
 

Journal of Nature, Science & Technology 4 (2021) 6-10 

 

 

 

www.acapublishing.com 
 

*Corresponding Author:  
abdusalom@inbox.ru 
(A.V.Umarov Orcid: 0000-0003-2408-3624) 

Received 29 March 2021 Revised 04 June 2021 Accepted 04 June 2021 
Journal of Nature, Science & Technology 4 (2021) 6-10 
2757-7783 © 2019 ACA Publishing. All rights reserved. 

  https://doi.org/10.36937/janset.2021.004.002 

   6 

 
 

Research Article 

Study of Thermal Properties of Metal-Filled Nanocompositions Based on 
Polyethylene 

A.V. Umarov*,1, X.E. Khamzayev2 
1Tashkent State Transport University, Tashkent, Uzbekistan 
2Jizzakh State Pedagogical University, Uzbekistan 

Keywords   Abstract 
Polyethylene, Nanocomposites,  
Metal sulfides,  
X-ray phase analysis, 
Thermophysical properties, 
Structure. 
 

 The production of metal-containing nanoparticles is one of the important problems of 
modern science related to the creation of nanomaterials. Nanocomposites based on polymer 
matrices and uniformly distributed nanoparticles (quantum dots) isolated from each other 
in them have unique photoluminescent properties; in addition, polymer matrices are 
convenient stabilizers of nanoparticle growth and have good mechanical properties. Of the 
nanoparticles of semiconducting materials, metal chalcogenides (CdS, Cu) are of the greatest 
interest. In the chemical synthesis of metal sulfides in a polymer medium, H2S or a 
compound containing active sulfur can act as a sulfiding agent. Samples of nanocomposites 
based on semiconductor sulfides and polyethylene have been synthesized. The composition, 
structure and structure of nanoparticles were studied by X-ray phase analysis and 
spectroscopy. Investigated from thermophysical properties.  From studies of the 
temperature dependence of the heat capacity of the compositions, LDPE and CdS 
compositions, It can be seen that there is a peak on the curve in the temperature range of 
100-2250K, which almost degenerates with an increase in the concentration of the filler. 
Measurements of the temperature dependence of thermal conductivity and heat capacity 
revealed the presence of reversible structural rearrangements in polymer composites with 
metal oxide fillers. Moreover, various methods, within the limits of errors, fix a constant 
transition temperature of electrical conductivity, thermal conductivity and heat capacity, 
which speaks in favor of the fact that the basis of all detected anomalies is a single 
mechanism, i.e. structural rearrangement of defect states of polymer composites. 

1. Introduction 

There are many scientific articles devoted to nanomaterials, their 
thermal properties, but many of them are devoted to the study of 
nanotubes, and materials based on them [1-6]. 

The authors report [7] on synthesis and thermal properties of the 
electrically-conductive thermal interface materials with the hybrid 
graphene-metal particle fillers. The thermal conductivity of resulting 
composites was increased by ~500% in a temperature range from 300 
K to 400 K at a small graphene loading fraction of 5-vol.-%. The 
unusually strong enhancement of thermal properties was attributed 
to the high intrinsic thermal conductivity of graphene, strong 
graphene coupling to matrix materials and the large range of the 
length-scale - from nanometers to micrometers - of the graphene and 
silver particle fillers. The obtained results are important for thermal 
management of advanced electronics and optoelectronics. 

In [8] owing to their extraordinarily high thermal conductivities, 
carbon nanotubes (CNTs) are promising for use in advanced thermal 
interface materials (TIMs). While there has been much previous 
research on carbon nanotube thermal properties, there are little data 
for aligned films of single wall nanotubes. This paper measures the 
thermal interface resistances of metal-coated vertically-aligned 
single wall CNT (SWNT) arrays using a nanosecond pump/probe 
thermoreflectance technique. The data capture the vertical variation 
of CNT thermal properties including their interface resistances. The 
data show that the total thermal resistance TIM of the CNT-metal 
interface greatly reduces the effective vertical thermal conductivity. 
An approximate model shows that the evaporated metal film contacts 
only a small fraction of the CNTs. Based on the model's conclusions, 
the individual conductivity of the CNT-metal contact is not bad. 

Increasing the number of CNT-substrate contacts is a very promising 
approach for improving the thermal performance of CNT-based 
interface materials. 

The production of colloidal nanoparticles has more than a century of 
history. In the literature, you can find examples of the synthesis of 
such particles dating back to the end of the 19th century. In order to 
obtain colloidal particles with a narrow size distribution, it is 
necessary to stabilize the nanocluster surface and thereby prevent its 
uncontrolled growth. Therefore, the reactions used to produce 
colloidal nanoparticles are called controlled deposition reactions. 
Controlled settling reactions result in dilute suspensions of quasi-
monodisperse particles. This synthesis method usually involves the 
use of a seed of several very small particles for the subsequent growth 
of larger particles. Bruce and colleagues described a method for the 
synthesis of CdS nanoparticles based on controlled nucleation of CdS 
in a mixture of dilute aqueous solutions of CdSO4 and (NH4) 2S. The 
stability of the resulting crystallites is ensured by the following 
dynamic equilibrium: Small crystallites are less stable than large ones 
and tend to decompose into corresponding ions. In turn, the ions 
recrystallize into larger and more thermodynamically stable 
crystallites (Ostwald ripening). The use of acetonitrile as a solvent or 
the addition of styrene / maleic anhydride copolymer to the reaction 
mixture makes it possible to obtain stable CdS particles with an 
average size of 34 and 43 A. A more general approach for obtaining 
colloidal particles is the use of polymeric surface-active stabilizers, 
which are used to precipitate the material. The polymer is attached, 
usually electrostatically, to the surface of the growing cluster, thereby 
preventing its further growth. Another fairly simple method uses the 
so-called "capping" agents, ie. "Coating" or enveloping agents 
gradually added to the colloidal solution of growing clusters. These 
capping agents, as a rule, are anionic, interrupt the growth of a cluster 
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by covalently binding to its surface [9]. The most common capping 
agents are thiolates, and the method itself is very promising for the 
preparation of monodisperse clusters. This approach can be 
considered as an analogue of organic polymerization reactions (stages 
of initiation, growth, and chain termination). At the first stage, mixing 
of sulfide ions with cadmium ions initiates the formation of a CdS 
cluster. Then, similar to the stage of growth of the polymer chain, the 
growth of the cluster occurs, supported by the addition of sulfide ions 
and cadmium ions to the reaction mixture. Cluster growth is limited 
by a capping agent, in this case, thiophenolate ions, which envelop the 
growing cluster by binding to its surface. The average cluster size can 
be controlled by adjusting the ratio of sulfide and thiophenolate ions 
in solution. It was also found that thiophenolate-coated CdS clusters 
can continue to grow if excess sulfide ions are added. This property is 
widely used to obtain clusters narrowly distributed in size [10].  

When thiourea is used as a sulfiding agent, its ability to form 
coordination compounds with transition metals, which decompose to 
sulfides of the corresponding metals under thermal action [11]. The 
interaction of a metal salt with a sulfiding agent (thiourea) begins 
already in solution, and the coordination of Cd-S in the complex 
compound is achieved, which ensures the introduction of a sulfur 
atom into the immediate environment of metal atoms [12, 13].  

 

2. Testing process 

2.1. Test specimens and properties 

In this work, we used the method of high-speed thermal 
decomposition of metal-containing compounds in a thermoplastic 
polymer medium. 

The synthesis of samples containing CdS or Cu nanoparticles in the 
bulk of high pressure polyethylene (LDPE) was carried out according 
to the procedure described in [14, 15]. Thiourea solutions and acetates 
of the corresponding metals were used as starting compounds [16]. 
Samples of nanocomposites were obtained in the form of powders: 
yellow with a CdS or Cu content of 10% [17, 18]. The synthesized 
nanocomposites possess the mechanical properties of a polymer 
matrix, which makes it possible to impart various shapes to samples 
for their further study, for example, to tablet or use in the form of a 
film. 

The morphology of the supramolecular structure of the 
nanocomposites and its elemental composition were studied using a 
scanning electron microscope (SEM) EVO MA 10 (CarleZeiss, Germany) 
equipped with an INCA Energy microanalytical system for energy 
dispersive X-ray (EDX) microanalysis (Oxford Instruments, UK), which 
makes it possible to detect all chemical elements starting with boron. 

To study the phase composition of the obtained material, the method 
of X-ray phase analysis was used. The samples were investigated on 
a powder wave of copper radiation - λ(Kα1) = 1.54060 Å, λ (Kα2) = 
1.54443 Å, λ (Kβ1) = 1.39225 Å. The survey was carried out at 2θ angles 
from 5.0038 to 84.9928 deg. with a measurement step of –0.0130 [° 2θ] 
and a measurement time of 97.9200 sec / step. The phases were 
identified using the Xpert Highscore Plus software. 

Currently, in the field of materials development, composite materials 
with nanostructured morphology of individual elements are of great 
interest. Nanoscale dispersed systems play an important role in the 
development of methods for creating nanomaterials. Due to their 
unique properties, ultradispersed media based on metal polymers are 
widely used in radio and optoelectronics. The unique properties of 
nanosized dispersed systems are associated with the peculiarities of 
the individual nanoparticles included in them and their collective 
behavior in the ensemble, and the commensurability of the sizes of 
nanoparticles with the correlation scale of some physical process 
realizes in it, in turn, various size effects. Small particles are 
characterized by nano-sizes of structural morphological elements, 
and nano-sized systems occupy intermediate positions between 
atoms (clusters) and massive metals. 

Nanocrystalline metals have remarkable mechanical properties such 
as high strength and hardness. On the other hand, due to their high 
inner boundary region and hence high interfacial energy, they are 
susceptible to "grain" growth under thermal and / or mechanical 
stress, which degrades their excellent properties. Usually, impurities 
of elements with small atomic dimensions (for example, C, S, P), which 
are separated into boundaries by a block and reduce their mobility or 
driving force, are used to stabilize the structure of nanosized grains. 
However, these elements usually reduce the strength of the boundary, 
especially at higher temperatures. 

Metallic nanocomposites composed of immiscible metals such as Cu 
and Co can overcome these problems [19, 20]. Since conventional 
synthetic routes cannot produce these composites, new techniques 
are needed, including mechanical alloying and electrochemical 
deposition. Here, supersaturated solid solutions can be obtained in a 
wide range of concentrations. Subsequent annealing procedures can 
be used to decompose the solid solution, for example, by spinodal 
decomposition and the preparation of a metal nanocomposite. Due to 
the immiscibility of the elements and the generally poor 
interdiffusion, these structures are very stable, both mechanically 
and thermally. In metal-polymer nanocomposites, with a decrease in 
the size of polymer and metal particles, practically all physical and 
chemical properties of both the initial components and the composite 
as a whole change significantly. In this case, the fraction of the 
interfacial component increases, which makes it possible to influence 
the electrophysical, physicomechanical, and chemical parameters of 
the material and, consequently, the creation of new materials with the 
desired functional characteristics [21, 22]. According to their 
functional purpose, composites are conventionally divided into 
structural, insulating, magnetodielectric; a separate class of materials 
for ensuring electromagnetic compatibility should be distinguished - 
radio-transparent, radio-absorbing and shielding. Due to the 
combination of their properties, composite materials based on metal-
containing nanoparticles in a polymer matrix are promising for use 
in problems of electromagnetic compatibility, noise protection, radio 
masking, and protection of biological objects from electromagnetic 
radiation. 

However, despite the large number of works in the field of creating 
polymer nanocomposite materials, the peculiarities of the 
technological conditions for obtaining their structure and properties 
have not been sufficiently studied, which necessitates a 
comprehensive study of the relationship between the type and nature 
of components, the nature of interphase interactions, reaction modes, 
mechanical and functional properties of the materials obtained. To 
create nanomaterials with specified characteristics, it is necessary to 
establish a connection between the methods and conditions for the 
synthesis of these objects and their properties. When using most 
technologies, nanoparticles with a complex structure are formed, 
which often cannot be determined using any one type of standard (for 
example, X-ray phase) analysis. To solve such a problem, it is 
necessary to carry out a study using various methods that make it 
possible to compare information on the local and bulk properties of 
the nanostructure. 

Figure 1 shows the electron microscopic morphology and energy 
dispersive X-ray spectrum of a copper-containing and cadmium-
containing nanocomposite obtained on the basis of LDPE + 20 wt. % 
CdS.  

From Fig. 1 (a), one can see the formation of dispersed particles of 
micron sizes. However, the finer nanoscale particles are difficult to 
see in SEM images. 

There is information in the literature that the combination of 
components of different chemical nature can lead to the formation of 
a material with improved characteristics compared to individual 
components. The authors of [23] note that the appearance of finely 
dispersed chemically active particles of free metal have a stabilizing 
effect on the system. Due to the active centers that have arisen on the 
surface of colloidal copper particles at the time of their formation, 
chemisorption bonds arise between the surface of metal particles and 
polymer macromolecules. This leads to the formation of a strong 
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network structure of metal particles and polymer molecules. In this 
case, metal particles occupy natural voids in the polymer matrix 
without destroying the macrostructure of the polymer. 
 

 

Figure 1. Electron microscopic morphology (a) and (b) energy 
dispersive X-ray spectrum of cadmium-containing nanocomposite 

At the same time, it is known from the literature that, in cases where 
metal particles 5–20 µm in size were introduced into the polymer, the 
thermal resistance of the polymer decreased, and the more so, the 
higher the percentage of introduced metal was [23]. 

 

Figure 2 Maps of the distribution of the main elements in the 
cadmium-containing nanocomposite 

 

It should be noted that particles of copper and cadmium in 
nanocomposites are distributed almost uniformly throughout the 
entire volume without the formation of large agglomerates or crystals 
(Fig. 2). Copper particles are well separated and almost uniform in size. 
More detailed information on morphology can be found in [17]. 

It is known that in the area of defrosting of the molecular mobility of 
individual elements of the dynamic structure of polymer 
compositions, the temperature coefficient of the studied 
characteristics - heat capacity and thermal conductivity - changes, 
which is expressed as jumps on the temperature dependence curve. 
Specific heat and thermal conductivity are, to varying degrees, 
sensitive to defrosting of the thermal motion of structural elements. 
Heat capacity is the most sensitive to changes in the intensity of 
molecular motion. In the investigated temperature range of 273–3730 
K, a linear increase in the temperature dependence is observed for all 
the obtained compositions (Fig. 3). In the range of 100 - 4500 K for 
polymer compositions, λ-shaped peaks are superimposed on the 
linear course of the dependence. Note that filling the initial 
polyethylene compounds with various concentrations of metal 
nanoparticles, leading to an increase in electrical conductivity by 5 
orders of magnitude, and has a significant effect on the absolute 
values of heat capacity. In the temperature range, the dependence can 
be represented by the equation: 
 

bTaC 1p +=                                    (1) 

Parameters "a1" and "b" for all studied polymers are close in absolute 

values. The observed linearity in the temperature range 173 - 4730 K, 

with the exception of 200 and 4250 K, cannot be the result of a random 

superposition of optical and acoustic vibrational modes. This behavior 

is more likely a regularity associated with the structural features of 

polymer composites, namely, the presence of a strong interaction 

along the polymer chain due to internal chemical bonds and only 

weak van der Waals interaction between adjacent chains, as well as 

the formation of cluster compounds of metal oxide inclusions. 

Taking into account the quasi-one-dimensional structure of polymer 

chains and intermolecular interaction in the nearest-neighbor 

approximation, the low-temperature heat capacity of polymer 

composites can be described within the framework of the Stockmeyer-

Hecht model. In accordance with this model in the temperature range 

100 - 200 0K. 

2/1
211a, TaTaC +≈ν                             (2) 

at  

 
𝜂𝜂�

4𝐿𝐿𝑦𝑦
𝑀𝑀 � 1/2

𝐾𝐾𝑏𝑏
 ≤ T ≤ 

𝜂𝜂�
16𝛿𝛿𝑦𝑦
𝑀𝑀 � 1/2

𝐾𝐾𝑏𝑏
 

The proportionality coefficients ia  in these equations are 

determined by the interaction constants; yL - force constants of 

interactions of the nearest links for neighboring chains, δ - force 
constants for deformation of bond angles of a chain, M - mass of a 
molecule. 

To compare the results of the experiment with the theory, it is 

necessary to go from  pC   to vC  ..Let's use the well-known 

thermodynamic relationship: 

where Т - temperature,  V  - molar volume,  Tβ - coefficient of 

volumetric expansion and  TK - isothermal compressibility, the 

values of which are equal to: 

TK
=10-10 M2N-1  ; Tβ  = 2∙10-4 K-1;  V=1.032∙10-5 M3 ρ=1162 kg∙M-3 

Since the difference usually grows with temperature, we will make an 

estimate at T = 3000 K. The maximum possible difference for a given 

temperature range is J / K. Obviously, such a difference can be 

neglected when analyzing the results. 
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Figure 3. Temperature dependence of the heat capacity of LDPE and 
LDPE + CdS composition, at: 1 - 100% LDPE, 2 - 0.003; 3 - 0.15; 4 - 0.2; 

5 - 0.3 vol. D. CdS 
 

In fig. 3 shows LDPE and CdS compositions, respectively. It can be seen 
from the figure that there is a peak on the curve in the temperature 
range of 100-2250K, which almost degenerates with an increase in 
the concentration of the filler. The decrease in the peak depending on 
the degree of filling can be explained by the fact that with an increase 
in the degree of filling with oxides, the crystallinity of the polymer 
composition increases several times, which increases the probability 
of interaction between molecular chains and metal oxide particles. If 
we take into account that the composite with metal sulfide is more 
crystalline in comparison with the polymer, then the shift of the peak 
to a higher temperature region is naturally associated with the 
ordering of the structure of the polymer composition. 
Thus, measurements of the temperature dependence of thermal 
conductivity and heat capacity revealed the presence of reversible 
structural rearrangements in polymer composites with metal oxide 
fillers. Moreover, various methods, within the limits of errors, fix a 
constant transition temperature of electrical conductivity, thermal 
conductivity and heat capacity, which speaks in favor of the fact that 
the basis of all detected anomalies is a single mechanism, i.e. 
structural rearrangement of defect states of polymer composites. It 
was found that the transition temperature depends on the degree of 
filling and crystallinity of the samples. 
 

3. Conclusion 
 

 The size of filler nanoparticles, their features, structure and 
concentration, the effect of the physicochemical properties of 
composite materials based on polyethylene have been 
determined. 

 The structure, energy dispersion and morphology of the 
constituent elements of nanocomposite molecules based on 
sulfide and metal nanoparticles have been revealed. 

 The formation of the structure and properties of polymer 
nanocomposites has been substantiated in connection with the 
phase composition of nanofillers and the production technology 
of polymer composite material. 

 The influence of the nature and composition of nanoparticles on 
the thermophysical properties of nanocomposites has been 
studied. 

 Studies have shown that the effect of metals on the structure of 
a polymer composite, depending on the technology, that is, on 
the temperature-time regime, can be different. 

 The studies carried out on the thermophysical properties of the 
filler (,) at different% fillings show that, in the presence of less 
than in the initial PE, a homogeneous spherulite structure is 
formed, which means that it is an effective nucleus for the 
formation of the particle structure. If present, an uneven 
structure with a defect is formed, consisting of spherulites in the 
form of a needle. 
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