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Abstract 

The results of a study of the effect of chemical modification and a 

crosslinking agent on the basic physicomechanical properties of composite 

materials based on low density polyethylene are presented. It was shown 

that, as a result of the mechanochemical synthesis of the material modified 

with acrylonitrile, it seems possible to significantly improve the ultimate 

tensile strength of the samples. The thermomechanical properties of 

composite materials were studied. It is shown that for the initial low-

density polyethylene, thermomechanical curves are characterized by two 

physical states: solid and viscous flow. At relatively high concentrations of 

tellurium, a densely crosslinked structure is formed in the polymer matrix, 

which amorphizes its crystalline structure and worsens, respectively, 

strength properties. X-ray structural analysis of samples of crosslinked low 

density polyethylene (without tert butyl peroxide and nitrite of acrylic 

acid) indicate the presence of a chemical bond between the macrochain 

and tellurium. With an increase in the tellurium content from 0.1 to 2.0 

mass parts, the degree of crystallinity decreases from 60% to 37%. The 

loading of a crosslinking agent of tert butyl peroxide and tellurium 

promotes the formation of 3 areas of deformation: solid, highly elastic and 

viscous flow. The use of a tert butyl peroxide crosslinking agent in 

combination with tellurium, which is an analogue of sulfur, makes it 

possible to increase the region of highly elastic deformation with the 

subsequent glass-transition of composite materials. It was found that in the 

presence of 0.5 phr tellurium achieves a sufficiently high thermo-oxidative 

stability of composite materials. It was found that in samples with a higher 

tellurium content (over 0.5 phr), thermal stability practically does not 

affect the strength of the material 

Keywords:   low density polyethylene, acrylic acid nitrile, crosslinking agent, tellurium, 

mechanochemical synthesis 

Introduction 

At the present stage, simultaneously with the acceleration of scientific and technological 

progress and the intensification of industry, more and more stringent requirements began to be 

imposed on the quality of polymer products. Available natural and synthetic materials due to a 

number of circumstances do not always satisfy the increased requirements of operation [1-3]. In 
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this connection, undertakes various modifications techniques allow a greater or lesser degree 

approach to accomplish the task. It is enough to note such modification methods as the loading 

of fillers, stabilizers, plasticizers, crosslinking using chemical agents, which to some extent allow 

us to approach a targeted solution to problems with improving the properties of polymeric 

materials. The problem of creating qualitatively new types of polymer materials, opening up a 

promising opportunity for their wide and rational use, is becoming ever more acute [4,5]. 

Additives used in polyolefin composites can be classified, depending on the functions 

performed, into modifiers (fillers, plasticizers, foaming additives, cross-linking agents), additives 

that change the properties of materials, and technological additives (heat stabilizers, antioxidants, 

antistatic agents, antimicrobial additives) that improve the processability of materials (lubricating 

substances, slip aids) [6]. 

In this regard, the aim of this work was to combine the processes of grafting nitrile of 

acrylic acid (NAA) and crosslinking to obtain a composite material with improved strength 

characteristics. 

Experimental Part 

As the starting polymer, low density polyethylene (LDPE) was used, characterized by the 

following properties: ultimate tensile strength  11.1 MPa, elongation at break 585% and melt 

flow index 1.4 g / 10 min. 

Tellurium is a fragile silver-white substance with a metallic sheen. It is an analogue of 

sulfur and selenium, but is chemically less active than sulfur. It is soluble in alkalis, amenable to 

the action of nitric and sulfuric acids, but it is slightly soluble in dilute hydrochloric acid. 

Metallic tellurium begins to react with water at 100C. 

Tert butyl peroxide (TBP) is used as a radical polymerization initiator and a curing 

agent. 

Acrylonitrile CH2=CH-C≡N — nitrile of acrylic acid (NAA). It is used in the production 

of certain types of synthetic rubber. By polymerizing acrylonitrile to polyacrylonitrile and 

subsequent spinning, synthetic fibers, for example nitron, are obtained. 

TBP and tellurium were loaded into the NAA, and then added to powdered LDPE and the 

resulting mass was stirred at 75-90°C for 10-15 minutes. The composition was then passed 

through an extruder at a temperature 120-150S the purpose granulation. In the presence of TBP, 

tellurium, and NAA, a modified LDPE was formed with simultaneous crosslinking. 

The content of the gel fraction was determined on a Soxhlet instrument at the boiling 

point of toluene. 
Thermomechanical studies were performed on a Kanavts instrument. On the Kanavts 

instrument, strain measurement is carried out according to the uniaxial compression method. As 
a sample for taking thermomechanical curves, tablets with plane-parallel surfaces with a 
diameter of 4 mm and a height of 2 mm were made. Compression of the sample is carried out 
between two plane-parallel surfaces, the area of which should exceed the surface of the sample 
in contact with them. Under the action of the applied force, the sample decreases in height with 
respect to the initial one, and at the same time it expands uniformly in directions perpendicular to 
the compression axis. As long as it does not exceed the area of the pressing surfaces, the force 
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field remains uniformly intense in a certain approximation. To conduct studies to evaluate the 
thermomechanical properties of the compositions, tablets were pressed from them with a 
diameter of 22 mm and a thickness of 4 mm. To measure the ultimate tensile strength and 
elongation at break, plates 1-2 mm thick were pressed at a temperature of 175°C and a pressure 
of 50 MPa. 

Ultimate tensile strength and elongation at break were determined according to GOST 
11262-80 on blades with geometric dimensions of 50x6x4mm at a gripping speed of 50 mm/min. 

X-ray analysis allows you to obtain information about the supramolecular structure of 
polymers and its change as a result of thermal, mechanical and other influences. The basis of the 
X-ray analysis was the impact of x-ray radiation with a wavelength of 1.542 E on a crystalline 
substance. To obtain diffractogram of polymers, the Debye-Scherer method was used. To study 
the microstructure of the films, a general-purpose automatic X-ray diffractometer DRON-7 was 
used. We used CuK-alpha radiation with a beta filter, a voltage of 40 kV, and a current strength 
of 20 mA. 

Results and Discussion 
To obtain more complete information about the processes occurring in polymer 

compositions, it was interesting to study their thermomechanical characteristics, which are 
presented in Fig. 1, as an example of the initial and crosslinked LDPE. Thermomechanical 
curves are considered as curves of the temperature dependence of deformation or deformability 
under the action of the applied force, obtained in one experiment with a continuous regular 
change in its temperature over a wide range. They are a graph in the coordinates of deformation - 
temperature (ε - Τ), which is characterized by a change in the rate of increase in deformation in 
the temperature regions where certain physical or chemical transformations of the polymer 
occur. 

By analyzing the curves in this figure, we can establish a significant difference in the 
nature of the change in the deformation of the sample from temperature. As can be seen from 
this figure, the initial LDPE is characterized by two regions of deformation - solid and viscous-
flow. A sharp transition from solid to viscous flow occurs at a temperature of 89°C. 
In the case of crosslinked compositions based on LDPE + NAA + TBP, this dependence 
substantially depends on the concentration of the crosslinking agent, tellurium. According to the 
results obtained for the initial LDPE, the temperature of the phase transition from solid to 
viscous flows in a narrow region at a temperature of 89°C. As a result of chemical modification 
of LDPE with NAA and crosslinking using TBP, the phase transition temperature rises to 113°C. 
At the same time, three states appeared in the crosslinked samples: a solid, highly elastic, and 
viscous flow state. The region of highly elastic state appears in the temperature range 125-
140°C. The higher the concentration of tellurium, the greater the degree of crosslinking and, 
accordingly, the region of the highly elastic state increases. The degree of crosslinking is 
determined in accordance with the concentration of tellurium used in the composition. At a 
tellurium concentration of 0.5 phr and above, the transition to a highly elastic state is completed 
by the glass transition of the samples. This condition is characterized by the fact that an 
irreversible densely mesh structure of composite materials is formed, accompanied by an 
increase in their heat resistance from 113 to 168°C. 
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Fig. 1. The effect of tellurium concentration on thermomechanical curves of temperature 

dependence of deformation for the original LDPE (1) and LDPE + NAA copolymer (2) 

and based on cross-linked composites LDPE + NAA with different tellurium contents: 

3- 0.1; 4- 0.5; 5-1.0; 6-2.0 

Tab. 1 presents the results of a study of the effect of tellurium concentration on the 

properties of composite materials based on LDPE + 40 phr NAK + 0.5 wt. % TBP. 

As can be seen from the data presented, the loading of even 0.1 phr tellurium contributes to 

an increase in the ultimate tensile strength, while maintaining the elongation at break of the 

crosslinked LDPE at a satisfactory level. The greatest value of the ultimate tensile strength is 

achieved when the tellurium content is equal to 0.5 phr. At a higher tellurium content, the 

ultimate strength and elongation at break noticeably deteriorate, and the samples almost 

completely lose the melt flow. There is reason to believe that at relatively high concentrations of 

tellurium, a densely crosslinked structure is formed in the composition of the polymer matrix, 

which amorphizes its crystalline structure and worsens accordingly the strength properties. 

The results of X-ray analysis of samples of crosslinked LDPE (without TBP and NAA) 

indicate the presence of a chemical bond between the macrochain and tellurium. With an 

increase in the tellurium content from 0.1 to 2.0 phr, the degree of crystallinity decreases from 

60% to 37%. Excess tellurium, increasing the degree of crosslinking of LDPE, contributes to a 

significant difficulty in the crystallization process and the formation of a crystalline region. 
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Table 1. The effect of tellurium content on the physicomechanical properties of crosslinked 

LDPE 

The properties Tellurium content phr 

0 0.1 0.5 1.0 2.0 

Ultimate tensile strength, MPa 17.6 18.8 21.7 19.4 17.0 

Elongination at break, % 240 225 220 110 35 

Gel fraction, % 45 51 66 85 92 

The samples under consideration were thermally oxidized at 150°C. It was found that in 

the presence of 0.5 phr of tellurium a sufficiently high thermo-oxidative stability of composite 

materials is achieved. So, for example, after 13000 hours of thermal aging, the ultimate tensile 

strength of the initial LDPE changes from 11.1 to 7.3 MPa. In the LDPE + NAA + TBP sample, 

the ultimate tensile strength varies from 17.6 to 13.4 MPa. The composition of LDPE + NAA + 

TBP + 0.5 phr tellurium after thermal exposure, the strength value changed slightly - from 21.7 

to 20.3 MPa, and the elongation at break from 220 to 175%. In samples with a higher tellurium 

content (over 0.5 phr), thermal stability practically does not affect the strength of the material.  

This is interpreted by the fact that after exposure to a crosslinking agent (TBP and tellurium) in 

LDPE, all potential active sites for the oxidation of macrochains are almost completely realized 

by crosslinked chains. Actually, for this reason, the crosslinked compositions exhibit significant 

thermo-oxidative stability. Indeed, the results of X-ray analysis showed that, as a result of 

thermo-oxidative aging, the structure of tellurium-containing compositions does not undergo any 

noticeable changes and decrease by only 2-4%. In samples of crosslinked LDPE without 

tellurium in the composition after 3600 hours, the degree of crystallinity is reduced by 10-15%. 

Conclusion 

Thus, based on the foregoing, it can be concluded that as a result of crosslinking of LDPE 

in the presence of NAA and tellurium, it seems possible to significantly increase the ultimate 

tensile strength, heat resistance and resistance of composite materials to thermooxidative aging. 

The thermomechanical properties of composite materials were studied. It was found that 

for the initial low-density polyethylene, thermomechanical curves are characterized by two 

physical states: solid and viscous. The loading of a crosslinking agent of tertbutyl peroxide and 

tellurium promotes the formation of 3 areas of deformation: solid, highly elastic and viscous. 
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