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Abstract

Thermal and mechanical properties of neat linear low-density polyethylene (LLDPE) hybrid
biocomposite with sugarcane bagasse and eggshell as a reinforcing filler were investigated. Hybrid
biocomposites with sugarcane bagasse/eggshell was varied in the range of 6/4, 12/8, 17/13, 20/20, 13/17,
8/12, and 4/6 wt.%, were prepared and examined. The sugarcane bagasse fiber (Sb) was surface-treated
using a silane coupling agent (3-(trimethoxysilyl) propyl methacrylate) and eggshell (Es) was treated
using titanium (IV) isopropoxide. The results showed that high calcium oxide content was 99 % by
weight in eggshell and silicon dioxide content was 50 % by weight in sugarcane bagasse. The tensile and
flexural modulus and hardness of the composites with treated Sb/Es were higher than that of the
untreated. These values of the LLDPE/Sb/Es composites increased with Sb/Es content. Differential
scanning calorimetry (DSC) results show interesting trends in term of the influence of Sb/Es content, both
with untreated and treated Sb/Es on the crystallization behavior of the composites but the melting and
cold crystallization temperature of its composites did not obviously change. Thermogravimetric analysis
(TGA) indicated their thermal stability of the composites, both untreated and surface-treated Sb/Es were
lower than that of neat LLDPE. The sample molded from the biocomposite with surface-treated Sb/Es
particles showed better dispersion of the materials inside.

Keywords: Sugarcane bagasse, eggshell, linear low-density polyethylene, thermal properties, mechanical
properties

Introduction

Many researches have great concern in the development and application of biocomposites due to the
risks of the petroleum-derived product [1-4]. Therefore, natural fiber reinforced in polymer composites
have received increasing attention by important industries such as automotive, construction and
packaging industry. Sugarcane bagasse is a fibrous residue left from extraction of the juice from the
sugarcane within the sugar mill. Due to the high production of sugar, the volume of sugarcane bagasse
has become large approximately 1,580 million dry tons produced annually in Thailand [5], and at present,
sugarcane bagasse has been adopted and used in the manufacture of pulp and paper articles as well as in
building material applications and used as a filler in polymeric materials. Mulinari ef al. [6] studied the
effect of chemical modification of sugarcane bagasse cellulose with zirconium oxychloride on mechanical

TPart of this work was presented at the 9™ International Conference on Sciences, Technology and Innovation for
Sustainable Well-Being, China: June 26-28, 2017

Walailak J Sci & Tech 2019; 16(10): 739-751.



LLDPE/Bagasse/Eggshell Composites Watcharin SITTICHAROEN et al.

http://wjst.wu.ac.th

properties of high-density polyethylene (HDPE) composites, and found that the tensile strength of the
composites with modified sugarcane bagasse cellulose was higher than that of the non-modified. Luz et
al. [7] found that polypropylene (PP) composites reinforced with cellulose fibers from sugarcane bagasse
increased the flexural strength and modulus, and differential scanning calorimetry (DSC) results revealed
that the composites reinforced with untreated cellulose fibers were more crystalline than that of neat PP.
Ashori et al. [8] found that bagasse/HDPE composites reinforced with multi-walled carbon nanotubes
(MWCNTs) increased the tensile and flexural properties. Lei et al. [9] found that a recycled high-density
polyethylene (RHDPE) filled with a maleated surface-treated bagasse fiber significantly improved their
compatibility between the bagasse fiber and RHDPE. Chicken eggshells are food industrial by-products
that have been considered waste and are disposed in landfills which may causes environmental problem.
Each year in the US, hundreds of thousands of tons of chicken eggshells are disposed in landfills [10].
Researchers have reported several attempts to use eggshell for different applications [11-13]. Eggshell
was utilized as coating pigments for inkjet printing paper [14]. Eggshell can also be considered as a
potential source of bio-fillers that can be efficiently used to improve their properties of polymer
composites. Boronet et al. [15] suggested that high calcium oxide content of 97.7 % by weight in eggshell
and found that the modified eggshell improved stiffness, hardness, flexural and tensile modulus of the
high-density polyethylene biocomposites. Bootklad et al. [16] found that eggshell powder acted as a
coupling agent and improved the interaction between the eggshell powder and the thermoplastic starch
matrix. Hybrid composite is a combination of filler particles and fibers in a polymer matrix. The influence
of filler particles and fibers was evaluated by scientists and engineers because of its effect on the
mechanical properties of the polymer composites [17-19]. Senturk et al. [20] studied the effect of
calcite/short glass fiber (SGF) on thermal and mechanical properties of polypropylene hybrid composites,
and found that the increasing in the calcite and SGF content increased melting and decomposition
temperatures, and also enhanced the tensile and bending properties. Silva et al. [21] found that the tensile
strength and tensile modulus of epoxy resin hybrid composites increased with increasing the volume
faction of sisal fibres was 30 %, and silica microparticles and maleic anhydride addition.

The aim of this study is to develop biocomposites material made from linear low-density
polyethylene filled with surface-treated sugarcane bagasse and eggshell as bio-filler.

Materials and methods

Raw materials

Linear low-density polyethylene (LLDPE) with a melt flow rate of 7 g/10 min was used as received
and was supplied in the form of LLDPE powder by Thai Polyethylene Co., Ltd. (Bangkok, Thailand).
Sugarcane bagasse (Sb) was kindly supplied by local sugarcane juice shop (Chiang Mai, Thailand).
Sugarcane bagasse was washes and dried, then spinning-cut with a high speed mixer (High speed mixer
machine, HF800-A) and sieved (Stainless steel sieve, ASTM-E11 No. 270 mesh). The Sugarcane bagasse
powder was dried in an oven for 24 h at 100 °C. The average particle size of the Sb used was 53um.
Eggshell (Es) was obtained from brown eggs kindly supplied by Irin bakery (Chiang Mai, Thailand).
Eggshell was washes and dried, then grinded and sieved (Stainless steel sieve, ASTM-E11 No. 270
mesh). The eggshells powder was dried in an oven for 24 h at 100 °C. The average particle size of the Es
used was 53um. The particle size of Sb and Es shown in Table 1 were determined using a particle size
analyzer (Malvern, Mastersizer-S, UK). In order to analyze the obtained composites a complete
characterization of the Sb and Es particles has been carried out. The chemical compositions of the Es and
Sb particles listed in Table 2 were determined by means of X-ray fluorescence spectroscopy (XRF,
MESA-500W, Horiba, Japan).

Surface treatment of Sb

A solution of 3.0 wt.% silane coupling agent (3-(trimethoxysilyl) propyl methacrylate) was prepared
and slowly added into 100 ml of ethanol. After stirring for 15 min. 100 g of the Sb particles were then
mixed into the solution and stirred for 15 min to obtain a uniform distribution of the coupling agent on the
Sb surfaces. After surface treatment, the Sb particles were dried in an oven for 24 h at 100 °C.
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Table 1 Particle size distribution of sugarcane bagasse and eggshell particles.

Particle size distributi Content (%)
article size distribution (um) Sh Es
<37 4491 45.23
37-44 10.42 10.42
44 - 53 12.22 12.17
53-63 10.98 10.90
63 -74 8.53 8.45
74 - 88 6.85 6.78
88 - 105 4.44 4.40
> 105 1.65 1.64

Table 2 Chemical composition of the sugarcane bagasse and eggshell particles.

Investigation of chemical composition XRF (Sugarcane bagasse particles) Content (%)
Silicon dioxide (SiO,) 50.041
Sulfur trioxide (SO3) 20.385
Phosphorus (V) oxide (P,0s) 14.883
Calcium oxide (CaO) 10.186
Iron (IIT) oxide (Fe,O3) 4.506
Investigation of chemical composition XRF (Eggshell particles) Content (%)
Calcium oxide (CaO) 99.027
Sulfur trioxide (SO3) 0.750
Potassium oxide (K,0) 0.117
Iron (IIT) oxide (Fe,O3) 0.108

Surface treatment of Es

A solution of 1.0 wt.% silane coupling agent (titanium (IV) isopropoxide) was slowly prepared and
added into 100 ml of ethanol before stirring for 15 min. 100 g of the Es particles were then mixed into the
solution and stirred for 15 min to garantee a uniform distribution of the coupling agent on the Es surfaces.
After Surface treatment, the Es particles were dried in an oven for 24 h at 100 °C.

Preparation and fabrication of LLDPE/Sb/Es composites

LLDPE powder were dry-mixed with desired amounts of Sb, Es particles and the silane coupling
agent in a high speed mixer for 3 min to obtain LLDPE/Sb/Es composite powders, which were then held
in an oven at 80 °C for 24 h. The Sb and Es content was varied from 0 to 20 wt.%. Then, LLDPE/Sb/Es
composites were compression-molded at 140 °C for 1 min with compression force was 250 kg per square
centimeter and cooling time with air for 1.5 min using a laboratory press (RMUTL TD-001) to produce
test specimens for determination of their mechanical properties.

Mechanical properties

The mechanical properties of neat LLDPE and LLDPE/Sb/Es composites were evaluated via tensile,
flexural, impact and hardness properties. All the mechanical property results reported in this study were
averaged from at least 5 samples. The tensile test was done on a Hounsfield universal tensile machine
(Model H50KS, England) at a crosshead speed of 50 mm/min ASTM D638 (2010). The flexural test was
assessed according to ASTM D790 (2007) at the test speed of 1 mm/min. The Izod impact test was
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conducted in accordance with ASTM D256 (1993) using a Gotech impact tester (Model GT-7045,
Taiwan) with the notched side facing the pendulum. The hardness test was evaluated using a Durometer
Shore D (Model HH-337-11, Japan). The test procedure was according to ASTM D2240 (2005).

Scanning electron microscopy (SEM) investigations

A fracture surface analysis is usually required to study quality of filler dispersion and interfacial
adhesion between Sb/Es filler particles and LLDPE matrix. In this work, their fracture surfaces were
obtained after a 2-min immersion in liquid nitrogen. Samples were coated with gold to generate electrical
conduction in the surface of the composites. The measures were performed on a JEOL (JSM-5910LV,
Japan) SEM machine by applying an accelerating voltage ata 15 kV.

Thermogravimetric analysis (TGA)

Thermogravimetric analysis was used to study the thermal stabilities and degradation of the
composites samples using a TG 209 F1 Libra thermogravimetric analyzer (NETZSCH, Germany).
Samples with weights in the range of 5-7 mg were heated under a flowing nitrogen atmosphere from 30 to
700 °C at a heating rate of 10 °C/min, and the corresponding mass loss was recorded.

Differential scanning calorimetry (DSC)

The melting and crystallization behavior of the polymer matrix and the composites were determined
using a differential scanning calorimeter (DSC-200 F3 Maia®, NETZSCH, Germany). All the samples
were cut into pieces weighing 6.3 £ 0.5 mg, then sealed securely in aluminum pans, and examined in an
atmosphere of nitrogen. The samples were heated from 30 to 170 °C at a heating rate of 10 °C/min. The
enthalpies of fusion at endothermic melting temperatures (T,,) were determined for all samples at the first
heating scan. The degree of crystallinity (X.) of the samples was evaluated as shown in Eq. (1) [1,9];

X, = A 1 00% (1)

o Wy

where AH,, is the enthalpy of fusion assessed from the integral area of a DSC heating curve, AH, is the
enthalpy of fusion for 100 % crystallinity polyethylene (288 J/g), and Wf is the weight fraction of the

polymer matrix in the composites.

Results and discussion

Characterization of Es and Sb particles

The size distribution of Es and Sb particles were evaluated by using a particle size analyzer, as
shown in Table 1. Their average size ranged of both particles from 37 to 63 um. The chemical
composition of Es and Sb were evaluated by using an XRF analysis. It was found that the major
component of Es was CaO, about 99.03 % and the rest ones were metal oxides, whereas the major
constituent of Sb was SiO,, about 50.04 %, and the rest ones were metal oxides as shown in Table 2. The
morphology of Es and Sb particles are shown in Figure 1. The average particle size of the Es particles
(Figure 1(a)) was slighty smaller and round shape with a relatively rough surface than that of the Sb
particle (Figure 1(b)).
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Figure 1 SEM micrographs of Es (a), and Sb (b) particles.

Mechanical properties

The average tensile modulus and flexural modulus of the LLDPE/Sb/Es composites with untreated
and surface-treated Sb/Es particles are depicted in Figure 2. As can be seen, the tensile modulus
progressively increased with increasing the Sb/Es filler content. Obviously, sugarcane bagasse fibers and
calcium-based eggshell particles insertion can contribute to an increases the composite’s modulus,
because the Young’s modulus of the Sb fibers and Es particles were higher than that of the thermoplastic
modulus [1,6,15]. It is clearly visible that the surface-treated Sb/Es particles presented higher tensile
modulus than the untreated particles. The tensile modulus of both untreated and surface-treated Sb/Es
particles gradually increased as the filler content increased up to 20/20 wt.%. The maximum tensile
modulus of the composites with untreated particles was 470.1x10° Pa, versus 681.4x10° Pa, for surface-
treated Sb/Es particles. It can be seen that the flexural modulus of both untreated and surface-treated
Sb/Es particles significantly increased as the filler content increased up to 20/20 wt.%. The maximum
flexural modulus of the composites with untreated Sb/Es particles was 687.9x10° Pa, versus 859.7x10°
Pa, for surface-treated particles. The average tensile strength and flexural strength of the composites with
untreated and surface-treated Sb/Es particles are depicted in Figure 3. Tensile strength tended to decrease
when the Sb/Es filler loading was increased. The composites with surface-treated Sb/Es particles showed
an improvement in tensile strength compared to the untreated. The tensile strength of the composite with
20/20 wt.% untreated particles was 5.7x10° Pa, versus 7.8x10° Pa, for surface-treated Sb/Es particles.
When the Sb/Es filler loading was increased the flexural strength tended to decrease. The flexural
strength of the composite with 20/20 wt.% untreated particles was 12.8x10° Pa, versus 16x10° Pa, for
surface-treated Sb/Es particles. The addition of both Sb fibers and calcium-based eggshell particles
induces the decrease of the tensile and flexural strength of the composites. The reduction in the tensile
and flexural strength of the polymer composites with surface-treated Sb/Es were likely caused by the
decreasing interfacial area in LLDPE matrix as the filler concentration was increased [2,15,22]. SEM
micrographs of the fracture surfaces of the LLDPE/Sb/Es composites with untreated and surface-treated
Sb/Es particles are shown in Figure 4. Untreated particles, obvious voids and pores erose and separation
between the LLDPE matrix and Sb fibers and Es particles occurred, as shown in Figures 4(a), 4(c) and
4(e) because of the incompatibility between the hydrophobic matrix and hydrophilic sugarcane bagasse
and eggshell particles. The surface-treated improved significantly the compatibility between the matrix
and Sb-Es particles, and the matrix was well bonded to the filler particles, as seen in Figure 4(b), 4(d)
and 4(f). The surface-treated Sb/Es particles improved the compatibility between the LLDPE matrix and
Sb-Es particles more than the untreated particles.
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Figure 4 SEM micrographs of LLDPE/Sb/Es composites for different Sb/Es contents of untreated (a) 6/4
wt.% (c) 20/20 wt.% (e) 4/6 wt.% and surface-treated Sb/Es particles (b) 6/4 wt.% (d) 20/20 wt.% (f) 4/6
wt.%.

The average impact strength of the LLDPE/Sb/Es composites with untreated and surface-treated
Sb/Es particles is depicted in Figure 5. It is clearly visible that the impact strength decreased with Sb/Es
particles addition. An increase in the concentration of sugarcane bagasse and calcium-based eggshell
particles reduces the ability of LLDPE matrix to absorb energy. The reduction in impact strength with
increasing both sugarcane and eggshell filler particles loading might also be due to the decreased
deformability of a rigid interface between the particles and LLDPE matrix [23]. The value of the impact
strength of the composite with 20/20 wt.% untreated Sb/Es particles was 5.8 kJ/m’, versus 7.2 kJ/m’, for
surface-treated particles.
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with untreated and surface-treated Sb/Es particles.

Figure 6 shows the Shore D hardness of the LLDPE/Sb/Es composites with untreated and surface-

treated Sb/Es particles. In general,

the hardness of the composites was measured on the surface of the

composites, whereas the both Sb and Es particles were embedded dispersion on the surface and within the

LLDPE matrix. The hardness values of the biocomposites increase because of greater rigidities of the
both filler particles. The value of Shore hardness of the composite with 20/20 wt.% for untreated was

56.1, whereas those in the case with surface-treated Sb/Es particles was 58.
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Figure 6 Effect of sugarcane bagasse/eggshell content on hardness for LLDPE/Sb/Es composites with

untreated and surface-treated Sb/Es particles.

Walailak J Sci & Tech 2019; 16(10)

746



LLDPE/Bagasse/Eggshell Composites
http://wjst.wu.ac.th

Watcharin SITTICHAROEN et al.

Thermal analysis

Thermogravimetric analysis (TGA)

The weight loss of a polymer as a function of temperature can be determined by the TGA technique.
It is interesting to determine the weight loss due to thermal degradation since it is an irreversible process.
The typical thermogravimetric curves for neat LLDPE and LLDPE/Sb/Es composites with untreated
(Figure 7(a)) and surface-treated (Figure 7(b)) Sb/Es particles are presented in Figure 7. As expected,
all samples showed a major weight loss at higher temperatures in the range of ~ 450 - 700 °C. The results
obtained showed that thermal stability of the composites, both untreated and surface-treated Sb/Es, were
found to decrease with increasing the Sb/Es particles content and obviously the maximum difference of
the thermal stability of LLDPE/Sb/Es composites observed at the filler concentration were 20/20 wt.%.
All the reported temperature values are the decomposition peak temperature obtain from the derivative
TGA curves. It was found that the neat LLDPE shows only one decomposition step at 476.2 °C, whereas
the composites both untreated and surface-treated Sb/Es particles presents 3 decomposition steps. The
first step of the composites with 20/20 wt.% untreated Sb/Es particles was around 221.2 - 353.1 °C,
versus was around 222.8 - 353 °C for surface-treated particles, the second one with untreated Sb/Es was at
353.1 - 450 °C, versus was at 353 - 450 °C for surface-treated particles and the third step with untreated
and surface-treated Sb/Es particles was at 450 - 500 °C. The main weight loss both composites was
between 450 and 500 °C. At higher than 500 °C, the weight loss became unchanged. Since, on account of
the overlapping decomposition of hemicellulose and cellulose. Therefore, the first - second step can be
assigned to the decomposition of hemicellulose and cellulose fiber and third corresponds to complete
temperature decomposition [9,18,24]. Generally, the sugarcane bagasse fiber decomposes at a
temperature of 327 °C. This observation was in line with the work of Lei ef al. [9]. The thermal properties
of the eggshell had been studied by the work of Hassan et al. [10] who stated that the eggshell powder
showed the first step of weight loss at 310 °C due to the CO, released after thermal degradation of the
eggshell. However, it was difficult to observe an accurate position for this step because it overlapped with
the major decomposition of sugarcane bagasse. It was found that all composites have a residual weight
between 2.61 and 17.43 % , which was appeared after 500 °C. Similar findings were given by the works
of Luz et al. [7] studied the cellulose and cellulignin from sugarcane bagasse reinforced polypropylene
composites, and found that after heating from 400 to 500 °C, the degradation of cellulose was produced
ash. Guimaraes et al. [25] observed the characterization of sugarcane bagasse fibers and found that the
final-products from degradation of sugarcane bagasse are ashes. It is clearly visible that thermal stability
of the biocomposites with surface-treated Sb/Es did not obviously different with untreated, especially at
concentration of Sb/Es particles with 20/20 wt.%.

120

120
(a) LLDPE/Sb/Es content (wt%) (b) LLDPE/Sb/Es content (wt%)
100/0/0 90/4/6 100/0/0,  90/6/4
100 1 S 90/6/4 100 + 90/4/6
eea T 70/13/17
80/12/8 ¥ 7013/17 80/12/8
801 7017713 ) 80 7017,
2 UL 2 70/17/13
s &
e 60/20/20 80/8/12 g 60/20/20 80/8/12
= 60 - = 60
2o Y
X x
S S
40 40
20 1 20 +
0 + + t 0 + : +
0 200 400 600 800 0 200 400 600 800
Temperature (°C) Temperature (°C)

Figure 7 Thermogravimetric curves for neat LLDPE and LLDPE/Sb/Es composites of untreated (a) and
surface-treated (b) Sb/Es particles.
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Differential scanning calorimetry (DSC)

DSC measurements were used to characterize the thermal properties of neat LLDPE, and
LLDPE/Sb/Es composites. The results of the DSC heating thermograms are presented in Figure 8, while
the numerical values of melting enthalpy, melting temperatures, cold crystallization temperatures and
crystallinity for the composites are given in Table 3. It is important to note that percent crystallinity was
evaluated by discounting the filler content in the different composites, as express by Eq. (1). It was found
that their X, value increased progressively as the Sb/Es filler loading was increased. It can be obviously
seen that as the Sb/Es loading was increased, the X, value with 20/20 wt.% untreated Sb/Es particles
increased 8.1 %, versus 9.8 %, for surface-treated particles. These could explain that the sugarcane
bagasse and calcium-based eggshell particles acted as a nucleating agent in the LLDPE matrix, which
clearly imply that although the melting and cold crystallization temperature of its composites did not
obviously change with addition of Sb/Es filler content. The increase in crystallinity level could be
supported by the work of Quan et al. [26], Sombatsompop et al. [27], and Sawpan el al. [28], who
explained that cellulose fiber might act as a heterogeneous nucleating agent and nucleate crystallization
along the interface, and the work of Yepes ef al. [1], who described that calcium carbonate might act as
nucleating agent, known as trans-crystallization phenomenon, resulting in a higher crystallinity level.

() (b)
§ LLDPE/Sb/Es content (wt%) § LLDPE/Sb/Es content (wI%)
B 90/4/6 3 70/17/13
g 80/8/12 'g 80/8/12
70/13/17 80/12/8
90/6/4 00/6/4 \ Vi
I 70/17/13 90/4/6
[7 602020 a 6020020
\100/0/0 80/12/8 100/0/0 70/13/17

20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180
Temperature (°C) Temperature (°C)

Figure 8 DSC thermograms for neat LLDPE and LLDPE/Sb/Es composites of untreated (a) and surface-
treated (b) Sb/Es particles.
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Table 3 DSC analysis for LLDPE/Sb/Es composites.

Thermal properties
Sb/Es content (wt.%)

Tw (°C) T. (°C) AH,, (J/g) X (%)
Untreated Sb/Es particles
0/0 126.9 111.0 124.8 433
6/4 127.0 110.6 122.5 47.3
12/8 127.0 111.0 110.9 48.1
17/13 126.4 110.8 99.7 49.5
20/20 126.3 111.0 88.9 51.4
13/17 126.4 111.1 99.0 49.1
8/12 127.2 110.6 113.2 49.1
4/6 127.0 110.7 122.7 473
Surface-treated Sb/Es particles
6/4 127.4 110.9 117.9 45.5
12/8 127.0 111.1 114.2 49.6
17/13 126.7 110.9 108.0 53.6
20/20 126.6 110.5 91.7 53.1
13/17 126.8 110.8 101.8 50.5
8/12 126.9 110.8 114.5 49.7
4/6 127.0 110.5 119.7 46.2

Molded materials from the biocomposite

Figure 9 shows the photograph for the appearance of the compressed saucer molded samples of the
LLDPE/Sb/Es composites with 20/20 wt.% of untreated (Figure 9(a)) and surface-treated (Figure 9(b))
Sb/Es particles. It was found that the specimen of compression molded from the biocomposite with
surface-treated Sb/Es particles showed better dispersion of the Sb/Es particles and embadded within
LLDPE matrix, as compared to that of the untreated ones.

(b)

Figure 9 Appearance of compressed saucer for LLDPE/Sb/Es composites with 20/20 wt.% of untreated
(a) and surface-treated (b) Sb/Es particles.
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Conclusions

This study was undertaken in order to develop biocomposites material made from linear low-density
polyethylene filled with surface-treated sugarcane bagasse and eggshell as bio-filler. The results indicated
that high calcium oxide content was 99 % by weight in eggshell and silicon dioxide content was 50 % by
weight in sugarcane bagasse. The tensile and flexural modulus and hardness of the composites with
treated Sb/Es were higher than that of the untreated. These values of the LLDPE/Sb/Es composites
increased with Sb/Es content. The tensile, flexural and impact strength for both composite systems tended
to decrease with increasing Sb/Es content. The degree of crystallinity of the composites, both with
untreated and treated Sb/Es exhibited a slight increase but the melting and cold crystallization
temperature of its composites did not obviously change. TGA curves showed that their thermal stability
of the composites, both untreated and surface-treated Sb/Es were lower than that of neat LLDPE. The
sample molded from the biocomposite with surface-treated Sb/Es particles showed better dispersion of
the materials inside, as compared to the untreated composite.
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