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Abstract: The paper deals with filling polyvinyl chloride (PVC) compositions modified with acrylonitrile-butadiene-
styrene (ABS) in a wide concentration range (per hundredth of PVC resin (phr) 10-20 phr ABS) with short-fiber basalt
fiber, intended for production of profile mounded products of various functional purposes. The introduction of ABS into
PVC compositions makes it easier to process the material, and improves the impact toughness, which for rigid PVC
products is an important factor since it expands the areas of their application. However, as a rule, polymer-polymer blends
are characterized by low mechanical properties under compression, tension and bending, resulting from the formation of
two-phase morphology, which is often heterogeneous. To increase stiffness and strength, 7 phr of short-fiber basalt fiber
was introduced into their composition. Experimental samples were made by extrusion in the form of flat profiles. Filling
with short-fiber basalt fiber resulted in an increase in the bending strength of PVC specimens over the entire concentration
range with an optimum in the region of 10-20 phr ABS, as compared to unfilled blended polymer compositions.
The method of energy dispersion analysis established that, depending on the ABS content in the mixture, the interaction of
the polymer (PVC) with the filler (fiber) is observed either at the polymer-filler boundary or through the boundary layer of
the elastomer.
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AnHotamusi: Pabora mocBsmena HamoimHeHuto mommBuHIWIXIOpHn ([IBX) xommosumwmii, Moan(UIIPOBAHHBIX
akpuIIoHUTpWI-OyTanueH-ctuposiom (ABC) B mmpoxom unTepBane konueHTpamuii (10-40 macc. 4. Ha 100 macc. u. [1BX),
KOPOTKOBOJIOKHUCTOH 0a3anpToBOd (UOpOH, MpeaHAa3HAYEHHBIX ISl TPOU3BOACTBA MPOQIIFHO-TIOTOHAKHBIX H3ICIHIA
pa3nmuyHOro (QyHKIMOHANEHOTO HaszHadeHUs. Bpemenme ABC B coctaB [IBX-kommosummii mMO3BOJISET OONETYUTH
nepepadaThIBaeMOCTh MaTepHala, a TakKe YIAYUIIUTh YAApHYIO BSI3KOCTh, UTO JUIA XKecTKuX mi3nenuit u3 [IBX sBnsercs
BaKHBIM (DaKTOpPOM JJIsl pactimpeHus: obyacteil ux npumeHenus. OgHAKO, KaK MPABUIO, MOJUMEP-TIOJIMMEPHBIE CMECH
XapaKTepu3yloTCd HHU3KAMH MEXaHWYECKHMMH CBOMCTBAMH TIPH CXKAaTHH, PACTSHKEHHHM MW W3rube, dYTo CBS3aHO
¢ hopmupoBanueM aByX(}a3Hoit MOp(HOIOTHH, YaCTO HEOTHOPOIHOM. [IJist yCUICHHUS KECTKOCTU U IIPOYHOCTH B X COCTaB
BBEJICHA KOPOTKOBOJIOKHUCTAst Oa3anbroBast pruOpa B KOJUUECTBE 7 MAaCC. 4. DKCIIEPUMEHTAIbHBIC 00Pa3Ibl H3TOTOBJICHBI
METOJIOM 3KCTPY3MH B BHJE IUIOCKMX INpoduieid. HarmomHeHne KOpOTKOBOJIOKHUCTOW Oa3anbToBOM (hMOpOi npuBesno
K POCTy mokazatelneil nmpoynoctr Ha u3ru6 [1BX-00pa3mnoB Bo BceM MHTEpBaJie KOHICHTPAIUNA C ONITUMYMOM B OOJIACTH
1020 macc.u. ABC, N0 CpaBHEHUIO C HEHANOJHEHHbIMU CMECEBBIMU MOJMMEPHBIMH KOMIO3ULMIMHU. MeTtogom
SHEProJIMCIIEPCUOHHOIO aHalM3a YCTAaHOBIIEHO, YTO B 3aBHCUMOCTH OT cojepxanusi AbBC B cMecu B3auMopeicTBHe
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nmomumepa ([IBX) ¢ wamomautenem (¢pubpa) Habmromaercs nuOO Ha TpaHUIE NOJIMMEP-HATIONHHTENb, OO depes

rPaHUYHBIN CJION 351acToMeEpa.
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1. Introduction

Polymeric materials are widely used in almost
all industries [1, 2]. Being a large-tonnage material,
polyvinyl chloride (PVC) occupies one of the leading
places in the technology of polymeric and composite
materials due to the presence of necessary for
consumers technological and operational properties
[3, 4]; this enables to process it into various profile
products (sheets, window profiles, pipes, siding, etc.)
[5, 6]. Increasing requirements for the operational and
technological properties of PVC-based materials and
products makes it necessary to introduce modifiers,
technological additives, stabilizers, fillers, dyes,
pigments, etc. into their composition [7]. Most often
PVC compositions are modified by small doses of
acrylic technological additives, a variety of which
allows obtaining products with a different set of
properties. Increasing the concentration of acrylic
additives with PVC-based compositions can
contribute to an increase in positive results, both in
processing and operation [8].

In such materials, the decisive processes that
determine their morphology and properties are the
transition layer located at the interface. In these
layers, complex interfacial intermolecular interactions
occur, leading to the formation of supramolecular
structures of various types [9] and giving the
materials properties that none of the components had
separately [10].

Introduction of other polymers into PVC causes
a number of problems related to the uniform
distribution of the modifier in the composition
[11, 12], which is primarily due to the different
rheological and thermal characteristics of PVC and
the polymer modifier.

The most interesting is the consideration of
acrylonitrile-butadiene-styrene  (ABS) copolymer.
In 1948, the first steps were taken to obtain useful
thermoplastics of the ABS type by mixing
poly(styrene-acrylonitrile) with “Buna-N" (butadiene-
acrylonitrile copolymer) or “Buna-S” (butadiene-
styrene copolymer) [13]. However, the industrial
introduction was not successful and was accompanied
by insufficient low-temperature impact properties.
Later it was found that polybutadiene remained

elastic at temperatures lower than other copolymers,
but polybutadiene and poly(styrene-acrylonitrile)
were incompatible [14]. The solution to the problem
was preliminary preparation of polybutadiene by
emulsion polymerization with the subsequent use of
this latex as a medium for emulsion polymerization
of styrene and acrylonitrile. In 1959, the American
company Borg Warner patented ABS [15], obtained
by grafting styrene and acrylonitrile to polybutadiene,
and in 1960 it was actively used in polymer
compositions based on PVC [16]. Thus, by 1960
ABS had become a two-phase system in the form of
butadiene rubber, which has a hardening effect, and
the rigid phase of styrene-acrylonitrile copolymer
(SAN), which increases the compatibility of PVC-
based mixtures and enhances interfacial adhesion due
to its polarity [17, 18].

At the moment, heterophase blends of polymers
do not cause any concern regarding deterioration of
properties. Since the 1970s the output of blended
materials has begun to noticeably exceed the rate of
production [19].

In PVC/ABS blends, the interaction between
PVC and SAN phases is an important factor in
obtaining optimum compatibility of the blend
components. This interaction is influenced by the
acrylonitrile content of the SAN copolymer.
Observations have shown that PVC/ABS miscibility
occurs at acrylonitrile content of 12-26 %, otherwise
the mixture may become immiscible [20, 21].

Most studies of PVC/ABS blends are focused on
blending recycled components, which are known to
be inferior in the main indicators to the initially
obtained PVC and ABS [22].

At the same time, the main direction of the study
of such mixtures is the consideration of formulations
with a matrix layer of ABS modified by the dispersed
phase of PVC [23]. However, the area of application
of mixtures based on ABS modified by PVC is
limited to the manufacture of products for the
automotive industry, containers, crates, garbage cans,
etc. [24, 25], not considering the production of
products for the construction industry. Since PVC is
the main “construction” polymer, PVC-based
mixtures modified by ABS can be recommended for
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the production of construction products for various
functional purposes [26].

When combining the components of PVC/ABS
blends, preference is given to manufacturing products
by pressing [27], which does not allow for full
reliance and comparison of test results obtained by
extrusion method. There are also a number of
interesting studies on the extrusion technology
of PVC/ABS blend products. For example, in
extrusion production of wood-filled polymer pipes an
attempt was made to replace chlorinated polyethylene
and recyclability modifier with ABS. It is shown that
without deterioration of physical and mechanical
properties of wood-filled composites the use of ABS
gives an opportunity to exclude both impact strength
modifier and recyclability modifier from the
formulation [28].

Fillers are one of the most common components
in polymer-based composite materials. Fillers are a
special kind of modifiers, since they serve not only to
reduce the cost of the final product by reducing the
polymer consumption, but often to give the material
special properties [29].

Powdered disperse fillers and fiber fillers are
widely used.

Fiber fillers are inferior to disperse fillers in
terms of variety of assortment, but they can be more
effective in terms of improving physical and
mechanical properties. Basalt fiber fillers are the
most promising for polymers. An important factor
influencing the increasing use of basalt fibers as
areinforcing component is the absence of a full-
fledged alternative [30]. For example, in the USA,
1 kg of basalt fiber is 3 times cheaper than that of
glass fiber, and 15 times cheaper than that of carbon
fiber [31]. At the same time, the application area of
basalt fibers is close to glass fibers [30].

Basalt fiber is characterized by increased
strength and the possibility of application in a wider
range of negative and positive temperatures. Due to
their strength, environmental friendliness, heat
resistance, and durability, polymer products filled
with basalt fiber are very widely used in the
construction industry [32]. Review of works on use of
basalt fibers has shown that the main investigations
concern filling of polypropylene [33], polyolefin
[34], epoxy [35], polyethylene [36] polymer
composite materials. However, little attention has
been paid to basalt fiber filling of PVC, one of the
largest-tonnage polymers.

The aim of the paper is to study the effect of
basalt fiber on polyvinyl chloride compositions
modified with acrylonitrile butadiene styrene
copolymer. The objectives of the study are to

Table 1. Extrusion temperature regime

Cylinder

zones ........ 1 2 3 4 5 6 7 8 9 10
Temperature,

°C i 190 193 195 195 197 197 197 200 200 200

evaluate the strength properties and analyze the
microstructure of basic PVC/ABS polymer mixtures
as well as mixtures containing 7 phr basalt fiber.

2. Materials and methods
2.1. Methods for obtaining compositions

Recipes of investigated compositions were
calculated for per hundredth of suspension PVC resin
(phr) of C-6359-M brandand included 5 phr of
bi-basic lead stearate (complex stabilizer), 3 phr of
calcium stearate (stabilizer-lubricant) and from 0 to
40 phr ABS-20P (impact strength and recyclability
modifier). ABS-20P has a softening point of about
100 °C and melt flow properties at 220 °C and 10 kgf
at least 5-12 g/10 min. The short-fiber modified
basalt fiber from CEMMIX Company oiled with
water-soluble alkaline K-B42 with an average fiber
diameter of 8-10 pm and an average length of
100-500 um was used as filler for the compositions
in question. Basalt fiber meets the requirements of
TU 20.59.59-001-90557835-2017.

Pre-mixing of the powdered components was
carried out on a laboratory mixer LDU-3 MPR with
a propeller nozzle for 4 min at 700 rpm.

The LabTechScientific LTE 16-40 laboratory
extruder was used to produce flat profiles of
2x22 mm or larger (depending on the swelling
coefficient of the melt) and 20-25 cm in length.
The temperature mode was adjusted over the ten
cylinder zones (Table 1) with screw speeds of 16, 20,
and 25 rpm; the optimal motor load was 30-50 % of
the maximum.

2.2. Methods for determining properties

Tensile and static bending tests were carried out
on the tensile testing machine PM-250 according to
Russian Standard 11262-2017 (ISO 527-2:2012)
“Plastics. Tensile test method” and Russian Standard
4648-2014 (ISO 1782010) “Plastics. Method of static
bending test”, respectively. To determine the tensile
strength, the traverse speed was 100 mm/min, for the
static bending strength — 50 mm-min . Tests were
performed on five specimens at room temperature.
The error of load readings on the scales within the
working range of measurements is up to 2 %.
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Table 2. Mechanical properties of PVC/ABS compositions

ABS concentration, phr

Properties
0 10 20 30 40
Tensile strength, MPa 52/44 50/45 49/45 49/44 49/42
Bending strength, MPa 65/83 51/81 50/75 52/73 53/69

Note: The numerator gives data for the properties of compositions without fiber, but the

denominator for those with 7 phr of basalt fiber.

Electron micrographs were taken on a CarlZeiss
Merlin high-resolution scanning electron microscope
at a primary electron accelerating voltage of 5 kV and
a probe current of 300 pA for minimal impact on the
study object. Samples were placed in liquid nitrogen,
followed by chipping. The chips were made in the
direction of the extrusion axis. The chipped samples
were fixed on a holder and placed in a chamber of the
Quorum Q 150TES vacuum unit. The conductive
layer was applied by cathodic spraying with Au/Pd
alloy in an 80/20 ratio. The thickness of the deposited
layer was 15 nm. The elemental composition of the
samples in different parts of the composite with
fixation of nitrogen as a reference element in the ABS
composition and chlorine in the PVC composition
was studied using energy dispersive analysis.

3. Results and Discussion

Table 2 shows the mechanical properties of
unfilled and basalt fiber-filled PVC compositions
with different contents of ABS for comparison.

The data presented in Table 2 show that with the
introduction of ABS tensile strength remains at the
level of unmodified PVC. With the increase of ABS
content there is a decrease in the index of bending
strength, which is associated with the release in the
PVC matrix of ABS particles in the form of dispersed
phase of different sizes [26]. The use of short-fiber
fiber caused an increase in the bending strength.
The observed insignificant decrease in tensile
strength (in 1.08-1.18 times compared to unfilled
compositions with appropriate ABS content) with the
introduction of fiber is within the limits of acceptable
values of indicators for this type of rigid PVC
products.

The use of basalt fiber with an increase of ABS
content in the composition led to a decrease in the
absolute values of the bending strength. However, as
it follows from the data in Fig. 1, despite the

reduction in the absolute values of the bending
strength in the presence of ABS, the degree of
increase in the index was higher compared to unfilled
PVC/ABS. At the same time, the maximum increase
in flexural strength in the presence of fiber was
observed in the range of 10-20 phr ABS in the mixed
composition.

To explain the results of the study through the
energy dispersive method the elemental composition
by percentage mass was analyzed for unfilled and
filled with basalt fiber PVC compositions.
For example, a microphotograph with element
analysis points for PVC compositions filled with
basalt fiber and modified with 40 phr ABS (Fig. 2).

Figure 3 shows the examples of spectra of
samples containing 40 phr ABS to calculate the
number of reference elements on the fiber surface and
in the polymer matrix. As it follows from them, the
ABS made joint structure with PVC matrix, i.e. it was
present only in dispersion medium. On the surface of
basalt fibers (Fig. 3a) the presence of reference
element of nitrogen was not revealed, which testifies
to predominance of interphase interaction on the
border of basalt filler with PVC rather than with
ABS.

Increase in bending strength

L.75

1.00
0 10 20 30 40

ABS concentration, phr

Fig. 1. Degree of increase in bending strength
of PVC/ABS samples (fiber content 7 phr)
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10 pm

Fig. 2. Example microphotograph of a PVC composition
filled with basalt fiber and modified with 40 phr ABS,
with element analysis points:

a — in the dispersed phase on the surface of the basalt fiber;
b — in the dispersion medium of the PVC/ABS matrix

The comparison of the data in Figs 4 and 5
reflects the effect of basalt fiber on the distribution of
ABS in the PVC matrix. In contrast to unfilled
compositions (Fig. 4), the ABS in the presence of
basalt fiber formed joint structures with PVC at
concentrations greater than 10 phr (Fig. 5 shows the
element nitrogen in the dispersed phase of PVC in the
range from 2.5 to 4 %).

The character of changes in the PVC content in
the dispersion medium of the matrix is practically
similar both in unfilled compositions and in the
presence of basalt fiber (curves a in Figs 4 and 5),
differing only in absolute values.

The processed data in Figs 4 and 5 are presented
in Table 3 as a change in the ratio of PVC and ABS
in the dispersion medium.

The analysis of the results enables to draw the
following conclusions.

As already noted, in PVC/ABS compositions
only at the content of 40 phr ABS joint dispersion
medium structure is formed.

Si

@ Al |_":‘_f_|

MiSpectrum 1

>
L
S 5+
g 7 .
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0- v -
2 : 6 8 10 keV
Chlorine M Spectrum 2
>
<
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: u 5 8 keV!
()

Fig. 3. Examples of energy dispersion spectrum of PVC composition filled
with basalt fiber and modified with 40 phr ABS, with the analysis points of the elements:
a — in the dispersed phase on the surface of the basalt fiber; b — in the dispersion medium of the PVC/ABS matrix
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Element content, %
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ABS concentration, phr

30

Fig. 4. Elemental composition of unfilled compositions
in PVC dispersion medium:
a — chlorine; b — nitrogen

30
25

20

15

10

Element content, %

a
.__/—b\~
0 10 20 30 40

ABS concentration, phr

Fig. 5. Elemental composition of compositions filled
with basalt fiber in PVC dispersion medium:
a — chlorine; b — nitrogen

Table 3. Component content change (%) in the dispersion medium of PVC/ABS composite

ABS concentration, phr

Compositions
0 10 20 30 40
PVC/ABS in unfilled composite 100/0 100/0 100/0 100/0 92/8
PVC/ABS in the presence of fiber 100/0 100/0 89/11 82/18 90/10

Note: The numerator shows the chlorine content (%), the denominator shows the nitrogen content (%).

In fiber-filled compositions without ABS
modifier and with 10 phr ABS, the dispersion medium
is completely formed by PVC. At concentrations of
20, 30 and 40 phr ABS content of PVC in dispersion
medium is in the limit of 82-90 %, i.e. ABS is in the
composite structure in two different states — as part of
the dispersion medium of PVC and as a dispersed
phase. It is obvious that the developing in general
heterogeneity of microheterogeneous  structure
explains the changes in the bending strength when the
PVC/ABS mixture is filled with fiber.

The results of dispersion analysis revealed that at
10 % ABS — part of ABS is found on the surface of
the fiber (in the amount of 5.02 % of nitrogen by
mass element composition). The PVC content on the
surface of the basalt fiber varies in the range 0.37-
2.49 %, ambiguously depending on the ABS content.

4. Conclusions

Thus, the presence of ABS in PVC contributes to
an increase in the bending strength, the maximum of
which is manifested in the range of 10-30 phr ABS.

Despite the reduction of absolute values of the
bending strength, the use of basalt fiber with
increased ABS content in the composition causes
a greater degree of increase in the index compared to
unfilled PVC/ ABS compositions.

The significance of the research is justified by
the development of effective compositions for the
production of profile-shaped molded products for
construction purposes.

In the future, the features of filling PVC/ABS
mixtures with basalt fiber in a wider concentration
range with the possibility of phase inversion in the
dispersion medium of the polymer mixture will be
explored.
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