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Abstract 

The results of the study of the influence of natural mineral filler - 

serpentinite concentration on the dependence of specific volume on the 

temperature of low-density polyethylene are presented. The 

concentration of filler was varied between 1 and 30 wt.%. Serpentinite 

had the following chemical composition: Mg6[Si4O10](OH)8 or 3MgO · 

2SiO2· 2H2O (MgO — 43.0 %, SiO2 — 44.1 %, Н2О — 12.9 %). Low-

density polyethylene marks 10604-007 was used as the polymer matrix. 

The nature of changes in the regularity of crystallization of composites 

in the process of staged sample cooling is established. At the same time, 

it was shown that the temperature of the first-order phase transition is 

practically unchanged and is equal to 85 °C. Only when the 

concentration of serpentinite 30wt.%  a decrease in the phase transition 

temperature to 80 °C was recorded. An interpretation of the regularity of 

formation of crystalline formations during the phase transitions are 

given. It is shown that with an increase in serpentinite concentration in 

the composition of the polymer matrix, a decrease in the level of 

crystallization in the phase transition region is observed. It has been 

found that the loading of serpentinite contributes to a decrease in the free 

specific volume. The mechanicm of crystallization of filled composites 

varies from plate type crystal growth to linear with the continuous 

formation of crystallization centers 
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Introduction 

In recent years, various methods have been undertaken to modify the structure of polymers 

produced in the industry, as a result of which it is possible to obtain polymeric materials with 

predetermined operational properties. The most common method is the loading of various types 

of fine fillers in the composition of the polymer matrix. Of particular interest are natural mineral 

fillers, which in varying degrees, can significantly affect the nature of changes in properties [1-

4]. At the same time, a very important moment of the research is the ability to choose the right 

technological mode of their processing by injection molding method. In particular, we are talking 
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about the mode of cooling the product in the press mold, which significantly affects the final 

properties of the composite. In this regard, the most informative are dilatometric research 

methods, which show the regularity of changes in the crystallization process of composites 

depending on the concentration of the filler.  

In this regard, the purpose of the research is to study the regularity of crystallization of 

composites based on low density polyethylene (LDPE) in a wide temperature range. 

Experimental Part 

In this work, we used a relatively new type of natural mineral filler — serpentinite, which 

has the following chemical composition Mg6[Si4O10](OH)8 or 3MgO · 2SiO2· 2H2O (MgO — 

43.0 %, SiO2 — 44.1 %, Н2О — 12.9 %). Oxides of iron FeO, Fe2O3 and nickel NiO are almost 

always present as impurities. 

Low-density polyethylene (LDPE) marks 10604-007 was used as the polymer matrix. The 

filler was injected into the composition of the LDPE in the amount of 1.0, 5.0, 10, 20, 30 wt. % 

on rollers at a temperature of 150-160 °C. 

The regularity of crystallization of composites based on LDPE and serpentinite were 

studied on an IIRT-1M instrument, converted to a dilatometer. The dependence of the specific 

volume on temperature was investigated with a constant load of 6.4 kg and a temperature range 

of 25–180 °C. 

The melting point was determined on a Paulik, Paulik and Erdei brand derivatograph. 

Heat resistance was determined by the method of Vica. 

Results and Discussion 

The task of the study was to identify the role of the filler in changing the regularity of 

crystallization of polymer composites. The very process of staged cooling of the sample and 

recording the change in the specific volume allows you to set the temperature at which the first-

order phase transition occurs. This phase transition means the transition of a polymer from a 

viscous state to a solid state. Depending on the type of polymer used, the concentration of the 

filler changes the temperature at which the phase transition takes place. It is clear only that this 

transition occurs at a temperature below the melting point of the polymer sample. The loading of 

mineral filler particles into the composition of the polymer matrix makes a significant 

contribution primarily to the process of forming the supramolecular structure of the polymer 

composite and, as a result, to a number of its thermophysical and physicomechanical properties. 

For example, in Fig.1, for the initial LDPE and its filled composites, the dependence of the 

specific volume on temperature is given.  

Analysis of the dilatometric curves in this figure shows that an increase in serpentinite 

concentration in the composition of the LDPE leads to a regular decrease in the value of specific 

volume. At the same time, the temperature of the phase transition practically does not change 

and is equal to 85 °C. Only when the concentration of serpentinite 30 wt. % a decrease in the 

phase transition temperature to 80 °C was recorded. This is interpreted by the fact that at very 

high concentrations of filler particles there are steric difficulties with the formation of the 

crystalline phase of the polymer matrix. 
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Fig.1. The effect of serpentinite concentration on the regularity crystallization of composites 

based on LDPE: ○ initial LDPE,  1.0, □ 5.0, ∆  10.0,▲ 20.0, ● 30.0 wt. % 

First, the process of crystallization of the polymer matrix is accompanied by the formation 

of spherulitic formations, which in the process of growth contribute to the displacement of filler 

particles into a less ordered amorphous region. The amorphous region is the interlacing of “pass-

through” macrochains, the linear and ordered part of which is distributed simultaneously in 

several spherulitic structures. Therefore, the more filler particles accumulate in the amorphous 

region, the weaker the conformational mobility of the passing macrochains and the more 

difficulties arise with the process of laying down the oriented macrochains, i.e. with the process 

of their crystallization. You should pay attention to the fact that with the loading of 1 wt. % 

serpentinite in the viscous-flow state, the dependence of the specific volume on temperature 

practically does not change, only after the phase transition in the solid state does the specific 

volume decrease, i.e. increase the density of the sample. In this case, the compaction of the 

polymer composite may be due only to the fact that the filler at a concentration within 1wt. %  

exhibits the properties of the structure-forming agent, thereby forming heterogeneous nucleation 

centers. 

As can be seen from Fig.1, as the serpentinite concentration increases, a decrease in the 

level of crystallization is observed in the region of the first-order phase transition. So, for 

example, if for the initial LDPE the crystallization jump at the phase transition temperature is 0.1 

cm
3
/g, then with the content of septinite 1; 5; 10; 20; and 30 wt.%  the value of this indicator in 

composites changes accordingly in the following sequence - 0.11; 0.093; 0.09; 0.088; 0.071 

cm
3
/g. The data obtained confirm our arguments about the difficulty of the crystallization 

process in filled composites. 
The results of thermophysical measurements showed that with an increase in serpentinite 

concentration in the composition of LDPE, heat resistance increases in the following sequence: 
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83 °C (initial LDPE), 1wt. %83 °C, 5 wt. %  84 °C, 10 wt. %  86  °C, 20 wt. %  88 °C, 30 

wt. %  93 °C. Such a noticeable increase in the concentration heat resistance of composite 
materials by practically 10 °C again demonstrates the significant role of serpentinite particles in 
the formation of their supramolecular structure. 

Derivatographic analysis of composite materials showed that their melting point practically 
does not undergo significant changes and remains at the level of 105 °C, characteristic of the 
initial LDPE. Only when the concentration of serpentinite in 30 wt.% the melting point increases 
slightly and is 108 °C. 

If we pay attention to the dilatometric curves shown in figure-1, then it can be established 
that at absolute zero (-273 °C), for each sample a specific value of the “occupied specific 
volume” (Vo) is fixed. Knowing the specific volume at a given temperature (Vi), then the 
difference (Vi - Vo) can be used to calculate the “free specific volume” (Vf) of the composite 
material [5, 6]. Therefore, to obtain more complete information about the process of 
crystallization of filled composites, it seemed interesting to investigate the dependence of their 
free specific volume on temperature, which is shown in figure-2. Comparative analysis of the 
curves in this figure shows that as the serpentinite concentration in the composition of the LDPE 
increases, a regular decrease in the free specific volume is observed. This circumstance confirms 
the fact that in the process of crystallization the filler particles are embedded mainly in the 
amorphous region, in which the free volume content is much higher than in the crystalline 
region. 

 
Fig. 2. The effect of serpentinite concentration on the regularity of changes in the free specific 

volume of the absolute temperature of composites based on LDPE: ○ initial LDPE,  

1.0, □ 5.0, ∆  10.0,▲ 20.0, ● 30.0 wt. % 

In the process of studying the kinetic regularity of the crystallization process, the Avrami 
model was used, which is also applicable to polymeric materials in the region of the first-order 
phase transition [5]. According to this theory, the crystallization process proceeds in accordance 
with the expression: 
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nKe                         (1) 

where φ is the part of the polymer that has not yet undergone transformation into the crystalline 

phase; K is the generalized constant of nucleation and growth of crystals; n constant, ranges 

from 14. Its value depends on the nature of the nucleation process and growth [5, 7, 8]. 
After double logarithm of the Avrami equation, we get the following expression: 

 lglg)lnlg( nK                      (2) 

According to the resulting equation, this dependence is a straight line in the coordinates 

lg(-lnφ) from  lg. The results of experimental studies have shown the applicability of the theory 
of Avrami to study the mechanicm of crystallization of composites based on LDPE. 

Fig. 3 illustrates the kinetic regularity of the crystallization of the initial LDPE and its 
composites in the coordinates of Avrami. From the obtained curves of dependence, it can be 
established that, for the initial LDPE and the composite with 1wt.% serpentinite value "n" is 2.1, 
which corresponds to the plate type of crystal growth with continuous formation of 
crystallization centers. For composites with 5; 10; 20 and 30 wt.% serpentinite, the value of n 

varies within 1.090.86, which corresponds to a linear (one-dimensional) type of crystal growth 
with the continuous formation of crystallization centers. The decrease in the value of "n" for 
composites indicates, above all, a decrease in the crystallization rate of the polymer matrix in the 
presence of relatively large amounts of filler. 

 
Fig.3. The kinetics of crystallization in the coordinates of Avrami of composite materials based 

on LDPE, depending on the concentration of serpentinite, wt. %: :  ● initial LDPE, □ 1, 

○ 5,   10, ∆ 20, ▲ 30 

Based on the above, it can be argued that the loading of serpentinite in LDPE is 
accompanied by the formation of a polymeric material with a relatively new structural 
organization. This is a result of the existence of interfacial interactions at the interface of the 
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polymer-particle filler. These include, above all, adsorption or molecular interactions in the zone 
of boundary contact. The consequence of these interactions is a noticeable improvement in the 
physicochemical and physicomechanical characteristics of the polymer composite systems. In 
other words, interfacial interactions predetermine the characteristics of the structure of the 
boundary layer, the nature of the molecular orientation on the surface of solid particles, the 
molecular conformational mobility, the supramolecular structure and its other properties. And 
finally, the mechanochemical modification of polymers with fillers allows to obtain materials 
with completely new technological or operational properties. 

Conclusion 
Thus, on the basis of the above, it can be stated that the concentration of serpentinite has a 

significant effect on the mechanicm and kinetic regularity of the crystallization of composites. It 
becomes obvious that when casting products from filled composites on the injection molding 
machine, the exposure time required for cooling them in the press mold will be slightly higher 
than that of the initial LDPE. On the one hand, the use of cheap natural fillers helps to reduce the 
cost of the composite material, and on the other, it is possible to significantly improve their heat 
resistance. 
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