considered to be one of the important factors.
Thus, the binder taken must have a number of
properties, for example; adhesion, adsorption
for  aqueous  solutions,  dispersibility,
compatibility enhancing, etc.

It is known from a number of literatures
that fillers have different sizes, changes due to
the influence of the stabilizing medium,
surface activity, and hardness in nature. Such
additives are diverse and rich in variety in
terms of structure and size, distribution on the
polymer surface and impact strength.

A number of American scientists have
worked on polymers using small-sized clays
as fillers as linking agents. Immediately after
the adoption of nanotechnology programs in
the USA (2000) and other developed
countries, scientists moved from studying
polymer composites and heterogeneous
mixtures to creating various types of devices
based on them. Currently, light-emitting
diodes, solar cells, memory devices, gas
sensors, catalysts and other devices have been
developed based on polymer composites and
nanoheterogeneous mixtures [1].

Currently, interest in  composite
materials based on polymer matrices and
nanosized metal particles has increased
significantly. This is due to the fact that their
application spectrum is quite wide - they can
be used in various fields, from catalysis to
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modern information technology, as well as in
various fields of chemistry, physics, and
materials science.

The development of scientific research
on the study of nanoscale metal particles
stabilized in polymer matrices has led to the
development of metal-polymer composite
materials with many specific physical,
mechanical and operational properties. Such
materials have properties such as high thermal
and electrical conductivity, magnetization
ability, and shielding of ionizing radiation.

The use of solid particles of various
shapes and chemical nature as fillers in
polymeric materials opens up new possibilities
for the modification of these materials, since
small-sized substances are distinguished by
their unusual adsorption activity due to their
large surface area and high surface energy.
Therefore, in composite materials containing
small-sized particles, there is a high adhesion
strength between the polymer matrix and these
particles [2].

There is extensive information from
many sources that the introduction of additives
into polymer-elastomer systems has a positive
effect on the formation of such a structure and
the properties. One of the main factors
affecting the impact strength and brittleness
temperature of a heterophase polymer-
elastomer system is its phase structure - the
volume fraction of components, the average
size of the dispersed phase particles, the size
distribution of particles, the nature of their
distribution in the mixture and the
characteristics of the rubber (molecular mass,
strength, elastic modulus, glass transition
temperature, etc.). It is shown that the main
condition for achieving high viscosity of the
dispersion is the homogeneous distribution of
the elastomer phase in the form of small
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dispersed particles in a continuous matrix
phase [3, 4].

Metal-containing polymer-sorbents were
synthesized as a result of modification of
phosphochlorinated  polybutadiene  with
dithizone. The sorption properties of the
obtained polymer-sorbents were studied with
respect to gold (II1) ion in solution. It was
found that the degree of sorption of gold in an
acidic medium is 85-95% [5].

By functionalizing multi-walled carbon
nanotubes (MWNTS) with various functional
polymers (copolymers of maleic anhydride
with octene-1 and nonene-1 monomers), CdS,
CuS and SnS nanostructures were synthesized
and studied using modern analysis methods.
Different time intervals of ultrasonic treatment
were used to obtain samples [6].

A polymer hydrogel with a memory
effect was synthesized based on polyacrylic
acid and poly-N-vinylpyrrolidone. Silver
nanoparticles were synthesized in a poly-N-
pyrrolidone medium, and nanocomposites
were obtained from its complex with
doxorubicin, and their sorption capacity was
studied. It was found that the obtained
hydrogels have a high sorption capacity. It is
shown that using polymers of this type, the
therapeutic dose of  doxorubicin  for
experimental treatment of oncological diseases
can be significantly reduced [7].

Nanocomposites of nickel, cobalt and
misulfide based on polymers were synthesized
by ion layering and sonochemistry methods.
The optimal conditions for the synthesis of
nanocomposites (equilibrium concentration of
reagents, temperature, reaction time, pH, etc.)
were determined by sorption processes. It was
found that the distribution of ions on the
surface is a heterogeneous process and both
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physical and chemical
simultaneously [8].
Considering the effect of small-sized
fillers on polymers and the positive properties
of the new material obtained, research was
conducted using various natural mineral rocks
ground to a micron-sized dispersion level as
fillers and positive results were obtained.
Selection and use of fillers to obtain a
material with strength properties and low cost;
Selection and use of plasticizers, dressings and
other purposeful components to simplify
technological ~ processes and  improve
operational properties; Adjustment of friction
and antifriction properties; Introduction of
additional components to adjust thermal and

adsorptions occur

electrical conductivity; Addition of
appropriate flame retardants to increase
resistance to combustion; Presence of

fungicidal, bactericidal and other properties to
increase  resistance to  microorganisms;
Possession of antistatic properties, etc. [9].

Problem statement

Scientific research conducted on the
development of composites and filling them
with additives to improve a number of their
properties is sufficient in number, and the
successes achieved in this way are undeniable.
For many vyears, the issue of introducing
additives into composites and obtaining
positive results has been solved in various
scientific research laboratories. Fillers are
diverse both in terms of structure and
properties. There is a sufficient amount of
work with existing fillers in solid and liquid
form, and the results are many [10]. Polymers
processed with fillers, which are modifying
agents that play a coordinating role in
obtaining  composites  with  complex
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operational properties of a new generation, are
considered suitable materials [11].

Taking all this into account, a
comparative analysis of the physical and
mechanical properties of composite samples
obtained from different areas with different
fillers in terms of their dispersion degree and
structural characteristics was carried out. At
the same time, the issue of the presence of a
finish in the system was also taken into
account. The comparative analysis helped us
to obtain positive results by taking into
account the ratio and the unit of measure of
the dispersion of the filler taken.

Solution
Laboratory staff crushed various fillers
using appropriate methods, sieved and ground

them, achieved micron-sized dispersion, and
used them to obtain samples for research. The
fillers are natural mineral rocks and clays with
sizes of 53 and 106 pm, respectively. In order
to improve the compatibility between the
polymer matrix and the filler and to achieve
higher properties of the obtained sample,

sizing agents

synthesized in

laboratory

conditions were included in the polymer-filler

type system [12].

Results and their discussion

As a result of the research conducted
over several years, the values of the tensile
strength of composite samples obtained based
on fillers of various compositions are reflected
in the table 1. We present a list of fillers taken

for the study.

Table 1 — Strength index of composite samples with different fillers

Row Filler, in % Matrix, Apprete, in % Tensile strength, %,
in % o, MP
1. | Vezuviane-80 PE-20 - 37.4
2. | Bokside-60 PE-40 - 12.8
3. | Kaoline-60 PE-40 (MA+ED-20)-5 15.3
4. | Goydash-60 PE-40 (MA+Hep.1+Acr.ac.)-1/2/1 14.1
5. | Seolite-60 PE-40 (MA+Hep.1+Acr.ac.)-1/1/1 17.8
6. | Alunite-60 PE-40 - 15.3
7. | Silisium gelium-70 PE-30 K salt -3 19
8. | Perlite-70 PE-30 - 15.1
9. | Gadabay dep. clay-70 PE-30 (Hep.1+Acr.ac.)-2/1 16.9
10. | Zakhmatkand-70 PE-30 (Hep.1+Acr.ac.)-1/2 15.4
11. | Keramsite-70 PE-30 - 14.9
12. | Artesian clay-70 PE-30 (MA+Hex.1)-3 15.9
13. | Volcanic mud -70 PE-30 (Hep.1+Acr.ac.)-2/1 13.7
14. | Tursh Su-60 PE-40 (Hek.1+Acr.ac.)-2/1 17.2

Table 2 — Results of research conducted with polyethylene processing

Row Filler, in % Matrix, Apprete, in % Tensile strength, %,
in % o, MP
1. | Dashkesan ore -70 PPE-30 | (Hex.1+Acr.ac.)-2/1 16.7
2. | Bentonite-60 PPE-40 | (MA+Hep.1)-1/1 15.8
3. | a-kvars-70 PPE-30 - 31
4. | Tovus clay -60 PPE-40 | Polimetakrylate-3 18.8
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Table 3 — Results of research conducted with
polypropylene (without apprete)

Row Filler, in % Matrix, | Tensile

in % | strength,

%,
¢, MP

1. Mining waste -40 |PP-60 33.6
2. Gisil Zod-30 PP-70 30.6
3. Damirchi Dam-50 |PP-50 32.3
4, Vulcanic ash -30  |PP-70 38

A ranking is presented according to the
variety of fillers taken depending on the type
of each polymer matrix. Thus, separate
presentations are given for polyethylene,
processed polyethylene and polypropylene.
The aim is to determine which is the most
complete result.

The tables 1-3 show the strength of
polymer composite samples treated with
various fillers corresponding to 53 and 106
pum. The higher tensile strength of the sample
treated with each filler was taken. An analysis
is presented in accordance with the principle
of obtaining a higher result in samples
corresponding to which mass ratio in
polymer/filler and polymer/filler/size systems
corresponding to different mass ratios.

High-pressure polyethylene (HPPE) or
low-density  polyethylene  (ASPE), its
derivatives and polypropylene (PP) were taken
as the matrix. Separate copolymers synthe-
sized in laboratory conditions were taken as
the size. Obtaining samples with higher tensile
strength  depends on the dispersity,
environment, nature, and degree of compa-
tibility with the polymer of each filler taken.

When looking at the tables 1-3, it is
determined that the maximum strength is c=38
MPa in the sample without filler, corre-
sponding to the ratio of volcanic ash-30 and
matrix-70 mass%. In this case, polypropylene
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IS present in the system as a matrix. This result
is explained not only by the properties of the
filler but also by the high degree of
crystallinity of polypropylene. Polypropylene
differs from other polyolefins due to its high
degree of crystallinity and its more appropriate
stereoregular structure. Of the composites
obtained using processed polyethylene as a
matrix, the one with the most superior
physical and mechanical properties is the
composite obtained based on Tovuz clay as a
filler and polymethacrylate as a filler. In this
case, the tensile strength is 18.8 MPa.

When looking at other indicators, it is
observed that the tensile strength limit of the
composite sample based on 80 mass %
vesuvian and 20 mass % polyethylene taken as
filler has a higher 6=37.4 MPa. Based on this
result, it can be said that the nature and
compatibility of the filler is superior to other
binders.

In addition, with a number of fillers, for
example: “Mining Waste”, “Gyzil Zod”,
“Demirchi Dam”, “Tovuz Gili”, “Tursh Su”
the result (strength limit) gets higher values.

Thus, when giving a final opinion on the
results, it is observed that the polymer matrix
in composites with high tensile strength limit
is polypropylene.

Conclusion

As a result of the analytical study, a
comparative presentation of the strength of
composites created over the years based on
various fillers and finishes is given. The
highest result obtained with each filler is
taken. It was determined that the value of the
tensile strength limit is the highest in the
composite sample corresponding to the
PP/Volcanic ash-70/30 mass % ratio (=38
MPa). It was determined that the maximum
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value of the tensile strength limit corresponds
to the case where polypropylene is used as the
polymer matrix, directly depends on various
properties of polypropylene, such as its
stereoregular structure, crystallinity, melting
and solidification temperature. In a number of
studies, although the physical and mechanical
properties increase with the introduction of a
finish into the system, the regularity is
relatively violated when polypropylene plays
the role of a matrix.

When composites are obtained using
polyethylene as a matrix, the maximum

physical and mechanical performance
corresponds to the sample in which the filler is
taken in the amount of 60% by mass. In this
case, when IPE/Filler-40/60%, the tensile
strength reaches a maximum value of 18.8
MPa. The desired results were obtained in the
research-based scientific research work and
the work was fully evaluated.
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