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ABSTRACT

This paper presents the research results dealing
with the main physical and mechanical properties
dependence of polymer composite material on the filler
amount in the raw material mixture. To develop the
studied composite material, the scrap full-bodied ceramic
brick is used as filler, and polystyrene is used as binder,
which is formed as a result of polystyrene waste dissolving
in carbon tetrachloride. The research results allowed
determining the filler amount for the most effective
application of the developed composite material in the
construction materials production for external wall
cladding of buildings and structures.
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1. INTRODUCTION

All types of production and human household
activities are inevitably associated with the waste, which
accumulation negatively affects the environment and
human life quality. In this regard, it is relevant to develop
methods and technologies for waste disposal not only
reducing its amount, but also reducing the primary natural
resources consumption[1-3].

Among the most effective ways of waste processing
is its utilization as a component for the construction
materials production, since this trend permits to dispose
almost all types of waste in large amounts and
manufacture high-quality products at low production costs
[4-6].

In turn, the most promising direction of waste
disposal for the construction materials is the production of
composite materials, including the application of polymer
binder [7-9]. On the one hand, it depends on the fact that
polymer composite materials combine light weight,
strength, low water absorption and chemical resistance,
being an advantage in comparison to most other
construction materials. On the other, it is possible to use
some types of waste as fillers, and others as binders, thus
allowing for its comprehensive disposal [10-12].

The research authors have previously developed
polymer composite material where scrap brick served as
the filler, and polystyrene as the binder, received at
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dissolving polystyrene waste in carbon tetrachloride. The
best compressive strength and the lowest water absorption
were found to be achieved at the ratio of polystyrene :
carbon tetrachloride equal to 1 : 1.4, with the introduction
of 45-55 wt. % of scrap brick and samples forming at 8
MPa pressing pressure [13].

The research objective was to study the dependence
of the main physical and mechanical properties of the
developed composite material on the filler amount and the
choice of its concentration in the raw material mixture,
which ensures material properties meeting the regulatory
requirements for the external cladding materials.

2. RESEARCH OBJECTS AND METHODS

In this research common ceramic scrap bricks from
various sources were used to make the filler. They were
crushed into max 0.63 mm particle size and dried to
constant mass. To make the binder, waste polystyrene
foam was used in the form of waste packaging elements
for household appliances, equipment, etc. collected from
various sources. Styrofoam waste was also crushed and
dried to a constant mass. Pure carbon tetrachloride
according to GOST 20288-74 was used to dissolve
Styrofoam waste.

The samples of the developed material were
manufactured by dissolving Styrofoam waste in carbon
tetrachloride, followed by mixing the binder solution and
scrap brick into a homogeneous raw material mass. The
samples were formed from the developed raw material
mass at 8 MPa pressing pressure, at the heat treatment
temperature of 85-90°C with 45 minutes exposure time for
solvent removal [13].

The samples were tested to determine: density (p,
kg/m®), water absorption (WA, %), open (Popn, %), closed
(Pe1, %) and total (Pyy, %) porosity, compressive strength
(oCmp, MPa) and bending strength (opne, MPa), frost
resistance (FR, cycles) and thermal conductivity (X,
W/(m-°C)) applying standard methods for construction
materials.

3. RESEARCH RESULTS AND DISCUSSION

The experiments results revealed that density and
water absorption of the developed composite material
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increase alongside the increase of the filler amount in the
raw material mixture (Fig. 1).

Such dependence character depends on the fact that
the scrap brick density is higher than polystyrene density,
and that the increase of the scrap brick amount increases
the developed material porosity. It is confirmed by
research data addressed to the porosity dependence on the
filler amount (Fig. 2).

The developed material porosity increase can be
explained by the voids in the scrap brick particles, the
pores formed at the contact points with filler particles and
the binder solution because of the air bubbles, remaining
on the scrap brick surface during mixing, due to the
imperfect wettability of the filler particles with the binder
solution, as well as open pores formed at solvent removal
during heat treatment. The received data demonstrates that
when total and open porosity is increasing, the proportion
of closed pores is decreasing. It is associated with
polystyrene amount decrease which serves as a binder,
filling not only some part of the pores and voids, but also
transforms open pores into the closed ones.
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Figure 1.Dependence of density and water absorption on
the filler amount in the raw mixture
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Figure 2.Dependence of porosity on the filler amount in
the raw mixture

The experiment results also stated that the
dependences of compressive strength and bending strength
are similar and the considered properties reach their
maximum when the filler amounts 45-55 wt. % (Fig. 3).
As previously revealed, it depends on the fact that this
amount of filler makes polystyrene perform its binder
function most effectively [13].
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Figure 3.Dependence of compressive and bending
strength on the filler amount in the raw mixture

The experimental data dealing with frost resistance
and thermal conductivity prove that filler amount increase
causes the decrease in the material frost resistance, and
increase in thermal conductivity (Fig. 4).
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Figure 4.Dependence of frost resistance and thermal
conductivityon the filler amount in the raw mixture

The frost resistance decrease is caused by the water
absorption increase, since these properties are inverse
related. The thermal conductivity increase can be
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explained by the fact that the porosity increase slightly
weakens this property, and thermal conductivity of scrap
brick (=0.85 W/(m-°C)) significantly exceeds polystyrene
thermal conductivity (=0.093 W/(m-°C))[13].

Thus, the maximum strength of the composite
material for the developed raw mixture composition is
achieved at 50 wt. % of scrap brick. It is worth considering
that alongside the filler amount increasing the material
density increases, causing the products mass increase, the
conductivity increase, which reduces material the
efficiency, and closed porosity decrease, which reduces
frost resistance. In this regard, it was decided to introduce
50 wt % of the scrap brick into the raw mixture.

4. CONCLUSIONS

The experiments results revealed that the scrap
brick in the max amount of 50 wt. % increases
compressive strength and closed porosity ratio of the
developed composite material. Higher amount of the filler
causes the lack of binder, resulting in strength reduction
and open porosity share increase, which in turn causes
increased water absorption and reduced frost resistance.

Composite material possessing sufficiently high
strength and frost resistance can be produced applying the
selected amount of filler in the raw material mixture, thus
allowing for the manufacture of products used for external
wall cladding of buildings and structures. Thus, the
developed raw material mixture makes it possible to
comprehensively dispose two large-capacity waste
products to manufacture high-quality construction
products.
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