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Abstract: The main objective of this work is to develop a variety of hybrid high-density polyethylene
(HDPE) micro- and nanocomposites and to investigate their thermal, mechanical, and morpholog-
ical characteristics as a function of number of fillers and their contents percentage. In this study,
21 formulations of the composites were prepared using fillers with different sizes including micro
fillers such as talc, calcium carbonate (CaCO3), as well as nano-filler (fumed silica (FS)) though the
melt blending technique. The morphological, mechanical, and thermal properties of the composite
samples were evaluated. The morphological study revealed negligible filler agglomerates, good
matrix–filler interfacial bonding in case of combined both CaCO3 and FS into the composites. Sequen-
tially, improvements in tensile, flexural and Izod impact strengths as a function of fillers loading in
the HDPE matrix have been reported. The maximum enhancement (%) of tensile, flexural and impact
strengths were 127%, 86% and 16.6%, respectively, for composites containing 25% CaCO3 and 1% FS
without any inclusion of talc filler; this indicates that the types/nature, size, quantity and dispersion
status of fillers are playing a major role in the mechanical properties of the prepared composites more
than the number of the used fillers.

Keywords: high-density polyethylene; filler; polymer; composite; tensile testing; flexural strength;
impact energy

1. Introduction

Incorporation of fillers into the polymer matrices is one of the approaches to enhance
the properties and performance of resultant polymer composites. Most polymers are incom-
patible and immiscible in their virgin nature, but their composites exhibit several properties
and can have a broad range of heterogeneous structures and morphologies. Incorporating
fillers is a well-developed and established method for improving the properties of polymers,
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including strength, hardness, rigidity, viscosity and conductivity; it relies on not only the
nature and types of polymers (thermoplastic or thermosetting) but also the shape, size,
distribution, and nature of the fillers added to enhance properties [1–4].

High-density polyethylene (HDPE) is one of the most common plastics because it
has some unique properties like great flexibility, good process ability and low cost; these
features making it attractive for different local and industrial applications in Saudi Arabia,
and it belongs to the class of polyolefin; it has an easy mold ability, low cost and density,
ability to recycle and low friction during melt compounding process; however, it has
relatively poor mechanical properties to be used for specific application [5–8]. Incorporating
fillers into polymer matrices is industrial practice to improve polymer properties. Fillers are
added to increase the bulk polymer, reduce costs, and improve the properties of the polymer.
A reasonable amount of filler can improve certain mechanical or physical properties of
polymers. Varieties of fillers have been recently used to fabricate reinforced polymer blends.
Significant efforts have been made by the industrial and research communities to enhance
the properties of polymer blends/composites. Such fillers can modify the tensile strength,
hardness, rigidity, thermal stability, viscosity, and color of polymers. Many researchers
have discussed an important factor in preparing polymeric composite materials, which is
the proper selection of compatibilizer/coupling agents that enhance interfacial adhesion
between the polymer matrices and fillers in order to improve the final properties of such
composites [9–12].

Some inorganic/mineral powders commonly used as fillers in polyolefin compounds
are CaCO3, glass powder, carbon-based powders, metal powders (copper, aluminum, and
others), alumina trihydrate, talc, mica, wollastonite, silica (in all possible forms), and clays.
The structural differences between both components result in the formation of large filler
agglomerates in the polymer matrix, which influences the mechanical response of the
materials [13–16].

Talc is the most commonly used filler for HDPE composites owing to its lamellar
structure; its use often results in a reinforcing effect in polymer composites; it is composed
of hydrated Mg silicate, with the chemical formula Mg3Si4O10(OH)2. Munir et al. [13]
reported the enhancement of the mechanical and microstructural properties of HDPE using
different fillers. The authors assert that HDPE has great process ability, enabling the easy
addition of different natural and synthetic fillers. Karrad et al. [14] studied the addition
of talc in HDPE composites with PP and concluded that the addition of talc enhances
the properties of the polymer blends under study. Chen et al. [15] added nano-fillers in
a polymer composite and discovered that nano-sized talc has significant effects on the
properties of polymer composites; they demonstrated that nano-sized talc is a great filler
and reinforcing agent for polymeric composites.

Calcium carbonate (CaCO3) is a filler that is commonly used in different blends; it
mainly enhances the hardness and rigidity of polymer composites. Zebarjad et al. [16]
reported that the addition of CaCO3 filler significantly improves the melting point, crys-
tallinity, and heat of melting of HDPE; they obtained the most significant result using
nano-fillers of CaCO3. Sudar et al. [17] investigated the kinetics and mechanism of the
formation of voids in CaCO3-filled PE composites, and they found that the quasi-static
mechanical properties were improved.

According to recent studies, the mechanical properties of various thermoplastic-based
polymeric composites can be enhanced using FS without compromising the optical prop-
erties of the composite. For instance, Zhang [18] investigated the effect of nano-silica on
the mechanical properties of HDPE, and they found that it increases the tensile strength,
impact strength, and tensile stiffness, confirming that adding fillers can tailor the properties
of polymeric composites. Kontou et al. [19] added nano-FS particles in LDPE, and the
mechanical properties of the composite were improved compared to those of the polymer.
Dorigato et al. [20,21] investigated the effect of silica fillers on the properties of HDPE,
especially the thermo-mechanical properties, and they recorded a more prominent effect in
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the polymer matrix with a high surface area of filler. The obtained silica-filled composite
exhibited good thermal and mechanical properties and had good dimensional stability [22].

Several researchers have prepared HDPE composites with different number of the fillers
and diverse processing techniques in order to improve the properties and reduce the manufac-
turing cost of polymer composites products. Further, the effect of single or two fillers on the
characteristics of HDPE has been studied enormously. For example, effect of blending tech-
nique of zinc oxide (ZnO) nanoparticles with HDPE on HDPE/ZnO nanocomposites has been
investigated by Benabid et al. [23]. Chen et al. [15], Zebarjad et al. [16] and Kontou et al. [19]
investigated Talc, CaCO3 and FS as single fillers into HDPE, respectively. The results of
these study show that single filler has a positive effect on both thermal and mechanical
properties of HDPE composite materials and each filler has a specific feature to contribute
to improvements of such properties. Some other works have also been conducted for
investigating the impact of the inclusion of two fillers on the properties and performance of
the HDPE polymer matrix. For instance, Guo et al. [24] have studied the significant effect
of wood fiber/carbon fiber hybrid fillers on the mechanical and physical characteristics
of HDPE-based composites. Morphology, mechanical and thermal performance of HDPE
reinforced with hybrid inorganic Huang et al. [25] have investigated fillers (fiberglass and
talk). Their findings illustrated that, the use of fiberglass has considerable impact in en-
hancing the mechanical properties of the composites. While the use of talc reduced the cost
of the composite and improved its recyclability. Based on the above it is obvious that using
single or double fillers, each filler has a specific role in enhancing the characteristics and
performance of HDPE composites. The research concerned with utilizing three different
fillers is very lacking and need to be investigated.

The aim of current work is to study the impact of three different fillers both talc and
CaCO3 as micro-fillers as well as a fumed silica (FS) as nano-filler on the mechanical, chemi-
cal and physical characteristics of HDPE polymer matrix to fabricate different formulations
of HDPE-based composite materials; this study focused on improving the tensile, flexural,
and impact strengths for developing a material composite that could be used in specific
industrial applications such as building and construction as well as wind turbine blades as
commonly used polymers, including polyolefin, by adding such inorganic fillers into these
polymers, something which has great potential in different industrial applications.

2. Materials and Methods
2.1. Materials

Twenty-one HDPE composite samples were prepared. The compositions of the pre-
pared composites are listed in Table 1. The HDPE was supplied by the Saudi Arabian
Basic Industries Corporation (SABIC), Riyadh, Saudi Arabia; it has a melt flow index
(MFI) of 8 g/10 min (MFI @ 2.16 kg & 190 ◦C) and density of 964 kg/m3. Cyclic olefin
copolymer Extend the abbreviation (COC) was supplied also by SABIC. In order to enhance
stiffness and moisture resistance [26], 20% of COC was blended with HDPE polymer for
all samples investigated and the blend named as HDPE in this study. Calcium carbonate
(CaCO3) powder grade Omega (average particle size 5 µm), supplied by Lime Quality Co.,
Ltd. (Bangkok, Thailand). The talc filler (Mean particle diameter = 6.3 µm) was supplied
by Chung Chemicals Sdn. Bhd (Kuala Lumpur, Malaysia). Evonik specialty chemicals
supplied fumed Silica (FS) grade (AEROSIL 200, with an average particle size of 12 nm).

2.2. Composite Preparation Techniques

The HDPE resin/matrix and fillers were dry-blended using a 5 Kg capacity laboratory
mixer (Henschel, Kassel, Germany) to homogenize the formulations. The mixing time
was 5 min, and the rotor speed was 60 rpm. After dry blending, the blends were melted
and formed using a compression-molding machine in order to obtain sheets having 4 mm
thickness. The specimens for all tests were cut from the compression molded samples using
a contour cutter (Model Ray-Ran, Hertfordshire, United Kingdom).
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Table 1. Compositions of the different HDPE/filler composites formulations.

Groups Formulations HDPE % Talc % CaCO3 % FS %

Control 1 100 0 0 0

Group 1

2 75 25 0 0

3 74 25 0 1

4 72 25 0 3

5 70 25 0 5

Group 2

6 75 0 25 0

7 74 0 25 1

8 72 0 25 3

9 70 0 25 5

Group 3

10 75 12.5 12.5 0

11 74 12.5 12.5 1

12 72 12.5 12.5 3

13 70 12.5 12.5 5

Group 4

14 75 20 5 0

15 74 20 5 1

16 72 20 5 3

17 70 20 5 5

Group 5

18 75 5 20 0

19 74 5 20 1

20 72 5 20 3

21 70 5 20 5

2.3. Formulations of the Composite

Employing the melt blending technique, the 21 formulations of HDPE/filler compos-
ites were prepared using the three fillers (talc, CaCO3, and FS) as shown in Table 1. The
formulations divided to 5 groups; each group has the same loadings of nano-filler i.e., FS;
however, amount of both micro filler i.e., talc and CaCO3 ranging from 0 to 25% with the
total of both fillers 25%.

3. Experimental
3.1. Thermal Analysis

A TA Instrument Differential scanning calorimetry (DSC, Shimadzu DSC-Q100, Japan)
was used to examine the melting temperature of the composites. The samples were her-
metically sealed in aluminum pans, and an empty pan was sealed and used as a reference.
The sealed pans were scanned from 25 ◦C to 150 ◦C in a nitrogen atmosphere using a
heat-cool-heat run, at heating and cooling rates of 10 ◦C/min. The DSC Heat/Cool/Heat
run are designed to erase preceding thermal history by heating the material above its
transition (e.g., glass transition or melting), where relaxation or molecular rearrangement
can occur, then cooling at a known rate before heating again. To erase their thermal history,
samples were kept at 150 ◦C for 5 min and then cooled down to 25 ◦C. From the other side,
Fenni et al. [27] have used equivalent temperature and time to erase the thermal history
of HDPE. Generally, in polymer science, heat history is erasable by heating the polymeric
material slightly above the melting temperature. Data obtained from all runs were used for
analysis. To confirm the results, three samples from each material were measured.

Furthermore, Melt Flow Index measurements (MFI) were conducted to obtain infor-
mation about the rheological properties of the composites. The melt MFI was measured
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by a melt flow indexer based on the standard ISO 1133 with a load of 2.16 kg. The bulk
density of the composite materials is determined according to ASTM D792-13 by using
Archimedes’ principle. About 50 g of each composite specimen cut and immersed into
the cylinder containing the distilled water. Afterward displacement of water volume is
observed, and the density values of the composites materials is the calculated using the
Formula (1) as following:

ρ
(

g/cm3
)

=
m
v

(1)

where m = mass, ρ = density and v = volume.
Nevertheless, the MFI is not a direct measure for the viscosity, but it is a qualitative

indication for which composite has a higher value or lower value of the viscosity. In
other wording, it has a correlation with viscosity. Furthermore, melt shear viscosities were
measured using a TA Instruments rheometer (model AR 2000). A strain sweep test was
primarily conducted to define the linear viscoelastic region of the composite materials.
The dynamic frequency sweep test (strain: 0.3%; frequency: 0.1 to 1000 rad/s; and room
temperature at shear rates ranging from 50 to 1000 s−1).

3.2. Mechanical Analysis

Tensile tests were performed according to the ASTM D638 specification using a testing
machine (Zwick Roell, Ulm-Germany) with a load-cell capacity of 10 kN at a cross-head
speed of 50 mm/min for five specimens having dimension of (120 × 10 × 1) mm and the
gage length of 50 mm. The Izod impact test (notched) was performed at room tempera-
ture for the five replicate specimens of each composite samples taking the dimensions of
(70 × 10 × 1) mm according to the ASTM D256 standard using a Zwick HIT50B impact
testing machine (Zwick GmbH & Co. KG, Ulm, Germany). The Flexural tests were per-
formed on Three-point bending flexural tests according to ASTM D790 standard with the
crosshead speed of 2.0 mm/min were applied on upper and lower surface of each six
replicate specimens of pure HDPE and its hybrid composites. The failure was calculated
when bending of specimens having dimension of (120 × 10 × 1) mm and the gauge length
of 50 mm reach up to corresponding critical point.

3.3. Scanning Electron Microscopy (SEM)

The samples were prepared by freeze fracturing the pellets in liquid nitrogen, and
they were attached to 12.5-mm diameter Al stubs having sticky 12-mm diameter C tabs.
The samples were coated with Au–Pd for 2 min at a deposition current of 40 mA under
Ar pressure of 0.1 mbar. The samples were transferred to the SEM chamber and examined
using a field electron and ion (FEI Quanta 200 (SEM-2, Oregon, USA) microscope at an
accelerating voltage of 20.0 kV. In the secondary electron imaging (SEI) mode, the SEM
micrographs of the samples were recorded at an image resolution of 1024 × 784, spot
size 3.0, and working distance of 14–16 mm.

4. Results and Discussion
4.1. Thermal Properties
4.1.1. Melting Temperature

The DSC-derived thermal degradation, representing the melting temperature (Tm) of
the prepared unfilled and filler-loaded HDPE composites, is shown in Figure 1. Formula-
tions 2 (75% HDPE + 25% talc), 6 (75% HDPE + 25% CaCO3), 13 (70% HDPE + 12.5% talc +
12.5% CaCO3 + 5% FS) and 16 (72% HDPE + 20% talc + 5% CaCO3 + 3% FS) showed high
Tm, approximately 0.96% (1.29 ◦C) and 1.08% (1.44 ◦C) increase, respectively, compared to
that of the unfilled HDPE; this implies that 12.5% talc and 12.5% CaCO3 in the presence
of FS at the highest loading level (5%) enhances the stability of the pure HDPE matrix
and subsequently improve the melting temperature of the composites materials; moreover,
other formulations exhibited a similar behavior compared to that of the unfilled HDPE;
this indicate that the higher amount of both talc and CaCO3 hybrid filler in the presence
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of highest amount of FS can affect the melting temperature of polymer composites not
significantly; these results indicate that filler type and its loading can affect the melting
temperature of the final composites materials very slightly [28]. In addition, in the work
of Mourad and his research group [29–32] and in reference [33] a melting temperature
of HDPE and its composites in the range 127.8–132 ◦C has been obtained; this range is
coincident to the temperature range in Figure 1.
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4.1.2. Viscosity, Flow Index and Density

Furthermore, MFIs of the various formulations are shown in Figure 2. Compared to
pure HDPE, MFI of the composites decreased with the addition of fillers. Formulation 17
(70% HDPE + 20% talc + 5% CaCO3 + 5% FS) exhibiting the highest decline in MFI (~33.75);
this indicates that the formulation 17 has the highest melt viscosity value compared to
others. On the contest, MFI of Formulation 7 (CaCO3 and FS loaded at the highest (25%) and
lowest (1%) concentrations, respectively, was least affected. Generally, the addition of fillers
led to a decrease in the MFI. In particularly talc filler since no talc in the formulations 6, 7
and 8 which have very similar MFI values; these formulations have of 25% CaCO3 (group 2,
Table 1) and various loading of FS (0, 1 and 3%). The reduction in MFI values is because
the incorporation of fillers hinders blend flow and increases the viscosity of composites
at the melt state; this indicates that talc is can be decrease MFI more than others fillers.
For instance, Formulations 10 and 11 (group 3) showed the lowest MFI (Figure 2) and the
highest melt viscosity (Figure 3) among formulations as they have 12.5% talc; this indicated
that these formulations might demonstrate difficulty in fabrication composites compared
with others, and could be attribute to the possible agglomeration of the fillers particles
in the polymer matrix [34]. In the other hand, the formulation 7 showed a comparable
MFI with neat HDPE (Figure 2) or lower melt viscosity compared to the formulation 17
(Figure 3). Generally, lower viscosity materials are preferable foe easy formation. On the
other hand, the bulk density values for each combination of the final composites are higher
than density value of HDPE matrix slightly; this may be linked to be the fact that the
density of the fillers is higher than that of the HDPE polymer.
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4.2. Mechanical Properties
4.2.1. Tensile Behavior

The tensile strengths of the unfilled and filler-loaded HDPE composites are listed in
Table 2 and Figure 4. The tensile yield strength increased with the addition of fillers in
the HDPE polymer matrix. Formulation 7 (74% HDPE + 25% CaCO3 + 1% FS) exhibited a
maximum tensile strength (~62 MPa), of ~58% increase compared to that of unfilled HDPE.
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In addition, Formulations 6 (75% HDPE + 25% CaCO3) and 9 (70% HDPE + 25% CaCO3
+ 5% FS) exhibited a comparable tensile strength of ~58 MPa. On contrast, Formulations
13 (70% HDPE + 12.5% talc + 12.5% CaCO3 + 5% FS), 15 (74% HDPE + 20% talc + 5%
CaCO3 + 1% FS) and 16 (72% HDPE + 20% talc + 5% CaCO3 + 3% FS) showed the lowest
tensile strength (~33 MPa), which is a ~18.75% decrease compared to that of the unfilled
HDPE, as shown in Table 2; these results indicate that the addition of CaCO3 at high
concentrations (25%) without addition of talc to HDPE polymer matrix greatly improves
the mechanical properties. Mehrjerdi et al. [35] reported that, there is no effect on the
composites strength for different filler concentrations include carbon black and talc. The
addition of talc into the HDPE was up to 35% without any significant effect on the tensile
properties of the composites; these result in a good agreement with that obtained results
in this study as highest tensile strength achieved for composite materials containing only
CaCO3 and FS without any talc (Formulation 7). The obtained tensile strength for this
formulation is higher than the tensile strength (~27.5%) reported by Awan et al. [36] for
CaCO3 reinforced HDPE matrix composite; these results agree well with the results of this
work as CaCO3 significantly enhanced the tensile strength of the final composite materials
and it is worth noting that all developed composites achieved higher tensile strength that
than pure HDPE. Conversely, Khalaf et al. [8] has reported that decreasing trend for the
tensile strength of CaCO3 reinforced HDPE composites; they attributed this reduction to
the stress concentrations that started some cracks and poor dispersions and distribution, as
they did not use hybrid fillers, treatment and/or modification.

Table 2. Mechanical properties of pure and filled HDPE composites.

Formulation Melt Flow Index
(2.16 kg) Density (g/cc) Tensile Yield

Strength (MPa)
Izod Impact

Strength (J/m2) Flexural Strength (MPa)

1 8.0 0.96 26 ± 0.20 75 ± 9.40 42 ± 0.96

2 6.1 1.14 41 ± 0.30 88 ± 2.15 62 ± 0.52

3 6.0 1.14 39 ± 0.26 86 ± 4.86 63 ± 0.71

4 6.0 1.15 40 ± 0.15 88 ± 3.49 58 ± 0.98

5 6.0 1.15 41 ± 0.51 85 ± 4.02 61 ± 1.49

6 6.35 1.13 60 ± 0.98 86 ± 5.31 77 ± 1.45

7 6.50 1.13 62 ± 0.21 90 ± 5.67 81 ± 0.81

8 6.20 1.14 55 ± 0.43 84 ± 3.5 77 ± 0.62

9 6.00 1.15 60 ± 0.28 85 ± 4.60 74 ± 0.51

10 5.8 1.14 36 ± 0.30 81 ± 3.6 52 ± 0.41

11 5.6 1.14 32 ± 0.40 83 ± 5.4 48 ± 0.62

12 5.7 1.14 30 ± 0.20 80 ± 3.9 47 ± 0.72

13 5.6 1.16 33 ± 0.15 77 ± 4.5 51 ± 0.58

14 6.0 1.15 35 ± 0.70 80 ± 3.7 54 ± 0.49

15 5.8 1.16 33 ± 0.51 78 ± 5.7 57 ± 0.65

16 5.7 1.15 33 ± 0.50 77 ± 5.2 55 ± 0.75

17 5.3 1.40 36 ± 0.85 81 ± 4.8 54 ± 0.80

18 5.5 1.20 46 ± 0.32 72 ± 3.5 69 ± 0.69

19 5.9 1.11 44 ± 0.45 70 ± 4.6 66 ± 0.59

20 6.0 1.23 45 ± 0.23 72 ± 3.4 67 ± 0.46

21 6.2 1.34 45 ± 0.51 71 ± 5.3 68 ± 0.53
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Figure 4. Tensile strength (MPa) of the HDPE/filler composites.

The yield strength is the most important property; it is also a reliable value and can be
obtained accurately with high degree of reproducibility from the tensile stress strain curves.
The inclusion of the fillers affects the repeatability to some extent of the values of stiffness
and elongation at break; however, the modulus of elasticity of the tested materials was
found to be in the range 350–430 MPa. The composite materials have higher values than
pure HDPE. The percent elongation has been measured to be in the range of 500–645% and
their values reduce with filler contents. Similar results and behavior have been reported
in [8,29–33]; this behavior for the composite materials is a result of the improved stiffness
of the composites that was attributed to interaction between the HDPE and hybrid fillers
and the fillers have fewer elongation values; this reduction in elongation (%) reduced
the ductility, and limited the stretching of the composites. In another word, the fillers
loading have restrained the HDPE polymer chains movement and resulting in the presence
of highly localized strain, which cause de-wetting between the HDPE matrix and fillers.
Thus, the HDPE matrix becomes stiffer and less ductile. As a result, the toughness and
resilience of the final composite decreased and lead to lower elongation at break; it has been
reported that the elasticity modulus, yield strength, tensile strength and hardness of HDPE
composites enhanced with decreasing filler particle size and increasing its loading [13].

4.2.2. Izod Impact Strength

The notched Izod impact strength/toughness results of the unfilled and filler-loaded
HDPE composites are summarized in Table 2. The neat HDPE achieved an impact tough-
ness of 75 ± 9.40 J/m. Table 2 and Figure 5 show that few composites (formulations 18–21)
achieved impact toughness from 70 up to 72 that is less than that for neat HDPE (75 ± 9.40);
this could be attributed to the insufficient filler within the polymer matrix; however, the
additive did not affect the impact strength significantly as tensile and flexural strength. On
the other hand, the sample with talc, CaCO3 and FS loaded at a concentration of 0, 25 and
1% FS respectively which exhibited the highest impact energy, which implies improved
toughness. The obtained results are in agreement with results reported by Khalaf et al. [8]
and Leong et al. [37]; they used talc and CaCO3 to reinforced polypropylene (PP) and
HDPE composites; respectively to compare their mechanical properties; they concluded
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that talc tends to agglomerate at fillers loadings higher than 1%, and this causes the strength
and toughness of filled PP and HDPE composite to decrease their substantially.
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4.2.3. Flexural Strength

The flexural behavior of the unfilled and fillers-loaded HDPE composites is presented
in Table 2. The flexural strength of unfilled HDPE is 42 ± 0.96 MPa and the composites have
achieved flexural higher than neat HDPE ranged from 47 ± 0.72 to 8 ± 0.81 MPa; it has been
observed that an increment in flexural strength, which can be attributed to the appreciable
filler–matrix interaction, which possibly enhances the transmission of stress from the matrix
to the fillers, thus improving the stiffness of the HDPE/filler composites [25]. As shown
in Figure 6, the maximum flexural strength was 81 MPa, which was recorded by the
formulation 7; this indicates that the addition of CaCO3 and FS improves bonding with the
polymer matrix, which favors the flexural properties of the HDPE composites. The control
sample recorded the minimum flexural strength of about 42 MPa. The improvement in
the mechanical properties indicate that the formulation 7 has lower chains flexibility, good
dispersion and distributions of fillers into HDPE matrix, compared to other formulations.
In general, there are three composites groups, group 1 (formulations 2–9) that achieved the
highest values and the second group (formulations 18–21) that achieved the intermediate
values. Group 3 composites have flexural strength between group 1 and 2; it is worth
noting that all filled HDPE composites have strength more than neat HDPE composite.

Figures 7–9 show the descending values of all mechanical properties versus their
formulations. From Figure 7, it is clear that composites of formulation 7 has the highest
mechanical properties among others. In addition, most composites groups have similar
flexural and tensile strength (formulations 1, 6–7, 11–12 and 18–21); this indicates that
number of hybrid fillers into the polymer matrix may not contribute to the mechanical
properties as other factors have a significant role include size, amount, shape, type, aspect
ratio as well as their dispersion and distribution within the composites.
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4.3. Morphological Properties

The SEM micrographs of the prepared composites are shown in Figure 10a–d. The SEM
micrographs demonstrate some of talc filler agglomerates. For example, formulations 2, 11
and 16 in Figure 10a,c,d; respectively, show agglomeration of talc filler and poor distribution
within the composites; however, formulation 7 (Figure 10b) shows better dispersion and
distribution of the fillers compared with other formulations. In addition, the composite
materials in formulation 7 exhibits good interfacial adhesion between the filler and the
HDPE polymer matrix compared to other HDPE/filler composites; this indicates a good
dispersion of the fillers (CaCO3, and FS) within the HDPE matrix compared with the



Polymers 2022, 14, 3427 13 of 15

talc filler, and leads to enhancing the interfacial filler–matrix bonding and consequently
improved mechanical properties as shown for formulation 7 that achieved the highest
mechanical properties compared to all other formulation.
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Figure 10. SEM images of the fractured composites (Scale bar is 50 µm for all images). (a) Formu-
lation 2; (b) Formulation 7; (c) Formulation 11; (d) Formulation 16. The images in (a,c,d) indicate
some clear agglomerations, voids as well as poor dispersion and distribution. While The image in (b)
exhibit good interfacial adhesion between the fillers and the HDPE polymer matrixcompared to other
HDPE/filler composites.
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5. Conclusions

In this study, different formulations of HDPE/filler composites were fabricated by
melt compounding technique using three fillers (talc, CaCO3, and FS) with varying con-
centrations. The thermal, mechanical, and morphological characteristics were investigated.
The MFI was observed to decreased with the addition of filler either individual or hybrid.
Morphological analyses of the fracture surfaces showed good filler dispersion in the HDPE
matrix, in particularly for composites having highest amount of CaCO3 and lowest FS with
zero amount of talc, resulting in significant improvement in both the tensile, impact and
flexural strengths. The maximum measured tensile, flexural and impact strengths were
62 MPa, 90 MPa and 81 MPa, respectively for composites containing 74% of HDPE, 25% of
CaCO3 and 1% of FS please check these values; these results indicate that, the filler types
and their desperation and distribution, have a significant effect on the mechanical proper-
ties of the composites rather than their numbers. The tailoring of the thermal, mechanical,
and morphological properties of such composite materials could open up new avenues for
producing functional high-performance polymer composites for several applications such
as building and construction as well as wind turbine blades materials.
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