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Abstract: There were studied features of the structure of composite materials on the basis of recycled thermoplastic (HDPE, LDPE, PP) 
modified by components of different composition and dispersion. It was established the hardening effect of the matrix of the composite with 
the introduction of the highly oriented fragments that preserve the structure after the completion of the technological cycle of manufacturing 
products by injection molding or extrusion. It was proposed the technology of thermo-mechanical combining of thermoplastic components 
while simultaneous modifying by components of different composition and structure. When modification of fluorinated nanoparticles 
ablation products is provided the effect of increasing the rate of extrusion and formation of hydrophobized surface layer of products. 
Nanoscale silicate modifiers (clay, tripoli, metals phosphates and oxides,) contribute to the thermodynamic compatibility of the matrix and 
the modifier polymer due to formation of a spatial network of physical binds in the volume of the composite. The obtaining technologies for 
products based on recycled composites that the parameters of deformation strength and tribological characteristics are not inferior to raw 
materials, but have a significantly lower cost of production. 
KEYWORDS: RECYCLED THERMOPLASTICS, COMPOSITES, THERMO-MECHANICAL COMBINING, MODIFICATION, 
RECYCLING TECHNOLOGIES. 
 
 

1. Introduction 
 

The main elements of belt conveyors used in various branches of 
the mining, chemical, construction, processing industries are the 
conveyor belt and the supporting roller. 
In light duty conveyor belts used in warehousing operations 
particulate product (eg. sylvite potash or on the basis thereof, ε-
caprolactam, expanded clay, and others. Materials) storage 
technology waste processing mineral and synthetic products it is 
advisable to use elements from thermoplastic composite materials 
that Composites based on superior oligomers crosslinking resins 
(including on the basis of phenol-formaldehyde, epoxy, polyester) 
for manufacturability and processing and have high enough 
parameters of strength characteristics of the manual provides 
technical requirements [1]. A special perspective to create such 
materials are recycled thermoplastics class polyolefins (HDPE, 
LDPE, PP) and polyamide (PA 6, PA 66), industrial production 
which the number of companies specializing in the recycling of 
industrial and household waste. To adjust the parameters of strength 
and tribological characteristics of the reclaimed polymer matrix it is 
advisable to use traditional approaches to the management of the 
parameters of structural organization at the molecular, 
supramolecular and interfacial levels [2]. 
The objective of this work was to study the mechanisms of 
modifying the regenerated thermoplastic components of different 
molecular weights, dispersion and activity. 
 

2. Methods of research 
 

As binders for composites using thermoplastic polymers - 
polyamide 6 (PA 6) and polyamide 11 (PA 11), high density 
polyethylene (HDPE), polypropylene (PP), polytetrafluoroethylene 
(PTFE) in the state of industrial supply (JSC "Grodno Azot" JSC 
"Polymir", JSC "HimvoloknoMogilev"). Most of the experiments 
were carried out with the regenerated thermoplastic (HDPE, PP, 
LDPE) obtained at JSC "Belvtorpolimer" in accordance with the 
existing standard documentation. 
To obtain composite materials used highly dispersed, including 
nanosized particles of carbonaceous (UDD, UDAG, nanotubes, 
colloidal graphite, TRH), silicon (mica, clay, flint, shungite, tripoli), 
fluorides (UPTFE) and metal (oxides of Fe, Cu, Zn) compounds 
prepared according to the manufacturer's proprietary technology 

(JSC "Sinta", SSI " Lykov Institute of Heat and Mass Transfer", 
Institute of Chemistry FEB RAS), or as a result of special 
technological effects on the semi-finished product 
(mechanochemical dispersion, sublimation). 
For modifying the regenerated basic primary and matrixes used 
primary and recycled thermoplastic elastomers (TPE) (polyurethane 
TPU, micro-cellular polyether urethane MPEU, divinil styrene 
DST), and thermoplastic polymers - a copolymer of ethylene and 
vinyl acetate (EVA), copolymer of formaldehyde with dioxolane 
(UDF) in granular or powder state. 
Physical and chemical processes at the interface "matrix-filler", 
"coating-substrate" in the preparation and processing of composites 
and coatings and use of the products were evaluated using the 
methods of IR spectroscopy (Tensor-27), X-ray diffraction (DRON 
2.0, DRON 3.0), DTA (Thermoscan-2) by conventional means. The 
morphological parameters of the particles and substrates subjected 
to different types of energy impact, examined using an atomic force 
(NT-206), scanning electron (Mira, Tescan), optical (MDS) 
microscopes. Energy state of dispersed particles, samples of 
composites, coatings and substrates investigated by thermally 
stimulated currents (TSC-analysis) on the original installation (ODL 
"Microtestmachines”). 
 

3. Results and discussion 
 
An analysis of the literature devoted to the problem of functional 
materials science, evidence of the intensive development of the two 
principal directions of modifying the basic matrix. For composites, 
used in the manufacture of products that are subject to the 
cumulative effects of operational factors, it is advisable to use 
modifiers tiered mechanism of action, which will allow the 
formation of an aggregate due to the structure of the composite to 
ensure the inhibition of adverse physical and chemical processes 
that lead to the destruction or wear of metal-elements. 
One of the most promising areas of creating binders for composite 
materials with improved performance characteristics, first of all, 
tribological and of strength is the modification of polymer resins by 
mechanical action on the mixture in a solid or viscous fluid state [2-
6]. 
Currently multitonnage production of polymer blends that combine 
with the thermomechanical effect, created only for a limited number 
of compositions, primarily for nylon, polyolefin, thermoplastic 
polyolefin - divinil styrene. Meanwhile, the leading foreign firms to 
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increase production of composite materials based on thermoplastics, 
thermoplastic elastomers, oligomers, resins of different composition 
[7-15]. 

The effective direction of the target modification of thermoplastics 
by thermo-mechanical alignment (Fig. 1) [2, 7-15]. 

 

 
Figure 1 - Some areas of tonnage produced modification of polymer materials [2] 

 
Among the mixtures of thermoplastic polymer materials most 
widely used compositions based on polyamides and polyacetals. 
Advantageously, the technology for producing such materials is a 
mixture of powdery components followed by homogenization in the 
melt and pelletizing. It was found that the implementation of such 
technology makes a manifestation of a number of effects that lead 
to a change in a non-additive properties of composite materials. 
Thus, the observed effect of abnormal increase physical and 
mechanical characteristics in two-component systems at low 
concentrations of each component. The cause of the effects 
associated with the occurrence of morphological changes in the 
contact area of the two polymers, leading to the formation of 
transition layers. A number of studies indicated appearance in 
processing the polymer blend fiber-aggregates, the shape and size of 
which depend essentially on the viscosity of the melt components 
and modes of processing technology. The formation of such 
ultrathin fibers improves the physical and mechanical 
characteristics of the composites. The possibility of the formation of 
copolymeric products of thermomechanical impact on mixtures of 
thermoplastic polymers. It was necessary to assess the extent to 
which the marked effects peculiar composite materials made from a 
mixture of components of the regenerated pellets, and the feasibility 
of practical application of the technology of combining 
thermomechanical bead polymers for the manufacture of binders for 
antifriction and constructional materials. 
Samples for research were produced by injection molding on 
injection molding machine with screw kneader at a temperature 
conditions typical of a high melting component of the mixture. 
The mechanical action performed on the melt by a screw injection 
molding machine, the speed of which was varied from 0.42 to  
2.0 s-1. The shear rate in a screw channel of the screw and between 
the crest of the screw and the inner wall of the sleeve is suitably 
from 18 - 89 s-1 and 83 - 398-1 s-1. 
The results of physical and mechanical tests show a non-monotonic 
dependence of the parameters tensile strength and toughness of the 
component content in the material. The presence of two extrema on 
the experimental curves in good agreement with published data [2], 
which indicates the modification of community processes that take 
place in mixtures of polymers of different compositions, both 

primary and regenerated, when combining components of different 
technologies. 
Depending on the content of the doping component in a mixture of 
its distribution changes significantly. Thus, in compositions PA6 + 
5% SFD copolymer is distributed mainly in the form of spherical 
structures with a diameter of 1-5 microns, and are present as 
individual fiber-like aggregates with a diameter of 10-13 microns 
(Fig. 2c). 
With increasing content of SFD up to 50% observed the emergence 
of larger diameter of Education 80-120 microns (Fig. 2d), the 
uniformity of distribution of the components in this case is 
considerably deteriorated. 
A similar pattern of distribution of alloying components and 
destruction inherent in sample composition of HDPE-UDF, PP 
SFD, both primary and regenerated. 
The research revealed that the combination of thermomechanical 
granular dispersions engineering thermoplastics can not only 
control the physical and mechanical properties of materials, but also 
significantly change their thermal stability and resistance to thermal 
oxidation. Combined binary relationships on the basis of the 
regenerated thermoplastic can be used for the manufacture of 
composite materials of different functionality with improved 
performance, including tribological [2]. Thermomechanically 
combined matrix based on regenerated polyolefins were tested as 
binders for the production of structural components of belt 
conveyors. 
Modern technology allows the recycling of the polymer product, the 
parameters of strength and tribological characteristics is not inferior 
to the primary raw materials. This aspect is determined by a 
combination of several factors, the most important of which 
concerns the preparatory process for the high quality of the 
recovered materials, which removes components of different 
composition and structure (dyes, residues of organic and inorganic 
substances, etc.), have an adverse effect on the kinetics of thermal-
oxidative and destructive remelting processes in regenerable raw 
materials for the manufacture and use of many single-use products 
(films, packaging, components of medical devices and others.) of 
high-quality raw materials with high requirements on the 
parameters of service characteristics. 
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Figure 2 - The typical form of chips in liquid nitrogen (a-d) and fracture surfaces after uniaxial tension (d-f) samples from PA6 (a) SFD (b), 
the compositions PA6 + 5% wt. SFD (c, d) and PA6 + 50% by wt. SFD (e, f) 

 
For the development of composite materials for metal-roll shells 
used recycled thermoplastics produced by JSC 
“Belvtorpolimer”.The main attention was paid to the polypropylene 
(PP), which is in the parameters of strength and tribological 
characteristics clearly superior to other types of polyolefins (HDPE, 
LDPE, EVA) and can serve as a basis for range of engineering 
materials for various purposes, including for the manufacture of 
shells of metal-rolls of conveyor belts. 
Conducted by IR spectroscopy studies have shown that the 
secondary (recovered) PP composition and thermal characteristics 
virtually identical to the primary. 
The IR spectra of granular polypropylene after recycling has not 
revealed the presence of intense absorption bands belonging to the 

oxide compounds (1710-1740 cm-1), as well as significant amounts 
of impurities or additives. This confirms that the process of 
preparation of high quality secondary raw material for processing, 
comprising multistage dispersing and washing to remove unwanted 
impurities. 
Thermophysical studies confirm the relatively high structural 
parameters of recycled polypropylene (Fig. 3). However, it should 
be noted there is a wide endoeffects the DTA curves in the 
temperature range 165-205 ° C, which appears to indicate the 
presence in the regenerate several fractions with different molecular 
weight and correspondingly melting point. 

 

 
Figure 3 - DTA curve of polypropylene subjected to recycling 

 
 
This may be due to the use of regeneration for the different types of 
waste - film packaging and tissues (packages) of flat oriented yarns 
which are markedly different in the parameters of strength 
characteristics, as They have different structures obtained using the 
processes of orientation of the hood. 
For the development of composite materials for the elements of 
metal-rolls of conveyor belts (shell) used a regenerated 
polypropylene produced at JSC "Belvtorpolimer" on multistage 

recycling technologies depreciated packaging products of flat 
oriented fibers. As functional modifiers used nanoparticulate 
particles of metal oxides, which are the waste of metallurgical 
production (JSC "Severstal"), silicate particles produced by 
mechanical dispersion of glass semi-finished products of 
polytetrafluoroethylene termogazodinamicheskih synthesis - 
ultrafine polytetrafluoroethylene (UPTFE). In addition, high 
molecular weight components used class of polyolefins (HDPE, 
LDPE, EVA), polyester (PBT) and styrenic polymers (DST) both 
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primary and secondary (recycled), which lets you adjust the 
parameters of strength characteristics, including toughness and 
resistance to alternating loads in the optimal range. Composite 
materials prepared by combining the components in a 
thermomechanical material cylinder injection machine with a screw 
kneader at temperatures typical for processing thermoplastic base. 
For the manufacture of shells has been tasked to create a composite 
thermoplastic material based on a mixture of thermodynamically 
incompatible polymers of polypropylene and high-density 
polyethylene with high abrasion resistance, resistance to shock and 
alternating loads. The problem is solved in that the composite 
material based on a thermodynamically incompatible mixture 
recycled polypropylene and recycled polyethylene containing 
silicate filler and modifier as a mechanically activated silicate-
containing filler in the grinder of impact type pulverized glass, and 
as a modifier - olefin oligomer or polymer with a molecular weight 
in the following ratio, wt.%: 
silicate filler - 0.1 - 3%; 
modifier - 0.5 - 2%; 
secondary polyolefin - rest. 
The essence of the developed technical solution is as follows. In the 
manufacturing process and the glass-based products various types 
of waste processing is formed in the form of dispersed particles of 
0.3 microns to 50 microns. Subsequent mechanical dispersion on 
various types of data dismembrator particles acquire a stable 
electret state, as formed uncompensated charge with great 
relaxation time. Own charge particles dispersed in the glass 
determines the orientation of the macromolecules in the melt 
mixture of regenerated polyethylene and polypropylene, which 
leads to homogenization of the polymer blend and stabilize the 
rheology of the melt, the formation of quasicrystalline boundary 
layer upon cooling of the melt in the mold cavity of the mold or 
forming the filter head. 
The simultaneous increase and stabilization of the rheological 
parameters and physico-mechanical properties of the composite 
material on the basis of thermodynamically incompatible polymer 
recovered due to the synergistic effect observed with the 
introduction of the activated glass particles. Particles of silica filler 
with its own charge fulfill the role of a coupling agent, as a result of 
which the spatial grid formed labile physical connections 
throughout the volume of the composite material that provides 
increased friction characteristics, resistance to alternating loads and 
stress cracking. 
An important aspect of the manifestation of synergy in the system is 
the ordering of the amorphous component mixtures of the polymer 
matrix, increasing the crystalline medium co-processing recycled 
polypropylene, polyethylene and recycled glass-modifier. Formed 
low-defects structure with high ductility in comparison with a 
primary polypropylene leads to an increase in frost resistance of the 
composition. Modifying the secondary polypropylene mixture and 
fillers recycled polyethylene-based olefin polymer or oligomer 
component contributes to the thermodynamic compatibility of the 
material because of the proximity of the molecular structure of the 
matrix and modifier. 
As the finely divided active modifier regenerated thermoplastics 
may be used and other types of fine particles having a characteristic 
morphology, the surface layer consisting of nanocomponents 
different habit. Such particles, as follows from [16] exhibit 
characteristic symptoms of nanoscale particles which display 
increased activity in the processes of modifying macromolecular 
matrices at different structural levels. Due to the effect of modifying 
the appearance of the complex is possible to achieve the required 
parameters of strength, tribological, adhesive, etc.. Service 
characteristics of composite materials based on thermoplastic 
regenerated, which allows them to be used as a full-fledged 
alternative to the primary composite. 
The developed composite materials based on polyolefins 
regenerated capable of processing both molding and extrusion 
because matrix comprise polypropylene extrusion type and 

additives which allow to adjust the parameters of the rheological 
characteristics (paraffin, chloroparaffin wax, mineral oil). Extruded 
pipe blanks were made necessary for the geometric dimensions of 
the shell metal-roll belt. These shells were used for belt conveyors 
operated at RUE "Belaruskali". Bench and production tests have 
shown high efficiency roller carriage with shells made of composite 
material based on a modified polypropylene to replace conventional 
metal counterparts. 

 
4. Conclusion 

 
Recycled thermoplastic materials based on polyamides and 
polyolefins can be used as templates for making compositions with 
predetermined parameters of service characteristics. For modifying 
regenerated target thermoplastics advisable to use a method of 
modifying a multi-level, allowing to control the parameters of the 
structure at the molecular, supramolecular and interfacial levels. 
Effective use of the combination of modifiers with different 
mechanisms of action – low-dimensional active particles and 
polymer components are able to form dispersed aggregates in the 
matrix binder and copolymerization products under the effect of 
operational parameters of the extrusion process or injection molding 
process in conventional equipment. Functional composite materials 
with multi-level modification based on recovered thermoplastics are 
valuable alternative to the primary materials while providing 
significant economic benefits. 

 
5. Literature 

 
1. Dyachenko, V. Research and reliability of carrying rollers of belt 
conveyors Transport lumpy cargo: author. ... dis-ta tehn. sciences. 
Moscow, Horn Institute, 1981. - 13 p. 
2. Struk, V. Tribochemical concept of anti-friction material on the 
basis of tonnage produced binders: author. dis. ... doctor. tehn. 
Sciences, Minsk, 1981. - 36 p. 
3. Sysoev, P. Scientific fundamentals of developing polymer and 
metal-engineering materials and high resistance to friction fatigue: 
author. dis. ... dokt..tehn sciences, Minsk, 1981. - 36 p. 
4. Hull, V. The structure of the strength of the polymer L - Moscow, 
Chemistry, 1978, - 316. 
5. Savkin, V. The role of structural tribomehaniki polymers in the 
creation of composite self-lubricating materials: author. dis. doctor 
tehn sciences Moscow, 1984 - 35, 
6. Lisowski, V. Development and research of composite materials 
for high-speed friction units: author, dis. cand. tehn. sciences - 
Minsk, 1979 – 12 p. 
7. Kuleznev, V. Mixtures of the polymers. - Moscow, Chemistry, 
1980. - 304 p. 
8. Blinnikov, V. Polymer composite materials. Overview. - 
Moscow, VNIIPO, 1984. - 62 p. 
9. Manson, J. Polymer blends and composites. Moscow, Chemistry, 
1979. - 440 p. 
10. Lipatov, Y. Physical chemistry of polymers. Moscow, 
Chemistry, 1977. - 304. 
11. Keber, M. Modification of polymeric materials during 
processing. - Plastics, 1971, № 5, - p. 59-66. 
12. The polymer mixture / Ed. D. Paul and S. Newman, Vol. 1 - 
Moscow, Mir, 1981.- 550. 
13. The polymer mixture / Ed. D. Paul and S. Newman, Vol. 2 - 
Moscow, Mir, 1981. - 455 p. 
14 Mujiri, B. Structural and chemical modification of high density 
polyethylene in the recycling process. - Plastics, 1973, № 10 - p. 
79-80. 
15. Akutin, M. Regulation of properties of the polypropylene during 
extrusion. - Plastics, 1971, № 2, -. 23-25. 
16. Avdeychik, S. Introduction to the physics of nanocomposite 
engineering materials. Grodno, GGAU, 2009. – 439 p. 
 

 

99

SCIENTIFIC PROCEEDINGS I INTERNATIONAL SCIENTIFIC CONFERENCE "МАТЕRIAL SCIENCE. NONEQUILIBRIUM PHASE TRANSFORMATIONS" 2015 ISSN 1310-3946

YEAR XXIII, P.P. 96-99 (2015)




