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Abstract: This study investigates the improvement of the mechanical, thermal, and
morphological properties of linear low-density polyethylene (LLDPE)/cyclic natural
rubber (CNR) after the addition of organo-precipitated calcium carbonate (O-PCC).
The impact on the properties of the LLDPE/CNR/LLDPE-g-OA/O-PCC composites was
investigated by a series of empirical experiments. First, the polymer composite was
blended in the molten state using an internal mixer with a heating temperature of 160 °C
and a rotation speed of 100 rpm. The LLDPE was placed in a chamber of internal mixer
until melted, followed by CNR, LLDPE-g-OA, and O-PCC. The polymer composites with
an O-PCC concentration of 5% obtained the optimal mechanical properties compared
to other variations, with a tensile strength of 17.17 MPa and Young's modulus of
252.68 MPa. The presence of O-PCC resulted in better thermal stability and a change in
the melting point temperature of 124 °C. The FTIR spectra of the polymer composite
showed the specific characteristics of O-PCC at 872.1 cm™'. The morphology of the
polymer composite indicates that the O-PCC is evenly dispersed in the polymer composite.
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m INTRODUCTION

Increasing awareness  of

the environment

The compatibility of polymer blends between
polyolefin and CNR can be improved by the presence of

encourages both researchers and manufacturers to create
environmentally-friendly products. For example, cyclic
natural rubber (CNR) is a natural rubber derivative in the
form of a granular solid and is known as resiprene-35
(CAS Reg. no: 68441-13-4). CNR is an environmentally-
friendly and non-volatile resin used as a coating or paint
binder on glass, metal, paper, and wood surfaces [1].
However, the application of CNR on the surface of
polyolefin substrates, such as Linear Low-Density
Polyethylene (LLDPE), is not suitable since LLDPE is
semi-crystalline and has low surface energy [2].
Therefore, there is an opportunity to develop
LLDPE/CNR-based polymer blend products and then be
used as a reference in developing CNR as a paint binder
for polyolefin surfaces, especially LLDPE.

a compatibilizer or coupling agent from one of the parts
of the polymer blends. Mahendra et al. [3] reported the
improvement of polymer blends between polypropylene
(PP) and CNR using PP-g-MA and CNR-g-MA as
compatibilizers. The oleic acid-grafted linear low-
density polyethylene (LLDPE-g-OA) can also be used as
compatibilizers to reduce the interfacial tension between
the two polymer phases by increasing the interfacial
adhesion of the two phases.

The presence of fillers in the polymer blends is
needed to
properties. Pang et al. [4] mentioned that using kenaf

improve its mechanical and thermal
fibers filler treated with amino acid lysine improved the
mechanical, thermal, and morphological properties of
LLDPE/PVOH/kenaf

composites. Moreover, the
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chemical treatment of kenaf fibers using hydrated
chromium(III) sulfate ([Cr(H,0)6]2(SO4);5-6(H,0)) can
also improve the mechanical, thermal, and morphological
properties of LLDPE/PVOH/kenaf composites [5]. The
use of precipitated calcium carbonate (PCC) as a filler in
polymer materials has been widely developing because it
includes natural materials that are abundant and easy to
obtain [6-10]. PCC is calcite with an amorphous crystal
structure and low hardness [11-13]. The addition of PCC
in the polyolefin matrix improved the mechanical and
physical properties of the composite in several ways:
increased thermal conductivity, stiffness, dimensional
stability, reduced injection molding cycle time, lowered
shrinkage, relaxation of internal stresses, and increased
anti-blocking [14].

Furthermore, the particle size in the nanometer
scale makes this filler more easily dispersed than the
micro or ordinary scale [15]. According to Zapata et al.
[7], it is necessary to modify CaCOs with oleic acid (OA)
as a surfactant to obtain O-CaCQs;, which is more
hydrophobic on the surface, so that the O-CaCOs can be
evenly dispersed with no agglomeration on the
composite. The O-CaCOs does not only function as fillers
but also as a co-compatibilizer in non-polar polymer
composites. de Oliveira et al. [16] reported that PCC in
HDPE/PLA blends in the presence of a PE-g-MA
compatibilizer and has shown the role of PCC as a co-
compatibility since it can adsorb one of the blends. This
study investigates the improvement of the mechanical,
thermal, and morphological properties of organo-
precipitated  calcium  carbonate (O-PCC) filled
LLDPE/CNR composites with the presence of LLDPE-g-
OA compatibilizer.

m EXPERIMENTAL SECTION
Materials

Linear low-density polyethylene (LLDPE) Asrene
UF-1810 with a density of 0.918 g/cm’ and melt flow
index (MFI) of 1.0 g/10 min (190 °C/2.16 kg) was supplied
by PT. Chandra Asri Petrochemical Tbk. (Jakarta,
Indonesia). Cyclic natural rubber (CNR) Resiprene-35
with a density of 0.91 g/mL and MFI of 36.37 g/10 min

(190 °C/2.16 kg) was obtained from PT. Industri Karet
Nusantara (Deli Serdang, Indonesia). Precipitated
calcium carbonate (PCC) Schaefer Precarb 100 with a
density of 0.0027-0.00295 g/cm’ was supplied by
Schaefer Kalk (Kuala Lumpur, Malaysia). Oleic acid
(OA) with a density of 0.895 g/mL was obtained from
Subur Kimia Jaya Chemical Company (Bandung,
Indonesia). Benzoyl peroxide, xylene, ethanol, acetone,
and methanol were obtained from Merck (Darmstadt,
Oleic  acid-grafted
polyethylene (LLDPE-g-OA) was prepared based on the

Germany). linear low-density

methods conducted in prior work [17-18].
Instrumentation

The PCC and O-PCC nanoparticles’ crystallite size
was analyzed using an X-ray diffractometer (Shimadzu
6100). The mechanical properties (i.e., tensile strength,
elongation at break, and Young's modulus) on polymer
composites were determined using the Ultimate Testing
Machine (GoTech AI-7000) with a maximum load cell
capacity of 20 KN at a speed of 10 mm/min. The test
specimen was according to ASTM D638-14 (type I). The
stability and thermal properties of the polymer
composites were analyzed using the TGA/DTA (Hitachi
STA-7300), with a heating rate of 10 °C/min and a
temperature range of 30 to 600 °C. The functional
groups of the PCC, O-PCC, OA, and polymer
composites were analyzed using an FTIR spectrometer
(Agilent Cary 630) at the wavenumbers of 650—4000
cm™'. The morphologies of the polymer composites were
observed on the surface structure using a Scanning
Electron Microscope (ZEISS EVO@MA10).

Procedure

Organic modification of precipitated calcium
carbonate (0O-PCC)

One mL of oleic acid (OA) was added into a beaker
glass containing 100 mL of n-hexane and then stirred.
One gram of PCC was added into the solution during
stirring and then heated at 60 °C for 6 h. The blends were
filtered, washed with ethanol, and dried at 100 °C for 24
h. The obtained results were in the form of O-PCC
powder [7].
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Preparation
composites
The LLDPE pellets were slowly placed into a

of LLDPE/CNR/LLDPE-g-OA/0-PCC

chamber on the internal mixer (Thermo HAAKE
Polydrive) at 160 °C with a rotation speed of 100 rpm for
5 min. After the LLDPE melted, CNR was added into the
chamber, followed by LLDPE-g-OA as a compatibilizer in
the polymer blend. It was then stirred and left for 5 min.
Next, the O-PCC was added into the polymer blends
according to the variations in Table 1 and left for 10 min
until the blending process was finished. The composites
were then removed from the internal mixer, left at room
temperature, and cut into small pieces [3,19]. The results
LLDPE/CNR/LLDPE-g-OA/O-PCC
composites. The same treatment of neat PCC was
required for result comparison. Henceforth,
LLDPE/CNR/LLDPE-g-OA blends were referred to as
LCC, LLDPE/CNR/ LLDPE-g-OA/O-PCC composites as
LCCO, and LLDPE/CNR/LLDPE-g-OA/PCC composites
as LCCP.

obtained  were

m  RESULTS AND DISCUSSION
X-Ray Diffraction Analysis

The XRD analysis was carried out on PCC and O-
PCC nanofillers to identify crystallite size and crystalline
phase of filler. The XRD patterns obtained from PCC and
O-PCC nanofillers are presented in Fig. 1. The
characteristic peaks of PCC are at 26 of 23.09°, 29.46°,
35.97°, 39.43°, 43.16°, 47.60°, 48.55°, 57.35°, 60.64°, and

235

64.68°, corresponding to the CaCOs phase, indicating
the presence of CaCO; in the PCC filler with a crystal
size of 44.00 nm and a degree of crystallinity of 60.49%.
The characteristic peaks of O-PCC are at 20 of 23.40°,
29.76°, 36.27°, 39.71°, 43.46°, 47.88°, 48.83°, 57.63°,
60.91°, and 64.84° also attributable to the CaCOj; phase,
which indicates the presence of CaCOs in the O-PCC
filler with a crystal size of 48.47 nm and a degree of
crystallinity of 61.48% [12,20]. Organic modification of
PCC with OA caused a slight shift in the characteristic
peaks of CaCOj; and a decrease in intensity. The presence
of oleic compounds on the PCC surface caused an
increase in the PCC crystallite size of 10.16% and
crystallinity degree of 1.65%.
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Fig 1. X-ray diffraction analysis of nanofillers

Table 1. Composition of polymer composites

Sample LLDPE CNR LLDPE-g-OA O-PCC PCC
code (wt.%) (wt.%) (wt.%) (wt.%) (wt.%)
LCC 67.5 27.5 5.0 - -
LCCO-1 67.0 27.0 5.0 1.0 -
LCCO-2 66.5 26.5 5.0 2.0 -
LCCO-3 66.0 26.0 5.0 3.0 -
LCCO-4 65.5 25.5 5.0 4.0 -
LCCO-5 65.0 25.0 5.0 5.0 -
LCCP-1 67.0 27.0 5.0 - 1.0
LCCP-2 66.5 26.5 5.0 - 2.0
LCCP-3 66.0 26.0 5.0 - 3.0
LCCP-4 65.5 25.5 5.0 - 4.0
LCCP-5 65.0 25.0 5.0 - 5.0
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Mechanical Properties

The mechanical properties of the composites,
including tensile strength, elongation at break, and
Young's modulus, are shown in Fig. 2. Compared to the
LCC blends, the LCCO composites showed better
mechanical properties (higher tensile strength and
Young's modulus) and decreased elongation at break. The
improvement in mechanical properties was caused by the
addition of O-PCC concentration into the LCCO
composite. These results can be associated with the even
dispersion quality of the fillers in the composite matrix
and the potential interaction between the coupling agent
and the polymer. The strong interfacial adhesion between
the O-PCC particles with the polymer composites matrix
macromolecular chains through the compatibilizer, and
coupling agent resulted in load sharing and effective stress
transfer on the interfacial zone between LLDPE/CNR
with O-PCC [4-5,21]. In the LCCP composites, PCC
addition did not significantly improve the mechanical
properties because the unmodified PCC had poor
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Fig 2. Tensile strength, elongation at break, and Young's modulus of polymer composites
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dispersion quality and formed agglomerations when
fillers were added continuously. In addition, the weak
interfacial adhesion between the fillers and polymer
composites matrix limited the load transfer, causing the
material to be damaged due to particle de-cohesion and
the formation of cavities around the fillers [21].

The value of Young's modulus on LCCO
composites also showed a significant increase with the
addition concentration of the O-PCC filler. The
improvement in stiffness is associated with the strong
and the
compatible material and between the polymer and the
compatible material [21]. The presence of O-PCC in
polymer composites fillers
compatibilizers [7]. Meanwhile, there was no significant

interfacial adhesion between the filler

acts as and as co-
increase in LCCP composites due to the potential
agglomeration and the cavities around the fillers [21].
The elongation at the break of the LCCO and LCCP
composites shows a decrease along with the addition in
fillers concentration. This decrease is related to the ductile
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to brittle transition in the behavior of the polymer
composites [21]. The increase in interfacial adhesion causes
a decrease in the flexibility of the polymer composite [5].

Thermal Analysis

Based on the TGA (Fig. 3(a)) and DTG (Fig. 3(b))
curves, the initial degradation temperature at a 5% weight
loss and the maximum degradation temperature of the
polymer composite were represented by Tsy and T
respectively. The existence of fillers has increased the
initial degradation temperature of both LCCO and LCCP,
which can be seen at Tsy. In addition, the presence of
inorganic materials in the polymer composites with a
certain amount has also increased the degradation
temperature since PCC decomposes at high temperatures.

Meanwhile, LCC blends started to degrade at the
temperature of 319 °C. The thermal stability of the
polymer composites increased after the addition of
inorganic The maximum degradation
temperature of LCCO composites is higher than LCCP
and LCC. These results illustrate that polymer composites

materials.

(a)

Mass [%)

Derivative Mass [(%/°C)
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treated with O-PCC fillers have higher thermal stability
due to the increased interfacial adhesion between the
polymer composite matrix and O-PCC fillers. Therefore,
the addition of the modified PCC fillers increased the
thermal stability of the LCCO composite [4-5].

Tw and Tq respectively represented the melting
point temperature and the decomposition temperature
of the The
temperature of all samples showed endothermic peak

polymer composite. decomposition
phenomena (Fig. 3(c)) and did not show any significant
difference at Tm of the TGA curve. The first
endothermic peak indicates the melting point
temperature of each sample. The LCCO and LCCP
composites showed a Ty, of 124 °C. The LCC blends
showed a T}, of 123 °C, which indicates that the addition
of OPCC/PCC fillers resulted in a higher T, than those
without fillers. All samples are semi-crystalline because
endothermic peaks have formed, and no transitions
occur before the T, [18]. Data analysis of the TGA and
DTG curves is summarized in Table 2.
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Fig 3. (a) TGA, (b) DTG, (c) DTA curves of the polymer composites
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Table 2. Thermal analysis data of LCC, LCCO, and LCCP

Sample Ton Lo Lo Ta

(°C) (°C) (°C) (°C)

LCC 319 480 123 480

LCCO 382 481 124 481

LCCP 389 471 124 476
FTIR Analysis

The FTIR spectra of OA, PCC, and O-PCC are
presented in Fig. 4(a). The absorption at 2922.2-2855.1
cm™' indicates stretching vibrations of methyl and
methylene groups of oleic acid, suggesting that it has been
adsorbed on the PCC surface. The band at 1701.1 cm™
indicates the presence of carbonyl (C=0) stretching
vibrations of CaCOs. A strong band at 1394.0 cm™
The
absorptions at 872.1 and 723.1 cm™" correspond to the

indicates  carbonate  stretching vibrations.
typical vibrational bands of calcite [7].

The FTIR spectra of the LCC, LCCO, and LCCP are
presented in Fig. 4(b). The band at 2914.7-2847.6 cm™
indicates stretching vibrations in methyl and methylene
from organic polymer compounds. The bands at 1461.1
and 1371.6 cm™ indicate the presence of -CH, and —~CHj3
bending vibrations. An absorption at 723.1 cm™' indicates
the stretching vibrations of C-H [4-5,22]. The small band
at 1654.9 cm™', which shows C=C double bond originating
from the CNR, is visible in the LCC spectrum but not in

the LCCO and LCCP since it is possibly overlapped with

Oleic Acid (0A] Y "

—CH saphatic strstehing
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the absorption at 1701.1 cm™ at the same intensity,
which indicates the presence of oleic groups on the
surface of the O-PCC. In LCCP composites, the
absorption intensity at 1701.1 cm™ appears to be
reduced due to the absence of oleic groups on the PCC
surface. The difference in the spectrum of LCCO and
LCCP is observed from the absorption at 872.1 cm™,
where the intensity of O-PCC is found to be weaker than
PCC [7,18,21].

Morphological Analysis

Analysis of surface morphology of the composites
was carried out to observe the surface structure of LCC,
LCCO, and LCCP (see Fig. 5). The surface morphology
of LCC shows a slightly rough surface structure and
LCCO
composites show a surface structure that is not much

appears to achieve homogeneous blends.

different from LCC, where a surface structure is slightly
rough and seems to have homogeneous composites
because the O-PCC was evenly distributed on the surface
of the polymer composites. LCCP shows a rough surface
structure and appears non-homogeneous composites
because PCC is not unevenly dispersed or agglomerates
on the surface of the polymer composites. PCC has
modified with oleic acid and clearly showed its role as a
dispersing agent in LCCO composites, which causes the
surface structure of the LCCO not to be significantly
different from the LCC blends since the O-PCC was evenly
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Fig 4. FTIR spectra of (a) nanofillers, (b) polymer composites
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Fig 5. SEM micrographs of (a) LCC, (b) LCCO, (c) LCCP at 1000x magnification, and (d) LCC, (e) LCCO, (f) LCCP

at 5000x magnification

dispersed on the LCCO composite. The presence of O-
PCC s not only a filler but also acts as a co-compatibilizer
that makes the composite more compatible with the
ingredients [7].

m CONCLUSION

The presence of O-PCC nanoparticles (crystal size
of 48.4 nm and crystallinity of 61.48%) as a filler has
affected the mechanical properties of the LCCO
composites. An O-PCC concentration of 5% has resulted
in tensile strength of 17.17 MPa, increasing 26.2%
compared to the unfilled LCC blends. The Young's
modulus was 252.68 MPa, about 28.1% higher than the
unfilled one. The presence of O-PCC in LCCO
composites has achieved better thermal stability than LCC
blends and LCCP composites, with a maximum mass
degradation temperature of 481 °C. The FTIR spectra of
LCCO composites showed the characteristic absorption
of CaCO; at 872.1 and 1701.1 cm™, indicating the
presence of O-PCC in LCCO
morphology of the LCCO composite resulted in a slightly

composites. The

rough and homogeneous surface structure with the
homogenously dispersed O-PCC in the composite.
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