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Abstract 
The influence of technological parameters of injection molding on the 
properties of a nanocomposite based on a block-propylene-ethylene 
copolymer, clinoptilolite, and molybdenum disulfide is considered. The 
mixing and casting of products were 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, 
casting pressure and dwell time up to 10 seconds, it is possible to some extent 
affect the increase in ultimate tensile stress, elongation at break and decrease 
in abrasive wear of the nanocomposite 
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Introduction 
As such industries as machine building, instrument making, shipbuilding, aviation and 

space technology, etc. are developing, more and more stringent requirements have been placed 
on the quality of structural products obtained from polymer materials. In order to improve the 
quality indicators of polymers produced in the industry, plasticizers, fillers, stabilizers are 
introduced into their composition, mixtures of various polymers in certain combinations are 
made, etc. Changes in the structure and properties of polymer materials are usually carried out in 
the process of mechanochemical modification on extrusion equipment, mixing on rollers or 
directly in the process of monotrem technology on a molding machine. The advantage of a 
monotrem technology is the mixing of components and the production of a product using a 
single pass scheme, i.e. in a single technological cycle. According to this technology, after dry 
mixing of the components, the latter are sent to the hopper of the injection molding machine for 
further mixing in the melt mode and to obtain a product based on a composite material. It should 
be noted here that very little information is given in the literature regarding the influence of the 
conditions of processing nanocomposites on their physicomechanical and, in particular, 
tribological properties. The formation of the supramolecular structure and, accordingly, the 
quality characteristics of nanocomposites depends on the conditions for the correct choice of the 
processing temperature in the material cylinder of the injection molding machine and cooling the 
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product in the mold [1-8]. 
In this regard, the purpose of this investigation was to study the patterns of changes in the 

basic physicomechanical, technological, and tribological characteristics of nanocomposites. 

Experimental Part 

A thermoplastic of ethylene-propylene block copolymer (BEP) was used as an object of 

study. BEP is a chain of propylene molecules interrupted by a chain of ethylene-propylene 

copolymer. They have: high impact strength (at low temperatures) and high elasticity; increased 

long-term thermal stability; resistance to thermal-oxidative destruction during the production and 

processing of polypropylene, as well as during the operation of the product from it. BEP has the 

following properties: ultimate tensile stress - 25.6 MPa, elongation at break - 200%, melt flow 

rate (MFR) - 0.61 g/10 min, Vicat softening temperature - 148°С, melting point - 155°С.  

Clinoptilolite nanoparticles (CTL) and molybdenum disulfide MoS2 (MS) were used as 

fillers. 

The KTL of the Aydag field in Azerbaijan has a typical oxide formula 

(Na2K2)OАl2O3∙10SiO2∙8H2O, and the likely crystalline is Ca4,5Al9SiO24O72. KTL - one of the 

most common natural zeolites, is part of the sedimentary rocks of volcanic origin. Contains a 

microporous composition of tetrahedra of silicon dioxide and aluminium oxide. It is white to 

reddish tabular monoclinic tectosilicate crystals with a Mohs hardness of 3.5-4 and specific 

weight of 2.1-2.2 kg/m
3
. 

Molybdenum disulfide - MoS2 (MS) is a black crystalline powder, oily to the touch, 

hardness 1.3 on the Mohs scale. In the MS, each Mo atom is located in the center of the trigonal 

prism and is surrounded by six sulfur atoms. The trigonal prism is oriented so that in the crystal 

the molybdenum atoms are between two layers of sulfur atoms. Due to the weak Van-der-Waals 

interaction forces between the sulfur atoms in the SM, the layers can easily slide relative to each 

other. This leads to a lubricating effect. 

Fine particles of KTL and MS were brought to the nanoscale level at the A-11 mill at a 

rotor speed of 30,000 rpm. The size of 75-82% of the crushed particles to the nanoscale level 

was 40-120 nm for KTL, and 35-110 nm for MS. 

The size  nanoscale was defined on the device by models STA PT1600 Linseiz (Germany).  

Physicomechanical characteristics were determined by standard methods: tensile stress at 

yield and elongation at break in accordance with GOST 11262-80. 

The melt flow rate (MFR) was determined on a rheometer of the brand MELT FLOW 

TESTER, CEAST MF50 (INSTRON, Italy) at a temperature of 190 ° C and a load of 5 kg. 

The wear resistance of the composites was investigated on an abrazimeter. Path length is 

44m, load 6N, abrasive paper P500. The difference in the weights of the samples before and after 

the test determined the material wear in mg. The average value of this indicator was determined 

by the results of 5 measurements. 

 Volumetric shrinkage was determined by measuring the change in the length of the bar 

from the original length of 55.5 mm. Shrinkage (∆) was calculated using the equation:                        

∆ = (55.5 - L) 100% / 55.5, where: L is the current value of the sample length. The shrinkage 

value was determined as the average of ten experiments conducted for each sample.  
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To conduct studies on the assessment of the physicomechanical properties of polymer 

compositions, samples were cast on an injection molding machine of the brand DE3132.250TS1. 

The material cylinder consists of 4 heated zones, has a worm-type screw (L / D ratio = 24) with 

pre-kneading, which rotates and at the same time can progressively move in the forward and 

reverse directions. This design of the injection molding machine allows you to use its capabilities 

at the same time for mixing the components of the mixture and casting the product in the mold.  

The mold provides the ability to carry out the process of forming a polymer product.   

Results and Discussion 

In studying the process of mixing and processing filled polymer composites, the choice of 

equipment is of considerable importance. As a rule, the most optimal is the use of twin-screw 

extruders, contributing to the almost uniform dispersion of the filler in the volume of the 

polymer matrix. In this case, for carrying out mechanochemical modification and obtaining a 

product according to the monotrem technology, in our opinion, the most promising is processing 

on a universal single-screw injection molding machine. This design of the injection molding 

machine allows not only thorough thermomechanical mixing of polymer composites, but also at 

the same time to carry out mechanical and chemical modification in it.  Mechanochemical 

modification is characterized by the fact that in the process of mixing a mixture of polymer with 

a 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, the injection pressure and the temperature of the mold, it is possible to change 

the physicomechanical and technological characteristics of nanocomposites to a certain extent. 

The versatility of this equipment lies in the fact that after heating of the polymer mass the mixing 

process is accompanied not only by rotating 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 [9]. 

Tab.1 presents the results of a study of the nanocomposite properties (BEP + 10wt.% KTL 

+ 10wt.% MS) depending on the temperature conditions of injection molding. The choice of this 

nanocomposite was due to the fact that it is with this ratio of the components under consideration 

that there are quite encouraging data on one of the main indicators - wear resistance. So, for 

example, if for the initial BEP the wear in the first cycle was 143.84 mg, then for the composite 

under consideration the value of this indicator decreased to 22.31 mg, i.e. 6.5 times. It was 

important to find out how this composition of the nanocomposite will affect the change in other 

physicomechanical characteristics, depending on the technological conditions of their 

processing. Taking into account that such studies with nanocomposites have practically not been 

carried out in the literature, we have tried in this work to dwell in greater detail on studying the 

influence of the temperature factor of processing and casting pressure on the pattern of changes 

in performance.  
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Table 1. Influence of temperature regime and casting pressure on properties of nanocomposites 

based on BEP + 10wt.% KTL + 10wt.% MS 

Temperature by 

zones,  °С 

Injection 

pressure, 

MPa 

Ultimate 

tensile stress, 

MPa 

Elongation 

at break, 

% 

Shrinkage, 

% 

Wear 

after the 

first 

cycle, mg 

 150-160-170-180* 

150-170-180-190* 

150-170-185-200* 

150-170-190-210* 

 

 

50 

31.5 

32.0 

32.0 

32.6 

 50 

50 

55 

65 

0.45 

0.45 

0.42 

0.40 

25.53 

25.12 

25.40 

24.86 

  150-160-170-180* 

150-170-180-190* 

150-170-185-200* 

150-170-190-210* 

 

 

100 

 

32.3 

33.2 

33.6 

34.1 

50 

60 

60 

70  

0.32 

0.32 

0.30 

0.30 

25.61 

25.07 

24.19 

23.33 

150-160-170-180* 

150-170-180-190* 

150-170-185-200* 

150-170-190-210*  

 

 

150 

32.5 

34.5 

35.5 

35.5 

60 

70 

70 

80  

0.15 

0.12 

0.09 

0.09 

24.21 

23.35 

22.31 

21.48 

Comparing the data in this table, it can be noted that the casting pressure and the 
temperature regime of the material cylinder have a definite influence on the properties of 
nanocomposites. It becomes obvious that as the temperature of the material cylinder rises and the 
injection pressure increases, ultimate tensile stress of the composite material naturally increases. 
There is reason to believe that as a result of the temperature increase, a decrease in the viscosity 
of the polymer matrix is observed, as a result of which the probability of uniform dispersion of 
nanoparticles in the volume of the polymer matrix increases. On the one hand, an increase in the 
temperature and injection pressure contributes to an increase in the melt flow rate of the polymer 
mass and, accordingly, more rapid and complete filling of the mold. On the other hand, KTL and 
MS nanoparticles, having a developed contact surface with a polymer matrix, are still capable of 
creating heterogeneous nucleation centers in the process of thermal fluctuation and mixing in a 
material cylinder. The latter, as a result of crystallization and spontaneous growth of crystalline 
formations in a relatively cold mold, contribute to the formation of a fine spherolite 
supramolecular structure. As a result, according to the data in Table1, an increase in the 
temperature and injection pressure is accompanied by an increase in the ultimate tensile stress 
and, to some extent, in the elongation at break of the nanocomposite. 

As was to be expected, a certain decrease in the volumetric shrinkage of the 
nanocomposite is observed with increasing temperature and pressure of the casting. Reducing 
volumetric shrinkage is a very important point, because it eliminates the possibility of a 
significant change in the volume and linear dimensions of the product during operation in 
various areas of technology. 

In assessing the quantitative change in the wear of a nanocomposite from the above 
processing factors, we proceeded from the concept that, ceteris paribus, the value of this 
indicator depends mainly on their density and hardness [10].  In other words, the higher the 
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density of the same material, the greater its resistance to wear should be. Indeed, at a relatively 
low temperature (150-160-170-180 °C) and low pressure (50 MPa), it was found that the density 
of the nanocomposite is 953 kg/m

3
 and, conversely, at high pressure (150 MPa) and processing 

temperature 150-170 -190-210 °С its density becomes equal to 961 kg/m
3
. 

Analyzing the data in Tab.1, it can be noted that with increasing temperature conditions 
and injection pressure, a slight decrease in wear is observed, which, as was shown above, may be 
due to an increase in the density of the nanocomposite. In addition, it should be noted that the 
KTL incorporates nanoclay, which, as is known, is characterized by a layered structure that 
largely determines the improvement of wear resistance and rheological characteristics. For 
example, at the lowest pressure and low temperature injection moulding conditions, the wear 
after the first cycle is 25.53 mg. At the highest values of pressure and temperature injection 
moulding conditions, the wear was 21.48 mg, i.e. decreased by 4.05 mg, i.e. 1.2 times [9,10].  

Tab.2 presents the results of the study of the effect of mold temperature and dwell time 
under pressure on the properties of BEP + 10wt.% CTL + 10wt.% MS nanocomposite. As can be 
seen from this table, an increase in mold temperature from 25 to 75 °C and a dwell time from 5.0 
to 30 seconds contributes to a certain increase in the elongation at break and ultimate tensile 
stress of the nanocomposite. Ultimate tensile stress is characterized by a maximum at a mold 
temperature of 75°С. This circumstance is interpreted by the fact that the lower the temperature 
of the mold, the higher the temperature drop of the melt during cooling, and accordingly the 
cooling rate increases. The increase in the rate of cooling (crystallization) of a plastic product, 
especially in near-wall areas, seems to contribute to a certain amorphization of their crystal 
structure of BEP, which immediately affects the slight decrease in the breaking stress of the 
nanocomposite. 

Table 2.  Influence of mold temperature and dwell time under pressure on the strength 
properties of nanocomposites based on BEP + 10wt.% CTL. Injection pressure 
150 MPa. Injection temperature by zones 150-170-190-210°С 

Mold temperature, °С  Dwell time under 
pressure, sec 

Ultimate tensile 
stress, MPa 

  Elongation at 
break, % 

25 
50 
75  

 
5.0 

  

34.6 
35.4 
35.5 

60 
60 
75   

25 
50 
75 

 
10 

35.0 
36.5 
36.9  

 65 
70 
75 

25 
50 
75 

 
20 

35.0 
35.8 
36.0 

 65 
70 
75  

25 
50 
75   

 
30 
 

35.2 
35.8 
36.0 

65 
70 
75  

Taking into account that polymers have a low thermal conductivity, as the distance from 

the surface into the product increases, the crystallinity becomes relatively higher. Consequently, 
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the process of filling the mold itself in a certain way affects the formation of a supramolecular 

structure, which is reflected in the change in the physicomechanical properties [11,12].   

 According to the data in Tab.2, initially (within 10 seconds dwell) when filling the mold, 

an increase in pressure occurs, which affects the fixation of the orientation process of the 

macrochains, with a subsequent improvement in the properties.  After 10 seconds of dwell under 

pressure, the properties practically do not change. This is interpreted by the fact that after 10 

seconds dwell under pressure, the material cools and solidifies in the sprue, with the result that 

the influx of new melts from the material cylinder to the forming part of the mold stops, 

ultimately accompanied by a pressure drop. This stage is the longest and to a certain extent 

affects the process of fixing and levelling internal stresses in products based on nanocomposite. 

Conclusion 
Thus, based on the foregoing, it can be stated that the properties of nanocomposites are 

influenced not only by the composition and the ratio of the mixture components, but also by the 

technological aspects of their processing by injection molding. It is established that with an 

increase in the temperature regime of the material cylinder within the established limits and an 

increase in the injection pressure is accompanied by a slight increase in the breaking shear stress 

and a marked decrease in the wear of the nanocomposite samples. The most optimal conditions 

for dwell time under pressure is 10 seconds. 
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