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Abstract. The paper determines the influence of polymer
modifier (poly(vinyl chloride)) and finely dispersed
inorganic filler on the eastic-deformation and thermo-
physical properties of polyester materials. The research
discovers the change of deformation modulus, easticity
modulus, high elasticity modulus, surface hardness, Vicat
softening point, and technological shrinkage of modified
polyester composites filled with calcium carbonate and
aluminum oxide.
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1. Introduction

Currently, the polymer composite materials
dominate among the modern construction materials[1, 2].
Particular attention is focused on the composites based on
unsaturated polyester resins (UPR), since these materials
have a number of operational and technological
properties, including increased resistance to aggressve
environments, resistance to temperature action, high
moisture stability, high adhesion to the surface of various
materials and enhanced physical and mechanical
properties [3]. Unsaturated polyester resins are
technologically compatible with polymers and fillers
different by nature, which provides them with a complex
of essential properties. Thereby, the composites based on
unsaturated polyester resins could have broad application,
particularly in construction industry, namely for the
manufacturing of sealants, artificial stone, poured floor,
products made of polymer concrete, etc. [4].

Among technologically and economically feasible
methods of modification of polyester resins are physical
methods based on the combination of polyester oligomers
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with oligomers of a different nature, and macromolecular
compounds. Their application provides materials with the
necessary complex of technological and operational
properties.

Adding inorganic fine fillers, in particular, CaCOj3
and Al,O3 into polyester composition, along with the
impact on technological and operational properties of the
modified materids, will regulate the process of binder
structuring through the formation of interfacial layers with
different characteristics and formation of physical and
chemical bonds between the filler surface and molecules
of the polymer matrix [5]. In this case, directed adjusting
of the properties of modified composites can be realized
via nature and content of the filler and polymer modifier
due to the influence on their morphology caused by
interphase and intermolecular interactions involving the
system components [6, 7].

Moreover, the research of deformation properties
of composites is essential for understanding the behavior
of a material under the load of different types (static or
dynamic, short or long, etc.), its morphological features
and determination of the specific areas of applications.

Adding finey dispersed fillers, especialy of
inorganic nature, reduces shrinkage and improves water
resistance and resistance to the action of aggressve
environments of polymer composites[8].

The aim of this work is to determine the influence
of polymer maodifier (poly(vinyl chloride)) and nature of
finely dispersed inorganic filler on mechanical, thermo-
physical and technological properties of polyester
composites.

2. Experimental

During the investigation, the unsaturated polyester
resn (UPR) marked Estromal A023 ("LERG", Poland)
was used for obtaining polyester composites.

UPR curing was conducted in the presence of
1520 ptswt initiator Metox-50 (methyl ethyl ketone
peroxide solution in dimethyl phthalate) and 0.2-0.4 pts.wt
accderator of cobalt naphthenate at room temperature.
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Poly(vinyl chloride) (PVC) of brand Lacovyl
PB1156 was used as polymer modifier. We also used the
calcium carbonate with the density of 2710 kg/m® (the
highest possible degree of filling of polyester oligomers
during conducting of research is 235ptswt. per
100 ptswt. of oligomer) and aluminum oxide with the
density of 3700 kg/m® (the highest possible degree of
filling polyester oligomers during conducting of research
is 150 pts.wt per 100 pts.wt of oligomer) as fine dispersed
inorganic fillers. Additionally, the composition was filled
with diesterphtalate plasticizer of dibutyl phthalate (DBP),
which is compatible with poly(vinyl chloride) (interaction
parameter y = —223 Jmoal). It also functioned both as a
solvent and plasticizer for the unsaturated polyester resin
and polyvinyl chloride.

The research of elastic-deformation properties,
values of hardness and coefficient of structures of
modified polyester materials was carried out with the
application of Hepler Consistometer at 293K. The
method is based on indentation of conical indenter under
the load of 120 N and determination of characteristics by
the modulus and deformation cal culation according to the
methodology [9].

Vicat softening point of the investigated materials
was determined in accordance with 1SO 306:2013, the
loading was 50 N.

The surface hardness of conical fluidity point was
determined on Hepler Consistometer at 293K by
indentation of steel cone in the polymer sample with the
sharpening angle of 58°08' under the load of 50 N for 60 s.
Brinnd hardness of the samples was determined
according to 1SO 2039-1 via diameter of steel balls after
removing the load.

Shrinkage of polyester material was measured
according to 1SO 2577:2007, comparing the size of the
obtained sample with the size of aform.

3. Results and Discussion

Along with the strength characterigtics, such
characteristics as eladticity, high elasticity, and plasticity
are of great importance for polymer composite materials
used for construction purposes. In this work, the above
mentioned properties were evaluated according to
modulus-deformation method [8]. This method allows
estimating material by physical, rheological, and some
technological properties. At the same time, research of
elastic deformation properties of composites allows us to
evaluate comprehensively not only the physical and
mechanical properties of the materia, but aso its
uniformity and change of properties depending on the
conditions of processing and operation.

Table 1 shows the composition of polyester
composites based on unsaturated polyester resins
Estromal A023, PVC modifier, and finely dispersed
CaCOxsfiller.

Table 2 illustrates the research results of dastic-
deformation properties of modified polyester materials
based on Estromal A023 filled with CaCOs.

As we can see, unfilled UPR (composition 1) is
characterized by high values of deformational modulus
(Eq) and modulus of elasticity (Eg). Apparently, it is
caused by structural features of cross-linked polymers,
such as presence of chemical knots of the grid which are
practically not destroyed under static loads. Due to the
chemical knots of the grid, movement of sufficiently large
segments of polyester macromolecules is virtualy
impossible. Relaxation phenomena related to sSow
restructuring of chemical bonds of the grid after static load
removing can be possible. Herewith, high density of grid
reduces the segmental mohility, as evidenced by the high
values of high easticity modulus (Ene).

Tablel
Polyester material composition
Compasition content, pts.wt
Components 1 5 3 2 5 3
Unsaturated polyester resins 100 100 100 100 100 100
Poly(vinyl chloride) - 20 - 20 - 20
Dibutyl phthalate - - - - 3 3
Caldum carbonate - - 235 235 235 235
Table 2
Elastic defor mational properties of polyester compositesfilled with CaCOs
- Values for the compositions
Characteristics 1 5 3 2 5 3
Deformation module Ey, GPa 248 2.32 459 443 4.86 447
Equilibrium eastic modulus E,., GPa 429 4.44 12.24 12.15 12.64 14.43
Conventiondly instantaneous elastic
modulus E,, GPa 4.84 5.03 13.59 14.10 14.14 15.46
High easticity modulus E;., GPa 38.10 37.66 123.44 88.08 119.16 215.82
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Adding finely dispersed CaCO; filler in UPR
increases the value of deformation modulus of composite
that decreases its ability to deformation under static loads.
The value of the equilibrium modulus, characterized by
interatomic distances change in the chains of macromo-
lecules, as well as bond angles deformation, significantly
increases during the process of CaCO;z; adding. It is
obviously caused by the decrease of mobility of structured
polyester resin segments due to interphase interactions
with the surface of finely dispersed filler. Along with this,
there is a substantial increase of high elagticity modulus
for polyester composites. It is characterized by the change
of macromolecules conformation and spatial grid
restructuring that leads to the decreasing of the material
eladticity. Greater values of conventionally instantaneous
modulus compared to the equilibrium modulus of
eladticity are explained by the fact that the duration of the
applied load affects the restructuring of polyester matrix
and modifier through the formation of a new focused
structure. The possibility of preserving this structure after
removing stress is determined by intermolecular
interactions between polymer matrix and components of
the reaction environment.

At the same time, the increase of dastic modulus
and high elasticity of high filled composites is caused by
the fact that part of external load is accepted by hard filler
particles. It is also caused by the increasing of transition
polymer matrixfiller layer thickness, in which
macromolecules are characterized by shorter statistical
polymer chain segments.

Adding PVC modifier to the polymer composition
leads to increasing of eladticity and plasticity of the
composite material. It is evident by the increasing elastic
modulus and decreasing value of high easticity modulus
as in the case of unfilled and filled materials
(compositions 2, 4). These features are primarily caused
by the formation of partly interpenetrated grid between
structured unsaturated polyester resn and PVC
macromolecules. Formation of such structure is also due
to partia dissolution of PVC in styrene during polyester
resin structuring.

Addition of dibutyl phthalate plagticizer to the
filled composition results in increased strength
characteristics of the material (deformation modulus and
elastic modulus increase). These specia features are
caused by decrease defects of polyester grid owing to the
interaction of plasticizer molecules with solid filler
surface and change of interphase characteristics of the
system polyester matrix—filler.

For filled compositions, the greatest value of
elasticity module is observed in the process of adding
poly(vinyl chloride) and dibutyl phthalate. These
characteristics of the material are obvioudy related to
greater thermodynamic compatibility of PVC with

plasticizer than with styrene and, consequently, to the
increase of its solubility in the system. At the same time,
the composite elasticity decrease is caused by reduction of
dibutyl phthalate plagticizing action in relation to
polyester component because of its dominant interaction
with PV C macromolecules.

It was determined that the nature of finely
dispersed filler affects deformation characteristics of
modified polyester composites. In the case of applying
Al,Oz asafiller of unmodified polyester compositions, we
could observe the smilar to CaCO; effect on deformation
modulus and high elasticity modulus (these values
increase) (Fig. 1).

However, the deformation modulus decreases in
the materials which apart from the filler contain 20 weight
part of PVC. This shows that the modified compoasite is
less rigid and hard compared to the unmodified one.
Obvioudly, this is a result of the mobility reduction of
atomic groups and segments due to the change in the
nature of intermolecular and interphase interactions
between PVC modifier and polyester matrix [10]. The
study points out [11] the mechanism of the reinforcing
impact of thermoplastic modifier on polyester materials
that prevents the growth of a large crack during
destruction. In addition, microcracks appear in the matrix
and destruction takes place by the mechanism of forced
high elasticity deformation.

At the same time, adding plasticizer reduces value of
deformation modulus and modulus of high dadticity.
Obvioudly, due to the interaction between plasticizer and
polymer matrix macromolecule segment their mobility
increases. It leads to the reduction of interactions between
them and, accordingly, to some worsening of srength
properties. During the addition of the plagticizer to the
composition containing the filler and polymer modifier, a
decrease of dasticity module and deformation is observed.
Obvioudly, it occurs due to the prevailing interaction of
plasticizer with PVC and the increase of heterophasing
system. The increase of eastic modulus value related to
conformational changes of macromolecules for modified
polyester materials is aso a consequence of changes in the
morphology of materials under the influence of interactions
between system components. These features indicate a
srengthening effect of finey dispersed inorganic fillers. It
leads to the limited mohbility of macromolecules of
polyester and formation in force fidd around the particles
of fine adsorbed layers of ordered supramolecular
structures. Such filler effect involves a reduction of the
number of possible conformations of macromolecules in
these layers. It dso involves the increase of medium
relaxation time, expanson of rdaxation spectrums and
density of macromolecules packaging.

Structure coefficient of the grid materials is a
characteristic of three-dimensional spatial grid as
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chemical and physical derivation, and to a certain extent Influence of the filler nature and polymer modifier
describes the intermolecular and interphase interactions  on structure coefficient K of the polyester materias is
between the components. shownin Fig. 2.

a) b) )

Fig. 1. Effect of aluminum oxide and PVC on eastic-deformation properties of polyester composites:
deformation modulus Eq (8); equilibrium eastic modulus E, (b) and high éasticity modulus E (c).
PV C content, ptswt: 20 (1) and O (11). UPR:AI,O5:DBP, ptswt: 100:0:0 (1); 100:150:0 (2) and 100:150:3 (3)

5
- 3

a) b)

Fig. 2. Influence of filler nature and PV C polymer modifier on structure coefficient K of polyester composites.
For (a) UPR:CaCO3:DBP, pts.wt: 100:0:0 (1); 100:235:0 (2) and 100:235:3 (3). PVC content, ptswt: 20 (1) and 0 (11).
For (b) UPR:Al,O5:DBP ptswt: 100:0:0 (1); 100:150:0 (2) and 100:150:3 (3). PVC content, pts.wt: 20 (I) and O (11)

Table3
Theimpact of modifier content and nature of finely disper sed inorganic filler
on thermal and physico-mechanical propertiesof polyester materials
Compoasition content

100 ptswt of resin Shrinkage, % Vicat softening Surface Hardness, Brinnel hardness,
Filler, ptswi PVC, piswi point, K hardness, MPa MPa HB
_ - 8.6 > 471** 582.3 196.9 30
20 78 399 522.2 188.4 26
- 7.1 > 492** 643.0 296.9 48
ngé) s 20 57 439 599.3 289.7 34
20 6.9 432 589.5 2915 36
ALO - 75 453 638.9 270.3 44
1§03 20 58 416 579.4 252.1 33
20 7.2 403 594.6 244.4 33

Notes: * inthe presence of 3 ptswt of DBP; ** the destruction of the sample.
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As we can see, adding poly(vinyl chloride) to
unfilled composition increases the coefficient of the
composite structure, which apparently is a consequence of
the formation of partly interpenetrated grid of structured
polyester resin and PV C macromolecules [12]. It is found
out that the addition of inorganic filler, irrespective of its
nature, reduces the composite structure coefficient due to
the influence of surface filler on the process of oligomers
structuring in the studied systems. This may form a three-
dimensional grid with less density of knots.

Adding poly(vinyl chloride) and inorganic finely
dispersed fillers to the polyester compositions allows
predetermining the process of structuring polyester binder
through the formation of boundary layer on the border of
filler—polymer matrix [13]. Therefore, it affects the
thermal and physico-mechanical properties of the
obtained composite. The impact of the polymer modifier
and nature of finely dispersed inorganic filler on thermal
and physico-mechanical properties of polyester materials
ispresented in Table 3.

It is determined that the modified polyester
materials containing finely dispersed inorganic fillers are
characterized by various principles of change of the values
of surface hardness, Brinnel hardness and Vicat softening
point compared to the unfilled materias. Adding finely
dispersed inorganic fillers, for instance CaCO3; and Al,O3
in polyester matrix allows adjusting strength properties of
the material. It is found out that adding finely dispersed
inorganic fillers leads to higher values of surface hardness
and Brinnel hardness. The compasites containing PVC
polymer modifier represent dightly lower values of
hardness, determined in accordance with module-
deformational method of calculation of surface hardness
and Brinnel hardness. This apparently is the result of
changes in the surface characteristics of the composite,
and adding plasticizer increases them as a result of its
interaction with PVC. Furthermore, hardness values,
determined by various methods, are correlated. These
features of polyester material could be explained by the
different nature of interactions between polyester resin
and filler. It leads to significant changes in the structure of
supramolecular polyester matrix and to the change of
properties of polyester composite.

Technological shrinkage of polyester materia
depends on the nature of the filler, modifier content, and
on the ratio of the reagents in the compoasition. It is found
out that adding finely dispersed inorganic filler and
poly(vinyl chloride) polymer modifier in the polyester
matrix causes the reduction of technology shrinkage of the
material by 30-35 %.

4. Conclusions

The study discovers that the nature and content of
finely dispersed inorganic filler calcium carbonate and
auminum oxide substantialy affect the dadtic

deformation, thermal and technological properties of
modified poly(vinyl chloride) polyester materials.

Highly filled modified polyester composites are
characterized by the increased values of Vicat softening
point, hardness, modulus of elasticity and reduced values
of technological shrinkage. Adding poly(vinyl chloride)
leads to increases of highly eastic features of polyester
composites. Evidently, it is due to the formation of partly
interpenetrated grid involving structured polyesters and
poly(vinyl chloride) macromolecules.

Since the developed modified composites are
characterized by the increased operationa features they
could be effectively applied as a basis for artificial stone,
poured floor, etc.
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BIIVIMB MOJIIBIHUIXJIOPUAY TA ITPUPOAN
HAIIOBHIOBAYA HA BJIACTUBOCTI
IOJIECTEPHUX KOMITIO3UTIB

Anomayin. Bcmanogneno 6niug noaimepHoco Mooudi-
kamopa (noaigiHixopudy) ma OPiOHOOUCTIEPCHOLO HEOPSAHIUHOLO
HANoGHI08AYA HA  NPYdCcHO-Oepopmayitini  ma  menioQizuyni
enacmusocmi noriecmepuux mamepianie. Buaeneno sminy mooyns
Oepopmayii, MOOYIA NPYHCHOCME, MOOYIA BUCOKOCIACIUYHOCHI,
noeepxuegoi meepoocmi, meniocmivkocmi 3a Bika i mexnonoziunoi
VCaoku MOOUPDIKOBAHUX NONECMEPHUX KOMNO3UMIB, HANOBHEHUX
Kanbyito KapOOHAmMoM i amioMIHIIO0 OKCUOOM.

Knwuosi cnosa. noniecmepnuii KomMnosum, HanoeHO8AY,
MOOUGIKY8aHHsI, CMPYKNYpa, NONIGIHIIXIOPUO.



