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electronics from recycled materials and biomedical applications. Studying and characterizing plastic polymers
is important research for pursuing various and newfound
potential applications for composite materials. Composites are valuable for their attempts to combine the
respective, beneficial properties of two unique materials.
Compared to traditional materials, plastic composites
have enhanced mechanical and chemical properties, as
well as reduced costs. For instance, in the commercial
sector, wood-plastic composites are being used for their
durability in furniture, floors, and other building uses [1].
These composites are of growing interest because they
are inexpensive and low maintenance. Similarly, plastic
composites are also ideal as they can be utilized as an
alternative materials in the construction and aerospace
industries [2].

Abstract—Plastic composites, materials that are made
up of two different constituents, are relatively affordable,
lightweight, and durable. They are currently being studied
for future applications as a replacement to traditional
materials, such as aluminum, concrete, glass, and steel.
The purpose of this work was to characterize plastic
composite blends of varying percent weight of polystyrene
and high-density polyethylene using a unique single screw
extrusion melt-processing method. Mechanical, chemical,
and thermal properties of each composite blend were
tested to characterize the samples. Flexural tests were
performed on bars to characterize the amount of load
the bars can withstand. Impact data also revealed that
the mid level blends absorbed the least amount of energy,
reflecting a low impact resistance. The differential scanning
calorimetry (DSC) analysis portrayed that with an increase
in polystyrene content, the melting and crystallization
temperatures remained constant. This data allows for
a detailed characterization of the various compositions
of polystyrene-high density polyethylene. The determined
properties will be beneficial for future applications in
materials science.

It is important to note that the blending of polystyrene
and polyethylene is a new development in the field
of materials science as they are highly incompatible
with each other. Few polymer pairs mix well and thus,
continuous optimization of the processes to combine
them is done industrially. Often, mixtures of polymers
are phase-separated and are not homogeneous. These
mixtures are known as immiscible blends, meaning they
only mix on a physical level, rather than chemical.

I. BACKGROUND
Materials science and engineering is a field that aims
to design and develop particle combinations with novel
and useful properties. Polymers have been developed for
advanced engineering in materials science such as plastic

New composites allow two different plastics to be
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combined while preserving beneficial properties from the
two individual plastics. Producing these combinations
promote scientists to pursue beyond the normalized uses
of a material to visualize greater, revolutionary purposes.
In the modern world of manufacturing, plastics, specifically Polystyrene (PS) and high density Polyethylene
(HDPE), have evolved into a staple substance [3].

B. Sample Preparation
Polystyrene and high density polyethylene are immiscible polymers, meaning that they do not mix to
form a chemical mixture. Until recently, polystyrene and
polyethylene had not been combined into a polymer
blend (IMPB). PS and HDPE were combined using
a novel, uniform shear single screw extrusion meltprocessing method developed by Randcastle Extrusion
Systems at 0, 20, 35, 50, 65, 80, and 100 wt. % PS
in HDPE. Each concentration was pelletized, followed
by using a mini molder to fabricate testing specimens
for flexural and impact mechanical property testing.
This was done to combine the two different plastics
in specific concentrations, all while preserving some of
their respective, original characteristics. Polymer blends
of PS and HDPE were tested at different percentages of
composites (Table I).

II. METHODS
A. Materials
Polystyrene (PS) is a long chain hydrocarbon where
alternating carbon centers are attached to a phenyl group,
C6 H5 (Fig. 1). The weak intermolecular forces result in
a brittle structure with poor strength and elongation. It
is a commonly used thermoplastic, most seen in disposable plastic utensils and Styrofoam. It is a clear, solid
plastic that is also utilized in many commercial sectors,
from automobile parts to laboratory ware. PS is nonbiodegradable, which contributes to ocean pollution and
increasing volume of landfills [4]. However, polystyrene
is of interest because of its affordable, resourceful, and
long lasting qualities.

Table I
P ERCENT C OMPOSITION OF C OMPOSITES

Figure 1. A polystyrene molecule. [5]

High-density polyethylene (HDPE) is a thermoplastic
made from petroleum. HDPE is a linear polymer made
up of closely packed CH2 molecules (Fig. 2). This
strong plastic has excellent impact performance, tensile
strength, and is very lightweight. Due to its high strength
to density ratio, HDPE is often found in household
items such as fresh produce bags and bottle caps [6].
Thus, high-density polyethylene can be used in a variety
of applications due to its strong and flexible chemical
properties, affordability, and recyclable properties.

Polystyrene %

High Density Polyethylene %

Sample Label

0

100

HDPE

20

80

20PS-HDPE

35

65

35PS-HDPE

50

50

50PS-HDPE

65

35

65PS-HDPE

80

20

80PS-HDPE

100

0

PS

C. Injection Molding
The tensile and impact bars were molded using a
six ton heated, pneumatic and pressurized bench shop
press injection molder (Fig. 3). The funnel was filled
with plastic pellets and melted into the mold, which was
screwed tightly in place with the vice.
Bars had to be discarded if the following occurred: if
the plastic was flashing or squeezing through the mold, if
the plastic was deformed, or not reaching the bottom of
the mold, and if the plastic melted too long and started to
speck or degrade and turn brown. Samples of successful
impact and tensile bars are shown in Figures 4 and 5
respectively.
Often, the mixture had to be packed beforehand,
meaning that the mixture was compressed to push out
the air, preparing it for the molding procedure. The
sample was ready to be injected when the pellets melted.
The injector was held down until the mold overflowed.

Figure 2. A high-density polyethylene molecule [7].
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Figure 5. A successfully molded tensile bar.
Table II
T ENSILE BAR I NJECTION M OLDING DATA

Figure 3. Six-ton pneumatic bench shop press injection molder used
to mold impact bars and tensile bars.

Sample

Temperature

Pressure

Heat Time

Label

(°C)

(psi)

(min)

HDPE

220

105

3

20 PS-HDPE

240

110

3.5

35 PS-HDPE

240

120

4

50 PS-HDPE

240

110

4

65 PS-HDPE

245

120

5

80 PS-HDPE

250

135

8

way between the supports, perpendicular to the supports.
Due to a specimen overhang, the support span-to-depth
ratio was changed from the standard 16:1 to 10:1 as
stated in the American Society for Testing and Materials
(ASTM) D790. The load was lowered at the crosshead
rate, calculated from the equation:
R=

Figure 4. A successfully molded impact bar.

ZL2
6d

R = rate of crosshead motion, mm/min,
Z = .01
L = support span, mm
d = depth of beam, mm
10 Newtons of force was applied to the specimen and
then zeroed in order to preload the specimen. The load
was then zeroed again and the stress and strain were
graphed. The slope was the modulus or stress/strain ratio.
Five samples were tested for the following compositions:
HDPE, 20PS-HDPE, 35PS-HDPE, 80PS-HDPE.

The processing temperatures and pressures varied for
each sample (Table II, Table III). Eight tensile bars and
eight impact bars were made for each composite. After
processing, the samples were stored at room temperature
prior to mechanical and thermal testing.
D. Flexural Testing
Flexural tests were conducted to measure the strength
and stiffness of the material. Samples were measured
for thickness, width, and length and recorded before
testing. Using a three-point Mechanical Testing System
QTest/25 (Fig. 6), impact bars were placed between
the supports at the span length which was calculated
from the average thickness of the specimens multiplied
by 10. The bar was loaded on the loading nose half

E. Impact Testing
Impact testing is a destructive mechanical test method
that measures a samples ability to resist high-rate loading, revealing how much energy is absorbed during a
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Table III
I MPACT BAR I NJECTION M OLDING DATA
Sample

Temperature

Pressure

Heat Time

Label

(°C)

(psi)

(min)

HDPE

220

105

2

20PS-HDPE

220

110

3

35PS-HDPE

240

110

4

50PS-HDPE

240

110

4.5

65PS-HDPE

245

120

5.5

80PS-HDPE

250

135
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Figure 7. The pendulum Instron Dynatup POE 2000 used.

excessive notch indentation.
F. Differential Scanning Calorimetry
Thermal properties were determined using a TA
Q1000 Differential Scanning Calorimeter (DSC). Tensile
bars for each composite were cut using the SKIL 3386
Band Saw in preparation for DSC. DSC is used for
thermal analysis and the plastic composite bars were
cut into thin squares 3.5mm wide and 1mm thin. The
samples were measured using a Mettler AE 240 High
Precision Scale to a mass 5mg and 10mg (average 8mg).
The specimens were placed in standard aluminum pans
and encapsulated using the T-Zero Press (Fig. 8). After
the species were encapsulated they were transferred
into the Differential Scanning Calorimeter Autosampler
(Fig.9).
The heat/cool/reheat (HCH) method was applied over
a temperature range of 0°C to 200°C at a rate of
10°C/min. The curves produced show the glass transition, melting temperature, crystallization temperature,
and heat of fusion and crystallization. Two samples were
tested per composite.

Figure 6. Three-point Mechanical Testing System QTest/25 flexural
machine used.

dynamic impact. Notched Izod impact resistance was
determined using a pendulum Instron Dynatup POE 2000
(Fig. 7). The specimen is impacted with a pendulum
energy of 21.7 J and impact velocity of 3.46 m/s.
Eight impact bars at the following compositions:
HDPE, 20PS-HDPE, 35PS-HDPE, and 80PS-HDPE
were prepared by cutting off from the runners and had
a notch drilled. In accordance to the Izod method, the
bar is held vertically when struck by the pendulum.
After the impact, the net energy absorbed by the bars
are calculated by subtracting energy left over from the
starting energy of the pendulum. This test is significant
as it will measure the physical capabilities of our composites. To ensure accuracy, ASTM D256 was followed
and the test was performed eight times per composite
as impact testing has many sources for error; these
includes specimen geometry, strike plate positioning, and

G. Fourier Transform Infrared Spectroscopy
Structural properties were analyzed using Fourier
Transform Infrared Spectroscopy (FTIR). During FTIR,
a broadband light source is utilized with an interferometer to identify the characteristic wavelengths at which the
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times the depth under notch. The impact strength follows a U-curve, originally decreasing in value, but then
increasing for 80PS-HDPE (Fig. 10). These values are
supposed to represent the material's ability to absorb
energy upon impact. However, the curve is inconsistent
with previous research that supports polystyrene having
a low impact strength [12]. While the impact tests had
a standard deviation of less than 10 percent, further
research should be done to evaluate why the composites
did not experience a downward trend.

Figure 8. The T-Zero Press used to encapsulate pans for DSC
samples. [8]

Figure 9. TA Q1000 Differential Scanning Calorimeter [9].
Figure 10. Impact strength results.

sample absorbs the light [10]. The instrument exposes
the sample to different wavelengths of infrared light
and measures which wavelengths are absorbed. The
computer uses the raw absorption data for a math process
called Fourier Transform. Fourier transform processes
the data from the light absorption associated with mirror
positions to generate a readable absorbance spectrum
[11]. The infrared absorption bands are useful as they
identify molecular components and structures.

Another valuable information that was acquired from
the impact test was that all the different compositions of
PS-HDPE withstood complete breakage. This is important as it shows how the materials are able to withstand
the pendulum's force of 21.7 N. Although all the bars had
the same hinging fracture, as the percentage of PS varied,
so did the neatness of the bars'breaks. For example, the
20PS-HDPE and 35PS-HDPE bars had a much smoother
hinge line than the breaks from the HDPE and 80PSHDPE bars. This is indicative of how the HDPE and
80PS-HDPE bars had a much higher impact resistance
and strength.
2) Flexural Test: Flexural testing also revealed further mechanical properties of the plastic composites. The
modulus, or stress/strain, was recorded (Fig. 11). It was
found that the modulus increased as the concentration of
PS increased, indicating that 80PS-HDPE has the highest
stiffness at 1.64GPa (Fig. 12). As per the ASTM D790,
the test stops at break or five percent strain, so none of
the samples reached breaking point.

III. RESULTS
A. Mechanical Properties
Mechanical properties are key components in characterizing a material. The range of usefulness and the
service life of materials can be determined through
physical tests such as impact and flexural.
1) Impact Test: The impact test provided significant data for determining mechanical properties. An
important quality determined through the test is impact
strength. Impact strength is found by dividing the bar's
total energy absorbed by the quantity of bar's thickness
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constant at 118°C (Fig. 15). Heat of crystallization
decreased with increasing PS content. In the second
heating curve (reheat curve), the melting temperature
remained constant at 131°C (Fig. 16). Similarly to the
first heating curve, the melting heat of fusion decreased
with increasing PS content. Glass transition temperature
was only observed in the cooling curve and was not
detectable in the heating curves. The glass transition
temperature decreased slightly as PS content increased.
There was a significant drop in temperature between
the 35PS-HDPE and 50PS-HDPE (Fig. 17). Due to
instrumental error, the PS was not analyzed.

Figure 11. Flexural testing stress-strain data.

Figure 13. Top left: first and reheat melting temperature. Top right:
cooling crystallization temperature. Bottom left: first and reheat heat
of fusion. Bottom right: cooling heat of crystallization. First heating
is represented in red, cooling is represented in blue, and reheating is
represented in orange.

Figure 12. Flexural testing modulus.

B. Thermal Properties
Thermal properties also provided crucial information
in characterizing a material as it describes the glass
transition temperature, melting and crystallization temperature, and the heat of fusion and crystallization. These
qualities were able to be analyzed through the data
from the Differential Scanning Calorimeter (DSC). The
first heating, cooling, and second heating (or reheating)
curves for each PS-HDPE sample composite show the
average melting temperature and crystallization temperature, and the area under each curve revealed the heat
of fusion and heat of crystallization (Fig. 13). In the
first heating curve, the melting temperature remained
constant at 129°C (Fig. 14). However, melting heat of
fusion decreased with increasing PS content. In the
cooling curve, the crystallization temperature remained

Figure 14. First heating curve showing melting temperature for each
composite.

This information is relevant as melting temperature
remained constant, showing that HDPE properties were
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Figure 15. Cooling curve showing glass transition(left) and crystallization temperature (right) for each composite.

Figure 17. Glass transition temperature recorded only for cooling
curve.

percentage composition of HDPE in a sample relative
to the other composites. A similar correlation is true of
PS but the large peaks occur at wavenumbers of 1160,
1190, and 1225 with residual yet noticeable intensities
around 1015, 1080, 1500, 1750, and 825 wavenumbers.
These high absorbance intensities appear due to bending
between double bonded hydrocarbons, CH and CH2 , and
bending between C and H bonds. The trends in the
FTIR data change in accordance with the percentage
of PS and HDPE, which confirms the percent weight
compositions of the composites analyzed (Fig. 18). The
absorbance falls as the samples contain a greater ratio
of PS to HDPE (Fig. 19). There is a steady increase
in the absorbance percentage at the wavenumbers that
characterize the chemical characteristics of PS (Fig. 20
and 21). An exception to both absorbance trends occurs
at the 50PS-HDPE composite data; the 50PS-HDPE data
is similar to that of the 35PS-HDPE composite.
The FTIR data shows that there are no significant
extraneous materials or contaminants in the composites
tested as absorbance of any degree occurs at the same
wavenumber for the samples. Presence of a contaminate
or polymer other than PS or HDPE would have shown
an additional peak or one of a drastically different
absorbance in some of the samples. The data does not
seem to show any variations when comparing all seven
samples and it can be concluded that all of the composite
blends are purely composed of PS and HDPE polymers.

Figure 16. Second heating curve/ reheat curve showing melting
temperature for each composite.

still maintained with the addition of PS. This is useful
for future applications and determining what temperatures a material can withstand without compromising
mechanical properties. The glass transition temperature
also remained constant and remained close to the glass
transition temperature of HDPE, which is approximately
85°C. The qualities of HDPE were still maintained with
the addition of PS. The results also show that with
increased PS, there is a decrease in latent heat. This
information is crucial for determining the specific heat
of the material and what environments the material can
be applied to.
C. Structural Properties
The structural properties of the PS/HDPE composites were analyzed through FTIR. The data produced
from the FTIR analysis reveals variations in chemical
structures and polymer compositions between the seven
samples tested. Structural properties such as molecular
structure, bonding, and deformation type are revealed in
the graphs the Agilent 4100 FTIR system returns [13].
The two peaks that develop around a wavenumber of
2850 and 2920 are due to bending of CH2 molecules
and characterize polyethylene polymers [14]. The intensity of these two peaks is directly correlated with the

IV. CONCLUSIONS
Immiscible PS/HDPE composites have been prepared
through single screw extrusion melt processing. The
different composites were successfully characterized
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Figure 18. FTIR results for all wavenumbers.

Figure 20. FTIR results for wavenumbers 1850 to 650 in PS
characteristic region.

Figure 19. FTIR results for wavenumbers 3000 to 2800 in HDPE
characteristic region.

Figure 21. FTIR results for wavenumbers 1350 to 950 in PS
characteristic region.

through impact and flexural testing, differential scanning calorimetry, and Fourier Transform infrared spectroscopy. These tests were necessary to properly analyze
the mechanical, thermal, and structural properties of each
composite.
The impact tests reflected that the HDPE and 80 PSHDPE blends should be utilized for intensive structural
applications. The low energy absorbed by the mid level
blends showed that toughness is not an additive property.
Flexural testing revealed that the modulus increased as
the concentration of PS increased, indicating that composites with greater PS content had a higher stiffness.
From the DSC analysis, it was recognized that the
addition of PS did not affect the melting and crystallization temperatures and glass transition temperature of
HDPE, but did cause a decrease in heat of fusion and
crystallization. This reflects the temperatures the material
can withstand without compromising its mechanical and
chemical properties. These results will be useful for
future applications in the manufacturing industry. For
example, these materials can be used in the construction

and aerospace industries due to their strength and ability
to withstand high temperatures.
The data received from FTIR confirms that the plastic
polymer composites contain purely PS and HDPE and
are absent of contaminant material. By comparing trends
on the graph the PS and HDPE composition of the
HDPE, 20PS-HDPE, 35PS-HDPE, 65PS-HDPE, 80PSHDPE, and PS are verified to be the percentage mass
composition we name them by. Thus, the results reflect
how the properties of each composite has the potential
to vary greatly, despite being composed of the same
material.
In conclusion, PS/HDPE composites sourced from
recycled plastics can be manufactured and be used for
applications in various industries. Applications include
railroad ties, pilings, I-beams, and high load capacity
bridges [15]. Plastic composites will replace traditional
materials such as concrete, steel, and timber due to
their strength, affordability, and other benefits. However,
further research is needed to find a better processing
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method that would enhance these products and reduce
product variability.
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