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В статье приводится обзорный литературный материал ряда авторов по про-

блеме получения модифицированных полиолефинов в процессе сшивания. Показано, что 

материалы на основе полиолефинов, отличающихся повышенной теплостойкостью, спо-

собствуют улучшению комплекса технических требований по светостойкости, надеж-

ности, технологичности применительно к производству и использованию кабельно-про-

водниковой продукции. В частности, приводятся экспериментальные данные по исполь-

зованию кремнийорганического карбоксилата олова с целью получения изделий с наилуч-

шими качественными характеристиками. Представлены результаты теоретических и 

экспериментальных исследований по влиянию состава композиций полиолефинов на ки-

нетику процесса сшивания, а также реологические и теплофизические свойства. Рас-

смотрена принципиальная возможность изучения влияния дозы облучения на регулирова-

ние процесса изменения структуры композитов. Как показали ряд авторов, этот метод 

позволяет целенаправленно подойти к разработке сшитых композитных материалов с 

заранее заданными свойствами. Методом радиационно-химического сшивания рассмот-

рена сравнительная характеристика структуры полимерной основы в присутствии и без 

различных типов наполнителей в высоконаполненных композитах. Представлены дан-

ные по влиянию условий радиационного сшивания на плотность сетки и механические 

свойства сшитого полиэтилена при высоких температурах. Приводятся данные по хи-

мической стойкости сшитого полиэтилена к действию различных химических реагентов, 

таких как ацетон, бензол, толуол, четыреххлористый углерод, диэтиловый эфир, бензин-

76, и смазок. Одним из важных обстоятельств при изучении структуры и свойств поли-

мерных композитов является возможность математического моделирования вязкоупру-

гой податливости густосетчатых полимеров во взаимосвязи с методологией ее теорети-

ческой параметрической идентификации с последующим прогнозированием результатов 

термомеханического эксперимента. 

Ключевые слова: пенополиолефин, сшивание, теплостойкость, термостойкость, полиэтилен, 

каолин, карбонат кальция, наполнитель, сенсибилизатор, экструдер, экструзия 

 

  



 

Изв. вузов. Химия и хим. технология. 2018. Т. 61. Вып. 6 

 

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2018. V. 61. N 6 5 

 

 

CROSSLINKED AND FILLED COMPOSITES BASED ON POLYOLEFINS 

U.M. Mammadli 

Ulviyya M. Mammadli 

Laboratory of Mechanochemical Modification and Processing of Polymers, Institute of Polymer Materials of 

Azerbaijan NAS, S. Vurgun st., 124, Sumgait, AZ5004, Azerbaijan 

E-mail: ulviyyam@mail.ru 

The paper gives an overview of literary material of a number of authors on the problem of 

the preparation of modified polyolefins during the crosslinking process. It is shown that materials 

based on polyolefins, characterized by increased heat-resistance favoring improvement of complex 

of technical requirements for light resistance, reliability, manufacturability in respect to the pro-

duction and use of cable-conduction products. In particular, experimental data are presented on 

the use of organosilicon tin carboxylate in order to obtain products with the best quality character-

istics. The results of theoretical and experimental investigations of the influence of formulation of 

polyolefin compositions on the kinetics of the crosslinking process and also on rheological and 

thermophysical properties are presented. The principal possibility of studying the influence of the 

irradiation dose on the regulation of the process of changing the structure of composites is consid-

ered. As shown by a number of authors, this method makes it possible to purposefully approach the 

development of crosslinked composite materials with predetermined properties. The method of ra-

diation-chemical cross-linking compares the structure of the polymer base in the presence and 

without different types of fillers in highly filled composites. The data on the effect of radiation 

cross-linking conditions on the mesh density and the mechanical properties of cross-linked poly-

ethylene at high temperatures are presented. The data on the chemical stability of cross-linked 

polyethylene to the action of various chemical reagents such as acetone, benzene, toluene, carbon 

tetrachloride, diethyl ether, benzene-76 and lubricants are given. One of the important circum-

stances in the study of the structure and properties of polymer composites is the possibility of math-

ematical modeling of viscoelastic compliance of thick-cross-linked polymers in correlation with the 

methodology of its theoretical parametric identification with subsequent prediction of the results of 

the thermomechanical experiment. 
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For the first time in 1957, the problem of in-
creasing the viscosity of a melt during the foaming of 
polyethylene was solved by conducting molecular 
cross-linking of polymer chains by the radiation method 
[1]. After the discovery in 1963 of the chemical method 
of cross-linking polyethylene with organic peroxides, 
great progress was made in the production of high-
foamed polyethylene, the industrial production of 
which was started in 1966 in Japan. Cross-linking of 
polyethylene extends the range of technological pa-
rameters, as the viscosity of the melt of the crosslinked 
polymer remains at a sufficient level over a wide tem-

perature range, which makes it possible to produce pol-
yethylene foam with a multiplicity of foaming from 5 
to 30, with a qualitative cellular structure. 

The crosslinked polyethylene is widely used in 
the manufacture of hot-water pipe, cable insulation and 

other products [2, 3]. It is shown that the use of orga-
nosilicon tin carboxylate makes it possible to obtain 

products with the best surface quality. The scheme of 
silanol-crosslinked polyethylene consists of 3 stages: 

preparation of grafted polyethylene (1), introduction of 
the catalyst to the grafted polyethylene in the prepara-

tion of the final product (2) and crosslinking of poly-
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ethylene using hot water or air moisture (3). The cor-

rect choice of catalyst plays an important role. The cat-

alyst should not be more active at the stage of manu-
facturing the product (2), as this may lead to a strong 

increase of melt viscosity and deterioration of the sur-

face quality of the final product. On the other hand, the 

catalyst should providesufficient speed and degree of 
crosslinking during hot water treatment (3). 

 

CH2-CH2 n
+ H3CO-Si-OCH3

DCUP

170-200oC
CH2-CH2 m CH2-CH2 k

CH2

H2C

Si(OCH3)3

OCH3

CH

H2C

  

(1)

 
BuSn(OR)2CH2-CH2 m CH2-CH2 k

CH2

H2C

Si(OCH3)3

product (cable, pipe, etc.)
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H2O

OMe

Si - O - Siproduct (cable, pipe, etc.) 90oC

OMe

OMe OMe

  

(3)

 
For the preparation of silanol-crosslinked pol-

yethylene, catalysts based on alkylbenzenesulfonic 

acid, tin dibutyl diaurate, silicone carboxylate of tin 

and dibutyldi (trihydrofluoropentanoxy) tin were used, 

of which tin dibutyl diaurate is well known and is 

widely used. The effect of catalysts was evaluated by 

the speed and degree of cross-linking of the grafted 

polyethylene, as well as by the quality of the surface of 

the resulting product. 

Dependence of deformability on the nature of 

the force action and on the temperature is established 

at the stage of production of chemically crosslinked 

polyethylene foam [4]. The object of the study was the 

PPE-3M (powder periclase electrotechnical grade 

PPE-3M) obtained by the press technology using 

LDPE, as the cross-linking agent was used dicumyl 

peroxide, the aeration regulator was azodicarbona-

mide. The preparation of the material consists of such 

steps as, the preparation of the foaming composition, 

the forming of the foaming composition, the molding 

of the molded preforms of the foaming process, the 

cooling of the foamed block. It is shown that, depend-

ing on the conditions of use, PPE-3M turns out to be 

heat-shrinkable or thermally expanding material. Dila-

tometric tests of PPE-3M are established the presence 

of polyethylene foam (below the crystallization tem-

perature of PE) by uniaxial expansion, volumetric 

shrinkage. From the position of the cellular structure 

model and the two-phase model of the partially crys-

talline polymer, possible mechanisms for the appear-

ance of the marked transitions are stated: due to the ap-

pearance of orientation stresses in the PPE-3M tensile 

cords and cell walls in the step of polyethylene foam, 

appearance orientation stresses in the polyethylene 

foam due longitudinal-transverse bending cords and 

the walls of the cells under uniaxial squeezing units 

in the steps forming, pressing, straightening, and oc-

currence orientation stresses upon expansion of the 

surface layer blocks edge zone of differential gas 

pressure inside and outside of closed cells when the 

load is removed in the step of straightening and fol-

lowing fixing these stresses in the cooling step the ob-

tained foam blocks. The kinetic parameters of the dis-

cussed processes of shrinkage and expansion of poly-

ethylene foam have been determined by investigation 

of inverse creep.  

The results of theoretical and experimental 

studies of the influence of the composition of cross-

linked polyolefin compositions on the kinetics of 

crosslinking, rheological and thermophysical proper-

ties are introduced [5]. Development of materials 

based on polyolefins with increased heat resistance, 

providing a set of technical requirements for light fast-

ness, reliability, processability in the manufacture and 

fabrication of cabling and wiring products is strategic 

pathway. One of the methods for increasing the heat 

resistance of polyolefins is chemical cross-linking with 

the help of bifunctional organosilicon compounds. The 

method consists in grafting the organosilane to the pol-

yolefin, which can be represented by the following 

scheme: 

...-CH2-CH-CH2-... + CH2=CH-SiO3

CH3

...-CH2-C-CH2-...

CH3

CH2-CH2SiX3
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Spatial structuring of the silane-modified polymer is 

carried out by the formation of siloxane units in the 

process of hydrolysis under the action of moisture: 

...-CH2-C-CH2-...   + 3HX

CH3

CH2-CH2Si(OH)3

...-CH2-C-CH2-...     + H2O

CH3

CH2-CH2SiX3

which then condense to form -Si-O-Si- bonds and re-

lease of water. 

The development of industry requires the cre-

ation of new polymer materials with a specified com-

bination of properties and low cost [6]. The required 

combinations of properties are most easily achieved by 

the creation of filled polymer (composite) materials, 

the components of which, while working together can 

exert a synergistic effect. As we move into the "century 

of composite materials", the need to systematically 

identify factors that determine the technological and 

operational properties and cost of polymer composite 

materials, as well as the potential for their regulation, 

is becoming increasingly urgent. 
The influence of the irradiation dose on the 

crosslinking efficiency and the structure of ul-
trathene filled with aluminum trihydrate [7]. The ef-
ficiency of radiation-chemical cross-linking of 
highly filled ultrathene is established in comparison 
with unfilled, which is confirmed by the results of 
studying the kinetics of swelling, thermal defor-
mation and analysis of the gel fraction. The presence 
of fillers in irradiated polyolefins significantly influ-
ences the nature of the occurrence of radiation-
chemical processes in it, as well as the formation of 
a supramolecular structure in the polymer during its 
processing. Data on the study of the structure and 
properties of filled polyolefins modified by radia-
tion-chemical means, in some cases, are contradic-
tory in nature. Apparently, this is due to the fact that 
the chemical nature and concentration of the intro-
duced fillers, the dispersity, the size of the surface 
and the shape of the particles, the presence and na-
ture of the functional groups on the surface of the 
fillers, the physical and electrophysical nature of the 
filler particles significantly influence the radiation 
modification of the polymers. Depending on the pa-
rameters of the introduced filler particles, the struc-
ture of the polyolefins can undergo various changes. 

Aluminum oxide trihydrate (gibbsite) is re-
fined mineral filler used to impart fire resistance to pol-

ymers and reduce smoke emissions. The use of alumi-
num hydroxide is associated with a successful combina-

tion of low cost and good properties in it, because it is 

easily processed, non-toxic, does not contain halogens, 
and does not produce corrosive products during com-

bustion. The effectiveness of aluminum hydroxide is 

much lower than halogen and phosphorus-containing 

compounds, as a result of which its effect becomes no-

ticeable at high degrees of filling of the order of 50-
60%wt. The formation of a denser structural grid after 

irradiation in the filled ultrathene is confirmed by a 
lesser degree of swelling in acetone and a lower ther-

mal strain when loaded compared to unfilled ultrathene 
at all doses of irradiation. An increase in the tempera-

ture of the onset of oxidative degradation for filled ul-
trathene at 30 °C was established as compared to un-

charged, and the temperature of the onset of oxidation 
decreased with increasing radiation dose for both filled 

and uncharged samples. 

To increase the efficiency of the radiation 

modification of the compositions and to reduce the ab-

sorbed dose, radiation sensitizers are introdused into 

composition [8]. Reduction of the dose of irradiation 

with radiation-chemical modification makes it possible 

to increase the productivity of irradiation facilities. Re-

duction of the dose of irradiation provides a reduction 

in undesirable changes in the irradiated polymer, such 

as the destruction of macrochains of the polymer, 

which reduces the physical and mechanical properties; 

the formation of unsaturated groups that reduce heat re-

sistance; hydrogen evolution at high doses; leading to 

foaming. In the presence of sensitizers, the required de-

gree of cross-linking is achieved at a lower absorbed 

dose. The sensitizers used are triallyl cyanurate, allyl 

methacrylate, unsaturated epoxy oligomers, monomers 

having a polyfunctional radical, for example meth-

acrylic and cyanuric acid esters, unsaturated acids-

acrylic, methacrylic, unsaturated benzene-divinyl, tri-

allylbenzene, etc. 

The object of the study was a radiation-cross-

linked trekking-resistant composition used for the pro-

duction of heat shrinkable cable joints of the outdoor 

installation, which are opposed to such phenomena as 

tracking, erosion, ultraviolet radiation and other envi-

ronmental effects. The main task was to impart a high 

ability to radiation-chemical cross-linking to the test 

composition by introducing a modifier, an ethylene vi-

nyl acetate copolymer (vinyl acetate content 28%) con-

taining grafting groups of maleic anhydride (1.4%) 

with a sensitizing effect (SEAB-M). This sensitizer has 

several advantages over the previously known oligo-

meric and monomeric sensitizers, since it is a granular 

polymer that can be easily introduced into the compo-

sition while it is being produced along with the rest of 

the components. The investigated trekking-resistant 

composition is a highly filled composition, as the pol-

ymer base in which is used sevilen (vinyl acetate con-

tent 12%), and as filler - aluminum hydroxide (more 

than 30% wt.). 
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The effect of the radiation crosslinking condi-

tions on the mesh density and the mechanical proper-

ties of crosslinked polyethylene at high temperatures 

are investigated [9, 10]. The optimum values of the 

current of the generator of the electronic radiator and 

the speed of cable pulling, which provide the maxi-

mum grid density, are found. It is shown that the gel 

fraction index does not fully characterize the degree of 

cross-linking and mechanical properties of cross-

linked polyethylene. 

The results of an experimental study of the pro-

cesses of radiation cross-linking of polyolefin cable in-

sulation by ionizing radiation of an electric gas barrier 

discharge (EGBD) are obtained. Ionizing radiation 

from the EGBВ can be used for radiation crosslinking 

of polyethylene, polypropylene, polyvinyl chloride and 

polyimide cable insulation [11-14]. The Kramers-Ku-

lenkampf law holds for the intensity of the X-ray emis-

sion of an electric gas barrier discharge. The electret 

polarizability of cable polyethylene, polypropylene 

and polyvinyl chloride is recommended to control the 

degree and uniformity of the radiation cross-linking of 

cable insulation. 

The effect of electron beam irradiation with a 

dose of 1-8 Mrad on the properties of a number of crys-

tallizable polymers preliminarily subjected to equal-

channel multi-angle extrusion is investigated [15-27]. 

With increasing radiation dose for high-density poly-

ethylene and polyamide-6 increase in microhardness, 

modulus of elasticity, strength and for polytetrafluoro-

polyethylene – their decrease has occurred. Irradiation 

preserves low values of the effective coefficient of lin-

ear thermal expansion and increases the thermal stability 

of extrudates. The achieved effects are associated with 

the processes of radiation cross-linking, destruction, 

and chemical crystallization. 

In recent years, active interest has been shown 

in methods of solid-phase polymer processing based on 

simple shear deformation, in particular, equidirectional 

angular extrusion. The most promising variant of its re-

alization is equal-channel multi-angle extrusion. With 

its help, amorphous-crystalline polymers can form a 

unique combination of deformation-strength character-

istics. A slight change in the temperatures of the melt-

ing peak maximums of both the initial and deformed 

polymers upon irradiation can be related both to the 

preservation of the structure and size of the crystals and 

to the action of two competing processes: an increase 

in the free surface energy of the crystal ends, leading 

to an increase in the melting point and a decrease in the 

melting entropy, as a result of radiation-chemical 

cross-linking of chains in disordered regions, which 

causes a decrease in the melting point [28]. 

Products made of cross-linked polyethylene 

are used for the production of pressure pipes, piping 

fittings, lined pipes, cable insulation and shells, shrink 

tubing, and other products. Silanol crosslinking is an 

effective means of increasing the thermal and chemical 

stability of polyethylene and stabilizing its properties 

[29-31]. Currently, the main process for the production 

of silanol crosslinked products is the "Silanoplas" pro-

cess, which is based on the processing into products of 

a pre-synthesized graft copolymer of polyethylene and 

vinylsilane with the addition of a catalyst for silanol 

crosslinking. The second "Monosil" process consists in 

processing ordinary grade polyethylene with a batch of 

crosslinking agents (vinyltrialkoxysilane, peroxidic in-

itiator, as well as silanol crosslinking catalyst) into the 

working zone of the extruder during molding of the 

product. In this case the vinyl silane grafting takes 

place directly in the extruder. This method is used less 

often, mainly in the cable industry, although it is more 

flexible from the point of view of choosing the main 

raw materials, nomenclature and volumes of produc-

tion. In both methods, silanol crosslinking occurs when 

the products are processed with steam or hot water. It 

is here that the activity of the catalyst plays an im-

portant role. On the one hand, it should not be very ac-

tive at the first stage of the process for melt plasticiza-

tion and molding of the product, as this can lead to an 

undesirable increase in the molecular weight and 

MWD of polyethylene, an increase in the viscosity and 

heterogeneity of its melt, deterioration in the formation 

and quality of the surface of the extruder (this makes 

necessary the modification of the equipment). On the 

other hand, high speed and depth of cross-linking at the 

stage of processing the product in hot water must be 

ensured. To assess the thermal stability of the melts of 

the compositions at the stage of melt extrusion of the 

crosslinkable compositions, rheological studies were 

carried out on the IIRT-2A capillary viscosimeter. The 

crosslinking of polyethylene molecules was judged by 

the change in the volumetric flow rate of its melt  

(V, cm3/10 min) through a standard capillary (8 mm in 

length and 2 mm in diameter) at a temperature of 190 °C, 

usually recommended for processing. To compare the 

effectiveness of tin-containing silanol crosslinking cat-

alysts, the content of the gel fraction in polyethylene 

samples was measured in the form of rods that emerged 

from the capillary of the IIRT instrument between 10 

and 15 min from the start of the previous experiment. 

To complete the silanol crosslinking, the samples were 

treated in boiling water for 6 h, determined as the dif-

ference in the masses of the starting material ground to 

a particle size of less than 0.2 mm and the mass of the 
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residue in the gauze net after extraction of the sol frac-

tion with o-xylene at 140 °C for 8 h and drying, re-

ferred to the mass of the original sample. 

Silanol crosslinking can significantly improve 

the complex properties of polymer materials, including 

oriented heat-shrinkable films [32, 33]. It is known that 

preliminary cross-linking provides polyethylene films 

with high and stable values of thermal shrinkage and 

shrinkage stresses. In this case, it becomes possible to 

orient and operate the films at temperatures above the 

polymer temperature. 

The manufacture of radiation-cross-linked and 

peroxidised-cross-linked products requires special 

technological equipment [34-35]. Silicone cross-linked 

products can be manufactured on conventional extru-

sion equipment. However, currently commercially 

available special grades of silanol crosslinkable graft 

copolymers of polyethylene and vinyl trialkoxysilanes 

(the Sioplas method) are intended exclusively for the 

production of pipes. Greater opportunities are provided 

by the use of granular concentrates of silanol cross-

linking agents and conventional polyethylene (dry 

"Monosil"), which is used in the manufacture of metal-

polymer pipes and cable products. In the latter case, a 

concentrate containing vinyltrialkoxysilanes, peroxide 

initiators providing the inoculation of silanes to poly-

ethylene, stabilizers, organotin catalysts for the hydrol-

ysis and condensation of silanes, is mixed with gran-

ules of conventional polyethylene and processed into 

products on conventional extrusion equipment. In the 

extrusion process, the concentrate is dispersed in the 

melt of polyethylene, and the reagents contained 

therein diffuse into the polymer. The conditions of ex-

trusion ensure the inoculation of silane to polyethylene 

without significant changes in the technological char-

acteristics of the latter.  

The influence of silanol crosslinking on ther-

moelectric properties and heat resistance of polyeth-

ylene composites with technical carbon was studied. It 

has been found that silanol crosslinking increases the 

heat resistance and eliminates the undesirable effect of 

the negative temperature coefficient of electrical re-

sistance at elevated temperatures [36-47]. Polymer 

composites with technical carbon can be used in self-

regulating heating elements, thermostatic devices and 

self-disconnecting electric fuses. This application is 

based on a sharp increase in electrical resistance in a 

narrow temperature range for these composites with a 

certain content of carbon black. This phenomenon is 

called the effect of an anomalously high positive tem-

perature coefficient of electrical resistance (PTC). Its 

main reason is considered to be a sharp increase in the 

volume of the polymer upon its melting, leading to a 

decrease in the volume fraction of electrically conduc-

tive particles and to an increase in the distances be-

tween them. However, with further heating, the sharp 

increase in electrical resistance is replaced by its sharp 

drop, which is called the negative temperature coeffi-

cient of electrical resistance effect (NTC). This phe-

nomenon is associated with an increase in the mobility 

of carbon black particles in the melt, which facilitates 

their reagglomeration and the formation of new con-

ductive channels. NTC is undesirable, because can lead 

to the failure of self-regulating heating devices. The ef-

fects of PTC and NTC are due to the predominance of 

either fracture processes or recovery processes of cur-

rent conducting channels that are associated with struc-

tural changes in electrically conductive polymer com-

posites. At present, the question of the true mecha-

nisms of these phenomena remains open. 

Radiation or chemical (peroxide) crosslinking 

of the polymer is considered to be an effective method 

of increasing heat resistance, eliminating the effect of 

NTC and improving the reproducibility of electrical 

properties. The negative effect of the NTC effect is also 

reduced or completely eliminated when composites are 

crosslinked on the basis of mixtures of polymers. PTC 

at the same time can both increase and decrease. Cross-

linking also improves the stability of electrical charac-

teristics during cyclic heating and cooling. In this case, 

chemically silanol-crosslinked compositions are more 

stable than radiation-crosslinked compositions. The 

above effects are explained by the fact that the spatial 

network of cross-links limits the mobility of carbon 

black particles at high temperatures, thereby prevent-

ing their reagglomeration. There are indications of the 

prospects for using the method of silanol crosslinking, 

but there are practically no studies of its effect on the 

effects of PTC and NTC. 

The chemical resistance of cross-linked poly-

ethylene to the action of various chemical reagents 

such as, acetone, benzene, toluene, carbon tetrachlo-

ride, diethyl ether, gasoline-76 and lubricants has been 

studied. Structured polyethylene with acrylonitrile in 

the presence of peroxide with the participation of sele-

nium allows to significantly improving the resistance 

of the polymer to the action of various reagents [48]. 

Changes in the properties of polyethylene as a 

result of crosslinking of such characteristics as increas-

ing strength and deformability, reducing the brittleness 

temperature and increasing the resistance to cracking 

have a common cause, which is to increase the content 

of the transmission chains that promote the dissipation 

of stresses in the amorphous-crystalline polymer by in-

creasing the bond strength between crystalline for-

mations [49]. 
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Polyethylene crosslinked by methods of perox-

ide (PEX-a), silanol (PEX-b), and radiation (PEX-c) is 

characterized by a greater grid density for PEX-b, 

which is approximately 30% higher than for PEX-a and 

3-fold higher in comparison with PEX-s, despite the 

lowest values of the gel fraction. This particularly af-

fects its deformation-strength characteristics, which 

were determined at 20, 70, 90 and 110 °C on samples 

of 100×5×2 mm, cut from pipes made from materials 

of PEH-a, PEX-b and PEX-c leading manufacturers. 

The durability of the pipes, in addition to strength and 

other properties, depends on the level of residual 

stresses in the finished products, which are determined 

by the rate of relaxation processes. As the test temper-

ature rises, the deformation force, the residual equilib-

rium strain and the time of its achievement for all 

cross-linked samples decrease. 

The effect of hot chlorinated water on the phys-

ico-chemical properties of the peroxide-crosslinked pol-

yethylene REX is investigated [50]. It has been estab-

lished that even in the harshest conditions of disinfect-

ant treatment (the concentration of sodium hypo-

chlorite was increased 10-20 times compared to the 

norms adopted for drinking water supply), direct chlo-

rination (interaction of polyethylene with chlorine) of 

the PEH pipes does not occur. The results of the anal-

ysis of pipe samples showed that even after 38 years of 

operation they maintained a sufficiently high level of 

physical and mechanical properties, the ability to plas-

tic deformations, high rigidity and the degree of crys-

tallinity, which made it possible to conclude that their 

operation and the use of these pipes remain within the 

design life 50 years. 

Aging is an irreversible change in the useful 

properties of polymeric materials that occurs over time 

as a result of chemical and physical transformations 

that occur during their processing, storage and use [51]. 

The ability of a polymer material to withstand aging 

depends on the chemical composition and structure of 

the macromolecule, the molecular weight, the molecu-

lar weight distribution, the composition of impurities 

(the residue of catalysts, regulators, etc.), i.e. From the 

conditions for the preparation, isolation and purifica-

tion of the polymer. Since the storage and operation of 

the polymer material is carried out under different con-

ditions, characterized by some composition of the at-

mosphere, a certain temperature, the presence of solar 

radiation, increased humidity and other features, the 

change in useful properties observed over time can also 

be due to their influence. 

The change in the operational properties of the 

polymer material is determined by both internal factors 

and external factors, depending on the conditions of 

storage and operation. The role of internal factors in 

subsequent storage and operation can be minimized if 

the relevant requirements are met at the stage of pro-

cessing the polymer material. More significant influ-

ence on the aging of polymeric materials is exogenous 

factors, such as temperature and humidity, light and 

penetrating radiation, oxygen, aggressive gaseous im-

purities contained in air (SO2, NO2, etc.), mechanical 

loads from wind, dynamic energy of water drops, hail, 

sand, dust. 

The effect of the chemical modification of a 

PP/EPDM compound of 80/20% wt. with an organic 

peroxide system, a polyfunctional vinyl monomer (co-

agent), on the impact resistance and MFI of composi-

tions of PP/EPDM [52-58]. Specific features of the in-

fluence of chemical nature and concentration of co-

agents on the course and results of modification of 

PP/EPDM mixtures were determined. Modern technol-

ogies of the automotive industry impose a level of re-

quirements on impact-resistant polypropylene com-

pounds, the achievement of which by simple blending 

of polypropylene with EPDM rubber during extrusion 

processing becomes a problem. To obtain high physi-

comechanical characteristics of the rubber-elasticized 

EPDM PP, various methods for modifying PP/EPDM 

mixtures in a melt are actively used. 

One of the main and well-known techniques of 

such a modification is to improve the compatibility of 

the components of this two-phase mixture by using pre-

synthesized compatibility agents – so-called compatibil-

izers, most often a block or graft copolymer containing 

structural fragments identical to both of the composi-

tion, ingredients. Due to the phenomenon of compatibil-

ization-the stabilization of a disperse system by surface-

active copolymer agents-and a thermodynamically 

caused increase in the degree and homogeneity of the 

dispersion of EPDM particles in the PP matrix occurs, 

entailing a significant improvement in the impact re-

sistance of such compositions. A certain drawback of 

this approach remains the difficulty of controlling the 

rheological characteristics of PP/EPDM mixtures. 

Traditionally directed changes in the structure 

and properties of polyethylene, like other polyolefins, 

are carried out in the course of synthesis or by affecting 

the already prepared polymer by introducing fillers, 

modifiers and additives [59], among which: 

- modifiers in the form of thermoplastic elasto-

mers, rubbers and elastomers, which make it possible 

to obtain polymer materials intended for the manufac-

ture of products operating under high impact loads, as 

well as frost and elastic polymeric materials; 

- cross-linking agents that have a significant 

effect on the nature of interchain bonds, the packing 
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density in amorphous polyethylene zones and, accord-

ingly, the whole complex of physico-mechanical and 

relaxation properties. Cross-links between linear mol-

ecules of peroxide and radiation-cross-linked polyeth-

ylene from groups = С-С =, and with silanol crosslinks 

of = Si-O-Si = bonds.  The process of silanol crosslink-

ing of polyethylene (PEX-b) has two stages. In the first 

stage, an organosilane polyethylene of the general for-

mula RnSiX(4-n) containing radicals R with olefin un-

saturated bonds and easily hydrolyzable groups X at 

the silicon atom (X is hydrogen, halogen or ORm rad-

ical, where Rm is alkyl, aryl, cycloalkyl, aralkyl, al-

karyl). The second stage, the actual cross-linking, con-

sists in the spatial structuring of the graft copolymer in 

the presence of water and the hydrolysis catalyst. 

The effect of chalk on the mechanical proper-

ties of chemically crosslinked polyethylene foam was 

investigated [60]. The presence of up to 15% filler has 

little effect on the appearance of the foam. The struc-

ture of the filled polymer depends on the characteris-

tics of the filler – chemical and thermophysical prop-

erties, particle size and shape, percentage and uni-

formity of distribution in the polymer mass. The appar-

ent density of the foam increases slightly. The foam 

characteristics are improved during compression, the 

strength at break is increased. The preparation of com-

positions for chemically crosslinked polyethylene 

foam is associated with the need to ensure an even dis-

tribution of components in the volume of the polymer 

under relatively low temperatures and, as a conse-

quence, high melt viscosities of the polymer. The in-

troduction of chalk increases the melt viscosity of the 

polyethylene composition, and the activators have a 

plasticizing effect, partially offsetting the effect of chalk 

injection. The introduction of chalk in order to save pol-

ymeric raw materials is not justified, however, because 

the structure and calculated apparent density of the foam 

does not change much, the filling can be considered as a 

method for regulating the physical and mechanical prop-

erties of polyethylene foam. Chalk for polyethylene film 

forming polyfoam structure is active reinforcing filler 

and its use as a filler allows expanding the scope of 

chemically crosslinked polyethylene foam. 

In recent years, there has been a clear trend to-

wards increasing working pressure in pipelines by us-

ing reinforced pipes [61]. At the same time the main 

load is taken by the reinforcing system. The inner tube, 

on which the reinforcing system is attached, in this case 

can be made with a smaller thickness. Under these con-

ditions, with a rare network of reinforcing elements, 

there is a danger that the polymer shell can be cut by 

the reinforcing element in the case of a large internal 

pressure. In connection with this, a method was devel-

oped for determining the resistance to tearing a poly-

mer matrix under the conditions of its cutting by a re-

inforcing element. 

To analyze the economic efficiency of the us-

ing materials, it is necessary to determine the purpose 

for which funds are invested in the reconstruction of 

heat networks, since it is necessary to take into account 

the economic components that will allow not only to 

return the investment of the enterprise funds, but also 

to make a profit [62]. After the reconstruction, which 

used energy-save materials, such as pre-insulated pipes, 

heat losses in the network, while transporting heat en-

ergy from the producer to the consumer, significantly 

are decreased and now they are 247.25 Gcal/year. 

The main approaches to optimizing the extrac-

tion process is analysed [63]. The extraction methods 

are traditional methods of sample preparation for sub-

sequent chemical analysis. This applies both to the 

analysis of low-molecular additives and to gel-sol anal-

ysis of polymeric structures capable of branching and 

cross-linking. In the last 10-15 years, a qualitative 

breakthrough has taken place in the hardware for these 

works, not only related to the control of analysis, the 

collection of information and the processing of results, 

but also to the introduction of a method of extraction 

under pressure. 

A mathematical model of the viscoelastic 

compliance of densified polymers is proposed and 

the methodology of its theoretical parametric identi-

fication is shown with the subsequent prediction of 

the results of the thermomechanical experiment [64]. 

The developed mathematical formalism and method-

ology of its theoretical parametric identification 

open up promising prospects in the field of purpose-

ful synthesis of densely-filled polymeric materials 

used as binders in polymer composites with the re-

quired viscoelastic properties in given temperature 

and stress fields. 

The creation of environmentally friendly tech-

nologies for the processing of thermosetting plastics is 

one of the most important tasks to date [65]. Waste of 

spatially cross-linked polymeric and polymer-contain-

ing materials (fiberglass plastics) do not dissolve, do 

not melt without degradation, do not biodegrade bio-

logically, polluting the environment. One of the most 

environmentally friendly ways of processing waste of 

such materials is the production of highly disperse 

powder fillers of universal purpose. The most rational 

approach to the solution of the problem - the effective 

mechanodestruction of high-strength spatially cross-

linked polymeric materials - is the use of the Rebinder 

effect, namely the finding of adsorption-active medium 
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that reduce the strength of these materials under me-

chanical action. 

In most cases, Rebinder's effect is manifested 

in the reduction of the free energy of the surface and 

does not lead, in the absence of the action of force, to 

the formation of a new surface. Only with a very strong 

decrease in surface tension, approaching the critical 

value, spontaneous dispersion without mechanical im-

pact is possible. The possibility of leaking of process 

of adsorption influence of the medium is determined 

by a number of factors, such as the chemical nature of 

the medium and the solid, the defectiveness of its struc-

ture, and the deformation conditions, temperature, in-

tensity, quantity and phase state of the adsorption-ac-

tive medium. The investigations made it possible to de-

termine the conditions and methods for effective me-

chanical destruction of a high-strength spatially cross-

linked polymer material in order to obtain a fine pow-

der filler from its waste. 
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