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Abstract 
The paper presents an analysis of the review material and the research 
results regarding the problem of obtaining and studying the structure and 
properties of nanocomposites based on polyolefins and natural minerals. 
The objects of study are polyolefins such as highdensity polyethylene, low 
density polyethylene, polypropylene, polyethylene terephthalate, and 
others. The task of the study was to clarify the general laws in changing the 
supramolecular structure and a number of properties of nanocomposites. 
The perspective possibilities of using graphite, molybdenum sulfide and 
some mineral fillers in the direction of their use as materials for tribological 
purposes are considered. Using IR spectral, X-ray analysis, derivatography 
and differential scanning calorimetry, the possibility of refining the 
structure and physicochemical properties of nanocomposites was 
considered. The principal feature of nanoparticles in the direction of the 
formation of the structure of composites and their influence on the kinetic 
laws of crystallization are presented. It is shown that the process of forming 
a heterogeneous structure begins in the viscous-fluid state, when 
nanoparticles appear as structure-forming properties. It is found that the 
layered structure of mineral fillers provides the possibility of a significant 
increase in the melt flow rate. A series of works is presented where it is 
shown that the dressing of nanoparticles with silicon-organic compounds 
leads to the formation of hybrid gels with a three-dimensional structure. 
The formation of a covalent bond between the filler particle and the 
dressing agent, as well as between the dressing agent and the polymer 
matrix, promotes the formation of three-dimensional crosslinked structures. 
On the example of various types of fillers and polymers, the results of a 
study of the tribotechnical characteristics of composite materials are 
presented. Extensive information is given on the qualitative characteristics 
of composite materials, taking into account the effect of dispersion and 
filler concentration on the complex of the most important operational 
properties of filled polymer systems 
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In the process of improving modern technology and industrial production technology, an 

increasing attention of scientists and specialists is aimed at developing new types of composite 
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materials, which in their performance characteristics would be distinguished by high strength 

properties, wear resistance, thermal and heat resistance, resistance to harsh climatic conditions, 

oil petrol resistance, etc. Thus, it was necessary that the polymeric materials have appropriate 

high physical-mechanical and technological properties while contributing to improve their 

processability such basic techniques such as injection molding and extrusion. To change the 

properties of polymers produced in the industry, various methods of their modification are 

undertaken: plasticization, loading of fillers, stabilizers, creation of polymer blends, alloying 

additives, structure-forming agents, dressing of mineral fillers, etc. [1-3]. 

Thus, as a result of the use of a whole set of existing methods of modification, ample 

opportunities are created for regulating the structure and properties of polymer composites. This 

practice today is quite widely used by specialists, as a result of which promising opportunities 

are opening up for their implementation in various areas of industry [2,3].  

One of the important application areas in the polymer field is the development of 

nanocomposites with improved tribological properties, mainly based on polyamide, 

polytetrafluoroethylene, ultrahigh molecular weight polyethylene and mineral fillers, etc. [4,5].  

Polyolefins are among the most large-tonnage materials and, therefore, carrying out a complex of 

studies aimed at expanding the areas of their practical use has always been the subject of special 

attention of scientists and specialists working in the field of processing and application of 

composites. In this regard, this work presents data on the study of the influence of various types 

of mineral fillers on the nature of the change in the wear resistance of composite materials based 

on polyolefins. 

In recent years, the number of works in the direction of using epoxy resins, high-impact 

polystyrene, polytetrafluoroethylene (PTFE) and other fluoroplasts has expanded significantly 

[1-7]. Interest in epoxies is primarily due to their high reactivity. However, along with this, the 

presence of brittleness in materials based on epoxy resins to a certain extent limits their wider 

use.  

At the same time, a lot of research has begun to develop new methods for the synthesis of 

binders based on epoxy resins, intended for use as effective modifying additives, mainly for 

rubber. This circumstance makes it possible to increase the toughness of the cured epoxidian 

oligomers, but there is a slight decrease in the elastic modulus and glass transition temperature of 

the obtained materials. As studies conducted in this area show, these indicators can be improved 

using various amorphous polymers as modifiers, such as polysulfones, polyamides, 

polyetherimides, polycarbonates, etc. In comparison with the latter, the use of crystallizing 

thermoplastics, such as polyethylene terephthalate, polyisobutylene terephthalate, etc., is limited 

and that is mainly due to a slight improvement in the mechanical properties of cured 

compositions when used as a modifier. The issues of compatibility of epoxy diane resin mixtures 

with aromatic polyethers and polysulfones modifiers were also considered. It has been 

established that the chemical structure of aromatic polyesters has a definite influence on the 

phase behavior of their mixtures with epoxy diane oligomers. It has been established that the 

chemical structure of aromatic polyesters has a definite effect on the phase behavior of their 

mixtures with epoxy diane oligomers. The chain of the latter contains fragments of bisphenol-A, 
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which ensures their dispersive interaction with the modifiers used. In the polymer chain, the 

bisphenol group alternates with a carbonate or sulfonic group. In this case, an oxygen atom with 

a lone electron pair is capable of forming a hydrogen bond with the hydroxyl group of the epoxy 

resin according to the scheme below [8]: 
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One of the important features of composite materials is the development of mixing 

methods that allow for uniform mutual dispersion of the components of the mixture, which 

results in a significant improvement in such qualitative characteristics as strength, thermal and 

other important characteristics of composite materials. In this case, it is important that the mixed 

polymer components have the necessary technological compatibility. 

It should be noted that over the past 10-15 years, interest in composite materials containing 

PTFE, metal oxides and sulfides, metal nanoparticles and other modifying additives has 

increased significantly. As is known, the presence of the most chemically active fluorine element 

in the polymer matrix gives them chemical resistance, heat resistance, incombustibility, frost 

resistance, and other important properties. The use of fluoroplastics in various machines and 

mechanisms allows to increase their service life in a wide temperature range. 

In the development of anti-friction materials used in friction units of modern machines and 

mechanisms, much attention is paid to the use of MoS2, WS2, graphite and other inert modifiers. 

Low values of the friction coefficient (from 0.2 to 0.02) of PTFE and other fluoroplastics allow 

them to be used in the development of composite materials for bearings [9]. 

At the same time, the disadvantages inherent in antifriction thermoplastics are particularly 

pronounced in PTFE. Low strength, cold flow, high coefficient of thermal linear expansion led to 

the need to use the above mentioned modifying substances and especially metal nanoparticles, 

their oxides, sulfides [10,11]. 
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In [12], it is proposed to improve the strength properties of PTFE by applying a thin layer 

of metal coating on its surface.The unsolved problem for a long time remained the radiation 

resistance of PTFE.  Khatikov S.A. et al. [13] developed a new radiation-chemical method for 

modifying the properties of PTFE. It was found that radiation-modified PTFE has an intense 

fluorescence in the visual spectral range. Modification was carried out with 
60

Co γ-quanta at 

330°C and air pressure in the range of 10
-3

-100 mm Hg.The authors of this work have identified 

the important role of molecular oxygen in the formation and accumulation of fluorescent 

structures.It is concluded that fluorescence occurs due to the polyene π-bond in the trans form: 

-СF2-(CF=CF)n-CF2-    where n=4-11 

B.S. Romanov et al. [14] investigated the properties of an oriented PTFE film of the F-

4EO brand used for electrical insulation of wires. They were tasked to develop a methodology 

for diagnosing the mechanical state and predicting the residual life of the film in the mode of 

radiation exposure. It was found that at a dose of 10
6
 rad and above, the films become brittle due 

to radiation-oxidative degradation. At the same time, at a dose of 510
5
 rad, the material still 

retains about 50% strength and elongation. This dose of radiation, as the authors believe can be 

considered the maximum allowable. 

[15] provides information on the modification of the properties of fluoroplast-4 modified 

fullerene soot. The effect of this modifying additive on PTFE wear resistance and anti-friction 

properties when sliding on steel in the contact pressure range of 0.2-2 MPa was studied.Wear-

resistant polymer composites have also been developed based on PE (polyethylene).Using low-

pressure PE and tungsten oxide, silicon carbide, and other powders in the composition, new 

composite materials were developed that are characterized by high abrasion resistance, breaking 

stress, bending modulus, and impact strength. At the same time, finely dispersed modifiers 

introduced into the composition did not exceed 4 wt.% [16].  

In the laboratory of "Mechanical-chemical synthesis and processing of polymers" of the 

Institute of Polymer Materials of the Azerbaijan National Academy of Sciences under the 

guidance of professor Kahramanov N.T. complex of fundamental scientific research is being 

conducted to study the effect of various types of mineral fillers on the structure and properties of 

nanocomposites.By varying the concentration of mineral fillers, the particle size and the type of 

polyolefin, it is possible to obtain a whole range of new polymer composites. It was in studies 

revealing that the introduction of nanosized filler particles in the composition of the polyolefin 

allows to obtain nanocomposites with relatively high strength values at low concentrations. The 

regularities of changes in the properties of polymer composites depending on the concentration 

and particle size of the filler are revealed [17-21]. 

In [17], the effect of the concentration of the natural mineral filler of the vesuvian on the 

basic physicomechanical and technological characteristics of composites based on a copolymer 

of ethylene and butylene was investigated. Studied such properties of composites as breaking 

stress, flexural modulus, elongation at break, heat resistance, and melt flow index (MFI). The 

effect of vesuvian particle size on the above properties was investigated. It was used nanoscale 

(20-110nm) and microsize (350-840 nm, 1420-2000nm, 2210-4430 nm) vesuvian fractions. It is 
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shown that with the same filler concentration with increasing particle size, there is a noticeable 

decrease in the breaking stress and elongation at break of the samples, as well as a decrease in 

the heat resistance of composite materials. It has been established that the introduction of a 

vesuvian into the copolymer is accompanied by an increase in the MFI of polymer composites. 

This is interpreted by the fact that a vesuvian is characterized by a layered structure in which the 

interlayer space contains glycerin and surface-active agents responsible for the increase in the 

melt flow composites. 

One of the important moments in the development of filled composites is to ensure 

uniform dispersion of solid particles in the polymer matrix. To fulfill this condition, it is 

necessary not only to ensure an even distribution of the filler particles, but also to create a 

condition for improving the compatibility of the mineral particles with the polymer matrix.This 

problem is especially acute when polyolefins are used as a polymer matrix. Polar filler and non-

polar polyolefin are classic example of the incompatibility of blending components of mixture. 

Usually, actions are taken to increase the polarity of polyolefins by functionalizing and 

introducing polar groups into their structure during the graft copolymerization process [18].   

A promising direction is the sol-gel reaction, which is accompanied by the organosilicon 

compounds curing the filler particles. The processes occurring on the surface of the nanoparticles 

of the filler in the inter-spherolite region of the polymer matrix will always be the subject of 

discussion and interpretation of the finding patterns. In order to obtain broader information about 

the processes occurring at the polymer-filler interface, it is necessary to continue accumulating 

experimental data in this direction using the example of a number of sizing and fillers in order to 

systematize the research results into a single integral theory.The use of curing agents, above all, 

contributes to the formation of a monolayer on the surface of filler nanoparticles with a 

simultaneous increase in its compatibility and adhesive bond with the polymer base [19]. 

In [20], the effect of concentration and size of fine particles of graphite on the breaking 

stress, elongation at break, MFI and wear resistance of composite materials based on propylene 

block copolymer with ethylene was considered. The possibility of a significant improvement in 

the properties of nanocomposites by carrying out the crosslinking reaction in a dynamic mode is 

shown. By the method of thermomechanical analysis, the laws governing the transition of 

nanocomposites from a solid to a viscous state are investigated. The optimal concentrations of 

the reacting components have been established, at which the highest physicomechanical 

properties of the nanocomposites are achieved. 

 In [21], the effect of concentration and size of fine particles of molybdenum disulfide on 

the breaking stress, elongation at break, MFI and wear resistance of composite materials based 

on propylene block copolymer with ethylene and molybdenum disulfide are considered. The 

possibility of a significant improvement in the properties of nanocomposites by carrying out the 

crosslinking reaction in a dynamic mode is shown.By the method of thermomechanical analysis, 

the laws governing the transition of nanocomposites from a solid to a viscous state are 

investigated. The optimal concentrations of the reacting components have been established, at 

which the highest physicomechanical properties of the nanocomposites are achieved. It is 

established that nanocomposites BEP + MoS2 have comparatively better physicomechanical and 
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tribological characteristics.It should be noted that with an increase in the particle size of MoS2 

from nanoscale to 2500 nm, a regular deterioration of the physicomechanical properties and wear 

resistance of composite materials is observed. Regardless of the particle size of the filler, the 

introduction of 1.0-5.0 wt.% MoS2 is accompanied by an increase in physical and mechanical 

characteristics. When administered 1.0 wt.% MoS2, the latter, like the structure forming agent, 

helps to obtain fine-spherulitic structural formations, which, as is well known, contribute to the 

improvement of the deformation-strength properties of composite materials. It was shown, that 

regardless of the size of the filler particles with the introduction of up to 30 wt.% MoS2 in the 

composition of the polymer matrix, an increase in the MFI of the samples with respect to the 

initial BEP is observed. 

In [22] the effect of technological parameters of injection molding on the properties of a 

nanocomposite based on a block propylene-ethylene copolymer, clinoptilolite and molybdenum 

disulfide.The mixing and casting of products was carried out according to the monotrem 

technology in a single technological cycle on an injection molding machine of the brand 

DE3132.250TS1 with a screw drive.The originality of the design of this equipment allowed the 

uniform dispersion of nanoparticles of fillers in the polymer matrix.It was found that with 

increasing temperature, injection pressure and dwell time up to 10 seconds, it is possible to some 

extent affect the increase in breaking stress, elongation at break and decrease in abrasive wear of 

the nanocomposite. Mechano-chemical modification is characterized by the fact that in the 

process of mixing a mixture of polymer with mineral filler, it seems possible to obtain filled 

nanocomposites with a relatively uniform dispersion of solid components in the polymer volume. 

By adjusting the temperature of the material cylinder, injection pressure and mold temperature, it 

is possible to vary the physical, mechanical and technological characteristics of the 

nanocomposites to a certain extent. The versatility of this equipment is that after the polymer 

mass is heated, the mixing process is accompanied not only by the rotation of the screw, but also 

by partial translational movement of the screw, as a result of which the necessary pressure is 

created at the moment of injection into the mold. 

 In [23], one of the main methods for preparing polymer composites is the mixing of BEP 

with clinoptilolite and synthetic engine oil (SO) directly during the reaction extrusion process.In 

this case, extrusion is reactive because during the processing of the polymer composite in the 

melt mode, chemical reactions of destruction and structuring can occur.Introduction of DP 

allows to obtain polymers of spatial structure with different grid density.  The use of crosslinking 

agents is necessary in order to obtain forced-compatible composites, as a result of which the 

polymer matrix retains the filler particles in the resulting grid structures. At the same time, it was 

found that the most optimal solution is to use as a vulcanizing agent – DP in the amount of not 

more than 0.5 wt.%, as a result of which a rare-mesh spatial structure is formed in the polymer 

matrix, which contributes to the extrusion of the polymer material.   

 In the process of processing polymer nanocomposites using vulcanizing agents, the 

choice of the optimal technological mode of processing, which determines the high quality 

characteristics of the final product, was of paramount importance. The main factors affecting the 

quality characteristics of the extrudate are the temperature regime of the material cylinder and 
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the processing time in it of the composite material. For this purpose, the following 

nanocomposites with high wear resistance were used as the object of study - BEP + 10 wt.% 

clinoptilolite+ 10 wt.% SO and BEP + 10 wt.% clinoptilolite+ 5 wt.% SO + 5 wt.% graphite and 

low friction coefficient - BEP + 25.0 wt.%nano-clay (NC) +3.0 wt.%SO. 

The results of the study of the influence of the extrusion process parameters on the main 

physicomechanical characteristics of abrasion-resistant nanocomposites — BEP + 25.0wt.% 

(NG) +3.0 wt.% (SM) are presented. Comparing the data presented in this table, it can be 

established that with an increase in the temperature regime of processing oil-containing 

nanocomposites at a screw revolution speed (12-15 rpm.), a regular decrease in their residence 

time in the extruder is observed. Apparently, this circumstance is interpreted by the fact that as 

the temperature of the material cylinder increases, a decrease in the melt viscosity is observed, 

accompanied by an increase in the melt flow rate and, accordingly, a decrease in the residence 

time of the nanocomposite in the extruder. Technological factors indirectly affect the properties 

of the extrudate.The introduction of EO in the composition of nanocomposite contributes to a 

certain decrease in breaking stress, while simultaneously improving the relative elongation.It is 

characteristic that at a temperature of the extruder head above 200°C, a noticeable decrease in 

both destructive stress and relative elongation is observed.Apparently, the latter circumstance is 

interpreted by the fact that at temperatures above 200°C, the engine oil undergoes partial thermal 

decomposition with the formation of soot that contributes to the deterioration of the 

physicomechanical properties.  

The most problematic is the preparation of vulcanized nanocomposites using DP as a 

crosslinking agent. This is interpreted by the fact that DP under the influence of the temperature 

of the material cylinder decomposes with the formation of free radicals capable of breaking the 

double bonds of the polyolefin, or tearing off the hydrogen atom from tertiary carbon atoms or 

hydrogen atoms in the α-position to double bonds, to form macroradicals.As a result of 

recombination, these macroradicals promote the formation of spatially cross-linked structures.In 

order to prevent the formation of a densely network structure, the amount of DP was 0.5 wt.%. 

Therefore, the time of exposure of temperature to the vulcanizate from nanocomposites is the 

determining technological factor. A very important aspect of reactive extrusion was to ensure a 

uniform distribution of a small amount of DP in the mass of the polymer base and the fillers 

used.To achieve this goal, the composite components were previously subjected to dry mixing in 

a ball mill.After that, the resulting mechanical mixture was introduced in parts into the hopper of 

the extrusion machine [23]. 

The effect of the degree of filling and the nature of the filler on the friction and wear of 

polymer composites (PC) based on phenylone and antifriction additives (molybdenum disulfide, 

boron nitride and graphite) is studied in [24]. It was found that the maximum increase in the 

tribological properties of PC is achieved with the introduction of graphite into the composition of 

phenylone; an increase in the content of molybdenum disulfide and boron nitride increased wear 

and friction coefficient of materials. Due to the good lubricating properties such as anti-friction 

additive to the PA is often used graphite. In the process of friction, graphite forms a film on the 

surface of metals that is similar in properties to hard alloys, which preserves the crystal structure 
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and creates conditions for friction of graphite in graphite. The nature of graphite, its dispersity, 

ash content, the presence of abrasive impurities, the orientation of particles in the polymer 

matrix, its content in the composite, etc. have a significant impact on the wear resistance of PC 

filled with graphite (graphitoplasts - GP). Of particular interest is the use of thermally split 

graphite (TSG) as phenylone filler. As the results of tribological studies have shown, for 

developed GP, the wear resistance increases 1.3 times, the friction coefficient decreases to 40% 

compared to GP containing ordinary graphite. It was found that when operating in the friction 

mode without lubrication, the maximum value of the performance criterion PV (product of the 

specific load by the sliding speed) of the GP was 25 MPam/s. In this case, the optimal complex 

of properties had a GP containing 15 wt.% TSG. The developed GP underwent extensive testing 

as a sliding bearing for friction units of beet harvesting machinery [25]. 

In [26], in order to maintain a sufficiently high hardness and strength of GP along with the 

greatest wear resistance, it is recommended to include in the composition of phenylone 5-30wt.% 

graphite. When the content of graphite is more than 50%, along with a decrease in the coefficient 

of friction of the GP, their strength characteristics deteriorate.The main thermophysical, 

physicomechanical, and tribological properties of highly filled GP based on phenylone C-2 were 

studied in [27]. It was in studies revealing that the introduction of graphite makes it possible to 

significantly improve the tribotechnical characteristics of GP: in the dry friction mode, the 

friction coefficient of materials drops 4.4 times (from 0.53 for phenylone to 0.12 for GP 

containing 20 wt.% graphite), and the intensity of linear wear is reduced by almost 20 

times.With an increase in the amount of graphite from 10 to 60 wt.% the thermal conductivity 

coefficient of the GP increases by 1.5–6 times compared with phenylone, the temperature 

coefficient of linear expansion decreases by more than 8 times, and the specific heat capacity 

decreases by almost 20% [28]. 

The possibility of using fluorine-containing and non-fluorinated linear low surface energy 

polyolefins as a polymer matrix to create efficient diamond tools has been proven. The creation 

of complex instruments, reliable technological equipment is closely connected with the use of 

high-performance and resource-saving machining tools. The production of organic-based tools 

accounts for about 60% of the total produced abrasive products. The long-term experience of 

their industrial operation shows that the instrument based on polymers has both grinding and 

polishing ability. Such high demands on the polymer binder, such as high strength and hardness, 

wear and thermal and chemical resistance, low friction coefficient, efficiency in processing and 

operation limits the progress in the creation of new efficient grinding materials. In this work, 

new wear-resistant composite materials based on polyolefins and natural industrial diamond 

powders are being developed and investigated [29]. 

It was found that a solid dispersed crystalline mineral filler causes changes in the 

crystalline polyolefin base [30]. Depending on the composition and technological conditions of 

the production of composites, polyolefins form various structural forms - from tape to 

spherulite.The results of a study on the development of new wear-resistant polymer composite 

materials for friction units based on PTFE and ultra high molecular weight polyethylene 

(UHMWPE) modified with inorganic fillers of nanometer size are presented. It is shown that 
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their use in thermoplastic polymers effectively affects the change in material properties. 

Nonconventional fillers were used as modifying agents for polymers: solid particles of high 

melting inorganic compounds of nanometer size, including nanoceramics, which ensure the 

maximum transformation of the structural organization in a polymeric matrix. As a result of 

experimental studies, it was found that the preliminary mechanical activation of nanoceramics in 

a planetary mill leads to an increase in the wear resistance of materials by 2 timeswith a load of 

67 N, and with a load of 1500 N - 3 times. Elasticity is increased 1.5 times compared with the 

composites obtained by conventional mixing in a paddle mixer. Comparison of the properties of 

polymer composites with data on initial PTFE and commercially available materials based on 

(PTFE + coke and PTFE + MoS2) shows that, with the same strength and elasticity, the 

developed samples have a hundred times higher wear resistance. Thanks to this, it is possible to 

create reliable and durable frost-resistant seals with a high degree of tightness, which can be 

recommended for use in friction units of cars. With an increase in the mass fraction of 

nanoceramics to 10 wt.% sizes of structural elements are reduced by 1.5-2 times. It is 

characteristic that at a concentration of nanoceramics over 5wt.% filler particles are displaced 

into intercrystalline (amorphous) regions. As a result, a continuous grid of nanoparticles is 

formed in the “polymer-filler” boundary regions, identified as a cluster structure.It has been 

established that the occurrence of a heterogeneous cluster structure leads to a significant increase 

in the wear resistance of composites, although according to the other physicomechanical 

characteristics, they are close to unfilled PTFE [30]. 

Conclusion 

Thus, from the literature review, it can be noted that when developing new composite 

materials, it is necessary to take into account the physicochemical properties and technological 

features of the polymers and copolymers used, the nature and amount of introduced fillers, the 

processing regime, and other factors. It becomes obvious that in the process of developing high-

quality composites based on polyolefins and mineral fillers, the compatibility of the blending 

components of mixture is decisive factor. The latter circumstance becomes possible as a result of 

the polarization of the polyolefin matrix in the process of graft copolymerization or chemical 

bonding of coupling agents, both with filler particles and with a polymer matrix. 
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