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Driven by the need of growing to amore sustainable and environmentally friendly future, this research is started bymixing in-house
produced biorenewable polymers (BP) fromwaste cooking oil with the standard low density polyethylene (LDPE) and high density
polyethylene (HDPE) via melt-mixing at low ratios.These mixtures are then compounded via injection molding to produce tensile
samples. By using the quality of individual compounds injected, the parameters obtained for all ratios of LDPE/BP were the same
with neat LDPE whereas some adjustments were required for the HDPE/BP compounds.The corresponding mechanical behaviors
of each ratio were also examined and the results showed that both tensile strength and strain of the LDPE/BP were better than
neat LDPE. On the other hand, increasing the BP content in HDPE/BP will increase the toughness of the compound if compared
to neat HDPE. Therefore, not only does the presence of BP provide renewable properties, but it also improves the mechanical
properties. Moreover, the processing temperature and composition of BP will both influence the quality and mechanical behavior
of the product made.Thus, this studymay aid any intention on processing these in-house produced polymers by injectionmolding.

1. Introduction

Polymers in the form of plastics are the most abundant prod-
ucts that we use in our daily life. Nowadays, a majority of the
consuming industries use polymers that are synthesized from
petroleum sources, for example, polyethylene thermoplastics.
Polyethylene is one of the most popular plastics globally
and has the simplest structure of all commercial polymers.
Two main types of polyethylene are low density polyethylene
(LDPE) and high density polyethylene (HDPE) [1].

LDPE and HDPE are two of the most widely used
plastics, especially in making plastic bottles, grocery bags,
or containers [2]. These polyethylenes can be obtained from
polymerization of ethylene. LDPE is produced via free radical
polymerization at extremely high pressures, while HDPE is
synthesised via Ziegler-Natta polymerization at atmospheric
pressure [3]. LDPE is known for its relatively low density due
to minor branching in the molecule. Meanwhile, HDPE is
well known for its high strength to density ratio. Traditionally,

different branch content polyethylenes are blended in order to
improve the toughness or processability [4]. Ethylene comes
from a nonrenewable source which is petroleum and does not
undergo the process of sustainable degradation [5].

Due to the detrimental effects and dependency towards
this limited source, there must be methods to replace or
improve these plastics [6, 7]. Currently, there are extensive
researches that are being done to accommodate the world’s
vision in growing to a more sustainable and environmentally
friendly future [8]. This leads to a series of studies in pro-
ducing biorenewable plastics which includes research being
done using waste vegetable oil as an alternative feedstock
for sustainable monomer [6, 7]. With the aim of gradually
changing these plastics to renewable plastics, the renewable
monomers are mixed with these standard thermoplastic
polymers.

Braskem, one of the world’s leading bioplastic producers,
announced the expansion of its resin portfolio with plans to
produce 30 kilotonnes of biobased low density polyethylene
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(LDPE) annually. The product has been available on the
market since January 2014. Braskem has been producing
high density polyethylene (HDPE) and linear low density
polyethylene (LLDPE) made from renewable feedstock on
an industrial scale. Biobased polyethylene in all its variations
has properties identical to those of traditional polyethylene;
however, since it is derived from renewable materials, it has
decisive advantages, such as reducing greenhouse gas emis-
sions by sequestering carbon dioxide from the atmosphere
[9].

Mixing these environmentally friendly hydroxylated
biorenewable monomers and crosslinking agents allows
biorenewable polymers (BP) to be produced [6, 7]. Combin-
ing the BP with the standard LDPE and HDPE is suggested
to improve the photodegradation, which is polymer degra-
dation due to light exposure. Even so, having biorenewable
polymers without any means of processing them is a waste.
The degradation being either photo or thermal may change
in aspect of bond scission, chemical transformation, and
formation of new functional groups [10]. Degradation rate
of PE, exposed to heat or UV light involving thermo- or
photooxidation, depends to a great extent on the nature of
material and environment it is exposed to [11].

Injection molding is the most common, easy, and com-
mercial method for processing or manufacturing of plastic
parts into various products or even for material testing [12–
14]. Since injection molding is one of the most widely used
methods for processing thermoplastics, this paper aims to
determine and understand the processing conditions of the
LDPE/SP and HDPE/SP compound by injection molding
[13]. An important advantage of injection molding is that
complex geometries can be made easily in one production
step in an automated process.The injectionmoldingmachine
operates by first pouring the materials in the hopper which
leads to the heated barrel equippedwith a reciprocating screw
[14]. After the material is heated to a molten state, the screw
pushes the content into a mold via the nozzle with sufficient
cooling time and the product will be ejected.

Being the most important process in manufacturing
plastic product, injectionmolding producedmass-producing
products since raw material can be converted into a solid
shape by single procedure. It is undeniable that, for any
process, the processing temperatures are one of the key
factors which gives most impact on the properties or the
processability of the product.Therefore, this research focuses
on the parameters, mainly temperature, needed to produce
several mixed ratios of these green polymers and LDPE
or HDPE by injection molding. The presence of biorenew-
able polymers in the compound may lower the processing
conditions required, which will save energy consumption.
Besides that, the resulting mechanical properties of each of
the injected samples will also be analysed.

2. Experimental

2.1. Raw Materials. The raw materials in this work included
low density polyethylene (LDPE) (melt index = 5 g/10min,
density = 0.922 g/cm3, and Vicat softening point = 93∘C),
high density polyethylene (HDPE) (melt index = 4 g/10min,

density = 0.957 g/cm3, and Vicat softening point = 124∘C),
flexible and rigid polymethane polyphenyl isocyanate (modi-
fied polymericMDI) (viscosity at 25∘C= 120–160 cps, specific
gravity at 25∘C = 1.18–1.20 g/mL, NCO content, and %wt =
26.3–27.3), and biorenewable monomers (sustainable polyol).

2.2. Synthesis of Biorenewable Polyol. The biorenewable
monomer conversions from waste vegetable oils were chem-
ically manipulated at the laboratory scale using less than 1 L
of vegetable oil [6, 7, 15].

The preparation of the hydroxylated biorenewable
monomer was divided into two stages: the first stage is the
preparation of catalyst to generate the epoxides from the
unsaturated fatty compounds, while the second stage is the
acid-catalysed ring-opening of the epoxides to form polyols.

The catalyst preparation was as follows: distilled water
(0.6mL) and hydrogen peroxide (1.26mL, 30%w/w) were
added and the solution was heated at 50∘C and thoroughly
stirred (for about 30 minutes) and cooled to room tempera-
ture and concentrated aqueous orthophosphoric acid (90mg,
85%w/w) (1.2mL) was poured in.

Waste vegetable oil (30 gm) was heated at 50∘C and
the catalyst prepared earlier was added, followed by water
(50mL). Orthophosphoric acid (15 gm, 85%w/w) and hydro-
gen peroxide (18mL, 30%w/w) were added dropwise to the
mixture. The mixture was heated at 90∘C and stirred for 6
hours.This yielded the hydroxylated biorenewablemonomer.

2.3. Preparation of Samples. In general, the hydroxylated
biorenewable monomer is reacted with the crosslinking
agent, namely, flexible or rigid modified polymeric 4,4-
dimethylen-bis-(phenylisocyanate) (MDI), to produce biore-
newable polymer (BP). BP were prepared by adding the
hydroxylated biorenewable monomer (1 gm; 0.2 gm equiv-
alent weight with polyol) with an appropriate amount of
flexible or rigid MDI (0.5% equivalent weight of polyol). The
mixture was mechanically stirred until a viscous compound
resulted which was left to cure at room temperature for at
least 6 hours until the disappearance of N=C=O groups as
measured by IR spectroscopy.

Meanwhile, for the compounding process, liquidized BP
(as prepared according to previous step but avoiding it to be
left and cured at predetermined time) is mixed with LDPE
and HDPE by manually stirring until the BP solidifies and
adheres on the surface of LDPE or HDPE surfaces. The
weights of compositions were determined based on ratio of
BP and LDPE and HDPE, respectively. Samples were made
with 1% of BP (wt/wt ratio) to 100% of LDPE or HDPE. The
samemethod was used tomix 2%, 3%, 4%, and 5% of BP with
LDPE and HDPE with either flexible or rigid crosslinkers.

The LDPE/BP and HDPE/BP specimens were then fed
to the injection molding machine (Nissei Horizontal Screw
Type Injection Molding NP7) equipped with a mold of
tensile specimens according to ISO 527 (5A). Using the
general processing conditions for pure LDPE and HDPE
along with the TGA results as a guideline to determine the
initial parameters, the quality of the resulting test bars was
used as a benchmark to adjust the parameters for changing
ratios.
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Figure 1: IR spectra of waste vegetable oil (bold line) and the
corresponding biorenewable polyol (dotted line).

2.4. Spectroscopic andThermal Characterization. Thestarting
vegetable oils and their hydroxylated monomers, namely,
biorenewable monomer, are identified by means of Fourier
transform infrared (FTIR) spectroscopy. The thermal gravi-
metric analysis (TGA) measurement of BP was performed
using Linseis TGA to characterize the thermal properties
of the BP according to ISO 11358. TGA is an analytical
technique that measures the decomposition weight loss of a
small polymer sample as a function of time or temperature.
It provides a quantitative description of the thermal stability
of a material and the amount of the corresponding residue.
The weight loss and derivative weight loss were measured at
20∘C to 900∘C with heating rate of 10∘C/min under oxygen
atmosphere and flow rate of 0.3 𝜇L using alumina crucible.

2.5. Mechanical Characterization. The Universal Tensile
Machine AG-I, Shimadzu, 10 kN with a 5mm/min crosshead
speed, was used to analyse the respective mechanical prop-
erties of the specimens produced at each parameter [16].
Then tensile tests of five samples from each composition were
tested and an average value was obtained.The tensile strength
and strain of each specimen were obtained and tabulated to
be examined.

2.6. Structural Characterization. In order to perform a frac-
ture analysis on each specimen, the fractures were observed
under a scanning electron microscope (SEM). The samples
were initially coated with platinum and observed at different
magnifications. However, the magnifications at 500x were
carefully observed.

3. Results and Discussion

3.1. The Infrared Spectra of the Synthesized Biorenewable
Polymer (Polyurethane) and Its Thermal Characterization.
The IR spectra (Figure 1) of the biorenewable polyols show
an intense, new broad peak at 3400 cm−1 that verifies the
presence of hydrogen bonded hydroxyl (OH) groups in the
synthesized product. (The OH group will then react with
diisocyanate to form the polyurethane polymer, namely,
biorenewable polymer (BP).) Otherwise, the principal IR
bands are much in the same location for all four compounds.

The infrared spectra of the synthesized BP of waste
vegetable oil-based polyurethane are shown in Figure 2. It is
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Figure 2: FTIR spectrum for biorenewable polymer of waste
vegetable oil-based polyurethane.

clearly seen that the polyurethane was fully cured.This is evi-
denced by the reduction and almost complete disappearance
of the NCO peak at 2275 cm−1. The following characteristic
bands in the FTIR spectra were observed: 3300, 1720, 1525,
1220, and 1086 cm−1 (this band is attributed to the formation
of urethane structures –NH [6, 7]), 2800–3000 cm−1 (CH
stretching vibrations), 2919 cm−1 (asymmetric CH

2
stretch-

ing), and 2853 cm−1 (symmetric CH
2
stretching).

An absorption peak was observed at the 1595 cm−1 band
corresponding to the C=C stretching vibration in the aro-
matic rings of MDI. A strong band, assigned to hydrogen
bonded –(NH–C=O–O)– stretching vibrations, is present
at 1705 cm−1. A free (non-hydrogen bonded) C=O stretch
appears as a shoulder on the high-wavenumber side of this
band (at 1730 cm−1, Figure 2).

Referring to Figure 3, the weight loss curves (TG), and
derivative thermogravimetric (DTG) evaluation of SP sam-
ples, the initial temperatures for injection molding were
ensured not to exceed the degradation temperature. The first
peak appeared at the temperature range less than 100∘Cdue to
the beginning of weight loss of volatilematerial [17], moisture
drying stage [18], moisture evolution of water [19], and water
evaporation [20, 21] in the DTG evaluation profile of the
samples.

Qualitative characterization of the degradation process is
elaborated by the onset and maximum peak temperature of
the first step 𝑇

1on and 𝑇
1max along with the same for second

step 𝑇
2on and 𝑇

2max. The detail of TGA onset decomposi-
tion temperature (𝑇onset) and the maximum decomposition
temperature (𝑇max) for BP is shown in Table 1. The onset
degradation temperature 𝑇onset and the maximum degrada-
tion rate temperature 𝑇

1max of the first BP degradation stage
are 238∘C and 419∘C, respectively. The first peak of polymer
decomposition temperature represents the hard segment,
while the second peak represents the degradation of the soft
segment. Figure 2 shows the derivative weight loss of BP is
more than 93.7%. The weight loss of BP which started at less
than 100∘C indicated that the volatile matter in samples is
equivalent to 4.3%.

Meanwhile, the decomposition temperature is attributed
to the crosslinker of flexible isocyanate content. It has been
suggested that the amount of weight loss at each degradation
stage may be used as a quantitative measurement of the hard
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Table 1: Thermal property of BP sample.

Samples BP
First decomposition [∘C] 238
𝑇on [
∘C] 94

𝑇max [
∘C] 283

Weight loss [%] 19.5%
Second decomposition [∘C] 419
𝑇on [
∘C] 283

𝑇max [
∘C] 494

Weight loss [%] 57.4%
Third decomposition [∘C] 567
𝑇on [
∘C] 494

𝑇max [
∘C] 678

Weight loss [%] 16.8%
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Figure 3: Thermogram (TG) and derivative weight loss (DTG) of
BP samples.

and soft content in BP. This is indicated by the first weight
loss of BP which is approximately similar to the first decom-
position temperature at 238∘C and second decomposition
temperature is at 419∘C, respectively.

3.2. Injection Molding Parameters. Based on the results
obtained from the TGA, the injection molding temperatures
of each zone were ensured not to exceed 238∘C. This is to
make sure that the BP does not decompose before injection.
Then, by referring to the melting temperatures and typical
injection molding temperatures of both pure LDPE and
HDPE, the initial parameters were set. The next several
temperature values with increasing BP composition were
adjusted to ensure that the best samples were produced.

For all compositions of the LDPE/BP compound, regard-
less of the type of crosslinker used, therewas no need to adjust
the temperature values of feed, rear 1, rear 2, middle, front,
and nozzle zones. These values are listed in Table 2.

Based on the values tabulated in Table 2, the LDPE/BP
compounds were able to be processed at the same parameters
as neat LDPE, regardless of the addition of BP. This is
beneficial as the processing of these proposed biorenewable
plastics will not require any additional cycle time. However,

Table 2: The main injection moulding parameters used for LDPE/
SP compounds.

(a)

Injection
pressure
[MPa]

Injection
rate

[cm3/s]

Holding
pressure
[MPa]

Holding
time [s]

Cooling
time [s]

Injection
time [s]

Cycle
time
[s]

43.4 15.0 43.4 2.0 10.0 2.0 22.0

(b)

Temperature [∘C]
Feed Rear 1 Rear 2 Middle Front Nozzle
50.0 165.0 170.0 175.0 180.0 185.0

if further development of the compound to be processed at
lower temperature, lower injection pressure with reduction
of cycle time should be considered. Due to lower temperature
and injection pressure required for processing, less energy is
consumed and thermal degradation of BP is reduced.

Meanwhile, for the HDPE/BP compounds, the parame-
ters, mainly temperature, had to be adjusted to ensure the
melt filled the mold entirely. All of the specimens injected
were individually examined from any defect. The respective
values are tabulated in Table 3.

According to these results, the parameters used for neat
HDPE were the same at low percentages of BP with the
flexible crosslinkers. However, when the composition of BP
was increased, the temperatures had to be increased as silver
streaks started to appear. Not only that, pressure also needed
to be increased for the melt to completely fill the mold. This
definitely opposed the initial idea of lowering processing
conditions to save energy consumption.

The increase in values of the parameters may be due to
the presence of HDPE. Its high density may have influenced
the mixing conditions to increase. Nevertheless, in further
research, the processing temperatures will be tried to be
reduced and the resulting effects on the mechanical proper-
ties will be studied. This may significantly reduce the energy
consumption for processing of these compounds. However,
the visual observations cannot stand alone; henceforth, the
corresponding mechanical properties for each compound
were analyzed.

3.3. Mechanical Characterization. Themechanical properties
of the compounds were analyzed based on their tensile
strength and strain or elongation at break. These data were
obtained through the tensile test performed. Table 4 shows
the tensile test experimental data for all LDPE/BP com-
pounds developed in this work.

The tensile strength measurement shows a peculiar trend
as it significantly increases at low percentages of BP and
gradually declines with addition of the BP. The same trend
is observed for the elongation at break of the samples. This
could be due to the soft properties of the BP blended with
the strong properties of the LDPE producing a tough and
strong compound. Not only does the presence of BP allow
it to be more renewable, but it also improves the mechanical
properties.
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Table 3: The main injection molding parameters used for HDPE/BP compounds.

Parameters
HDPE

Neat Flexible crosslinker
1% BP 2% BP 3% BP 4% BP 5% BP

Injection pressure [MPa] 96.6 96.6 96.6 104.7 104.7 104.7
Injection rate [cm3/s] 25.0 25.0 25.0 15.0 15.0 15.0
Holding pressure [MPa] 96.6 96.6 96.6 104.7 104.7 104.7
Holding time [s] 2.0 2.0 2.0 2.0 2.0 2.0
Cooling time [s] 10.0 10.0 10.0 10.0 10.0 10.0
Injection time [s] 2.0 2.0 2.0 2.0 2.0 2.0
Cycle time [s] 22.0 22.0 22.0 22.0 22.0 22.0
Temperature [∘C]

Feed 50.0 50.0 50.0 60.0 60.0 55.0
Rear 1 175.0 175.0 175.0 185.0 185.0 175.0
Rear 2 165.0 165.0 165.0 175.0 175.0 165.0
Middle 180.0 180.0 180.0 190.0 190.0 180.0
Front 195.0 195.0 195.0 205.0 205.0 195.0
Nozzle 205.0 205.0 205.0 215.0 215.0 205.0

Parameters
HDPE

Neat Rigid crosslinker
1% BP 2% BP 3% BP 4% BP 5% BP

Injection pressure [MPa] 96.6 104.7 104.7 104.7 104.7 104.7
Injection rate [cm3/s] 25.0 15.0 15.0 15.0 15.0 15.0
Holding pressure [MPa] 96.6 104.7 104.7 104.7 104.7 104.7
Holding time [s] 2.0 2.0 2.0 2.0 2.0 2.0
Cooling time [s] 10.0 10.0 10.0 10.0 10.0 10.0
Injection time [s] 2.0 2.0 2.0 2.0 2.0 2.0
Cycle time [s] 22.0 22.0 22.0 22.0 22.0 22.0
Temperature [∘C]

Feed 50.0 55.0 55.0 55.0 55.0 55.0
Rear 1 175.0 175.0 175.0 175.0 175.0 175.0
Rear 2 165.0 165.0 165.0 165.0 165.0 165.0
Middle 180.0 180.0 180.0 180.0 180.0 180.0
Front 195.0 195.0 195.0 195.0 195.0 195.0
Nozzle 205.0 205.0 205.0 205.0 205.0 205.0

Table 4: The mechanical properties for the LDPE/BP injected sample.

Parameters
LDPE

Neat Flexible crosslinker Rigid crosslinker
1% BP 2% BP 3% BP 4% BP 5% BP 1% BP 2% BP 3% BP 4% BP 5% BP

Tensile strength [MPa] 8.9 11.3 10.9 10.6 10.1 9.9 11.8 11.3 10.8 10.2 9.9
Tensile strain [%] 67.6 71.4 70.2 69.2 68.3 67.8 79.6 74.8 72.1 71.4 66.0

Plasticization effect explains a change in the thermal and
mechanical properties of a given polymer by the lowering
of rigidity at room temperature. This can clarify the general
increment of tensile strain. Polymer chains which possess
a regular structure are able to crystallize under suitable
conditions, either from the melt or from solution. This
indicates that the chain molecules change from a coiled and
disordered state to a tightly folded aligned and ordered state.
Besides that, there was no significant difference seen between
different types of crosslinkers. Further explanation can be

provided by the fracture analysis which is done in the next
section. On the other hand, Table 5 revealed the mechanical
properties of the HDPE/SP compounds.

The HDPE provides ductility that exhibits brittle
behaviour with a subsequent loss of toughness to the
compounding materials [22, 23]. The addition of BP
generally increases the toughness and decreases the strength
of the compound. This could be due to the soft properties
of the SP. Tensile strength measurements indicated that the
mechanical property values decrease with increasing BP
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Table 5: The mechanical properties for the HDPE/BP injected sample.

Parameters
HDPE

Neat Flexible crosslinker Rigid crosslinker
1% BP 2% BP 3% BP 4% BP 5% BP 1% BP 2% BP 3% BP 4% BP 5% BP

Tensile strength [MPa] 35.5 33.1 32.0 28.6 28.6 26.0 33.9 34.1 33.7 33.8 33.3
Tensile strain [%] 37.8 37.8 44.0 47.6 47.1 53.5 44.7 43.0 39.0 36.7 36.8
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Figure 4: Tensile strengths for all specimens injected at respective
compositions.

content in the sample which used the flexible crosslinker.
However, for the samples with rigid crosslinker, regardless of
the BP content, the tensile strength remained approximately
stagnant at 33 to 34MPa. This is probably due to traits of
the flexible and rigid crosslinkers. Flexible polyurethane
is usually used for cushioning and packaging, while rigid
polyurethane is used for insulation and packaging. The
general declining trend may be due to the soft properties of
the BP.

Meanwhile, the elongation at break increased for the
sample with flexible crosslinker and vice versa for rigid
crosslinker.The higher tensile strain of HDPE/BP compound
compared to neat HDPE may also be due to plasticization
effect. Based on these results, when the BP is added with
flexible isocyanate, it may act as a filler as it improves the
tensile strain values.

If both the samples of LDPE/BP and HDPE/BP com-
pounds were to be compared, it can be said that the strength
ofHDPE/BP is significantly better than that of LDPE/BP.This
can be seen in Figure 4.

The significant difference in tensile strength can be
explained by the individual properties of HDPE and LDPE.
HDPE is well known for its strong properties. Therefore, the
same characteristics were observed even after addition of the
BP with crosslinkers.

Besides that, the tensile strain of the LDPE/BP compound
is observed to be higher than the HDPE/BP compound. This
is shown in Figure 5.

The high value of elongation at break for the LDPE/BP
compound is due to the more flexible properties. This allows
it to significantly yield before breaking, leading to a high value
of tensile strain. Therefore, LDPE/BP is comparatively more
flexible than HDPE/BP.
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Rigid, LDPE

Figure 5: Tensile strains for all specimens injected at respective
compositions.

Figure 6: SEM image of fractured neat LDPE at 500xmagnification.

Both these results are favorable as they do not alter the
properties of the HDPE or LDPE too drastically and hence
can allow the compound to gradually replace the usage of
both HDPE and LDPE in industries.

3.4. Fracture Analysis. The fracture analysis was performed
in order to understand and examine the fracture at a specific
magnification. Besides that, it can also demonstrate the
homogeneity of the compound injected. This can be done
by placing the sample under a scanning electron microscope
(SEM). Various magnifications were observed, but for the
purpose of this study the images were taken at 500x magnifi-
cation.

Figure 6 shows the SEM image obtained for neat LDPE,
while Figure 7 shows the SEM images obtained for LDPE/SP
compounds after fracture. The images show the general
structure of the injected sample.

From Figure 6, it can be seen that the fracture is ductile.
This is due to the significant elongation or necking before
break. Also the plastic deformation which can be seen by
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Figure 7: SEM images for all LDPE/BP specimens at 500x magnifications.
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Figure 8: SEM image for fractured neat HDPE at 500x magnification.

the tear lines occurring on the fractured surface supported
the deduction [24]. However, there might have been some
stress points that could be observed due to the partially
melted LDPE structure. The oval shaped structure appearing
in the SEM of neat LDPE proves that these structures are not
due to the BP as examined in Figure 7. Instead, they may be
impurities or unmelted LDPE.

Various structures were observed through these images
but it can be concluded that the BP content in the com-
pound enables it to significantly elongate before breaking,
in addition to the ductile properties of pure LDPE. Due
to lower temperature and injection pressure required for
processing, less energy is consumed and thermal degradation
of BP is reduced. This can be proved via the long strands
formed at each fracture. Having this property can allow these
compounds to be used in diverse applications which require
tough or highly ductile materials.

Besides that, blobs of material which are inhomogeneous
to the entire sample are seen in the LDPE/BP compounds
linked with flexible crosslinkers. The foamy structure may
identify these blobs as the crosslinkers which may have not
completely been mixed with the compound. It could also be
due to the processing conditions during injection molding.

Since the blobs are not obviously seen in the LDPE/BP
compound with the rigid crosslinker, it contributed to better
mechanical properties than with the flexible crosslinker.
Meanwhile Figure 6 shows the SEM image for neatHDPEand
Figure 8 shows the SEM for all HDPE/BP samples.

The tear lines as seen in Figure 8 may represent plastic
deformation and again can be proven by the tear lines, as
in Figure 9. The image portrays that a homogeneous melt
of HDPE was injected. The SEM images for the fractured
HDPE/BP compounds are shown in Figure 9.

Based on the images, it can be seen that the structuresmay
not be completely homogeneous as some rough surfaces can
be seen. Some strands which demonstrate plastic deforma-
tion and a ductile failure can also be observed. If compared
to the LDPE/BP images, no foamy structures were seenwhich
may prove that the temperature used in injection molding is
approximately accurate.

These findings can help support the fact that not only
the composition of BP but also the parameters used in
injection molding, mainly temperature, do give an impact
on the mechanical properties of the HDPE/BP compound
produced.

4. Conclusion

By using melt-mixing during the injection molding process,
new compounding polymers based on different ratio of BP to
LDPE or HDPE were successfully produced. The processing
conditions of LDPE/BP and HDPE/BP, renewable plastics,
by injection molding were determined and analyzed. The
initial processing conditions of the standard LDPEandHDPE
thermoplastic were used as a base point. It was concluded
that the processing conditions of the LDPE/BP compound,
a renewable plastic, by injection molding were exactly the
same as that of neat LDPEwhile for theHDPE/BP compound
an increase in the parameters used in injection molding
was required. The corresponding mechanical properties of
the compound were also examined. Tensile strength and
elongation at break increased with increasing BP content at
low compositions and started to decrease at high BP content
for the LDPE/BP compound. However, the tensile strength
and strain of the LDPE/BP compound were generally better
than the neat LDPE.Therefore, not only does the presence of
BP in the compoundprovide sustainable characteristics, but it
also improves the mechanical properties. On the other hand,
the tensile strength generally decreased for both HDPE/BP
with flexible and rigid crosslinkers while the elongation at
break increased. These results comply with the properties of
pure LDPE and HDPE. Apart from the changing ratios of
BP to LDPE or HDPE, the processing temperature was also
considered to have an influence on themechanical properties
of the compound. By acting as a guideline, this study aids any
intention on processing these in-house produced polymers
via injection molding. Further research should be done in
this area by decreasing the processing conditions to reduce
the energy consumption.
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