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THERMOPHYSICAL PROPERTIES AND STRUCTURE OF THE 

POLYMER MATRIX OF MICRO- AND NANO-COMPOSITES BASED 

ON POLYETHYLENE  
  

Summary. The results of studies of thermal conductivity and the degree of 

crystallinity of the polymer matrix for polymer micro- and nanocomposites 

"polyethylene - carbon nanotubes and aluminum particles" are presented. The 

existence of a correlation dependence between the specified characteristics of 

composites was revealed and its explanation was given based on the theory of 

crystallinity and its explanation was given based on the theory of percolation. 

Key words: polymer micro- and nanocomposites, degree of crystallinity, 

heat conductivity, aluminum microparticles, carbon nanotubes. 
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The prospects for the use of high heat conductivity polymer micro- and 

nanocomposites are directly related to the study of their thermophysical 

properties and structure [1–15]. The creation of this modification of polymer 

composite materials involves the use of various fillers with high heat 

conductivity. Along with this, it is important to study the characteristics of such 

materials when using a wide range of polymer matrices. 

Of great interest are also studies aimed at establishing a relationship 

between the thermophysical properties of high heat conductivity polymer 

materials and their structure. 

The object of the work is to establish the patterns of changes in the heat 

conductivity of polymer micro- and nanocomposites based on polyethylene or 

polycarbonate from the mass fraction of different high heat conductivity fillers - 

CNTs or Al microparticles, as well as to analyze the relationship between the 

heat conductivity properties of these composites and the crystallinity degree of 

their polymer matrix. 

To achieve the set aim, the following tasks were to be solved: 

- perform a complex of experimental studies to establish the dependence 

of the heat conductivity properties of the obtained composites on the mass 

fraction of the fillers; 

- based on the results of experimental studies of the temperature 

dependence of the materials under consideration, to reveal the regularities of the 

relationship between the heat conductivity properties of composites and the 

degree of crystallinity of their matrix. 

Polymer micro- and nanocomposite materials based on polyethylene 

when filled with CNTs or aluminum microparticles were subject to 

consideration. These composites were produced using a method based on 

mixing components in the polymer melt using a special disk extruder [5]. 

The thermophysical properties of the investigated composite materials 

were determined taking into account standard methodological approaches. The 
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improved IT-λ-400 device was used to determine their heat conductivity, and the 

mass specific heat capacity was determined by the method of differential 

scanning calorimetry on a DSC-2 unit with modified software. 

In the course of research, the mass fraction of fillers ω varied from 0,3 to 

10%. Methods of obtaining and characteristics of fillers used are given in [9]. 

The crystallinity degree χ of the obtained composite materials was 

determined based on the experimental dependence of the composites heat 

capacity on the temperature according to the formula [7] 

     (1) 

The characteristic results of the performed studies are presented in fig. 1 – 

2 and in table. 1. 

Let us first consider the experimental data for polymer micro- and 

nanocomposites based on polyethylene. Fig. 1 illustrates the change in heat 

conductivity λ of the studied composites depending on the content of fillers. As 

can be seen, the values of heat conductivity coefficients of composites 

significantly depend on the mass fraction of the filler ω. With an increase in the 

filler content, an increase in λ values is observed. 

At the same time, in the entire analyzed range of changes in ω, the heat 

conductivity of the composites is higher when used as a CNT filler in 

comparison with the use of Al microparticles. Thus, the maximum achievable 

levels of λ (at ω=10%) are 45.4 W/(m×K) and 26.7 W/(m×K) when filling 

polyethylene with CNTs and Al, respectively. 
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Fig. 1. Dependence of λ=λ(ω) for micro- and nanocomposites based on polyethylene 

filled with various fillers: 1 - carbon nanotubes; 2 - aluminum microparticles 

 
Attention is drawn to the fact that the pattern of the change in the heat 

conductivity λ of the composites in different regions of the change in ω turns out 

to be different. As can be seen, three zones of change in ω can be distinguished, 

corresponding to different rates of increase in the coefficient of heat 

conductivity of composites. 

The first zone corresponds to the range of filler content change from 0 to 

2%. In this zone, the coefficient of heat conductivity of the analyzed composites 

does not undergo significant changes. It is important that this range contains the 

values of the first and second percolation thresholds (Table 1). Accordingly, 

after reaching these thresholds, there is a noticeable relative increase in heat 

conductivity of composites. However, in absolute terms, these changes are 

relatively small. 
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Table 1 

Values of percolation thresholds (%) for polymer micro- and 

nanocomposites based on polyethylene, filled with CNTs and aluminum 

particles 

 
The second zone of change in ω is characterized by a significant increase 

in the heat conductivity coefficient of composites, which indicates the intensive 

formation of percolation structures responsible for the heat conductivity 

properties of the materials under consideration. As for the boundaries of this 

zone, they are varied when using different fillers. Thus, in the case of filling 

polyethylene with CNTs, it covers the range of ω change from approximately 

2% to 3%, when it is filled with Al microparticles - from 2% to 4%. 

 
Fig. 2. Dependence χ=χ(ω) for micro- and nanocomposites based on polyethylene filled 

with CNTs (1) and aluminum microparticles (2) 

 
In the third zone (which corresponds to ω values of 3-10% when used as 

CNT filler, and 4-10% - Al microparticles), the growth rate of the heat 

conductivity of composites decreases sharply. This fact indicates that the further 

CNT Al 
Percolation threshold number 

1 2 1 2 
0.40 1.55 0.55 1.98 
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branching of percolation structures with increasing ω leads to less intensive 

formation of heat conductivity channels from filler particles. 

As can be seen from fig. 2, as ω increases, the degree of crystallinity c of 

the polymer matrix of the composite decreases. At the same time, this decrease 

turns out to be much more significant when polyethylene is filled with CNTs 

than with Al microparticles. Thus, in the first of these situations, when w 

increases from 0 to 10%, the degree of crystallinity of the matrix drops from 

74% to 63.2%, and in the second - only to 70.2%. 

As in the case of the dependence λ= λ(ω), the intensity of the decrease in 

the degree of crystallinity c is varied in different regions of the change in the 

mass fraction of the filler. Comparison of data in fig. 1 and fig. 2 shows that the 

above three zones of change in ω also correspond to different rates of decrease 

in the degree of crystallinity c. 

In the first zone, the increase in the content of filler significantly affects 

the degree of crystallinity of the polymer matrix of the composites. That is, here 

the degree of crystallinity is very sensitive to an increase in the mass fraction of 

the filler. Under these conditions, the filler particles are significant steric 

obstacles for the formation of crystalline structures in the polymer matrix. 

In the second zone of change in ω, the rate of decrease in the degree of 

crystallinity of the polymer matrix decreases significantly, remaining higher for 

the polymer filled with CNTs. 

The third zone is characterized by the fact that here the degree of 

crystallinity continues to decrease with an increase in the mass fraction of the 

filler, although the rate of this drop decreases somewhat. 

Therefore, the obtained data indicate the presence of a certain relationship 

between the heat conductive properties of the considered polymer micro- and 

nanocomposites and the degree of crystallinity of their polymer matrix. For the 

second and third of the considered zones of change in the mass fraction of the 

filler, this relationship can be expressed by the dependence. 
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           λ=а - b·χ                           (2) 

In the table 2 shows the values of the equation coefficients (2) for 

polyethylene-based composites. 

Table 2 

Values of the coefficients a and b in dependence (2) for micro- and 

nanocomposites based on polyethylene for different zones of change in the 

mass fraction of the filler ω 

The number of the 
change zone ω 

Coefficient Filler 

 CNT Al 
2 a 1357.7 837.24 
 б 19.47 11.43 

3 a 286.4 411.6 
 б 3.813 5.482 

 
The conducted studies showed the presence of a relationship between heat 

conductivity and the degree of crystallinity of a polymer matrix based on 

polyethylene when it is filled with carbon nanotubes and aluminum particles. 

 
Literature 

1. Фіалко Н.М., Дінжос Р.В., Навродська Р.О., Меранова Н.О., 

Шеренковський Ю.В. Закономірності кристалізації полімерних 

мікрокомпозиційних матеріалів при різних методах їх отримання. 

Промышленная теплотехника. 2018. №2. С. 5-11. 

2. Дінжос Р.В., Лисенков Е.А., Фіалко Н.М., Клепко В.В. Вплив методу 

введення наповнювача на теплофізичні властивості систем на основі 

термопластичних полімерів та вуглецевих нанотрубок. Фізика 

інженерії поверхні. 2014. Т.12. №4. С. 446-453. 

3. Фіалко Н.М., Дінжос Р.В., Прокопов В.Г., Шеренковський Ю.В., 

Меранова Н.О., Навродська Р.О. Теплофізичні властивості і 

структуроутворення полімерних мікро- і нанокомпозиційних 

матеріалів. Миколаїв: СПД Румянцева Г.В., 2020. 142 с. 



International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2022-10 

International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2022-10 

4. Фиалко Н.М., Динжос Р.В. Теплофизические основы создания 

полимерных микро- и нанокомпозитов для элементов энергетического 

оборудования. Промышленная теплотехника, 2015. №7. С. 172-176. 

5. Fialko N., Dinzhos R., Sherenkovskii Ju., Meranova N., Navrodska R., 

Izvorska D., Korzhyk V., Lazаrenko M., Koseva N. Establishing Patterns 

in the Effect of Temperature Regime when Manufacturing Nanocomposites 

on Their Heat-Conducting Properties. Eastern-European Journal of 

Enterprise Technologies. 2021. Vol. 4. № 5 (112). Р. 21–26. doi: 

https://doi.org/10.15587/1729-4061.2021.236915 

6. Фиалко Н.М., Динжос Р.В., Навродская Р.А. Полимерные микро- и 

нанокомпозиты как объекты теплофизических исследований для 

элементов теплоэнергетического оборудования. Промышленная 

теплотехника. 2017. №2. С. 36-45. 

7. Долинский А.А., Фиалко Н.М., Динжос Р.В., Навродская Р.А. Влияние 

методов получения полимерных микро- и нанокомпозитов на их 

теплофизические свойства. Промышленная теплотехника. 2015. № 4. С. 

5-12. 

8. Fialko N., Dinzhos R., Sherenkovskii Ju., Meranova N., Alоshko S., 
Izvorska D., Korzhyk V., Lazаrenko M., Mankus I., Nedbaievska L. 
Establishment of regularities of influence on the specific heat capacity 
and temperature conductivity of polymer nanocomposites of a complex of 
defining parameters. Eastern-European Journal of Enterprise 
Technologies. 2021. Vol. 6. №12 (114). Р. 34-39. doi: 
https://doi.org/10.15587/1729-4061.2021.245274 

9. Fialko N. M., Dinzhos R. V., Sherenkovskiy Yu. V., Meranova N. O., 
Navrodskaya R. O. Heat conductivity оf polymeric micro- аnd 
nanocomposites based оn polyethylene аt various methods оf their 
preparation. Industrial heat engineering. 2017. Vol. 39. № 4. P. 21-26. 
doi: https://doi.org/10.31472/ihe.4.2017.03 



International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2022-10 

International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2022-10 

10. Долинский А.А., Фиалко Н.М., Динжос Р.В., Навродская Р.А. 

Теплофизические характеристики высокотеплопроводных полимерных 

микро- и нанокомпозитов. Промышленная теплотехника. 2015. №5. С. 5-

15. 

11. Фіалко Н.М., Дінжос Р.В., Шеренковский Ю.В., Прокопов В.Г. 

Меранова Н.О., Навродська Р.О., Юрчук В.Л., Іваненко Г.В. 

Особливості процесу структуроутворення нанокомпозитів на основі 

поліетилену за його наповнення вуглецевими нанотрубками. 

Науковий вісник НЛТУ України. 2018. Т. 28, №6. С. 74-81. 

12. Fialko N., Dinzhos R., Navrodska R., Prokopov V., Sherenkovsky Yu., 

Meranova N. Thermalphysical properties of polymer micro- and 

nanocomposites. International journal for science, technics and innovations 

for the industry. International scientific journal «Machines. Technologies. 

Materials». Publisher: Scienticic technical union of mechanical 

engineering. “Industry 4.0”, Sofia, Bulgaria, year XII. Issue 4/2018. P. 185-

188. 

13. Фиалко Н.М., Динжос Р.В., Меранова Н.О., Шеренковский Ю.В. 

Зависимость теплоемкости нанокомпозита на основе полипропилена 

от времени смешения компонентов. 10th International scientific and 

practical conference “Innovations and prospects of world science” (May 

25-27, 2022) Perfect Publishing, Vancouver, Canada. 2022. Р. 298-304. 

14. Фиалко Н.М., Динжос Р.В., Шеренковский Ю.В., Меранова Н.О. 

Влияние длительности процесса смешения компонентов в расплаве 

полимера на теплопроводность нанокомпозитов. 12th International 

scientific and practical conference “Modern directions of scientific research 

development” (May 18-20, 2022), Chicago, USA. 2022. Р. 251-257. 

15.  Sobchuk A.O., Lazarenko M.M., Yablochkova K.S., Dinzhos R.V., Fialko 

N.M., Lazarenko M.V., Andrusenko D.A., Gryn S.V., Brytan A.V., A.M. 

Effects of molecular structure on the dielectric relaxation of substituted 



International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2022-10 

International Scientific Journal “Internauka” https://doi.org/10.25313/2520-2057-2022-10 

cellulose derivatives Molecular Crystals and Liquid Crystals. V. 2022. № 

5. doi: https://doi.org/10.1080/15421406.2022.2073535 


