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Abstract. The paper considers the formation of composites based on 
mixtures of powders of highly dispersed polyethylene, polystyrene, natural 
silk and wool, cellulose, which have good physical and mechanical 
properties and are suitable for using materials with desired properties. The 
paper also provides information about composites, the principles of 
creating polymer composite materials. The main technological methods for 
obtaining composite materials and methods for molding products based on 
them are given. It contains data on the features of the structure and 
properties of the obtained polymer composites: particulate-filled, fiber-
reinforced, polymer mixtures. The study's findings also show that the 
creation of new technological procedures will enable the optimization of 
waste's resource potential, the reduction of waste sent for disposal to lessen 
waste's detrimental effects on the environment, and the expansion of the 
range of materials available for use in household, technical, and special 
applications. The parameters of the greatest technologies currently in use 
are suggested, together with technological, technical, and administrative 
solutions for waste processing. 

1 Introduction 
In the majority of nations on earth, energy policy places a high focus on energy 

efficiency and conservation. The first causes of this are the depletion of non-renewable fuel 
and energy supplies, the absence of viable substitutes, the hazards involved in their 
production and delivery, and the high expense of doing so. Due to the general instability in 
the fuel and energy resource-producing regions, the tension in the fuel and resource 
markets, and the unfavorable predictions for additional increases in energy costs, these 
factors have recently taken on greater significance. The industrialized nations of the globe, 
who have already made great progress in finding solutions to energy-related issues, are still 
looking for new energy sources and creating energy-saving strategies. The globe is 
currently working to find new solutions to the energy carrier problem. These solutions are 
based on three main principles: increasing energy production at the expense of renewable 
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sources; developing energy conservation; and improving technological processes in terms 
of energy intensity of production. The percentage of energy produced from renewable 
sources is rising in economically developed nations. One of the key markers of the 
country's progress in science, the economy, and sociocultural development is its efficient 
use of energy [1-2].  

The development of a new class of highly efficient materials that satisfies the 
contemporary standards of scientific and technical advancement is crucial to the resolution 
of several practically significant challenges. They specifically consist of polymer composite 
materials with special mechanical and physical characteristics. To obtain composite 
materials with high-performance attributes, new high-performance technological techniques 
for processing polymers must be developed in addition to existing ones. A significant rise 
in processing equipment productivity, a decrease in labor intensity in product 
manufacturing, and an improvement in product quality are all linked to further 
advancements in the plastics processing industry [3–4].  

Polymeric material processing encompasses a range of technological techniques, 
procedures, and systems that guarantee the creation of diverse products with predetermined 
performance attributes. The role of polymer-polymer mixes in complex composite 
polymeric materials is growing. It is feasible to enhance the characteristics of the individual 
polymers through the development of such combinations. Without the application of new, 
sophisticated processing techniques, such as different forms of polymer processing into 
powder materials, it is impossible to complete the duties assigned [5–6].  

In this sense, the production of powder polymeric materials and the use of powders of 
different fibrous materials with varying particle sizes in the creation of composites are 
highly promising because:  

- firstly, a high degree of homogenization of the mixture of components facilitates the 
technological process of their further processing;  

- secondly, the high dispersion of the particles makes it possible to ensure their uniform 
distribution in the matrix, thereby resulting in improved physical and mechanical 
properties; 

-thirdly, one method of resolving the polymer processing issue is to obtain powders 
from polymer waste; this is highly significant from environmental preservation and a 
reduction in the usage of primary polymers perspective [7-8].  

In addition to the scientific and technical problems associated with the implementation 
of these developments, there is a problem of controlling the chemical and physical 
structuring of materials in these processes. Of great interest is the study of the influence on 
the structure of melts and products of high pressures and pulsed effects in the formation 
processes. 

The recycling process begins with the formulation of a composition in which the 
polymer is only one of the components. Technical issues with the mixture's dispersion, 
mixing, and homogenization call for a scientific examination and description of these 
processes. These issues include the destruction process, which aims to minimize energy 
expenditures in the dispersion and mixing stages while producing finely dispersed powders 
with a specific particle size distribution and shape and requiring little modification to their 
chemical structure; the mixing process, which requires consideration of the various 
(chemical and physical) interactions of different components, such as those that occur at the 
boundary of the filler particles - the polymer medium, the components' mutual solubility, 
etc.; the impact of external impacts' kind and strength on the composition's structural 
features, the way particles are distributed within the polymer matrix, the development of 
mechanochemical reactions, and other aspects of mixing [9–10].  

One of the chemical industry's most pressing challenges is to increase worker 
productivity and save energy when converting polymers into goods. In this sense, energy-

saving systems should be used extensively in the management of processing equipment in 
the future. This creates issues with technological process optimization, the resolution of 
which can only come from the application of cutting-edge automated control technology 
founded in the physical and chemical laws governing the relationship between the qualities 
of the final products and the structure of polymers. 

Generally speaking, in technologies based on fine powders, neither the original polymer 
material—which is typically produced in the form of granules—nor the recycled polymer 
may be used directly. To grind polymer waste, a wide variety of equipment types have been 
created. There are currently two recognized commercial processes for producing powders: 
precipitation from solutions and mechanical grinding, which can be used at room 
temperature or a higher temperature depending on the type of polymer [11–12]. 

The two physical principles that underpin almost all mechanical methods of obtaining 
powder materials are impact and cutting. Impact occurs in balls, hammers, jet-
vibrating mills-dispersants, etc., and leads to destruction (for sufficiently hard and brittle 
materials) or cutting (for relatively soft and plastic bodies) [13–14]. 

Numerous types of machinery have been created to mechanically grind waste polymers. 
The physical state of the polymer (elastic, viscous-elastic, highly elastic) under grinding 
conditions, the type of waste polymer, their size and quantity, the necessary degree of 
grinding, and the final size of the crushed material are the main considerations when 
selecting one type over another. When it is necessary to shred very large garbage, the waste 
is first cut into smaller pieces using band saws and circular saws so that they may be 
shredded using regular equipment. Pre-compaction of the waste is frequently required to 
boost the productivity of the grinding step, particularly for wastes with low bulk densities 
(foam waste, film trimmings, etc.). 

Usually, disk seals are utilized for this. One prevalent drawback of the technical 
grinding processes currently in use is their high energy consumption, low efficiency, 
bulkiness, bad product quality, and high noise level. Furthermore, the energy required for 
the creation of a new surface represents a negligible portion of the overall labor required for 
destruction when utilizing conventional technologies to grind polymer waste. The work 
involving elastic and plastic deformation makes up the majority of the project. The elastic 
energy is entirely converted to heat during unloading as a result of destruction [15–16]. 

The method of elastic-deformation grinding of polymers, which was developed at the 
end of the 20th century, allows for the high-temperature grinding of secondary polymers 
under the shear deformation of thermoplastics and their mixtures. This allows for the 
production of fine powders, including low-density polyethylene (LDPE), one of the largest-
tonnage polymers. at the temperature range close to crystallization, or the phase transition 
[17–18].  

The fundamental principle of this grinding technique is the application of mechanical 
forces, wherein the medium is subjected to shear [19–20]. All that remains in the procedure 
is "pumping" the elastic energy that the material has stored under extreme pressure. New 
surface development consumes energy during shear deformation. Extruders that include a 
material cylinder with a rotating screw-threaded screw inside that feeds material into a 
specialized rotary head at the end of the machine are a simple way to grind material. This is 
why the procedure is also known as extrusion grinding. By adjusting the temperature 
regime and the size of the gap between the grinding rotor and the cylinder, the approach 
allows for the variation of the average size of the resultant powder [20–23]. 

Low-density polyethylene (LDPE), high-density polyethylene (HDPE), polystyrene 
(PS), and fibrous waste of natural fibers (natural silk, wool, kenaf, cellulose) were used as 
promising constituents of the produced composite materials. -based on them, the 
mechanical and chemical properties of the resulting materials. The selection of components 
in this instance is the result of several factors. Firstly, polyethylene and polystyrene have 
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long held prominent positions as industry-standard materials. Second, the features of the 
physicochemical structure, structure, and properties of these natural polymers determine the 
use of waste natural fiber in a composite material, which also creates a wealth of 
opportunities for resolving the material's recycling issues. These properties make them 
highly sought-after and lead to faster production growth dynamics than many materials 
with similar technical characteristics. 

2 Experimental research 
We used bits of natural fibers (silk, wool, and cellulose) and the matching secondary 

polymers, as well as virgin LDPE grades 16803-020, 10803-020, 15303-003, and 15803-
020; HDPE brand 20906-040; and PS brand "D". 

There were two methods used to obtain the first powders. The first technique involves 
mechanically combining different pre-made thermoplastic fibers and powders. The second 
technique is predicated on the high-temperature shear co-grinding of LDPE, HDPE, PS, and 
fibrous material granules in a specific component ratio. - grinding deformation. Depending 
on the materials to be ground, the temperature in the compression, plasticization, and 
grinding zones varied from 140 to 40°C. 

A metallographic microscope MIM-8, which allows for the taking of micrographs of the 
items under examination at a magnification of up to 103, and a polarizing microscope 
MIM-15 in polarized light, as well as in transmitted and reflected light, were used for 
optical studies of the samples. A "5M-35C" electron scanning microscope from the 
Japanese business "Jeol" was used to examine the samples under an electron microscope. 
The electron microscope's magnification levels ranged from 100 to 5000. 

 

 

Fig.1. General scheme of the rotary type grinding plant 

To implement the elastic-deformation grinding of various polymeric and fibrous 
materials, specialized single-flow rotary-type grinding plants were used, which differ from 
each other in the number of working rotors, productivity, and those functional features that 
provide the possibility of processing and grinding any specific fibrous material. 

In Fig.1. presents a rotary type plant designed for grinding thermoplastic fibrous 
materials, which is a relatively small unit, which can be rigidly and hermetically attached to 
the outlet of a conventional extruder or continuous mixer. 

3 Research results 
It should be highlighted that in this procedure, powder materials may be obtained by 

elastic-deformation grinding for each of the four polymer samples that were the subject of 

the study: primary LDPE, HDPE, PS, and their mixtures; secondary LDPE, HDPE, PS, and 
also their mixtures with fibrous materials. Their dispersity, however, varied greatly from 
one another. 

Let's have a look at the composition achieved by grinding mixes and the structure and 
morphology of powder particles formed during the grinding process. In contrast to PS and 
HDPE, all investigated combinations of PS/LDPE and HDPE/LDPE, as well as their blends 
with natural fibers, produced relatively small-particle powders when they were treated in a 
rotary disperser. In every instance where they contained LDPE, this formed. 

With very high loads on the disperser rotor shaft and correspondingly high energy costs, 
it was possible to obtain a loose, felt-like material from HDPE, consisting of short fibers 
intertwined and partially connected, and from PS - very coarse powders containing a large 
number of particles with a size of the order of 0.5-1.5 mm. This mode of operation 
maintained the temperature in the compression and plasticization zones at 140 and 120 °C 
and, respectively, in the dispersion zone up to 40 °C. In the latter instance, the production 
of such huge particles appears to result from sticking, which presses the produced particles 
into larger agglomerates, in addition to PS being ground in a rotating disperser. 

Depending on the amount of LDPE in various combinations, the values of the specific 
energy consumption for the manufacturing of powders from LDPE/PS, LDPE/HDPE, and 
LDPE/fibers mixtures are shown in Fig. 2. Notably, compared to other mixes, the specific 
energy required to grind the LDPE/HDPE mixture increases more sharply (curve 1) as the 
LDPE concentration decreases. 

 

 

Fig. 2. Dependence of specific energy consumption for grinding mixtures. 

The average particle size of powder materials derived from PS/LDPE and HDPE/LDPE 
blends across a broad range of compositions is displayed in Table 1. The data in Table 1 
show that the average particle size of the powder components steadily increases as the 
amount of LDPE in the combination decreases. When the percentage of LDPE in mixtures 
falls below thirty weight percent, this trend becomes more noticeable. The latter is most 
likely caused by the fact that HDPE and PS, respectively, form the continuous phase in 
combinations of HDPE/LDPE and PS/LDPE at low LDPE concentration. 
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Table 1. Change in the average particle size of powders obtained from mixtures of LDPE / PS, LDPE 
/ HDPE, LDPE / fiber, depending on the mass fraction of LDPE. 

The content 
of LDPE in a 

mixture of 
masses. %. 

Average powder 
size, µm in 

LDPE/PS mixture 

Average particle size 
of powders, microns 

in LDPE/HDPE blend 

Average particle 
size of powders, 

microns in 
LDPE/fiber blend 

90 30 35 90 
70 45 55 150 
50 55 60 250 
30 65 95 550 
10 110 210 700 

 

Data on the fractional composition of the powders of these combinations also 
corroborate this hypothesis. Keep in mind that powder materials made from mixes of 
HDPE and LDPE have a high porosity. The findings of investigations into the particular 
surface area of the powders obtained further support this view. Table 2 displays comparable 
metrics that describe the powder material derived from PS/LDPE blends. 

Table 2. Measurement values of the surface and roughness of the powder mixture 

Composition of the 
mixture 

PS/LDPE 

Specific surface are 
(m2/g) 

Roughness 
(µm) 

95:5 0,78 24,65 
90:10 0,82 15,29 
70:30 0,94 10,47 
50:50 1,05 9,38 
30:70 1,11 7,95 
10:90 1,16 5,46 

 
An attempt was also made to evaluate the role of the effect of pressure and shear 

deformation on the degree of homogenization of mixtures during the preparation of 
powders from them. for this, the following objects of study were chosen: the initial mixture 
of ps/ldpe (30:70) obtained in a mixer of the "banbury" type and powder material obtained 
by grinding the specified mixture in a rotary disperser. 

Preliminary microscopic examination of microtome sections of film samples treated 
with a dye solution that selectively stains only ps showed that the section is stained 
differently depending on the prehistory of the samples. 

 
 
 

 

  
a) b) 

Fig. 3. Micrograph of a section of films obtained at a pressing temperature of 130°С. a - the initial 
mixture of PS/(HDPE), (30:70) wt.%; b-powder PS/(HDPE), (30:70) wt.%. 

On the example of film samples made by pressing at 130°c from initial mixtures and 
powders obtained on their basis, it was found that the cut is colored much more uniformly, 
in samples prepared from powders (fig. 3.) indicating that the thus obtained mixtures in 
terms of the uniformity of ps distribution in the ldpe matrix are significantly superior to 
mixtures obtained in an industrial mixer of the "banbury" type. 

4 Conclusion 
It was able to explain the powder formation hypothesis based on the conducted studies, 

which involved melting heterogeneous mixtures. One of the rare polymers that readily 
powders when chilled and subjected to volumetric shear is LDPE. Many different polymers 
have been shown to form powder more readily when mixed with LDPE and exposed to 
shear deformation during the LDPE melt's crystallization. In the case of fibers and many 
other polymers, when powdered under these conditions, the powder particles are their 
mixture of small particles. In the case of PP, the situation changes. PP is hardly crushed 
under the conditions of elastic-deformation grinding, forming relatively large particles with 
a size of tens of micrometers. LDPE forms 10 µm particles under our experimental 
conditions. In this case, LDPE, introducing additional heterogeneity into the system, 
contributes to the grinding of polypropylene. In this case, discontinuities in the crystallizing 
melt apparently occur in the polyethylene matrix, which appears on the surface of the 
polymer microparticles. 

The conclusion drawn from determining the average particle size of the powders is that 
the kind of polymer that forms the continuous phase in PS/LDPE determines the quality of 
the powders that are formed. These results are consistent with the findings of electron 
microscopic research. mixes of HDPE and LDPE. Information on the fractional 
composition of powders made from mixes of these substances also influences this 
interpretation. 

Therefore, co-processing virgin LDPE and PS with recycled LDPE and HDPE, as well 
as their mixtures from recycled LDPE and HDPE, as well as their mixture with fibrous 
materials, into The fiber is distributed extremely uniformly throughout the volume of the 
final powder product thanks to the rotating disperser, which also significantly alters the 
average particle size. The composition of the mixtures and, to a much lesser extent, the 
degree of inhomogeneity of the starting mixture have a substantial impact on the specific 
energy consumption for powder production and the average particle size of the final powder 
material. 

6

BIO Web of Conferences 116, 04014 (2024)	 https://doi.org/10.1051/bioconf/202411604014
EBWFF 2024

RETRACTED



Table 1. Change in the average particle size of powders obtained from mixtures of LDPE / PS, LDPE 
/ HDPE, LDPE / fiber, depending on the mass fraction of LDPE. 

The content 
of LDPE in a 

mixture of 
masses. %. 

Average powder 
size, µm in 

LDPE/PS mixture 

Average particle size 
of powders, microns 

in LDPE/HDPE blend 

Average particle 
size of powders, 

microns in 
LDPE/fiber blend 

90 30 35 90 
70 45 55 150 
50 55 60 250 
30 65 95 550 
10 110 210 700 

 

Data on the fractional composition of the powders of these combinations also 
corroborate this hypothesis. Keep in mind that powder materials made from mixes of 
HDPE and LDPE have a high porosity. The findings of investigations into the particular 
surface area of the powders obtained further support this view. Table 2 displays comparable 
metrics that describe the powder material derived from PS/LDPE blends. 

Table 2. Measurement values of the surface and roughness of the powder mixture 

Composition of the 
mixture 

PS/LDPE 

Specific surface are 
(m2/g) 

Roughness 
(µm) 

95:5 0,78 24,65 
90:10 0,82 15,29 
70:30 0,94 10,47 
50:50 1,05 9,38 
30:70 1,11 7,95 
10:90 1,16 5,46 

 
An attempt was also made to evaluate the role of the effect of pressure and shear 

deformation on the degree of homogenization of mixtures during the preparation of 
powders from them. for this, the following objects of study were chosen: the initial mixture 
of ps/ldpe (30:70) obtained in a mixer of the "banbury" type and powder material obtained 
by grinding the specified mixture in a rotary disperser. 

Preliminary microscopic examination of microtome sections of film samples treated 
with a dye solution that selectively stains only ps showed that the section is stained 
differently depending on the prehistory of the samples. 

 
 
 

 

  
a) b) 

Fig. 3. Micrograph of a section of films obtained at a pressing temperature of 130°С. a - the initial 
mixture of PS/(HDPE), (30:70) wt.%; b-powder PS/(HDPE), (30:70) wt.%. 

On the example of film samples made by pressing at 130°c from initial mixtures and 
powders obtained on their basis, it was found that the cut is colored much more uniformly, 
in samples prepared from powders (fig. 3.) indicating that the thus obtained mixtures in 
terms of the uniformity of ps distribution in the ldpe matrix are significantly superior to 
mixtures obtained in an industrial mixer of the "banbury" type. 

4 Conclusion 
It was able to explain the powder formation hypothesis based on the conducted studies, 

which involved melting heterogeneous mixtures. One of the rare polymers that readily 
powders when chilled and subjected to volumetric shear is LDPE. Many different polymers 
have been shown to form powder more readily when mixed with LDPE and exposed to 
shear deformation during the LDPE melt's crystallization. In the case of fibers and many 
other polymers, when powdered under these conditions, the powder particles are their 
mixture of small particles. In the case of PP, the situation changes. PP is hardly crushed 
under the conditions of elastic-deformation grinding, forming relatively large particles with 
a size of tens of micrometers. LDPE forms 10 µm particles under our experimental 
conditions. In this case, LDPE, introducing additional heterogeneity into the system, 
contributes to the grinding of polypropylene. In this case, discontinuities in the crystallizing 
melt apparently occur in the polyethylene matrix, which appears on the surface of the 
polymer microparticles. 

The conclusion drawn from determining the average particle size of the powders is that 
the kind of polymer that forms the continuous phase in PS/LDPE determines the quality of 
the powders that are formed. These results are consistent with the findings of electron 
microscopic research. mixes of HDPE and LDPE. Information on the fractional 
composition of powders made from mixes of these substances also influences this 
interpretation. 

Therefore, co-processing virgin LDPE and PS with recycled LDPE and HDPE, as well 
as their mixtures from recycled LDPE and HDPE, as well as their mixture with fibrous 
materials, into The fiber is distributed extremely uniformly throughout the volume of the 
final powder product thanks to the rotating disperser, which also significantly alters the 
average particle size. The composition of the mixtures and, to a much lesser extent, the 
degree of inhomogeneity of the starting mixture have a substantial impact on the specific 
energy consumption for powder production and the average particle size of the final powder 
material. 
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