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Abstract: Homogenization of pigment is the key to coloring
a plastic product evenly. In this article, the tensile proper-
ties of recovered carbon black merge with low molecular
weight lubricants and other compounding ingredients in
the form of pigment masterbatch (PM) added in a recycled
low-density polyethylene (rLDPE) resin were evaluated.
The prepared masterbatch with the varying amount and
types of processing aids (A and B) was first compounded
using the heated two-roll mill. Subsequently, the manually
mixed masterbatch in rLDPE was put through an injection
molding machine for the shaping process to produce an
rLDPE pigment masterbatch composite (PMC). The tensile
test was performed on the samples to evaluate the mechan-
ical properties of the PMC. Meanwhile, the melt flow index
test was executed to justify the composite flow character-
istics. Fourier-transform infrared spectroscopy analysis
and scanning electron microscopy were also carried out
to analyze the PM and PMC chemical properties and their
constructed surface morphology. Besides, X-ray diffraction
analysis was performed to determine the changes in degree
of crystallinity before and after the water absorption test.
The addition of PM in rLDPE has slightly increased the

rLDPE matrix tensile properties. While, the usage of more
processing aid B in the PMC has turned out to secure better
tensile properties compared to the addition of higher amount
of processing aid A in the PMC. Interestingly, the tensile prop-
erties of all composites after the water absorption test were
enhanced, suggesting that a stronger bond was formed during
the immersion period.

Keywords: recycle LDPE, processing aids, recovered carbon
black, water absorption, tensile strength.

1 Introduction

Numerous plastic products made from recycled polyolefin
are found on the market today. Besides polyolefin recy-
cling, automotive tyre recycling has gained much interest
because of its various potential applications (1–3). The
crosslink between the polymer structures is the most
common obstacle to tyre disposal. Still, with the advance-
ment of polymer composite studies, tyre waste recycling
has now become feasible. To date, researchers have incor-
porated tyre dust as fillers in polymeric resins. Recently,
Ramarad and coworkers blended the reclaimed tyre with
poly(ethylene-co-vinyl acetate) (EVA) and observed that the
addition of reclaimed tyre dust managed to improve the
EVA composite thermal and mechanical properties (2).
Since waste tyres contain a high amount of carbon black,
there has been an attempt to recover the carbon black
from tyre waste via pyrolysis, which led to the name
“recovered carbon black” (rCB) (3).

Studies have shown that long-term exposure to UV
radiation can negatively affect mechanical properties, increase
the gel content, alter polymer structure, and initiate cracks in
clear thermoplastic (4). In previous work, about 2–3% of
carbon black are dispersed in resins as a colorant or pigment
to control the photodegradation effect and UV protection (5).
Well-dispersed carbon black particles with a particle size of
less than 20 nm in polyethylene can absorb almost all UV
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radiation under sunlight for several years (6). Apart from that,
adding rCB as fillers in polyolefin has demonstrated a reinfor-
cing effect where the composites show comparable hardness,
tear, and tensile strength compared to CB. Martinez and cow-
orkers proclaimed that their demineralized rCB in SBR
shows a reinforcing effect due to higher specific surface
area and richer rCB chemical surface (7). Meanwhile, Chen’s
group also reported that the thermal stability of rCB/PP
composites rose as more carbon ash content was added (8).

The reinforcing effect of rCB and other compounding
ingredients can be executed through satisfactory component
dispersion and distribution. To accomplish it, researches
will typically add in a small amount of lowmolecular weight
materials of compatibilizer, plasticizer, and lubricant in
their composite system (9,10). These processing aids act as
flow enhancers, reducing the entire polymer melt viscosity.
The low melt strength will yield better mobility for the
added component to distance while sliding in between the
long polymer chain during processing (11). Apart from that,
the addition of compatibilizer has proven to promote inter-
facial connectivity between different phases of polymer
blends and fillers (12,13). Recently, Lohar and colleagues
demonstrated a refine morphology of compatibilized PP/ABS
with CB composites leading to improvement in the compo-
site tensile strength (14).

Throughout the years, the polar nature of carbon black
particles in powder form has always been an issue because
of their laborious handling, transportation, and health
risks (15). For that reasons, it is more convenient for indus-
trial players to use the pigmented masterbatch in the form
of a pallet to color their product. In this article, we com-
piled the rCB, processing aids, and other ingredients to
form a pigmented masterbatch (PM) by using recycled
low-density polyethylene (rLDPE) as a carrier resin. The
pigmented masterbatch with a different portion of proces-
sing aid A and processing aid B was first compounded via
the heated two-roll mill and later added in rLDPE resin
during the injection molding process. Next, the tensile
properties of the specimens were evaluated, and other
tests were also carried out to seek a correlation between
the obtained results.

2 Materials and methods

All raw materials were supplied by Ecopower Synergy Sdn.
Bhd, except for zinc stearate. Calcium carbonate with the
mean particle size of 325 mesh was used as extender in the
masterbatch. Low molecular weight processing aid A with
the chemical formula of C38H76N2O2 with alcohol functional
group attached, taking shape in powder form. Whereas

processing aid B is PE wax with carbon and hydrogen ele-
ment building unit. The rCB and all ingredients were com-
pounded with rLDPE resin as binder to produce a pigment
rLDPEmasterbatch (PM). The rCB was obtained fromwaste
tires through pyrolysis process with a mean particle size of
1,200 mesh. Meanwhile, zinc stearate was purchased from
Chemplass. Based on the ashing test results, about 0.008%
of non-burned residues were presented in rLDPE.

2.1 Pigment rLDPE masterbatch (PM)
preparation

The PM was designed according to the formulation in Table 1
and an industrial Retrofit two-roll (Chaeng Co) was used to
produce the masterbatches. All ingredients were carefully
placed between the roll mill with a constant processing tem-
perature of 180°C for 30min at 35 rpm rolling speed. Subse-
quently, the PM was crushed using an industrial crusher (Gap
Ecotech) until the sample was turned into small flakes ranging
from 0.2 to 4mm in diameter.

2.2 Pigment rLDPE masterbatch composite
(PMC) preparation

The tensile test dumbbell specimens for PMC were pre-
pared by using the BOY 22M Procan injection molding
machine. Initially, the manually mixed PM (2 and 4 phr)
with rLDPE pellets were placed into the hopper and the
PMC was injected into the mold at 190°C using 125 bar of
pressure within 2.5 s cycle time for all samples. The cooling
time was fixed for 20 s.

2.3 Testing and characterization

The tensile properties of the PMC dumbbell were tested
using the Instron-UTM Model 5960 Series machine

Table 1: Formulation for PM

*phr PM control PM A PM B

LDPE resin 100 100 100
rCB 300 300 300
CaCO3 400 400 400
Zinc stearate 100 100 100
Processing aid A 8 28 8
Processing aid B 20 20 40

*phr represents part per hundred resin.
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according to ASTM D638. The melt flow index (MFI) value
of the PMC was evaluated using GT-7100 Gotech melt flow
indexer in accordance with ASTM D 1238-90b standard
using 2.16 kg of load at 180°C. MFI is defined as the extru-
date weight (W) in grams per 10 min. The Fourier-trans-
form infrared spectroscopy (FTIR) absorption spectra of
the PM and PMC were obtained using Agilent 4500a por-
table FTIR 103 spectrometers (Santa Clara, CA). Attenuated
total reflectance (ATR) mode was used with 4 cm−1 resolu-
tion, 64 scans, and spectral wavelengths ranging from 650
to 4,000 cm−1 for each sample. Finally, a scanning electron
microscopy (SEM) test was conducted using the Model JEOL
JSM-6460LA machine with 10 kV in voltage. The PM ash
content test was performed according to ASTM 1506 at
750°C for 3 h. Meanwhile, the X-ray diffraction (XRD) test
was conducted by utilizing the Rigaku X-ray diffractometer,
Model Smartlab 2018 (Tokyo, Japan). The measurements
were recorded with a Cu Kα radiation at a scan rate of
0.1 s per step in the range of 2θ = 2–90°. From the obtained
graph, the PMC degree of crystallinity is determined by cal-
culating the ratio of the areas of the crystalline peaks to the
total generated area from the graph. As for the water
absorption effect on the PMC, the PMC was immersed in
distilled water for 2 weeks before a tensile test was per-
formed. The crystallization temperature (Tc) of PMC B before
and after the absorption test was measured by using the
Perkin Elmer differential scanning calorimetry (DSC). The
heating rates were set up at 10°C‧min−1.

3 Results and discussion

3.1 The effect of processing aids

Initially, the prepared PM was manually mixed in rLDPE
resin according to the formulated formulations before
transferring it into an injection molding hopper for the
shaping process. Based on the eyewitness evidence in
Figure 1 for samples with 2 phr pigment masterbatch
rLDPE composites (PMC control, PMC A, and PMC B), a
well-dispersed rCB in rLDPE resin was observed for all
samples. These indicate that the prepared PM has success-
fully dispersed and works as a pigment in the rLDPE resin.
The results are displayed in Figure 1. The FTIR and XRD
results for all PM are displayed in Figures A1 and A2.

Meanwhile, Figure 2a presents the tensile properties
for neat rLDPE, PMC control, PMC A, and PMC B. The
results indicate that further increases in PM loading for
all samples have consistently enhanced the tensile strength
of the PMC system. The usage of 4 phr PM indicates the
highest tensile strength compared to 2 phr PM in rLDPE,
followed by neat rLDPE resin. The reason could be due to
the presence of rCB and other foreign substance dispersed
in the PM acting as reinforcing fillers or agent in rLDPE,
which permits better tensile strength to the PMC dumbbell
samples (15,16). To support the findings, the ash content
test was performed to verify the amount of rCB and other
foreign substance in the PM, and the results are disclosed

Figure 1: Fabrication process for PMC dumbbell samples for tensile test.
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in Figure 3. Recently, Alshangiti identified that adding a
small amount of CB in irradiated natural rubber/butyl
rubber blend has markedly increased their composite ten-
sile strength. The reason is due to the occluded structure of
CB with a high surface area initiating the formation of
physical bonds between incorporated fillers and the rLDPE
chains (17).

It is also noticed that the employment of PM B in
rLDPE is preferable in providing better tensile strength
to the rLDPE rather than using PM A and PM control.
Despite that, an obvious increase was noticed for PMC B
modulus of elasticity (Figure 2b). The 4 phr PMC B indicates
the strongest tensile strength and modulus of elasticity with
10.35 and 105.25MPa compared to 4 phr PMC A with 10.13
and 98.63MPa, respectively. According to Gumede and col-
leagues, low molecular weight processing aids with similar
functional groups are easily associated as well as imply a
complete or partially miscible blend with LDPE. This has
correspondingly reduced the overall matrix phase separa-
tion (9,10). Incorporating more processing aid B, comprised
of C- and H- even in a small proportion, may have lessened
the phase separation between the added materials in the
rLDPE matrix. Hence, it will efficiently anticipate better

interaction between rCB and rLDPE matrix, which even-
tually gives rise to better tensile properties to the PMC B
compared to PMC control.

Furthermore, the variation in melt flow behavior of
neat rLDPE resin and all PMC is shown in Figure 4. The
MFI value did not change much when 2 phr PM was added
into rLDPE. Indeed, for 2 phr PMC, PMC A shows a slight
increase in MFI value with 2.83 g/10 min and 2.91 g/10 min
for PMC B compared to 2.67 g/10 min for rLDPE. This was
due to the effect of the lower molecular weight compound
of the processing aids added in rLDPE, which has yielded
better flow to the rLDPE composites. As the amount of PM
increases to 4 phr, the PMC becomes more resistant to
deformation due to the higher filler loading. The ease of
melt flow depends upon the mobility of the molecular
chains and the forces or entanglements holding the
molecules together (4,13). Therefore, when higher foreign
substance occupies in form of ashes, this will cause
obstruction in the rLDPE composites and subsequently
slightly elevate the compound MFI value.

Figure 2: Tensile strength (a) and modulus of elasticity (b) of rLDPE and
PMCs with 2 and 4 phr PM loading.

Figure 3: Ash content for rCB, PM control, PM A and PM B.

Figure 4:MFI value for rLDPE and PMCs with 2 phr and 4 phr PM loading.
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Besides, FTIR test was conducted for all PMC to seek
the proper correlation, and the results are illustrated in
Figure 5. It was detected that a strong O–H stretching
appeared at wavenumber ranging from 3,700 to 3,600 cm−1

for PMC A and PMC B, respectively. The emergence of the
alcohol group was directly came from processing aid A. PMC
A with the highest amount of processing aid A indicates the
most severe O–H group peak compared to PMC B. The O–H
stretching for PMC B was contributed by the oxidized pro-
cessing aid B during the sample shaping process. The low
molecular processing aid B in the form of wax is vulnerable
toward oxidation and temperatures (14). Thus, this suggests
that the wax could have degraded during PMC B processing.

The FTIR graph also showed that the emergence of
stronger IR spectra of alkenes was characterized by one or
more C–H stretching peaks between 3,100 and 3,000 cm−1

presented for PMC B. The formation of intermolecular rigid

π-bonds of alkenes provides a supporting reinforcement to
the PMC B, enabling it to withstand better stress–strain
deformation during tensile testing. In addition, the addition
of more processing aid B, made of carbon and hydrogen
elements in PMC B, could have triggered a higher formation
of intramolecular bonds in rLDPE as illustrated in Figure 6.
The C–H stretching can stipulate additional forces of Van
der Waals’ bonds, C–H interaction, hydrogen bonding, and
other weak forces surrounding the polymer chain, which
simultaneously promote better tensile strength than control
PMC. Previously, the Luyt group conducted a computer
simulation of thermo-mechanical properties of LLDPE/wax
blends and disclosed that the addition of wax increases the
Van der Waals’ bonds between the wax crystals and the
LLDPE chains. This has decreased in the LLDPE chains’
mobility and increased the sample stiffness (12,18). In line
with the claim, the addition of a higher amount of proces-
sing aid B gives rise to better tensile properties for PMC B
compared to PMC control.

3.2 The effect of water absorption

Since PE is largely used in the packaging industry, the
water absorption test is important as moisture induces
property changes in polymers, especially for filled PE.
Figure 7 reveals the tensile properties of neat rLDPE and
the PMC filled with 2 and 4 phr PM before and after the
water absorption test. The mechanical strength of the
rLDPE resin, 2 and 4 phr PMC control, PMC A, and PMC B
manifests a slight increase in tensile strength after the
water absorption test. The PMC B signifies the highest ten-
sile strength (Figure 7a) of 11.98 MPa, followed by the PMC
A with 11.57 MPa after the water absorption test. The value

Figure 5: FTIR spectra of 4 phr of (a) PMC control, (b) PMC A, and
(c) PMC B.

Figure 6: Intramolecular interactions between PE chains and PE wax that form physical crosslinking.
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is slightly higher than PMC control (10.352 MPa). Proportio-
nately, Figure 7b also suggests that an increase in the
amount of PM A in PMC A and PM B in PMC B will enhance
the modulus of elasticity for the composite after the water
absorption test (19). This could be potentially attributed to
the swelling of the added ingredients that might have occu-
pied void spaces in the samples during manufacturing pro-
cess. rLDPE consists of a small portion of contaminant;
thus, the swelling of the substance can eventually lead to
an improvement of the mechanical properties (20,21).

Figure 8 shows themicrographs of the PMCA and PMCB
tensile fracture before and after the water absorption test.

Hairy-like deformation was seen for PMC A before the water
absorption test in Figure 8a. Meanwhile, after the absorption
test, a wrinkle-like surface structure (Figure 8b) with no
apparent rLDPE polymer chain breakage in the samples con-
cludes that a better polymer chain interaction is achieved in
the rLDPE chains. The presence of strong O–H stretching in
PMC A might have associated well and could have formed a
proper bonding with rLDPE chains after the water absorp-
tion process, hence yielding better tensile strength that can
withstand deformation under loading (22,23).

On the other hand, the addition of more processing aid
B in PMC B reveals an exceptionally good interaction

Figure 7: Tensile strength (a) and tensile modulus (b) of 4 phr PM for PMC control, PMC A, and PMC B before and after water absorption test.

Figure 8: Tensile fracture surface SEM morphology of 4 phr PM for (a and b) PMC A and (c and d) PMC B before and after water absorption test.
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among the rLDPE chains, as in Figure 8c, due to its compat-
ibility between processing aid B and rLDPE. After the water
absorption process, it can be seen that the fracture surface
of PMC B becomes smoother with less rLDPE chain pull out
depicted in Figure 8d. To carefully verify the cause, the
FTIR and XRD tests were conducted on PMC B. The FTIR
test result is enclosed in Figure 9. It can identify that the
formation of O–H stretching vibration becamemore severe
after the water absorption test. According to Ali and cow-
orkers, O–H stretching region of the hydroxylic group is
caused by the formation of hydroperoxide and alcohol and
the existence of water. Another contributing factor could
be the degradation of rLDPE itself (23). The statement is
also supported by Deepika and Madhuri, who also observe
that LDPE degradation generates carbonyl and carboxylic
groups on the LDPE surface (24).

Meanwhile, the XRD displayed in Figure 10 compre-
hends that the degree of crystallization increased tremen-
dously from 50.43% to 98.45% after 2 weeks of water

absorption test for PMC B. The surrounding thermodynamic
has crucial role in altering the composites’ crystallization
behavior. During the absorption test, the interaction with
water molecules at lower temperatures for PMC B will
allow further recrystallization process at the PMC B mobile
phase (20). The buildup pressure from the recrystallization
site will remove the water molecules. In their article, Sar-
etia and coworkers stated that the recrystallization process
in water will progress until reaching its thermodynami-
cally equilibrium depending on temperatures for ε‐capro-
lactone thin film (25). Similar to the system, this phenom-
enon may have affected the crystal thickness, increasing its
lateral growth rate synchronously increase its degree of
crystallization for PMC B (26). The claim is supported by
the DSC results displayed in Figure 11, where the crystal-
lization temperature (Tc) of PMC B shifts to a higher
temperature from 102.03°C to 102.90°C after the water

Figure 9: FTIR spectra for PMC B before and after water absorption test.

Figure 10: XRD for 4 phr PM in PMC B before and after water absorption.

Figure 11: DSC for 4 phr PM in PMC B before and after water absorption.
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absorption test. The increase in PMC B degree of crystal-
lization also expresses the close packing arrangement for
the polymer chains, thus providing higher tensile strength
with smooth deformation failure compared to control PMC
control (27,28).

4 Conclusions

In short, the PMwith rCB using different amounts of proces-
sing aid A and processing aid B was successfully dispersed in
an rLDPE matrix via the injection molding process. PMC B’s
superior mechanical properties is contributed by the added
amount and compatibility of processing aid B as a compati-
bilizer in establishing a proper matrix filler interaction
between them. The addition of 4 phr PM to all PMC demon-
strated the highest tensile strength and modulus of elasticity
because of the reinforcing effect originating from rCB, cal-
cium carbonate, and the unknown impurities available in
the tested samples. Interestingly, after the water absorption
process, the mechanical properties of all samples were
enhanced. This can be explained by the recrystallization
process of rLDPE during the immersion period, causing a
close packing arrangement that results in better mechanical
properties for the PMC. Considering that the addition of a
small amount of rCB and processing aids has successfully
worked as a colorant and significantly altered the mechan-
ical properties of PMC, further work will be carried out to
seek the effect of filler loading and processing temperature
on the crystallization behavior of all PMC in the future
(Table 2).
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Appendix

Figure A1: FTIR results for PM control, PM A, and PM B. Figure A2: XRD results for PM control, PM A, and PM B.
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