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Abstract
Global demand for polymers is increasing rapidly. Despite all
the good properties of polymers, the increasing usage leads to
increase in the volume of waste in landfills. As most synthetic
polymers are not biodegradable and have a harmful effect on the
environment, research was directed recently towards recycling
thermoplastic polymers. In this work, polystyrene (PS) and
polyethylene (PE) were recycled. A composite was produced
from the recycled polymers by adding suitable reinforcements
such as wood flour, fine aggregates and agricultural waste
(olive waste). The main objective of this work was to produce
a composite material that can be used as a wood substitute
in flooring and non-structural applications such as decorating.
Polymers were melted for 3 minutes using a two roll mill machine
at 150 0C and 130 0C for PS and PE, respectively, and then the
reinforcement were added and mixed for other 3 minutes. Sheet
samples were prepared using a thermal press. The produced
samples were tested using Universal Testing Machine (UTM),
Melt Flow Index (MFI) and Impact testing machine in order to
study the mechanical and rheological properties of the produced
composites. Unfortunately, PS based composites were found
to be brittle. On the other hand, PE based composite materials
performed well. Their moisture content was found to be less than
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1. Introduction
Synthetic polymers are used in many applications due to their
low cost, light weight, acceptable mechanical properties,
and ease of processing. Unfortunately, they cause serious
environmental pollution because they are not biodegradable.
To solve this problem, research was directed towards recycling
these materials to produce new products that can be used
in many applications. Since the properties of polymers are
decreased during the processing stage, due to the high
processing temperatures and the developed shear stresses,
the addition of suitable reinforcements is a suitable method to
improve their properties.
Organic reinforcements such as wood floor and sugarcane
bagasse fibers were used to improve the properties of
polystyrene (PS) [1, 2]. The mechanical properties of the
composite materials were found to be affected by wood
floor size and wood floor content [1]. The mechanical and
thermal stability of PS were improved by using grafted
sugarcane bagasse fibers and by using a coupling agent, due
to the improvement of the interfacial adhesion between the

1.4%, which is lower than the moisture content of several types

reinforcement and the polymeric matrix [2].

of wood (12%). The Vickers hardness of these composites varies

Inorganic reinforcements such as boron nitride nanotubes,

from 5.4 to 10.3, which is higher than that of some types of wood

carbon black, and metallic powders such as nickel, iron powder

(3.2-5.4). Finally, the impact energy of PE based composites

and copper powder are also used [3-4]. The addition of boron

was found to be around 50 kJ/m2, which is similar to the impact

nanotubes was found to improve both the mechanical and

energy of white Swedish wood.
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thermal properties of the produced composites [3]. It was
found that iron powder improved the mechanical properties of
PS, while nickel powder improved the thermal and conductive
properties of PS [4]. Carbon nanotubes were used to improve
the electrical properties of PS, from the measurements of
the electrical conductivity of the produced composites, the
electrical conductivity was improved [5].
Organic reinforcements such as palm fibers were used to

Digital Balance, (CPA423S, No26211484,) two-roll mill
machine, thermal press, flow Index machine, impact testing
machine (Impact tester MT3016), and hardness tester (Vexus
MHV-1000Z) were used to produce and characterize the
composite materials.
2.3 Procedure

improve the properties of polyethylene (PE). The mechanical

1. Calcium carbonate was sieved using a 4 µm sieve.

properties of high density polyethylene (HDPE), such as

2. The reinforcements were dried in the oven at 60◦ C for five

the tensile strength, hardness and flexural properties
were enhanced by the addition of palm fibers. The degree
of the improvement of these properties was affected by
the reinforcement content, fibers orientation, and alkaline
treatment of palm fibers [6].
Inorganic reinforcements such as talc, calcium carbonate
and glass fibers were used as reinforcements for PE. Talc

hours to achieve a constant mass.
3. The polymer and the reinforcement were weighed to
produce the composites with total mass of 70 g as shown
in Table 1.
4. Two roll mill temperatures was at 150 0C and 130 0C for PS
and PE, respectively.

and carbon black were separately added to high density

5. The polymer was placed on the two roll mill for 3 minutes

polyethylene (HDPE), the tensile strength was decreased

to melt, and then the polymer was mixed with the

with the increase of both fillers. Young’s modulus and

reinforcement for 3 minutes.

microhardness were increased. The flexural strength
increased with the increase of carbon black content by 78%,
but decreased with the increase of talc content by 18%. This
is related to the difference in the compatibility between
362

2.2 Equipments

HDPE and the two fillers [7].
Calcium carbonate was used as reinforcement for PE, in
general, the properties of the produced composites were found
to be affected by several parameters such as the reinforcement
content, its size and the treatment method [8-9]. Glass fibers
and talc were used to reinforce low density polyethylene
(LDPE), composites based on glass fiber provide higher
mechanical properties than that based on fine talc. However,
glass fiber can effectively reinforce the recycled LDPE up to
concentration of 45wt% [10].

6. The hot press temperature was set at 170 0C and 150 0C
for PS and PE, respectively for 10 minutes to melt, and
then for another 3 minutes under 800 kPa to produce the
composite sheets.
7. The impact strength was tested using the impact testing
machine.
8. The composite flowability was measured using the MFI
machine 150 0C and 130 0C for PS and PE, respectively.
The samples were melted for 5 minutes, and then MFI was
measured under a weight of 2.16 kg.
9. The composite hardness was tested by using 5 g (Force) for
10 seconds using a Lens of 40 X.
10. The samples were dried at the oven at 60 0C to achieve the

The main objective of this work was to produce a composite

constant mass, and then they were placed into the water

material based on recycled PS and HDPE to be used as wood

bath at room temperature for 24 hours. Then the water on

substitute for non structural applications.

the surface of the samples was removed by using a clean

2. Experimental Part

cloth. The moisture content was calculated by using the

2.1 Materials
Polystyrene foams (PS) and high density polyethylene pellets
(HDPE) were used to produce the composite materials by
adding reinforcements, which were wood flour (WF), calcium
carbonate (CC) -0.4 mm sieve-, agricultural waste (AW) -olive
waste- and glass fibers (GF), stearic acid (SA) was used to
improve the interfacial adhesion between the polymers and
the reinforcements.

following equation:-

∆m =

m f − mi
mi

(1)

Where mi and mf are the mass of the dried and wet sample,
respectively
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Table.1 The Constituents of the Produced Samples.
Samples

% Polymer

%WF

%AW

%CC

%SA

PS

100%

-

-

-

-

PS93WF07

93%

7%

-

-

-

PS86WF14

86%

14%

-

-

-

PS79WF21

79%

21%

-

-

-

PS93AW07

93%

-

7%

-

-

PS86AW14

86%

-

14%

-

-

PS79AW21

79%

-

21%

-

-

PE

100%

-

-

-

-

PE93WF07

93%

7%

-

-

-

PE86WF14

86%

14%

-

-

-

PE79WF21

79%

21%

-

-

-

PE86WF07SA07

86%

7%

-

-

7%

PE93AW07

93%

-

7%

-

-

PE86AW14

86%

-

14%

-

-

PE79AW21

79%

-

21%

-

-

PE86AW07SA07

86%

-

7%

-

7%

PE93CC07

93%

-

-

7%

-

PE86CC14

86%

-

-

14%

-

PE79CC21

79%

-

-

21%

-

3. Results and Discussion

(a)

(b)

Figure 1: MFI of the samples: (a) PS based composites
and (b) PE based composites.

3.1 Melt Flow Index Test
It can be observed from Figure 1 that the melt flow index
decreased with increasing reinforcement content; because the
reinforcement hinders the motion of the polymer chains which
reduces the flowability of the polymer due to the increase in
the polymer viscosity. It can be observed from Figure 1 that the
melt flow index of the polymer-AW composites is higher than
the melt flow index for the polymer-WF composites; because
the agricultural waste contains olive oil which improves the
flowability of the composite as it works as a lubricant material.
It can be also observed from the figure that PS has higher MFI
than PE due to the presence of phenylene group which hinders
the motion of the polymer chains. It is remarkable that the
stearic acid had decreased the melt flow index; this is because
stearic acid acts as a compatabilizer which improves the
adhesion between the polymer matrix and the reinforcement.
The decrease in MFI of composite materials with the increase
in reinforcement content and/or the treatment of reinforcement
was reported [1, 11].

3.2 Vickers Hardness Test
Figure 2 shows that the hardness of PE based composites is
higher that the hardness of the polymer matrix, and also the
hardness of the samples increases as reinforcement content
increases; because the reinforcements have improved the
polymer strength as they act as a load carrier, also thier rigidity
is also greater than the polymer matrix.
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the samples. The same result was reported by Hernández et al
[1]. Also it can be observed that the impact energy is high when
using calcium carbonate reinforcements, because the rigidity
of these reinforcements is higher than the other samples, but
the impact energy of composites based on PE and calcium
carbonate decreases with the increase in the filler content
because the composite material becomes more brittle, the
same result was reported [8].

(a)

Figure 3: Impact energy of PE composites.
(b)
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Figure 2: HV of the produced samples: (a) PE based composites and (b) PS based composites.
It is obvious that the agricultural waste had improved
the hardness of the polymer better than the wood flour
reinforcement because the oils in the reinforcements work as
a compatabilizer which improves the reinforcement-matrix
adhesion. Despite the fact that calcium carbonate has higher
rigidity than the wood flour and the agricultural waste, it
had the least hardness due to poor adhesion between the
reinforcement and the polymer matrix. It can be seen from
Figure 2 that the hardness of PE-glass fiber based composites
is 9.9 at 10%, and then it decreased to be 5.6 at 20%, this may
be related to high void content at high fiber content due to the
poor impregnation, the formation of voids in the composite
materials reduces their mechanical properties. The hardness
of HDPE based composites containing carbon black or talc was
found to increase with the increase in filler content [7].

Stearic acid did not improve the impact energy of the
composite, because it acts as a compatabilizer which improves
the adhesion between the polymer and the reinforcements,
and so the polymer becomes more brittle. The impact energy of
glass fiber composites decreases with the increase in the fiber
content due to poor impregnation at high fiber content which
may increase the void content of the composite materials.
3.4 Moisture Content
Moisture content of the samples was calculated by using
equation 1. The moisture content of the composite increased
with increasing the reinforcement content; because the
reinforcements are hydrophilic, as can be seen from the same
Figure 4, it is obvious that the agricultural waste reinforcement
had the lowest moisture content and this is because of the
presence of oils.

3.3 Impact strength Test
Polystyrene samples were found to be very brittle so their
impact energy could not be measured. The impact energy of PE
is higher than the composite materials because the polymer is
more ductile than the composite materials. It can be seen from
Figure 3 that the impact energy of the composites increases
with increasing reinforcement content; this may be related to
the fact that at low reinforcement content, the reinforcement
acts as a hard inclusion which may speeds up the fracture of

Figure 4: Moisture Content of PE based composites.
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The increase in the moisture content with the increase in the
hydrophilic reinforcement content was observed in previous
studies [1, 12].
3.5 Comparison between wood flooring and the composites

4. Conclusions
1. The impact energy of the polystyrene could not be
measured because it was brittle, unlike polyethylene which
was ductile.

In general, the composite had less moisture content and higher
hardness than the wood it is also cheaper than wood, but the
impact energy of wood was higher than the obtained product
as seen from Figure 5. The moisture content of the composites
is much less than the wood moisture content, because the
composites are made of a hydrophobic polymer while wood is
hydrophilic. It is observed that the hardness of the composites is
higher than the hardness of the wood, because the composites
has less moisture content than the wood and it is more rigid
than the wood due to the presence of the reinforcements.

2. The impact energy of the polyethylene decreased with
increasing the reinforcement content, the hardness of
the polymers and the moisture ration increased with the
increasing reinforcement ratio, while the melt flow index of
the polymer decreased with the increasing reinforcement
ratio.

The impact energy of the wood is higher than the composites,
because of wood composition, cellulose, linear natural polymer,
hemicelluloses and lignin, gives it more ability to absorb energy
before fracture, also in wood; cellulose forms bundles which are
called “micro fibrils” and they stretch when a force is applied.

4. The produced polymers exceeded the wood in some
properties, and lack in others such as the impact energy,
the obtained impact energy was approximately found to be
close to that of White Swedish wood.

3. Using stearic acid improved the adhesion between the
polymer and the reinforcement, and thus improving the
properties of the composite material.

5. Recommendations
The properties of the produced composites may be improved
by:1- Optimizing the processing conditions such as the processing
temperature, pressure, and processing time to obtain good
impregnation.
(a)

2- Internal mixer may be used to obtain a good distribution of
reinforcement.
3- Using other types of coupling agents to improve the
adhesion between the reinforcements and the polymer
matrix.
4- Other types of polymers may be investigated.
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