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parable to the production volume of metals, and exceeded 
300 million tons [2]. 

Significant volumes of production and consumption of 
polymers and plastics suggest devising effective measures for 
the disposal of polymeric products that lost their consumer 
properties [3].

One of the ways to dispose of polymeric waste, in par-
ticular containers and packaging, and, above all, polymeric 

1. Introduction

The history of mankind is conventionally distinguished 
by several long enough periods of development: the Stone 
Age, the Bronze Age, and the Iron Age [1]. At the same time, 
since the first half of the twentieth century, the Iron Age 
was followed by the age of polymers, the production volume 
of which at the beginning of the third millennium is com-
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Among the issues related to the disposal 
of polymers' waste is the design of cheap bio-
degradable polymeric materials, which are 
destroyed as a result of natural microbiolog-
ical and chemical processes. Since the syn-
thesis of biodegradable polymers is charac-
terized by high material and energy costs, the 
filled biodegradable polymeric materials are 
more promising.

This paper substantiates the feasibility of 
using marble microparticles as a filler for the 
biodegradable polymeric material based on 
high-pressure polyethylene whose decompo-
sition rate increases under the conditions of 
ultraviolet radiation.

Samples of the biodegradable polymeric 
material with the different content of a filler, 
the microparticles of marble (from 0 to 5.1 % 
by weight), were made; their physical-me-
chanical properties were investigated. It has 
been experimentally proven that UV radia-
tion destroys polyethylene macromolecules 
into separate fragments with the formation 
of >C=O bonds, making it possible to decom-
pose appropriate waste under the influence of 
sunlight. 

The feasibility of using the composition 
"high-pressure polyethylene – microparticles 
of marble" with a marble content of 1.78 % by 
weight has been confirmed for the manufac-
ture of the sleeve and flat polymeric films for 
packaging and agricultural purposes, in par-
ticular, packing stretch film.

Recommendations have been given on 
using the proposed biodegradable polymeric 
material. In particular, it is proposed that the 
production of articles from the "high-pressure 
polyethylene – microparticles of marble" com-
position should utilize a pre-obtained granu-
late of the required formulation. When making 
articles from the composition obtained direct-
ly in the extruder that molds the products, 
it is possible to apply adhesive additives to 
improve the interaction between a polymeric 
matrix and the filler's particles
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and hardness by Shor increase. The designed material is 
proposed to be used in friction units for the manufacture 
of wear-resistant elements. However, the impact of natural 
factors on the composite was not investigated.

Paper [10] examined the physical, thermomechanical, 
and tribological properties of epoxy composites reinforced 
with fiberglass containing the waste of marble dust with 
a filler content from 0 to 40 % by weight. It is shown that 
most physical and mechanical properties of composites im-
prove at a temperature up to 60 °C. However, the effect of 
natural factors on the resistance of the composite was also 
not investigated.

Work [11] designed new polymeric composites with a filler 
in the form of waste of marble dust ‒ solid waste. This waste 
forms when cutting and polishing marble pieces at construc-
tion sites, as well as at marble processing enterprises. The 
authors proved the feasibility of using the designed materials 
in the friction units of machine parts. No impact of natural 
factors on the resistance of the composite was examined.

Study [12] examined the coefficient of thermal con-
ductivity of a nonwoven epoxy composite with particles of 
marble dust containing filler in the amount from 0 to 24 % 
by weight. It is shown that the coefficient of thermal con-
ductivity of the composites increases with an increase in 
filler content. Similar to works [9‒11], the impact of natural 
factors on the stability of the composite was not tackled. 

Paper [13] investigated the tribological properties of 
epoxy composites filled with fiberglass and powdered marble 
with different filler content.

Work [14] examined the physical-mechanical properties 
of polypropylene filled with powdered marble contain-
ing filler in the amount from 0 to 80 % by weight. It is 
shown that the designed composite is characterized by high 
strength and heat resistance, as well as low water absorption. 

Paper [15] shows that calcium carbonate nanoparticles 
improve strength, stiffness, size stability, abrasive resistance, 
and heat resistance of polymeric materials based on poly-
ethylene, polypropylene, polyvinyl chloride, and polyamide. 
However, no information about the impact of this filler on 
the decomposition of relevant polymeric materials is given.

Typically, the following three main areas of research in 
the field of BMP are considered: the creation of polyesters of 
hydroxycarboxylic acids, the design of BMP based on renew-
able natural polymers, as well as rendering biodegradability to 
materials based on industrial synthetic polymers [16]. 

Given the widespread use of industrial synthetic poly-
mers in various human activities, the third direction is the 
most appropriate. At the same time, it is important to deter-
mine the qualitative and quantitative composition of BMP 
which would demonstrate the required level of biodegrad-
ability and high physical and mechanical properties. In ad-
dition, important is the absence of toxicity, availability, and 
cheapness of BMP components, as well as the possibility of 
making articles from them using conventional technologies 
for processing polymeric materials [17, 18].

Powdered calcium carbonate may become such a com-
ponent (including powdered marble), which is now used as 
a filler for polymeric composite materials to improve their 
physical and mechanical properties. At the same time, there 
are no studies on the possibility of using calcium carbonate 
in biodegradable polymeric materials as a substance that 
could accelerate the destruction of these materials under 
natural conditions.

films, is the development of cheap biodegradable polymeric 
materials. These materials are designed for the manufacture 
of articles that have short service life (usually up to one or 
two years) and are self-destroyed as a result of natural micro-
biological and chemical processes [4]. 

The synthesis of biodegradable polymers is characterized 
by high material and energy intensity, so the filled biode-
gradable polymeric materials are more promising.

Therefore, the search for new biodegradable polymeric 
materials with high operational properties and adjustable 
service time is a relevant task.

2. Literature review and problem statement

Many types of biodegradable polymeric materials have 
been developed, that is, those materials that are destroyed 
intensively enough (compared to conventional polymers) as 
a result of natural processes [5]. 

Factors that accelerate the destruction of biodegradable 
polymeric materials (BPM) are, first of all, microorganisms, 
the oxygen of the air, moisture, the radiation of visible and 
ultraviolet spectra. These factors act mostly not so much di-
rectly on a polymer but the BPM components, in particular 
its filler. The BPM fillers that are widely used include addi-
tives that contain natural polymers, specifically cellulose, 
starch, chitosan, etc.

Study [6] terms the BMP with natural polymers “green 
composites” due to their natural origin. However, articles 
from such BPM have limited use because they absorb mois-
ture actively enough and are intensively destroyed under the 
influence of sunlight. In addition, the corn or potato starch 
used in BPM reduces the volumes of food products whose 
shortage becomes one of the urgent problems of today. At 
the same time, cheaper inorganic substances, especially of 
natural origin, may become more promising fillers.

In addition, study [6] tackles the issue of handling the 
waste of polymeric materials based on polyethylene and 
polyamide filled with various dispersed fillers (sand, natural 
fiber, hemp fiber, metal powder, etc.). At the same time, at-
tention is paid primarily to the task of recycling, rather than 
the disposal of these materials. 

Work [7] analyzes the impact of various factors of the 
natural environment on the destruction of multilayered 
biodegradable films, primarily with the use of polymers 
such as polylactide, polybutylene adipate terephthalate, 
and polycaprolactone. These polymers are effective enough 
in the BPM composition but their processing causes some 
difficulties because they are prone to hydrolytic destruction. 
In addition, multilayered biodegradable films are much more 
expensive than single-layer ones.

Work [8] investigated the mechanical and degrading 
properties of BPM using the tubers of Asphodelus, starch, 
polyvinyl alcohol, titanium dioxin, and powdered dolomite. 
Dolomite, which contains calcium carbonate and magne-
sium, is used to enhance the mechanical properties of BPM, 
rather than controlling its biodegradation.

Study [9] reported a new class of polyester composites 
with a filler made of particulate substances in the form of 
dust-like marble waste with a filler content of up to 40 % 
by weight. It is shown that the strength of composites at 
stretching and bending slightly decreases compared to a 
pure polymer, while compressive strength, impact viscosity, 
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pre-decomposing polyethylene waste into small fragments, 
in particular with the help of UV radiation. 

Thus, combined with the strengthening effect, the mi-
croparticles of marble can become an effective catalyst for 
accelerating the destruction of polymeric waste under the 
influence of ultraviolet radiation in open dumps of solid 
household and industrial waste.

5. Procedure for fabricating samples of biodegradable 
polymeric material and for studying its physical and 

mechanical properties

The main consumers of articles from biodegradable poly-
meric materials are the packaging industry and agriculture. In 
this case, the basic type of such products is the sleeve and flat 
polymeric films made by extrusion [20‒26]. At the same time, 
the use of various mixing and dispersing elements in extruders 
significantly improves the distribution of components of the 
processed composition in the polymeric matrix [27].

We made the polymeric composition at a worm-disk ex-
truder (a worm diameter, 45 mm; a disk diameter, 135 mm); 
next, it was used to mold a sleeve film, 500 mm wide, in a 
folded form. Samples to be examined were cut from the re-
sulting sleeve film. The melt temperature of the composition 
at the outlet from the extrusion head was maintained at the 
level of 180 °C. Geometric dimensions of the samples are as 
follows: length, 25 mm; width, 10 mm; thickness, 0.1 mm.

The main components of the resulting composition are as 
follows: high-pressure polyethylene (HPPE; polyethylene of 
low density), grade 15813-020, manufactured by Public Joint 
Stock Company “Kazanorgsinthesis” (Kazan, Russian Feder-
ation), and micro calcite, grade M40 (marble microparticles), 
manufactured by Niğtaş Mikronize Kalsit Ticaret Ve Sanayi 
Ltd. Şti. (Nigde, Turkey), with a СаСО3 content of 99.4 % by 
weight, and an average size of marble particles of 40 µm.

To more accurately determine the content of marble 
microparticles in the samples studied, we burned the poly-
meric matrix out of them at the muffle furnace SNOL-
1,6.2,5.1/9-I4 (manufactured by Limited Liability Company 
“Bortek”, Boryspil, Ukraine). The actual content of marble 
microparticles in the samples was less than expected, by 
20‒35 % by weight, which can be explained by that the 
fine-dispersed filler stuck to the wall of the loading hopper 
and other elements of the extruder.

The examined samples were exposed to UV radiation 
using the arc discharge high-pressure tubular mercury lamp 
DTR-1000 with a capacity of 1,000 W. During the experi-
ments, the temperature of the samples was maintained with-
in 50‒60 °C. We determined the films’ mechanical properties 
at the universal test machine TIRAtest-2151 (manufactured 
by TIRA GmbH, Germany). 

The infrared spectrophotometer Specord 75 IR (manu-
factured by Analytik Jena AG, Germany) was used to an-
alyze the impact of UV radiation on the examined samples.

Fig. 1 shows the dependence of the relative elongation of 
a sample with HPPE whose marble content was 0.42 % on 
the applied effort at the different duration of UV radiation. 

The maximum sample elongation is demonstrated in the 
absence of exposure to UV radiation but the corresponding 
maximum load, in this case, is not maximal. A lower max-
imum load was demonstrated only by a sample that was 
irradiated over four hours; it began to deform only under a 
load of 7 N.

3. The aim and objectives of the study

The aim of this study is to analyze the feasibility of us-
ing marble microparticles as a filler to form a biodegradable 
polymeric material based on one of the most common poly-
mers – polyethylene.

To accomplish the aim, the following tasks have been set:
– to substantiate the possibility of using marble micro-

particles as a filler to form a biodegradable polymeric mate-
rial based on polyethylene; 

– to fabricate samples of the biodegradable polymeric 
material with different filler content and examine its physical 
and mechanical properties depending on the filler content.

4. Substantiation of the possibility of using marble 
microparticles as a filler to form a biodegradable 

polymeric material

One of the factors contributing to the destruction of 
macromolecules of synthetic polymers under natural condi-
tions is solar radiation, in particular, the ultraviolet compo-
nent of its spectrum [4].

The mechanical strength of many synthetic polymers, 
including polyolefins, depends on their structure, in partic-
ular the presence of macromolecules’ bonds, the degree of 
crystallinity, the degree of macromolecule tension, as well as 
their mutual orientation. At the same time, a certain number 
of C‒C and C‒H bonds in macromolecules under mechani-
cal stress are in a strained state, and, therefore, the energy of 
ultraviolet (UV) radiation is sufficient to break them.

UV rays cause the photochemical destruction of poly-
mers, which is a radical chain process. Under the influence 
of UV rays, a polymer, in addition to breaking chemical 
bonds, experiences the crosslinking of macromolecules, the 
formation of double bonds and free radicals. However, the 
photochemical destruction of polyolefins mostly occurs in 
the surface layers of polymeric waste.

When polymeric waste is exposed to UV rays, some of 
them pass through the waste’s material, a part is absorbed, 
and a part is reflected. The absorbed energy is spent to di-
rectly heat the waste’s material (including the heating of the 
polymer), as well as to break the polymer’s macromolecules.

At the same time, depending on the qualitative and 
quantitative composition of the polymeric material, the 
specified components of the UV ray energy may vary. To 
accelerate the destruction of polymeric waste, it is necessary 
to increase the proportion of absorbed energy. This can be 
achieved by reducing other components. It is for this purpose 
that we propose to use powder-like marble as a filler for a 
biodegradable polymeric material.

Due to the high reflective capacity of marble, as well as 
the significant specific surface of its microparticles, those UV 
rays are reflected that partially passed through the polymeric 
matrix, directly into the polymer. Thus, UV rays can be divided 
into “primary” and “secondary”. The former fall on a sample 
that is subjected to destruction directly from the source of 
radiation; the latter are reflected from the marble particles 
inside the polymeric matrix, preventing them from passing un-
hindered passage through a sample of the polymeric material.

It is known that polyethylene is decomposed by some 
bacteria, as well as by insects, in particular, the caterpillar 
of Galleria mellonella [19]. Since this process of polyeth-
ylene destruction is slow enough, it can be accelerated by 
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It is interesting to compare the dependences of the 
samples irradiated over one and two hours because they 
are characterized by the increased load that leads to sample 
deformation. While the non-irradiated sample demonstrated 
a noticeable deformation already under a load of 7.5 N, then 
for a sample irradiated within one hour, this value increased 
to 9.9 N. At the same time, for a sample irradiated over two 
hours – to 8.5 N. This indicates an increase in strength 
properties but the elastic properties of the samples decreased 
over time.

The best strength properties were observed for a sam-
ple irradiated over five hours. For this sample, the relative 
elongation changed significantly under a load of 10.4 N. In 
that case, the rupture occurred immediately after reaching a 
maximum elongation. 

Fig. 2 shows the dependence of the relative elongation 
of a sample with HPPE, whose marble content is 1.14 %, on 
the applied effort at the different duration of UV radiation.

The nature of the deformation of the samples, not irradi-
ated and irradiated over one hour, is similar, the difference 
is only the samples’ elongation during destruction. Thus, the 
elongation of the sample, which was not irradiated, amount-
ed to 700 %, and that of the sample, irradiated over one hour, 
to 670 %. At the same time, a load of destruction in both 
cases was 9.9 N, which indicates that the sample, irradiated 
over one hour, lost its elasticity.

The nature of the deformation of the samples, irradiated 
over two and three hours, is also similar. However, the de-
formation of the sample, irradiated over two hours, began 
under a load of 8.9 N, while the deformation of the sample, 
irradiated over three hours, ‒ 9.9 N. 

The sample, which was irradiated over four hours, 
demonstrates greater strength and less elasticity because it 
has undergone a significant deformation at a load of 9.9 N, 
which is the greatest value under these conditions.

The sample that was irradiated over five hours worsened 
both its strength and elastic properties. Its destruction 
occurred under a load that is less by 1.5 N compared to the 
non-irradiated sample. 

Fig. 3 shows the dependence of the relative elongation of 
a sample with HPPE with a marble content of 1.78 % on the 
applied effort at the different duration of UV radiation.

The strength of all samples, except for the sample irra-
diated over five hours, is similar in nature, with a maximum 
load of 10.4 N. However, the onset of samples’ deformation 
varies. Thus, for a sample that was not irradiated, and a sam-
ple that was irradiated over one hour, the corresponding load 
was 7.5 N (but in the second case, the dependence is more 
intense). For samples that were irradiated over two, three, 
and four hours, the respective load was 7; 6.5; and 9.9 N.

Fig. 4 shows the dependence of the relative elongation of 
a sample with HPPE with a marble content of 5.1 % on the 
applied effort at the different duration of UV radiation.

Fig. 4 demonstrates that the deformation of the samples 
varies significantly. 

The irradiated sample began to deform under a load of 
7 N; the samples irradiated over one, two, three, four, and 
five hours, ‒ 7.5; 7,5; 9; 5.5; and 4.5 N, respectively. 

Fig. 5 shows the dependence of the relative elongation 
of samples ε (%) on irradiation duration (h); Fig. 6 – the 
dependence of conditional tensile strength σ (N/cm2) on 
irradiation duration (h).
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Fig.	1.	Dependence	of	the	relative	elongation	of	samples	with	HPPE	with	a	marble	content	of	0.42	%	on	the	stretching	effort
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Fig.	2.	Dependence	of	the	relative	elongation	of	samples	with	HPPE	with	a	marble	content	of	1.14	%	on	the	stretching	effort 
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Fig.	3.	Dependence	of	the	relative	elongation	of	samples	with	HPPE	with	a	marble	content	of	1.78	%	on	the	stretching	effort
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Fig.	6.	Effect	of	UV	radiation	on	the	conditional	tensile	strength	of	samples	with	different	content	

	of	marble	microparticles
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An analysis of our results reveals that the relative 
elongation of samples changes over the time UV radiation 
according to a linear law. At the same time, for samples con-
taining marble within 0‒1.14 % by weight, an increase in the 
concentration of marble decreases their relative elongation 
over the time of UV radiation. 

For samples without marble, in the absence of UV radia-
tion, the relative elongation is 1,002 %; hourly UV radiation 
leads to its reduction by an average of 7.2 %.

For samples with a marble content of 0.42 % by weight 
without UV radiation, these indicators are 851 % and 
4.75 %, respectively. For samples with a marble content of 
1.14 % by weight – 895 % and 2.6 %, respectively; and for 
samples with a marble content of 5.1 % by weight – 645 % 
and 4.8 %, respectively. 

The nature of the dependence of the relative elongation 
of samples with a marble content of 1.78 % by weight on the 
duration of UV radiation differs significantly from previous 
samples. Thus, their relative elongation in the absence of UV 
radiation is 795 %, which is only 207 % less than the relative 
elongation of samples without marble. However, hourly UV 
radiation leads to a decrease in the relative elongation by an 
average of 9.43 %.

To determine the chemical effect of UV radiation on the 
samples of polymeric films, we examined the IR spectra of a 
sample, not exposed to UV radiation, and a sample that was 
exposed to UV radiation over 30 hours (Fig. 7) [28]. Fig. 8 
shows that the IR-region of 1,720 cm-1 has a characteristic 
peak, which indicates the formation of a >C=O bond in 
the film. In other words, polyethylene macromolecules 

under the influence of UV radiation are destroyed with 
the formation of shorter macromolecules whose ends host 
a >C=O group.

Fig.	7.	The	IR	spectrum	of	a	stretch	film	in	the	range	of	
1,900‒1,300	nm:	1	–	original	sample;		

2	–	a	sample	exposed	to	UV	irradiation	over	30	minutes

Fig.	6.	Effect	of	UV	radiation	on	the	conditional	tensile	strength	of	samples	with	different	content		
of	marble	microparticles
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Thus, the samples with a marble content of 1.78 % by 
weight are most suitable for the manufacture of a biode-
gradable polymeric material capable of collapsing under the 
influence of UV radiation.

7. Discussion of results of studying the samples of 
biodegradable material based on polyethylene and marble 

microparticles

Our analysis of the dependence of the relative elongation 
of samples on the duration of UV radiation shows that, for 
a sample containing 1.78 % by weight of marble microparti-
cles, it differs greatly from other samples. In particular, for 
a sample containing 1.78 % by weight of marble microparti-
cles, hourly UV radiation leads to a decrease in the relative 
elongation by an average of 9.43 %.

When UV rays reach the samples, some of them pass 
through the waste’s material, a part is absorbed, and a part 
is reflected. At the same time, the destruction of polymeric 
macromolecules is facilitated by the absorbed energy. The 
above-described nature of the dependence of the relative 
elongation of samples on the duration of UV radiation allows 
us to assume that, when the content of marble microparti-
cles is 1.78 % by weight, the share of the absorbed energy is 
maximal. At the same time, there is intense destruction of 
polyethylene macromolecules with the formation of shorter 
macromolecules with the end groups of >C=O.

Thus, if the content of marble microparticles in the 
composition increases, the share of energy that passes un-
hindered through the sample decreases while increasing 
the share of the absorbed energy. However, increasing the 
content of marble microparticles above 1.78 % by weight 
increases the share of energy, which is repeatedly reflected 
from the adjacent marble microparticles and, as a result, is 
not absorbed by the polymer.

Thus, the composition “high-pressure polyethylene – mar-
ble microparticles” with a marble content of 1.78 % by weight 
can be used for the manufacture of a packing stretch film.

In this case, the respective stretch film would have high 
elastic properties when used as intended and is prone to 
decomposition under the influence of solar radiation after it 
loses its consumer properties. 

Unlike unfilled polyethylene, in which the photochem-
ical destruction under the influence of UV rays occurs 
primarily in surface layers, in the designed composition the 
said destruction also occurs in deep layers. This is due to 
reflecting the UV rays in different directions inside the poly-
meric matrix and preventing them from passing through the 
composition without interacting with the polymeric matrix.

Marble microparticles are used as a filler for the pro-
posed biodegradable polymeric material, which are an indus-
trial waste, which would not lead to a significant increase in 
the cost of the said material. At the same time, destroying 
the waste of this material is greatly simplified. 

The disadvantage of the studied composition is some 
difficulties in its manufacturing directly at conventional 

technological extrusion equipment with the simultaneous 
formation of finished articles. This issue could be resolved 
through the use of adhesive additives to improve the inter-
action between a polymeric matrix and the filler particles; 
however, that could adversely affect the operational proper-
ties of the composition.

It is more expedient to preliminary make the composition’s 
granules with the required ratio of components and to subse-
quently process the resulting granules into finished products. 

Further research is planned to determine the physi-
cal-mechanical properties of polymeric films with different 
ratios of film thickness to the average size of filler particles.

8. Conclusions

1. It has been shown that marble microparticles as part 
of a polymeric composition based on high-pressure polyeth-
ylene reduce the strength characteristics of this material 
under the influence of ultraviolet radiation. Reducing the 
strength of such a polymeric material facilitates the de-
struction of relevant waste and increases its specific surface, 
which would increase the speed of their decomposition under 
natural conditions. Therefore, the thermoplastic composi-
tion “high-pressure polyethylene – marble microparticles” 
can be considered to be a biodegradable polymeric material 
that is destroyed by ultraviolet radiation.

2. We have made samples of the biodegradable polymeric 
material with the different content of an additive – marble mi-
croparticles (from 0 to 5.1 % by weight) were obtained. %). 
The physical-mechanical properties of the fabricated sam-
ples with the different content of marble microparticles have 
been investigated.

We have experimentally proven that UV radiation de-
stroys polyethylene macromolecules into separate fragments 
with the formation of >C=O bonds, making it possible to 
decompose relevant waste under the influence of sunlight. 

The expediency of using the composition “high-pressure 
polyethylene – marble microparticles”, with a marble con-
tent of 1.78 % by weight, has been confirmed for the manu-
facture of a packing stretch film. 

To produce articles from the studied composition, it is 
proposed to preliminary make a granulate of the required 
formulation and/or apply adhesive additives to improve 
the interaction between a polymeric matrix and the filler 
particles.
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