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Abstract
Scrap tires, SCT, represent an environmental problem due to their durability and rigidity as
they are designed to suit heavy duty road applications. Many attempts were employed on
semi-industrial and pilot scales to find possible uses for the scrap tires as supply of energy
and materials via thermochemical conversion and inclusion is some composite materials to
suit practical applications. In this work, thermoplastic polymer matrix (PVC), with the
incorporation of SCT particles, will be used to prepare composite material with reliable
thermal insulation. The composites were processed using a twin-screw extruder. The thermal
and mechanical properties of the prepared composites with SCT contents of 10-40% were
evaluated. Young’s modulus decreases with the increase in the SCT content and a linear
relation with R2 of 0.936 describes the effect. Both the Shore D hardness and tensile strength
linearly decreased with the increase in SCT powder content. The impact strength increased
linearly with the increase of SCT particles content of the composite. The increase of the SCT
content in the composites resulted in a decrease of the. The study indicated the possibility of
using scrap tires at as much as 30% in the production of thermal insulation sheets with
acceptable mechanical properties and reasonable thermal insulation characteristics. The
thermal conductivity values of the prepared composites ranged from 0.24- 0.29 W/m oC
which is common for thermal insulators.

1. Introduction
The massive disposal of SCT and the huge expansion of their stockpiles in dumping sites created an ideal
environment for the growth of rats and mosquitoes with their bad consequences on life [1]. Fire hazard is
another potential source of scrap tire disposal problems [2]. The main task in SCT utilization is the reduction of
the huge quantities of such a highly engineered material that suits the tough application being running on roads.
The production of tires involves the incorporation of many ingredients to end up with a strong modified
performance material. Such perfection in their production makes the natural degradation more difficult and
hence efficient methodologies have to be introduced to solve the problem. An estimate of the annual
accumulation of scrap tires approached 1.5 billion tires [3]. The SCT have been used in a variety of rubber and
plastic products, burning for production of electricity, or as fuel for cement kilns, and as modifiers in asphalt
concrete [4, 7]. The use of SCT in building components, particularly in Portland cement concrete, has become
popular application in the last few decades. Great effort is directed for the utilization of SCT as a source of
liquid fuels and chemicals [8-11]. Due to crosslinked structure of rubber vulcanizates, pyrolysis seems to be the
most effective way for tire recycling. In a pyrolysis reactor the shredded tires are decomposed into pyrolysis
products: solid char (30-40 wt%), liquid residue (50-60 wt%), and gases (3-20 wt%) [12].
Many pyrolysis systems were introduced on the bench and pilot scales to decompose the shredded materials at
various temperatures employing a variety of geometries for the feeding of the material and the collection of the
products [10]. In addition to the usual hydrocarbons, the degradation of the backbone rubber material may
result in the formation of some valuable products like lanoline as a result of the dimerization of the produced
monomers [13].
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Aside from such techniques, material scientists and engineers started to include the SCT in some useful products
to be used in various applications. The use of such products in building industry appears to be a viable route for
contributing to both preventing environmental pollution and designing economical buildings. The increase in
the popularity of using environmentally friendly, low cost and light weight construction materials in building
industry brings the need for searching more innovative, flexible and versatile composites. The various products
can be utilized in other applications like highway guard rail extensions, railroad tie pads, paving stones, and
floor coverings of at least about one inch in thickness [14], for making roofing products such as rolled roofing,
tiles, shakes, slates, and walkway pads [15].
Yesilata, et al., [16] studied and characterized concrete samples loaded with the SCT and other polymeric
wastes utilizing the adiabatic hot-box technique for comparing effective thermal transmittances of the samples.
The addition of such materials into concrete significantly reduced the heat loss and, thus, improved the thermal
insulation performance. The degree of improvement in thermal insulation is found to vary with the added waste
material and geometry of shredded-pieces.
A method for forming foamed thermal insulating material from scrap rubber was disclosed by Disanto [17] by
mixing Scrap buffed rubber with a flour, water and yeast mixture, a deodorant, an antivermin agent and a flame
retardant, and baked to form a cellular material suitable for thermal insulation. Waste rubber powder was
incorporated into thermoplastic polymers with the objective to improve their properties. For instance, waste
rubber powder has been incorporated with linear low density polyethylene (LLDPE) to obtain impact-resistant
thermoplastic elastomer, TPE [18].Plesuma and Malers [19] prepare a binder from recycled tires and
polyurethane to work in water medium
PVC is the most used polymer for variety of general purposes domestic, industrial applications and for wiring
and cable insulation and sheathing. Colom et al., 2007, [20] studied the compatibility between PVC and other
recycled polymers including SCT to be used as reinforced composite materials. Nikpour [21] utilized SCT
powder as an impact modifier for natural fiber-polymer composites.
SCT Rubber is a thermoset material which makes the recycling a difficult practice and a trend to use it in
mixtures with thermoplastic matrixes to suit industrial and household applications was used. The lack of
adhesion of SCT rubber with the rest of polymers makes this practice not possible [22].
The blends of thermoplastic materials with SCT powders exhibit properties typical of rubbery materials but can
be processed like thermoplastics. They can be easily processed by internal mixing or extrusion, and their
productivity is high, because no vulcanization is required. Besides, these types of blends provide better material
utilization as scrap and rejects can be recycled [23].
The present work aims at the preparation of PVC composites with various contents of SCT to suit the thermal
insulation applications and reliable mechanical properties.

2. Experimental details
2.1.Materials
Poly vinyl Chloride (PVC) powder was purchased from Sabic, Saudi Arabia. Lead stearate, Zinc stearate, and
Dioctyl phthalate (DOP) were supplied from Guangdong Winner Co. The SCT powder was supplied by the
State Company for Tire Industries, Najaf, Iraq. The powdered material was sieved and the fraction of (0.6-1.18
mm) particle size was used in this study.
Lead stearate was used as a stabilizer in PVC and also acts as a high temperature lubricant. Zinc stearate (white
powder), with a density of 1.095 g/cm3 and melting point (120-130)o C, was employed as a releasing agent and
external lubricant which can be easily incorporated. Dioctyl phthalate (DOP) acts as a plasticizer and added in a
ratio of 10 % for all preparations.
2.2. Procedures:
2.2.1. Preparation of PVC Matrix
The ingredients were added in the following order: PVC powder, stabilizer, zinc stearate, and then the lead
stearate. Dimethyl dichlorosilane was used as a coupling agent and was added as ethanol solution to SCT rubber
and left for 24 hrs for drying and then heated at 200o C and left for 2 days for complete drying. The SCT rubber
was ready for the next steps of composite preparation.
2.2.2. Preparation of polymer composite
The SCT rubber powder was added to the prepared PVC and during mixing, the DOP was added gradually to
the mixture. The Composites were prepared with 10, 20, 30, and 40% by weight of SCT mixed with PVC. The
mixing was carried out in a two-roll mill machine (made in China for Areejul-Furat Company – Iraq) at (80110oCfor 10 min. The samples were then extruded by a locally produced twin screw extruder at a screw speed of
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50 rpm.To produce polymer composite with 4-mm thickness, stainless steel mold of (10 cm x 10 cm x 0.4 cm)
in dimensions was used. The extrudate was compressed with hydraulic press at (150 ºC) and a pressure of 7ton
for 10 min. The product was cooled in a water bath and removed from the mold. Finally, the samples were
properly shaped by mechanical aids in accordance with the standard specifications to fulfill the mechanical tests
in the work.
2.3. Physical and Mechanical Tests
2.3.1. Tensile tests

The tensile test samples were dumbbell-shaped and were cut according to the standard ASTM-D638 dimensions
of 100 x 20 x 4 mm at room temperature. The measurements were carried out on a Tinus Olsen tensile strength
system, model H50KT. During the measurements the course of the load and elongation were timely illustrated
on the screen. Tensile strength was calculated by the relation [24].
Tensiles strength =

Load at break
original width original thickness

……….(1)

Stress at break, ultra tensile strength, UTS, was evaluated from the following equation:
b =

F

A
Where, A is the cross – sectional area of the sample and F is the applied force. The elongation at break was
calculated using the following equation:

𝐿b =

L'-Lo
Lo

x100

…… (2)

Where, Ĺ is the length of sample at break and L0 is the initial length. The modulus of elasticity was evaluated
using the following equation:

=

b

L'-Lo /Lo

……..………… (3)

where, L is the length of sample at yield, and y is the stress at yield.
2.3.2. Charpy impact tests [25]

The Charpy impact test was carried on sample of 55 * 10 * 4 mm in accordance with the ISO 79 standard. Some
of this kinetic energy is utilized to cause the fracture the sample. The impact strength (I.S) was calculated by
applying the relationship:
I.S =Uc/A

………….( 4)

whereUc is the fracture energy (Joule) which is determined from Charpy impact test instrument, A: is the crosssectional area of the specimen.
2.3.3. Hardness test
The hardness is measured by Shore (D) Durometer device model TH210, Italy, in accordance to (ISO 9001)
standard. The hardness value is determined by the penetration of the Durometer indenter foot into the sample by
applying a sufficient pressure for 5 seconds.
2.3.4. Bending test [26]:
A Three-points tester purchased from Phywe, Germany was used to measure the Young's modulus of samples.
The bending test was performed according to ASTM-D790 standard on sample 100 mm in length, 10 mm in
width and 5 mm height. The Young’s modulus (Eb) is calculated from the Eq. (5):
MgL3
………………..(5)
Eb 
48IS
(M/S) is the slope calculated from mass-deflection curve; g is the acceleration due to gravity (9.81 m /s2); and I
is the momentum of geometrical bending. The latter is calculated from the equation:

I 

bd 3
12
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where b is the width d is the thickness and L is the distance between supports, all been measured in meters.
2.3.5. Thermal conductivity
Lee’s disc instrument was used to determine the thermal conductivity of the samples under test. It consists of
three discs of brass and a heater. The heat transfers from the heater to the next two discs then to the third disc
across the sample. A voltage, V, of 6 V was applied to the heater at a current, I, of 0.25A. The temperatures of
the discs (TA, TB, and TC) were recorded with the thermometers located in them at equilibrium. The values of
the thermal conductivity were calculated using the equation:
1
I .V  r 2e(TA  TB )  2re[d ATA  d S (TA  TB )  d BTB  dCTC ] ........( 7)
2
where, r is the radius of the sample, dA, dB and dCare the thickness of discs A, B and C, respectively; dSis the
thickness of the sample and e is the heat flowing through the cross sectional area of the sample per unit time
(W/m2.°C)[24]. The thermal conductivity, K (W/m.°C), can then be calculated [28, 29] from equation (8):
T  TA
2
1
1
… ……………..(8)
K( B
)  e[TA  (d A  d S )TA 
d S TB ]
dS
r
4
2r
2.3.6. Flexural Strength
Properties of materials, such as fracture resistance and elasticity, under stress are evaluated by the determination
of properties of flexural strength, flexural modulus, and fracture toughness [30]. While the failure stress of a
material is called flexural strength, the stiffness of a material is called flexural modulus as both measured in
bending [31]. The flexural strength of the composite is determined from 3-point bend test.
Fresh fruits of Malusdomesticawere bought from King Fahd University of Petroleum and Minerals (KFUPM)
commercial shopping centre. They were thoroughly washed thrice with double distilled water, sliced into pieces,
dried in a hot air oven at 70 oC for 24 h and then crushed into powder using a grinder (Joya, 16-002). An intense
brown colourMalusdomestica extract was obtained after mixing 10 g of the fruit powder in 200 mL double
distilled water and then boiling it for 10 min in a hot plate. The residue was separated by filtration through
Whatman No. 1 filter paper. The filtrate obtained was stored in a refrigerator for further use.

3. Results and Discussion
3.1. Mechanical properties

The mechanical properties of the prepared composites were evaluated by carrying out a number of tests like:
young’s modulus, shore D hardness, tensile strength, impact strength, flexural strength, and thermal conductivity.
Bending test
Fig. 1 illustrates the effect of SCT content of the composite on the Young’s modulus, Eb, of the composite. It is
clear that Young’s modulus decreases with the increase in the SCT content. Almost linear correlation could be
obtained with R2 of 0.936. Consequently, the values of Eb of composites decreased. The presence of SCT
improved the rigidity, although the compatibility is not sufficient. The elastomer phase is uniformly dispersed
particles in the PVC matrix which was bearing the tensile force applied on the blends. These findings are in
agreement with previous work [32]. Agglomeration and particle-particle interaction of the rubber powder were
observed decrease in tensile strength and Young’s modulus of blends. The molecular entanglements in the
rubber chains alone are insufficient to prevent rapid flow and fracture in response to the applied stress. This
results in the lower tensile strength and Young’s modulus of the PVC composite. For HDPE/GTR blends, the
presence of the crosslinking rubber powder and others curatives in GTR has allowed the rubber particles to
reach higher strains and at the same time confers mechanical strength to the particles [32].
3.1.2. Hardness test
Fig. 2 shows the change of the Shore D hardness of the composites with SCT content. A linear decrease of the
Shore D hardness was obtained with the increase in SCT powder content of the composite with a reasonable
correlation coefficient, R2, of 0.9582. The hardness decrease indicated a decrease in the crosslinking density of
the blends. The incorporated SCT introduced flexibility and elasticity of the rubber chains into PVC matrix. It
also resulted in less rigid rubber vulcanizates with a decrease in hardness [33]. This observation is in perfect
agreement with the results on Young’s modulus.
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Figure 1: The effect of waste tire on the young modulus of PVC composite.

Figure 2:The change of Shore D hardness with SCT content of the composites.
3.1.3. Impact strength
Fig.3 shows the impact strength values of the composite as a function of the SCT content. The impact strength
increases linearly with the increase of SCT particles content of the composite. The PVC matrix plasticity
provides ductility to the composite, whereas scrap tire will cause more brittle behavior with a subsequent loss of
toughness in the composite material [34]. An increase in the filler SCT content in matrix resulted in an increase
in the impact strength of the specimens. For scrap tire contents beyond 30% the increase of the impact strength
is only slightly increased.
3.1.4. Tensile test
Fig. 4 shows the plot of tensile strength versus the waste rubber addition. The increase of the SCT content in the
composites resulted in a decrease of the tensile strength. The rate of decrease was almost linear with a
correlation coefficient of 0.9303. The relation of the SCT content with the tensile strength can be represented
with the equation (9):
Tensile Strength = 13.86 – 0.2351(SCT%)
………………….(9).
Such a decrease of tensile modulus may be associated with the aggregation of filler particles at high
concentration. The tensile modulus has the same trend as crosslink density which is measured from the swelling
measurement. However, strong matrix–filler interaction due to the increase of the number of crosslinks between
polymer chains will cause a loss of flexibility of the polymer composite. Thus, value of elongation at break
shows a reduction with increasing waste rubber loading and gives the opposite trend of tensile modulus resulted
in composites becoming stiffer and harder. As a result, the thermoplastic polymer composites can be processed
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by extrusion, injection, and compression molding. The results were in agreement with those reported by
Montagna and Santana [34].

Figure 3: The impact strength values of the composite as a function of the scrap tire content.

Figure 4: The variation of tensile strength versus the waste rubber addition.
Thus, the more ground tire rubber incorporated in the PVC matrix the lower the mechanical properties will be.
This is mainly due to the lack of adhesion with thermoplastic matrixes, the particle size of the ground tire rubber
particles and its cross-linked nature [33].
The reduction in strength may be due to agglomeration of the SCT particles to form a domain that acts like a
foreign body as well as weak interfacial region. Similar trend of tensile strength was observed by Ismail et al.
[29] in their work on white rice husk ash filled natural rubber composites.
3.1.6. Flexural Strength
Composite designers highly depend on flexural strength because composite resins, especially cavities under
stress, are exposed to tension and compression forces [30, 35]. Fig. 5 shows the dependence of the flexural
strength values on the SCT content of the PVC – SCT composite. It is clear that the composite showed an
increase in the flexural strength as the SCT content increases and attains a maximum value of about 35 MPa at
about 15% SCT content. Further addition of SCT resulted in more flexible material and this is expected because
of the flexibility of the SCT particles. Similar trend could be obtained by Reddy et al., [36] in their study if
enforcement of epoxy resin with glass fiber.
3.1.5. Thermal conductivity measurements:
The effects of SCT content of the composite on the thermal conductivity of PVC are shown in Fig. 6. The
thermal conductivity decreased from 0.35 for the pure PVC down to a minimum value of about 0.24 for the
composite with 10% wt ratio of SCT powder. This best thermal insulation could be obtained at the 10% wt ratio
of the SCT powder. There appears an increase in the thermal conductivity of composite with the increase of
scrap tire content. This may be a result of the presence of some thermally conductive components within the
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Flexural Strength, MPa

scrap tire composition like carbon black and zinc oxide and silica. The rate of increase was lower with scrap tire
content above 20% and values of 0.2905 and 0.2933 W/m.oC for the 30 and 40% scrap rubber contents,
respectively. The conductivity may result from the expected touching of many filler particles with each other to
begin to form filler conductive chains, which greatly contribute to the thermal conductivities of composites.
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Figure 5:Flexural strength values of the PVC – SCT composite.

Figure 6: The dependence of thermal conductivity on the scrap tire content of the composite.
When the thermal conductivity of the 20% of the scrap tire content,0.25 W/m K, is compared with those of
some common construction materials, it was less than the thermal conductivity of clay bricks [13], the wood
concrete [18] and concrete containing waste rubber [19]. Thus, conductivity values of our samples fall within
the range of insulating materials.

Conclusion
Thermally insulating composites with reliable mechanical properties can be prepared by incorporating scrap tire
powder into PVC matrix at ratios of 20-30%. The achieved thermal conductivity of the prepared composites
compares well with clay bricks, wood concrete. The preparation is performed by normal machinery and no
specific conditions are required.
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