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Abstract—HDPE/CaCO,/LDPE-g-MA composites of high density polyethylene (HDPE) and calcium carbonate
(CaCO;) with maleic anhydride grafted low density polyethylene (LDPE-g-MA) as a compatibilizer were prepared by
melt mixing. LDPE-g-MA was prepared using a solution process. The maximum grafting degree was obtained at
6 wt% maleic anhydride (MA) and 0.2 wt% dicumyl peroxide (DCP) at 120 °C and 240 min. Functional groups not
found in pure LDPE were observed with the formation of LDPE-g-MA. The successful dispersion of CaCO; particles
in the HDPE matrix using LDPE-g-MA was revealed. The crystallite size of the composites was a little higher than that
of CaCO;. The mechanical properties of the HDPE/CaCO,/LDPE-g-MA composites increased with decreasing CaCO,
content. Thermogravimetric analysis (TGA) revealed a higher thermal stability for the HDPE/CaCO,/LDPE-g-MA
composites than for pure HDPE. Differential scanning calorimetry (DSC) revealed that the crystallization conditions
were not substantially different. However, melting enthalpy and crystallinity increased with decreasing CaCO; content.
The thermal stability was greatly improved compared to that previously reported for nano CaCO;.
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Composite

INTRODUCTION

Polymer/inorganic composites are hybrid materials composed
of an organic polymer matrix with inorganic filler. Compared to
pure polymers, the addition of inorganic fillers, such as talc [1],
wollastonite [2], silica [3,4], TiO, [5], zirconium oxide [6], and cal-
cium carbonate (CaCO;) [2,7-14], improves the mechanical [11,
14] and thermal [2,15] properties due to the hybrid structure and
interactions between the polymer and inorganic filler. However,
due to the weak interfacial compatibility of hydrophobic polymers
during mixing with hydrophilic inorganic particles, the mechani-
cal properties of composites deteriorate with increasing inorganic
filler content. As such, many studies have been conducted to en-
hance the interfacial compatibility between polymers and inor-
ganic fillers. The Toyota Group has also performed extensive re-
search on the development of nylon/clay composites with outstand-
ing mechanical properties [16,17]. Cornells Giannelis Group used
tensile tests to study the toughening behavior of polyvinylidene
fluoride (PVDF) reinforced with silicate particles [18].

Calcium carbonate (CaCO) is widely used in the plastic industry
to enhance mechanical and thermal properties. Because of its rich
deposits, low price, and variety of particle sizes, CaCO; is used as a

"To whom correspondence should be addressed.
E-mail: chan@kw.ac.kr
Copyright by The Korean Institute of Chemical Engineers.

3258

filler in polyolefin composites. Many studies have found that mechan-
ical, thermal, rheological, and morphological properties are influ-
enced by CaCO; in a polyethylene (PE) matrix [11,19-21]. In the
polymer matrix, CaCO; is difficult to disperse or stabilize due to its
hydrophilic nature and large surface area. To enhance the dispersity
of CaCO;, modifying agents containing functional groups such as
silane coupling agents, stearic acid, phosphate coupling agents, tita-
nate coupling agents, and a surfactant are used [22-29]. However,
the modified CaCO; exhibits weak interfacial bonding, due to the
weak interfacial compatibility between macromolecular chains of
the polymer matrix and molecules surrounding the CaCO, surface.

Among polyolefin polymers, PE is one of the most widely used.
Some characteristics of PE include outstanding chemical resis-
tance, strength, and processability [30,31]. It is difficult to disperse
inorganic fillers in PE because the PE backbone is non-polar. Tan-
niru et al. [8] added CaCO,; to high density polyethylene (HDPE)
and found an increase in crystallinity and modulus, but a decrease
in spherulite size arising from the nucleating effect. Lazzeri et al.
[19] studied the mechanical and thermal properties of uncoated
precipitated CaCO; (PCC) and coated PCC with stearic acid/HDPE
composites, and showed a rapid decrease in Young’s modulus and
yield stress of coated PCC with the addition of stearic acid. Wang
et al. [32] observed thermal degradation by mixing varying amounts
of CaCO; with low density polyethylene (LDPE). Liang [33] showed
that the melt flow rate of CaCO;/LDPE/linear low density poly-
ethylene (LLDPE) composites decreased with increasing CaCO;
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content. CaCO; was coated with stearic acid to enhance disper-
sion in the LDPE matrix and to the lower surface energy. The addi-
tion of stearic acid was associated with a higher modulus and yield
stress, but lower tensile strength, yield strain, and ultimate elonga-
tion [34]. Moreover, the addition of nano-sized CaCO; in PE has
been widely studied [19,35-39]. The mechanical and physical proper-
ties of PE/CaCO; composites improved when smaller particles of
CaCO; were used [36]. However, the higher specific surface area
caused more particle agglomeration [40]. Many studies focused on
polymer/CaCO; nanocomposites, polymer/clay nanocomposites,
and polymer/inorganic nanocomposites with modifying agents
such as silane agents and stearic acid have examined mechanical,
morphological, and thermal properties.

The purpose of this study was to analyze the novel behavior of
HDPE/CaCO; composites with maleic anhydride grafted LDPE
(LDPE-g-MA) as a compatibilizer. First, LDPE-g-MA was prepared
using a solution process. LDPE modified with maleic anhydride
(MA) was successfully added to HDPE/CaCO,/LDPE-g-MA com-
posites. The morphology, crystal structures and crystallite size of
the HDPE/CaCO,/LDPE-g-MA composites were compared, and
the mechanical and thermal properties were also examined.

EXPERIMENTAL

1. Materials

HDPE (density 0.958 g/cm®) and LDPE (density 0.921 g/cm’)
were obtained from LG Chemical Co., Korea. CaCO; (particle size
~6.4 m) was purchased from Duksan Co., Korea. Dicumyl per-
oxide (DCP, 98%), benzoyl peroxide (BPO, 75%), 2,2 -azobisisobu-
tyronitrile (AIBN, 99%) as a radical initiator, and MA (98%) as a
monomer were purchased from Sigma-Aldrich, USA. Xylene (80%)
as a solvent and acetone (99.5%) as a washing agent for LDPE-g-
MA were purchased from Daejung Chemical Co., Korea.
2. Preparation of LDPE-g-MA by Solution Process

LDPE-g-MA reactions were carried out by a solution process in
a four-neck flask equipped with an impeller, thermocouple, and
reflux condenser. In a typical experiment, 30 g of LDPE was dis-
solved in 300 mL of xylene at the desired temperature using a heat-
ing mantle. When LDPE was completely dissolved, the designated
amount of MA was added. The designated amount of initiators
that had been dissolved in 50 mL of xylene was then added to the
reaction flask one by one. The reactions proceeded for 240 min,
and samples were precipitated in 300 mL of acetone for 24 hours
at room temperature. Next, samples were dried for 24 hours in a
vacuum oven at 60 °C to remove non-reactive MA. To obtain the
grafting degree of refined LDPE-g-MA, LDPE-g-MA was dissolved
in 100 mL of xylene, and the solution was titrated until reaching
the thymol blue end point using potassium hydroxide in ethanol
(0.1 N). The grafting degree was calculated as follows:

Vo *Ngonx56.1 M

Acid number=
WgHDPE

Acid number x 98

Grafting degree (%)= 2x561

)

where Vo and Ny represent the volume (mL) used up in potas-

Table 1. Description of the HDPE/CaCO,/LDPE-g-MA composites
Sample name  Weight ratio (%) of HDPE/CaCO,/LDPE-g-MA

HCLM1 1/9/2
HCLM2 2/8/2
HCLM3 31712
HCLM4 4/6/2
HCLM5 5/5/2
HCLM6 6/4/2
HCLM7 71312
HCLMS 8/2/2
HCLM9 9/1/2

sium hydroxide in ethanol and the equivalent concentration (0.1 N),
respectively. W ppr; is 0.3 g of LDPE-g-MA.
3. Preparation of the HDPE/CaCO,/LDPE-g-MA Composites

CaCO; was dried for eight hours in a vacuum oven at 80 °C to
remove moisture before use. The surface treatment of CaCO, was
not carried out, only CaCO; was physically mixed. Then, a fixed
amount of LDPE-g-MA was melt mixed with varying ratio of
HDPE and dried CaCO, (Table 1) in a Haake mixer (Rheomix
600, Germany) for five minutes at 180 °C at 50 rpm. The samples
were then prepared by compression molding at constant pressure
for two minutes at 130 °C using a hot press (Carver, USA). The
sheet was cold pressed between two plates for three minutes at room
temperature. A schematic diagram about making the LDPE-g-MA
and HDPE/CaCO,/LDPE-g-MA can be seen in Fig. 1.

4. Fourier Transform Infrared (FTIR)

FTIR spectra (JASCO, Japan) were used to verify the functional
groups of pure LDPE and LDPE-g-MA. The attenuated total reflec-
tion (ATR) mode was used during measurement. The spectra com-
prised 80 scans and had a resolution of 2 cm ™ on average.

5. Scanning Electron Microscope (SEM)

All composites were coated with gold and were observed using
SEM (SNE-3000M, Korea).

6. X-ray Diffraction (XRD)

XRD (Rigaku, Japan) was used to measure the dispersity of
CaCO; in the composites. XRD patterns were collected at room
temperature using Cu Ko radiation (4=0.154 nm, 40KV, 40 mA,

Xylene

Initiators (solvent)

LDPE - Xylene MA o o
(matrix) (solvent) (monomer) 3| LDPE-g-MA

)

HDPE/CaCO, y

Molded
sample

HDPE/CaCO,/LDPE-g-MA y

Mixer Hot press

Fig. 1. Schematic diagram of LDPE-g-MA and HDPE/CaCO,/LDPE-
g-MA.
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in the 2@ range from 10 to 50 degrees). Key patterns of HDPE and
CaCO; were calculated under Bragg’s law:

A=2d sin@ (3)

where A is the wavelength of the incident radiation, d is the inter-
planar spacing (nm), and @ is the scattering angle. Furthermore,
the crystallite size of CaCO; and the HDPE/CaCO,/LDPE-g-MA
composites was evaluated from the Scherrer equation:

KA
- Pcosd @

where D is the crystallite size (nm), £ is the full width half maxi-
mum (FWHM), @ is the scattering angle (°), the most common
value for x is 0.9 for FWHM of spherical crystal with cubic sym-
metry, the 0.154 nm as Cu Ko radiation has been widely used and
then we applied these values.

7. Universal Testing Machine (UTM)

Tensile tests were performed on the composites at room tem-
perature in accordance with ASTM D638. The mechanical prop-
erties of samples from HCLM1 to HCLM9 were measured with a
UTM (Tinius Olsen, USA). A head speed of 10 mm/min was used
for all cases, and the results of five tests were averaged.

8. Thermogravimetric Analysis (TGA)

TGA Q500 (TA instrument, USA) was used to determine the
thermal stability of the composites. The specimens were heated at
a rate of 5 °C/min from 25 °C to 900 °C in a nitrogen atmosphere.
9. Differential Scanning Calorimeter (DSC)

DSC Q1000 (TA instrument, USA) was used for differential scan-
ning calorimetry. The composites were heated at a rate of 5°C/
min to 200 °C (first heating) and then cooled (second cooling) at a
rate of 5°C/min to ambient temperature in a nitrogen atmosphere.
The crystallinity of the composites was calculated by the following:

AH
Xo=———5—x100 (5)
(1- w)xAH

where X is the crystallinity (%), AH_ is the measured melting en-
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Fig. 2. The grafting degree of LDPE-g-MA with various MA con-
tents. Reaction conditions: 0.2 wt% DCB, 120 °C, 240 min.

November, 2016

thalpy (J/g) from the first heating scan, AH' is the melting enthalpy
of HDPE (293 ]/g) [41], and @ is the mass fraction of CaCOs.

RESULTS AND DISCUSSION

1. Preparation of LDPE-g-MA

Fig. 2 shows the grafting degree in relation to MA content. The
maximum grafting degree was 4.88% at 6 wt% MA and 0.2 wt%
DCP at 120 °C. With increasing MA content, the grafting degree
decreased. At high monomer content, a higher proportion of mono-
mers are likely to be a higher proportion of monomers to attack
the backbone. However, in reactions for LDPE-g-MA, the num-
ber of macroradicals was limited due to the influence of the initia-
tor. Moreover, Sathe et al. [42] found that the addition of MA
consumes radicals, which hastens the termination. For this rea-
son, this study suggests that the polymer backbone can be influ-
enced by adjusting the monomers content. The effect of the initiator
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Fig. 3. The grafting degree of LDPE-g-MA with various initiators
contents. Reaction conditions: 6 wt% MA, 120 °C, 240 min.
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Fig. 4. The grafting degree of LDPE-g-MA with various tempera-
ture. Reaction conditions: 6 wt% MA, 0.2 wt% DCP, 240 min.
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on the grafting degree is presented in Fig. 3. DCP, BPO, and AIBN
as free radical initiators were used for LDPE-g-MA reactions at
120°C. The grafting degree increased with increasing amounts of
BPO and AIBN, but not for DCP. This can be traced to competi-
tive reactions dependent on the amount of free radicals [43]. The
half-life of initiators can be used as an indicator of the residual time
in the reactant during grafting reactions. Initiators with shorter
half-life undergo radical formation more quickly, and the recombi-
nation of radicals causes faster termination, thus decreasing the
grafting degree [44]. Fig. 4 shows the effect of varying tempera-
ture at 6 wt% MA and 0.2 wt% DCP at 240 minutes. The grafting
degree decreased at temperatures lower or higher than the reac-
tion temperature of 120 °C. This coincides with studies on grafting
degree at varying temperature by Shen et al. [45] and Ku Marsilla et
al. [46]. The decrease in the grafting degree can be explained by
the faster termination reaction because of the rapid decomposi-
tion of DCP at higher temperatures than 120 °C and the insuffi-
cient time for chain initiation due to the slow decomposition of
DCP at lower temperatures than 120 °C. These results indicate
that the highest grafting degree for LDPE-g-MA can be obtained
at 120 °C and 240 min.

Fig. 5 shows the FTIR spectra of pure LDPE and LDPE-g-MA.
The spectra of LDPE-g-MA show three peaks at 1,861 cm ™, 1,790-
1,780 (1,790, 1,784, 1,780) cm ™", and 1,715 cm ", which were not
found in pure LDPE. The peaks at 1,861 cm™ and 1,790-1,780 cm ™’
were from symmetric and asymmetric stretching of carbonyl in
MA, while the peak at 1,715cm ™" was from carbonyl stretching.
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Fig. 5. FTIR spectra for (a) pure LDPE, (b) 1.95% grafting degree,

(c) 2.83% grafting degree, and (d) 4.88% grafting degree. Reac-
tion conditions: (b) 21 wt% MA, 120 °C, 240 min, (c) 12 wt%
MA, 120°C, 240 min, (d) 6 wt% MA, 120 °C, 240 min.

They are similar to the peaks of anhydride (1,861-1,750 cm™") and
carboxylic acid (1,750-1,660 cm ™) studied by Samay et al. [47]. Our
goal in modified LDPE part was to check the tendency of grafting
degree among various experimental conditions, and then we ob-
tained the highest grafting degree from this tendency. We care-
fully proposed successful production because the LDPE-g-MA has

(d)

Fig. 6. SEM images of HDPE/CaCO; at weight ratios of (a) 1/9, (b) 2/8, (c) 8/2, and (d) 9/1 without LDPE-g-MA. Reaction conditions: Mixer

50 rpm, 180 °C, five minutes.
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(b)

(d)

Fig. 7. SEM images of (a) HCLM1, (b) HCLM2, (c) HCLMS, and (d) HCLMO9. Reaction conditions: Mixer 50 rpm, 180 °C, five minutes.

MA as monomer compared to pure LDPE.
2. Characterization of the HDPE/CaCO,/LDPE-g-MA Com-
posites
2-1. SEM Analysis

The SEM analysis of the HDPE/CaCO,/LDPE-g-MA compos-
ites was performed to confirm the dispersion and aggregation of
CaCO; particles in HDPE matrix. The dispersion of CaCO; parti-
cles in HDPE without LDPE-g-MA and HDPE with LDPE-g-MA
is indicated in Figs. 6 and 7, respectively. The CaCO; particles in

Intensity
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Fig. 8. XRD patterns of the HDPE/CaCO,/LDPE-g-MA composites.

Reaction conditions: Mixer 50 rpm, 180 °C, five minutes.
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HDPE with LDPE-g-MA are regularly dispersed in the HDPE
matrix and present relatively lower aggregation in Fig. 7. This result

Table 2. Pattern positions of the HDPE/CaCO,/LDPE-g-MA com-

posites

Sample name Angle (26) d-Spacing (nm) hkl
HDPE 22.55 0.394 (110)
CaCO; 29.45 0.303 (104)

23.90 0.372 (110)
HCLM1

29.40 0.303 (104)
HCLM2 23.30 0.381 (110)

29.65 0.301 (104)
HCLM3 23.20 0.383 (110)

29.55 0.302 (104)
HCLM4 23.05 0.385 (110)

29.45 0.303 (104)

21.60 0.411 (110)
HCLM5

29.45 0.303 (104)

21.55 0.412 (110)
HCLM6

29.45 0.303 (104)

21.60 0411 (110)
HCLM?7

29.50 0.302 (104)

21.6 0.411 (110)
HCLMS

2945 0.303 (104)
HCLMO9 219 0.405 (110)

29.75 0.300 (104)
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Fig. 9. Crystallite size of CaCO, and the HDPE/CaCO,/LDPE-g-MA
composites. Reaction conditions: Mixer 50 rpm, 180 °C, five
minutes.

indicates that LDPE-g-MA as a compatibilizer may improve inter-
facial interaction between the HDPE matrix and CaCO; particles.
2-2. XRD Analysis

Fig. 8 shows specific patterns, including calcite of CaCO;, pure
HDPE and HDPE/CaCO,/LDPE-g-MA. Table 2 presents the scat-
tering angles produced by specific patterns on CaCO; (104) and
HDPE (110) planes. As shown in Fig. 8 and Table 2, the specific
patterns of the HDPE/CaCO,/LDPE-g-MA composites are simi-
lar to those of CaCO; and HDPE. The crystal structures of CaCO;
and HDPE were not significantly different from that of the HDPE/
CaCO,/LDPE-g-MA composites. However, the crystallite size of
HDPE/CaCO,/LDPE-g-MA was determined from the FWHM of
the strongest peak (104) using Eq. (4) in Fig. 9. Furthermore, we
examined to focus the peak of CaCO; to check the presence of
CaCO:s. The crystallite size mostly decreased with increasing CaCO;,
content, but crystallite size from HCLMI1 to HCLM5 was a little
higher than that of CaCO;. This result indicates that the crystallite
size of the HDPE/CaCO,/LDPE-g-MA composites was probably
affected by the LDPE-g-MA as a compatibilizer and LDPE-g-MA
may help to improve the dispersion of CaCOs. Furthermore, Fig. 8
shows that the intensity of the crystallinity of CaCO; and HDPE
changes with additive amount. The higher intensity of HDPE is pre-
sumed to have been caused by the increased crystallinity; and this
can be determined through DSC analysis.
2-3. UTM Analysis

Tensile properties provide useful information on the inner struc-
ture of composites [48]. The effect of CaCO; addition on the tensile
strength of the HDPE/CaCO,/LDPE-g-MA composites is shown
in Fig. 10. The tensile strength of pure HDPE was similar to that of
Chafidz et al. [49]. The tensile strength of the HDPE/CaCO,/LDPE-
g-MA composites increased with decreasing CaCO; content. The
enhanced tensile strength of the composites can be traced to the
improved dispersion with the small amount of filler in the poly-
mer matrix. The tensile strength of composites is known to be
influenced by the filler fraction and interaction or interfacial adhe-
sion between the filler and polymer matrix. The load bearing capac-

30 4 7777
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Fig. 10. Mechanical properties for the tensile strength of the HDPE/
CaCO,/LDPE-g-MA composites and pure HDPE. Reaction
conditions: Mixer 50 rpm, 180 °C, five minutes.

ity on the cross-sectional area of the HDPE/CaCO,/LDPE-g-MA
composites decreased with increasing CaCO; content despite the
addition of LDPE-g-MA as a compatibilizer because of the weak
interfacial compatibility between the HDPE matrix and CaCO..
Similarly, the tensile strength of the HDPE/CaCO,/LDPE-g-MA
composites decreased with increasing CaCO; content, coinciding
with a past study by Teixeira et al. [50]. We obtained a little higher
tensile strength than the results of surface treatment of CaCO; [38].
These results suggest that tensile strength can be improved by focus-
ing on CaCO; dispersion rather than on surface treatment of CaCOs.
The interfacial adhesion plays a key role in improving the tensile
strength of composites. Composites with stronger interfacial adhe-
sion are expected to induce greater stress and higher tensile strength.
2-4. TGA Analysis

Fig. 11 shows the TGA curves of pure HDPE and the HDPE/
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Fig. 11. TGA curves of the HDPE/CaCO,/LDPE-g-MA composites
and pure HDPE. Reaction conditions: Mixer 50 rpm, 180 °C,
five minutes.
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Table 3. Thermal stability conditions of the HDPE/CaCO,/LDPE-

Table4.DSC conditions of crystallization for the HDPE/CaCO,/

g-MA composites under nitrogen atmosphere LDPE-g-MA composites

Sample name Thse, (°C) Tsge, (°C) T, (°C) Sample name T,;(°C) T.(°C) T,(°C) AH.(/g) X (%)
HDPE 465.20 465.20 485.29 HCLM1 12348 126.03 13832 21.21 28.96
HCLM1 562.68 684.35 705.13 HCLM2 12371 12694 139.3 40.20 41.15
HCLM2 461.53 661.69 689.28 HCLM3 123.81 12858 141.25 81.32 66.59
HCLM3 456.76 641.96 687.27 HCLM4 123.65 129.65 14223 104.00 70.99
HCLM4 454.21 477.79 685.66 HCLM5 126.13 12874 138.81 125.70 73.53
HCLMS5 453.97 471.27 681.24 HCLM6 122.97 13053 14369 15330 7847
HCLM6 454.34 469.35 664.37 HCLM7 12370 128.76 14027  180.10  81.96
HCLM7 449.62 464.09 660.05 HCLMS8 12501 131.82 14467 21210  86.86
HCLMS 449.55 464.03 659.99 HCLM9 12522 12962 13978 22970  85.51
HCLM9 447.10 460.42 628.86

CaCO,/LDPE-g-MA composites. Table 3 presents the thermal sta-
bility conditions, such as the temperature at 25 wt% weight loss
(Tasy,), temperature at 50wt% weight loss (Ts,), and temperature
at the end of degradation (T,). The temperature of HDPE/CaCO,/
LDPE-g-MA at the end of degradation was higher than that of
pure HDPE, and this temperature rose with increasing CaCO;
content because of the CaCO; filler remaining in the composites.
Tys0e Tsos and T, increased with increasing CaCOj; content in the
HDPE matrix, thereby enhancing the thermal stability of HDPE.
This can be traced to CaCO; acting as a heat barrier in the ther-
mal degradation process. The thermal stability was better than that
previously reported for on nano CaCO; [51], implying that dis-
persibility is more important than the particle size of CaCO;.

The thermal stability of the HDPE/CaCO,/LDPE-g-MA com-
posites showed regular changes because the melt mixing of LDPE-
g-MA as a compatibilizer and CaCO; filler facilitated dispersion in
the HDPE matrix.

2-5. DSC Analysis
The DSC curves of pure HDPE and the HDPE/CaCO,/LDPE-

HDPE

HCLM9

HCLM7

|HCLMG

HCLMS
HCLM4
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T T T T T T T T T
110 120 130 140 150 160

Temperature ("C)

Fig. 12. DSC curves of the HDPE/CaCO,/LDPE-g-MA composites
and pure HDPE. Reaction conditions: Mixer 50 rpm, 180 °C,
five minutes.
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g-MA composites at a cooling rate of 5°C/min are shown in Fig,
12. Table 4 gives the crystallization onset temperature (T,), crystal-
lization temperature (T,), crystallization finishing temperature (Tj),
and crystallinity (X.) of pure HDPE and HDPE/CaCO,/LDPE-g-
MA composites. The crystallinity of all composites was calculated
using Eq. (5). T, showed to the temperature of the maximum peak
point of curves. Tyand T, were to draw a baseline to curves, indic-
ative of the temperature of both ends when the size of the area came
out the same part. The T; T, and T, of the composites were ob-
served near 124 °C, 128 °C, and 140 °C, respectively. However, the
melting enthalpy and crystallinity of all composites increased with
decreasing CaCO; content. These results indicate that CaCO; has
a little significant effect on the nucleation of the HDPE/CaCO,/
LDPE-g-MA composites. Fig. 12 shows an irregular shift of curves,
indicating that CaCO; had a slight effect on nucleation in com-
posites with LDPE-g-MA as a compatibilizer. This is similar to the
findings of Bartczak et al. [52] on the crystallinity of CaCO; treated
with calcium stearate. Furthermore, crystallinity from HCLM?7 to
HCLM9 was obtained higher than the previous results [25,52]. It
was confirmed that CaCO; dispersed by LDPE-g-MA rather than
CaCOQ, treated with calcium stearate [25], and stearic acid [52] was
able to disperse polymer matrix. As shown above, the addition of
CaCO; in the HDPE/CaCO,/LDPE-g-MA composites exerted a
minor influence on the nucleation.

CONCLUSION

LDPE-g-MA was initially fabricated using a solution process.
The maximum grafting degree was 4.88% with 6 wt% MA and 0.2
wt% DCP at 120°C. The spectra of LDPE-g-MA showed three
peaks that were not found in pure LDPE, and the peak intensity
rose with increasing grafting degree. To maximize the grafting
degree, specific conditions were required for DCP to interact with
the LDPE matrix. HDPE/CaCO,/LDPE-g-MA composites were
produced using LDPE-g-MA with the highest grafting degree. The
CaCO; particles in the HDPE matrix were successfully dispersed
by using LDPE-g-MA as a compatibilizer, indicating that LDPE-g-
MA plays a key role in dispersing CaCO; in the HDPE matrix. XRD
patterns of the crystal structure showed no significant changes in
pure HDPE, CaCO;, and HDPE/CaCO,/LDPE-g-MA composites.
However, the crystallite size of the HDPE/CaCO,/LDPE-g-MA com-
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posites was a little larger than that of CaCO;, suggesting that LDPE-
g-MA as a compatibilizer may improve the dispersion of CaCO;
in the HDPE matrix. Furthermore, the level of intensity was greatly
influenced by the amount of HDPE and CaCO;, which implies
that CaCO; may be dispersed in the HDPE/CaCO,/LDPE-g-MA
composites through physical melt mixing instead of forming new
materials via chemical reactions. The mechanical properties of the
HDPE/CaCO,/LDPE-g-MA composites deteriorated with increas-
ing CaCO; content due to the minor interfacial compatibility be-
tween the HDPE matrix and CaCO;, but the thermal stability im-
proved with increasing CaCOs. Thsy, Tso» and T, temperatures were
higher for the HDPE/CaCO,/LDPE-g-MA composites than for
pure HDPE. This study also achieved better thermal stability than
past research involving nano-CaCO; [51]. For the HDPE/CaCO/
LDPE-g-MA composites, T T, and T, did not vary greatly in rela-
tion to DSC. However, the melting enthalpy and crystallinity in-
creased with decreasing CaCO; content, coinciding with the results
of past studies [52]. Based on the above, mechanical and thermal
properties can be improved by focusing on CaCO; dispersion, rather
than on CaCO; particle size, to enhance the interfacial compatibil-
ity. This composite may find application as a material for automo-
tive weight reduction and filament of 3D printing,
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