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Abstract This study investigates the physicochemical, structural, and mechanical properties of polyvinyl chloride (PVC)
composites filled with modified natural basalt, with a comparative assessment against conventional mineral fillers such as
Belgorod chalk. The research addresses the growing demand for advanced polymer composites with enhanced performance
through the rational selection and modification of mineral fillers. PVC compositions were prepared with varying filler types
and concentrations, and their morphology, elemental distribution, and interfacial characteristics were systematically analyzed
using scanning electron microscopy (SEM) and X-ray analysis. The results reveal that modified basalt significantly
influences the structural organization and dispersion behavior within the polymer matrix, leading to improved interfacial
interactions. SEM observations confirm a more homogeneous distribution of basalt particles, while elemental analysis
indicates a stable composition dominated by carbon, silicon dioxide, and metal oxides. Comparative evaluation of
physicomechanical properties—including tensile strength, elongation at break, Young’s modulus, and stress at break—
demonstrates that PVVC composites filled with modified basalt exhibit performance characteristics comparable to, and in
some cases more stable than, those containing traditional fillers. Despite minor reductions in elongation and modulus values,
the basalt-filled composites maintain consistent mechanical behavior across multiple processing cycles, indicating their
suitability for industrial applications such as pipe production. Additionally, the incorporation of plasticizers enhances surface
smoothness and density, contributing to improved mechanical strength and product quality. Overall, the findings confirm that
modified basalt is a promising alternative filler for PVC-based composites, offering a balanced combination of structural
stability, mechanical performance, and processing efficiency. The study highlights the critical role of filler modification and
selection in tailoring the functional properties of polymer composites for advanced engineering applications.

Keywords Polyvinyl chloride (PVC), Polymer composites, Mineral fillers, Physic-mechanical properties, Scanning
electron microscopy, Surface morphology, Physicochemical methods, Scanning electron microscopy (SEM), Interfacial
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At present, extensive scientific research is being carried
out worldwide on the development of new generations of
additives and fillers, as well as on the production of composite
polymer materials and products based on them. In particular,
significant attention is paid to the development of nano-sized
organic and inorganic fillers, technologies for modifying
mineral fillers with organic oligomers, synthesis of organic
accelerators, formulation of composite polymer materials
with specific properties, development of plasticizers for
polymer composites, and production of nanomaterials based
on polymer compositions, as well as the improvement of
their composition and processing technologies [1-3].

Currently, about 200 types of fillers such as chalk, carbon
black, kaolin, asbestos, basalt, and similar materials are used
in polymer compositions. Various fillers are also incorporated
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into composite polymer materials. For example, during the
preparation of polyvinyl chloride (PVC) compositions, fillers
are added in amounts of up to 3-5 wt. % of the total mass.
Belgorod chalk, talc, bentonite, wood flour, shorsite, barite,
and other materials are commonly used as fillers [4-6].

The primary purpose of introducing fillers into polymer
compositions is to improve the physic-mechanical and
technological properties of the manufactured products,
reduce the consumption of primary raw materials, enhance
the appearance of products, and achieve other performance
improvements. In addition, the incorporation of certain
fillers into PVC compositions can partially increase their
thermal stability while simultaneously leading to an increase
in the molecular weight of the polymer. This, in turn, results
in an increase in the processing temperature of composite
materials.

Therefore, special attention must be paid to the selection
of fillers depending on the type of product to be manufactured
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and the performance requirements it must meet. Moreover,
some fillers produced from natural mineral rocks impart
specific coloration properties to the final product.

Taking the above into account, this study presents the
results of investigating the influence of fillers of different
nature on the physic—-mechanical and operational properties
of PVC using physicochemical research methods [7-12].
The analysis of the surface structure of PVC compositions
was carried out using scanning electron microscopy (SEM).
SEM makes it possible to study the surface properties and
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morphology of synthesized samples and, based on the
obtained data, to acquire information about subsurface
structures to a depth of several micrometers.

SEM images of the compositions are presented in Figures
1-7. The main detected elements were C, O, Cl, and Ca,
which are represented by different colors in the images. In
the initial image, which corresponds to a composition with
a conventional formulation, the presence of calcium (Ca) is
clearly observed. Such a feature is not detected in the other
samples.

) 100um

3 100pum £ 100pum

Figure 1. Images of elemental distribution of a PVC composite sample filled with unmodified Belgorod chalk
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Figure 2. Elemental distribution map of a PVC composite sample filled with unmodified Belgorod chalk
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Figure 3. SEM images of a PVC composite sample filled with unmodified Belgorod chalk at magnifications of 200x and 500x
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Below are the images obtained from the elemental mapping of the sample (C, O, Na, Si, P, Cl, K, Ti, Fe, Pb), in which each
element is clearly distinguished in the images.
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Figure 4. The images of elemental distribution of an unplasticized P\VC composite sample filled with modified basalt
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Figure 5. The graph of an unplasticized PVVC composite filled with modified basalt
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Figure 7. The images of elemental distribution of a plasticized P\VC composite sample filled with modified basalt
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Figure 8. The elemental distribution map of a plasticized PVC composite sample filled with modified basalt
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Figure 9. SEM image of a plasticized PVVC composite filled with modified basalt at a magnification of 250x
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Figure 10.

The elemental composition of the plasticized sample
(Figure 8), obtained by SEM analysis, is presented in
percentage terms, showing a carbon content of 67%, whereas
the unplasticized sample (Figure 9) contains 64% carbon.
This indicates that the addition of dioctyl phthalate (DOP) to
the PVVC composition contributes to an increase in the carbon
content.

The scanning electron microscopy images clearly reveal
the smooth surface of the plasticized sample. This suggests
that the given composition can be used for rigid PVC
products, since higher density provides the composite and
the products manufactured from it with a high level of
hardness and mechanical strength. The elemental analysis of
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X-ray analysis of a PVC composite filled with modified basalt

the obtained samples is presented below (Figure 10).

The X-ray analysis presented above shows that the
percentage composition of compounds and elements in the
PVC composite filled with modified natural basalt is as follows:

Table 1. Percentage composition of compounds identified by X—ray analysis
in the PVC composite filled with modified natural basalt

Compounds identified Mass fraction in the polymer
by X-ray analysis composite (%)
C,C1,0,C.H 67,7
SiO; 23,2
Fe,03 2,7
Al,03 1,4
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The structural-chemical and physic—-mechanical properties
of PVC-based composites filled with modified basalt differ
significantly from those of PVVC—based polymers filled with
Belgorod chalk. During the processing of PVC composites
filled with modified basalt, mechanochemical effects may
occur, including thermal, thermo-oxidative, and photo—
oxidative degradation. As a result, active centers can be
formed, which may act as initiators for oxidation reactions.

The most significant changes occur during thermal and
photochemical processes taking place in the course of
processing and service life of the composites. These changes
are irreversible and lead to a gradual deterioration of the
physic—-mechanical properties of the material.

In evaluating the optimal processing regimes of polymer
composite materials, their rheological characteristics play an
important role. For PVC, although the flowability index is
initially low, it increases with increasing external stress.

Thus, these parameters increase depending on the number
of processing cycles of PVC composites filled with modified
basalt. When PV C-based compositions are reprocessed two
to three times, a noticeable decrease in strength properties
can be observed.

When processing PVC composites filled with modified
basalt to obtain finished products, achieving a smooth and
uniform surface is of great importance. This is because, at
present, significant attention is paid worldwide to external

design in enhancing the market attractiveness of polymer
composite products. Therefore, optical microscopy was
employed to investigate the formation of a homogeneous
mixture between the filler and the polymer matrix.

Figure 11 presents the microscopic images of PVC
composites filled with Belgorod chalk and modified basalt.

As can be seen in Figure 11, the distribution of the filler
throughout the entire volume of the polymer matrix in the
PVC composite filled with Belgorod chalk (1) is clearly
observed, as well as the distribution of the filler in the PVC
composites filled with modified basalt (2, 3, 4) across
the entire volume of the polymer composition. The surface
roughness observed in samples (2, 3, 4) is the result of the
influence of various components present in the basalt
composition.

According to local regulatory and technical documentation,
the relative elongation at break for Type | pipes is accepted
to be up to 250%, whereas international standards allow
values of up to 350%. For the Type | standard specimen, the
tensile testing speed is 50 mm/min; for the Type Il specimen,
100 mm/min; and for the Type Il specimen, 10 mm/min.
Prior to testing, the specimens were conditioned in accordance
with GOST 12423 at a temperature of 23 £2 <C for a period
of not less than 2 hours.

The requirements for the polymer samples to be obtained
are presented in Table 2.

Figure 11. Microscopic images of PVC composites filled with Belgorod chalk and modified basalt at a magnification of 800> 1-Belgorod chalk (3.86
wt.%); 2-modified basalt (2 wt.%); 3-modified basalt (3 wt.%); 4-modified basalt (4.0 wt.%)
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Figure 12. Physico—mechanical properties of a Type | pipe produced from a conventional PVC composition filled with Belgorod chalk: maximum tensile

stress (1), elongation at break (2), Young’s modulus (3), and stress at break
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Figure 13. Physico—mechanical properties of a Type Il pipe produced from a PVVC composition filled with modified natural basalt (1 wt.%)
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Figure 14. Physico—mechanical properties of a Type 11 pipe produced from a PVVC composition filled with modified natural basalt (2 wt.%)
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Figure 15. Physicomechanical properties of a pipe produced from a PVVC composition filled with modified natural basalt (3 wt.%)

Table 2. The requirements for samples prepared for pipe production

Wall thickness, mm Types of specimens Preparation method (Method 1643, Germany) milling Tensile speed, mm/min
e<5 2 Die cutting 100
S5<e<12 1 Die cutting and mechanical processing 50
e>12 1 Milling 25
e>12 3 Milling 10
Initially, for comparative purposes, the physic—mechanical The above—mentioned parameters are almost identical
properties of samples intended for the production of Type I, for Type I, I, and Il pipes: the tensile stress required for

I1, 111, and IV pipes based on PVC compositions filled with  fracture ranges from 19 to 23 MPa, while the elongation at
Belgorod chalk and modified natural basalt are presented break is in the range of 400-700%.
(Figure 12).
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Table 3
N Names of composite Thickness, Width, Maximum tensile Elongation at Young’s Stress at
- samples mm mm stress at break, MPa break, % modulus, MPa break, MPa

Type I. PVC filled

1 with Belgorod chalk 25 6,4 20,95 1692,3 325,82 5,94
Type Il. PVC filled

2 with modified basalt 2,5 6,4 20,36 1658,1 323,27 6,13
Type I11. PVC filled

3 with modified basalt 2,5 6,4 20,40 1630,8 321,01 6,28
Type IV. PVC filled

4 with modified basalt 25 6,4 20,96 161,6 328,26 6,32

Next, the physicomechanical properties of samples intended
for pipe production based on PVC compositions filled with
modified basalt are presented.

The results of the comparative analysis of the data obtained
in Figures 12-15 are presented in Table 3.

Physicomechanical properties of samples prepared for pipe
production based on PVC compositions filled with Belgorod
chalk and modified basalt.

Based on the data presented in Table 3, it can be concluded
that the maximum tensile stress at break (MPa), elongation at
break (%), Young’s modulus (MPa), and stress at break
(MPa) of the samples intended for pipe production of Types I,
I1, 111, and 1V remain almost unchanged.

However, the samples obtained from PVVC compositions
filled with modified basalt exhibit slight differences in these
parameters: the elongation at break decreases slightly to
1591.6%, Young’s modulus decreases from 325.82 MPa to
317.26 MPa, and the stress at break decreases from 5.94 MPa
to 5.82 MPa.

This indicates that during the processing of PVC
compositions filled with modified basalt, the above—mentioned

physicomechanical properties exhibit nearly identical
behavior.
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