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Abstract

In this study, waste tire rubber granules were used as filler material for the fabrication of polymer matrix
composite samples. The polyester resin which is one of the most preferred matrix materials and recycled
waste tire rubber granules were combined at varying ratios with the open molding method. The samples
were characterized experimentally by conducting tensile and hardness tests. The morphological properties
of the specimens were examined with scanning electron microscope images. The study revealed that the
addition of untreated waste tire rubber granules to polyester resin decreases the tensile and yield strength
values, while it causes to increase in elongation and ductility of the material. The morphological
examinations showed that waste rubber granules and polyester resin have poor interfacial adhesion and
thus the waste rubber granules should be properly treated to be used as filler material. The study indicated
that waste tire rubber granule/polyester composites can be used for non-structural applications with the
benefits of using less fossil sourced raw materials and contributing to the decrement of environmental
pollution.
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Atik Lastik Kaucuk Graniil/Polyester Polimer Matris Kompozitinin Cekme ve
Morfolojik Ozellikleri

Oz

Bu ¢alismada, polimer matrisli kompozit numunelerin {iretimi i¢in dolgu malzemesi olarak atik lastik
kauguk graniilleri kullanilmistir. En ¢ok tercih edilen matris malzemelerinden biri olan polyester regine
ile geri donistiirilmis atik lastik kauguk graniilleri agik kaliplama yontemi ile farkli oranlarda
birlestirilmistir. Numuneler, ¢ekme ve sertlik testleri yapilarak deneysel olarak karakterize edilmistir.
Numunelerin morfolojik 6zellikleri taramali elektron mikroskobu goriintiileri ile incelenmistir. Caligma,
polyester recineye islenmemis atik lastik kaucuk graniillerinin eklenmesinin ¢ekme ve akma dayanimi
degerlerini diigiiriirken, malzemenin uzama ve siinekliginin artmasina neden oldugunu ortaya koymustur.
Morfolojik incelemeler, atik kaucuk graniillerin ve polyester recinenin ara yiizey yapismasinin zayif
oldugunu ve bu nedenle atik kaucuk graniillerin dolgu malzemesi olarak kullanilmak {izere uygun sekilde
islenmesi gerektigini gostermistir. Calisma, atik lastik kauguk graniil/polyester kompozitlerinin, daha az
fosil kaynakli hammadde kullanilmasi ve g¢evre kirliliginin azalmasina katkida bulunmasi gibi faydalari

ile yapisal olmayan uygulamalarda kullanilabilecegini gostermistir.

Anahtar Kelimeler: Kompozit malzemeler, Atik kauguk, Mekanik 6zellikler, Polyester

1. INTRODUCTION

Today, it is a well-known fact that the population
of the world is increasing and thus the
consumption of goods and energy is increasing
exponentially. The limited sources of raw
materials and energy have been a major issue all
over the world. Since the raw materials and energy
sources are limited, it is very critical to employ
sustainable production [1]. One of the most
promising solutions for this problem is the
recycling of waste materials which has many
benefits both economically and environmentally
[2]. The recycled materials can be directly used to
produce new products or they can be employed as
the raw material in composite materials with
proper treatment. Composite materials have been
one of the most important material categories in
recent years. Composites have critical advantages
in comparison with conventional engineering
materials such as high specific strength and
modulus, good corrosion resistance, material
variety, and tailorable properties [3]. The variety
of products has significantly increased in the last
decades and parallel to this increment the demand
and need for new materials with discrete properties
have been inevitable. Composite materials can be a
combination of any type of conventional material
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with the aim of providing required material
specifications that are not possible with monolithic
materials. Especially, the applications where good
mechanical properties and low weight is needed,
composite materials are mostly preferred in
material selection processes. Polymer matrix
composites (PMCs) have a wider application area -
due to their relatively low cost and easier
production methods- than metal or ceramic matrix
composites. The most common matrix materials
are polyesters, vinyl esters, epoxies while the most
common reinforcement materials are glass, basalt,
carbon, and aramid fibers. Each type of matrix
material and reinforcement material has a
particular application area which is determined by
the product specifications.

Recently many researchers have been studied on
the fabrication and characterization of composite
materials with waste materials. There are many
types of waste materials that are studied by
researchers. The authors mostly focused on
particular type of wastes that are abundant and
have a high potential of environmental pollution
such as plastic wastes [4], construction/demolition
wastes [5], agricultural/food wastes [6], and
industrial wastes [7]. Besides those waste types,
tire wastes have started to get attention since every
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year tonnes of tire wastes which are one of the
alternative waste materials [8]. Currently, there are
some applications to reuse the tire wastes but the
ratio of reuse is not high enough for a sustainable
environment. Lately, many authors have studied
on using tire wastes in composite material
fabrication [9-14].

In this study, the effects of the matrix/filler ratio of
polyester/waste tire granule composites were
investigated experimentally. Polyester/waste tire
granule specimens were fabricated with 3 different
matrix/filler ratios and the specimens were
mechanically characterized.

2. MATERIAL AND METHODS

2.1. Materials

In this study, polyester resin and recycled waste
tire granules were used as matrix material and
filler material, respectively. In Table 1, the
technical properties of the polyester are given.
Methyl ethyl ketone peroxide (AKPEROX A60)
was used as a curing agent and Cobalt(I) 2-Ethyl
Hexanoate (AKCOBALT KXC6) was used as an
accelerator. The recycled waste tire granules were
obtained from a local supplier and they were used
with no modification.

Table 1. Technical properties of the polyester resin

(supplier data)
Type Polyester
Viscosity (cps) 350-450
Liquid

Monomer content (%) 38-42 Resi

- 3 esin
Density (gr/cm’) 1.1
Tensile strength (MPa) 65 Cured
Elongation at break (%) 2 Resin

2.2. Fabrication of the Samples

The specimens were fabricated with the open
molding method. To fabricate samples, firstly
accelerator (0.2% wt.) and polyester resin were
mixed and stirred to obtain a homogenous mixture.
Afterward, the recycled waste tire granules were
added to the mixture and stirred mechanically for
10 minutes. The hardener chemical (2% wt.) was
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added and 10 more minutes stirring was applied.
After the homogeneous mixture is obtained, the
mixture was poured into the open mold at room
temperature. The specimens were cured at room
temperature for 24 hours and after that, the
specimens were removed from the molds. The
specimen fabrication procedure was applied for
each specimen and the schematic of the fabrication
processes and testing is illustrated in Figure 1.

dJ Q0

Resin Resin Waste Tyre

l Granules
temperature for 24

!
hours

! l

!

Curing at room

specimens
after curing

Cut specimens
for mechanical

Sz , e
characterization

\ J
|

Evaluation of
filler material
effect on
polymer
matrix
Figure 1. Schematic = of the  experimental

fabrication and test procedure

4 different specimen types were prepared for the
experimental studies. The material ratios of the
specimens were given in Table 2. After the
fabrication processes, the tensile, impact and
hardness specimens were cut out from the samples.

2.3. Characterization of the Samples

The prepared specimens were experimentally
characterized to determine the effects of the filler

775



Tensile and Morphological Properties of Waste Tire Rubber Granule/Polyester Polymer Matrix Composite

ratios. Tensile tests were conducted with ALSA
Hydraulic (60 ton) mechanical testing device. The
dimensions of the tensile specimens were 250 mm
X 25 mm x 2.5 mm. The hardness values of the
specimens were determined with Vickers Micro-
Hardness test. 10 seconds dwell time and 0.3 kgf
of the load were used for the hardness tests. The
microstructures of the samples were examined
with the scanning electron microscope (FEI
Quante 650 FEG scanning electron microscope).

3. RESULT AND DISCUSSION

In Table 3, the tensile and hardness test results of
the specimens are given. The results revealed that
the addition of waste tires to polyester resin
decreased the tensile and yield strength of the
polyester resin while addition increased the
elongation. With the increment of the waste tire
granule amount, the strength values were further
decreased. Tensile strength of the polyester resin
was decreased 8.85%, 13.51%, and 16.19% for
100:5, 100:10, and 100:15 resin:waste tire granule
ratios, respectively.

Table 2. Material ratios of the experimental composite samples

Polyester
Resin
(P)

1 2 3
20 20 20

Specimen . Resin:waste
. . Resin .
designation tire granule
P 100:0
P-WTG5 100:5
Polyester
P-WTG10 100:10
P-WTG15 100:15

(P-WTGS5) (P-WTG10) (P-WTG15)

The decrement of the strength may be due to poor
interfacial interphase between the rubber granules
and the polyester matrix [15, 16]. The decrement
of the strength values is a critical disadvantage for
the application of these combination for a product.
But also, it should be emphasized that using waste
tire granule as a filler material for composite
material decreases the usage of polymeric resins

Table 3. Tensile test results

which are mainly fossil sourced raw materials. The
results show a decrement in strength values and
this indicates that these combinations are not
feasible for structural applications where good
mechanical properties are required. In addition to
this fact, this combination can be utilized in
applications where low cost and environmental
issues are the primary considerations.

Specimen Yield strength Tensile strength Elongation Tensile modulus
(MPa) (MPa) (%) (MPa)
P 51.46 62 1.95 3335
P-WTGS5 45.20 56.51 2.15 3210
P-WTG10 43.96 53.62 2.28 3250
P-WTGIS5 41.82 51.96 2.35 3270
The SEM images (Figures 2 — 5) of the specimens  breakage created significantly sharp faces.

after the tensile test were taken from the breaking
points. The SEM images provide insights into the
microstructures and the breaking mechanisms of
the specimens. From Figure 2, it can be seen that
the polyester resin has brittle nature and its
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However, from Figures 3 — 4, it can be seen that
the sharpness has been reduced with the addition
of the rubber granules. These images also explain
the increment of the elongation values with
additional rubber granules.
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(a) - | (b)

Figure 4. SEM image of P-WTG10 a-100 X, b-1000 X
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(b)

Figure 5. SEM image of P-WTG15 a-100 X, b-1000 X

4. CONCLUSIONS

In this study, waste tire rubber granules were used
as filler material to produce polymer matrix
composite samples. The polyester resin was used
as matrix material and three different ratios of
waste tire rubber granules were employed to
fabricate the experimental samples. The specimens
were fabricated with the open molding method.
Tensile and hardness tests were conducted to
determine the mechanical properties of the
specimens and SEM images were taken to examine
the microstructures of the specimens. From the
study, the following statements are concluded;

e  Waste tire rubber granules can be used as
filler material especially for non-
structural  applications since rubber
granule addition to polyester matrix
decreases the strength of the structure.

e Even the addition of waste tire rubber
granules to the structure weakens the
structure, but also it increases the ductility
of the material.

e Untreated waste tire rubber granules and
polyester matrix combination create poor
interfacial adhesion which should be
improved with proper treatment.

e Using waste tire rubber granules for
composite material fabrication is a
promising  alternative  solution  for
sustainable and environmental-friendly
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production by employing recycling and
decreasing usage amount of the fossil
sourced raw materials.
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