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1. INTRODUCTION
Polymer nanocomposites have been commonly utilised in 
several fields as industrial, construction, and medical appli-
cations regarding their excellent chemical, physical, and me-
chanical characterisations [1-3]. Researchers mainly focused 
on the improvement of thermal and mechanical properties 
of developed composite materials. Polymer nanocomposites 
include nano-sized fillers which display superior properties 
at a lower loading than conventional composites [4]. The 
polymeric materials are usually nominated based on their 
inherent properties, availability, cost, and manufacture’s fin-
ding. High-density polyethylene (HDPE) is the most com-
mon matrix which is utilised for composite material deve-
lopment. [5-7]. 

High-density polyethylene is commonly utilised in indust-
rial applications as a result of its distinctive mechanical and 
physical properties when compared to those of many other 
thermoplastic materials.   HDPE has been modified with 
reinforcements, such as nanoclay, nano calcium carbonate 
(CaCO3), carbon nanotubes (CNT), graphite nanofibers na-

nocarbon [8]

Several researches have been focused on finding the clay lo-
ading that will produce the ideal thermal and mechanical 
properties for the desired application [9-11]. Heydari-Mey-
bodi et al. concluded in their study that Young’s modulus 
increased with an increase in clay loading from 5 wt % to 7 
wt % into polymers [12]. Tannuri et al. also displayed that 
the utilise of 4 wt.% of nanoclay fillers in the HDPE matrix 
improved the tensile strength and storage of modulus [13].  
Khan et al. presented the flexural strength of the nanoclay/
epoxy nanocomposites increased with increasing nanoclay 
loading but decrease back after 3.0 wt.% of nanoclay [14]. 
They also found that the flexural modulus of the nanocom-
posite increased with adding nanoclay [14]. Faruk and Ma-
tuana found that HDPE matrix has significantly improved 
both the flexural strength and modulus of the HDPE/wo-
od-flour composites by the addition of nanoclay [15].  The 
purpose of this study was to investigate the possibility of 
using nanoclay modifier to enhance the thermal and mecha-
nical properties of the HDPE matrix.
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2. METHODOLOGY

2.1 Materials
High-density polyethylene (HDPE) was supplied from SA-
BIC chemical company, KSA. The nanoclay used was the 
type (Cloisite  30B) and was obtained from Southern Clay 
Products (USA). Nanoclay contains organically modified 
nanometer scale which layered by magnesium aluminium 
silicate platelets. Moisture content is ≤ 2%, and the particle 
size is approximately 2 µm.

2.2 HDPE/NC composite preparation 
The HDPE/NC composite films were synthesised by mixing 
the HDPE with different loadings of 2, 4, and 8 wt.% of na-
noclay using an internal mixer type (Haake HBI system 90, 
300 ccs, fill factor 0.8). Before melt mixing, the HDPE and 
the NC were preheated in a vacuum oven at 80 °C for 8 
hours. HDPE was fed into the twin screw extruder at the 
rate of 8 kg/h, and the NC was added regularly at the mel-
ting zone. All samples were then continuously mixed for 10 
minutes at 160 ºC with a rotor speed of 50 rpm. The HDPE/
NC composite was pressed under 25 MPa at 170 °C for 5 
min and then cooled down at room temperature for 4 hours.

3. ANALYTICAL METHODS

3.1 Thermogravimetric analysis (TGA)
HDPE and HDPE/NC composite samples were tested by uti-
lising TGA instruments type (TGA Q500; TA Instruments) 
under a nitrogen atmosphere and a temperature range from 
25 °C to 650 °C at a heating rate of 10 °C·min-1. All samp-
les were weighted within the range (5-10 mg). The thermal 
decomposition temperature of the samples was tested and 
monitored the decomposition of samples within the above 
temperature range. 

3.2 Tensile strength tests
Composite samples were tested by using the Instron tensile 
machine model (Testometric, M500-50AT, UK). The cross-
head speed was about 20mm/min. Tensile measurements of 
the samples were carried out at the room temperature using 
a device equipped with a 10 KN load cell. Dog-bone-sha-
ped samples with overall dimensions of 16.3 × 1.9 × 0.5 cm 
were prepared, the tests were done according to the Ameri-
can Society for Testing and Materials (ASTM-D 638. Three 
samples were tested for each analysis of samples. Charpy 
impact strength measurement was used by using A CEAST 
Resil IMPACTOR. The instrument was connected with a 4J 
hammer at room temperature.

3.3 Water absorption 
Water absorption samples were immersed entirely in dis-
tilled water mass of the samples was reported at various 
content times. The samples were dried with tissue paper to 
remove water from the surface of samples before weighing 
by utilising a sensitive balance. Four samples for each com-
position were dried in an oven for 24 h at 80 °C. The water 

absorption was achieved according to the ASTM D 570-98 
method. The water absorption (WA) of samples was calcula-
ted, utilising the following equation:

 
(1)

Where: W0 is the weight of the original specimen and Wt is 
the weight of the immersed sample in time.

3.4 Scanning electron microscopy (SEM) 
The morphology of the surfaces for  HDPE and HDPE/
nanoclay composite were examined with JEOL, JSM 840A 
scanning electron microscope with a voltage of 10 kV. The 
surface of the samples was coated with thin layers of gold.

4. RESULTS AND DISCUSSION

4.1 Thermal decomposition of HDPE nanocomposites
Thermal decomposition behaviour of the pure HDPE and 
HDPE/NC composite samples are given in Figs 1 and 2. The 
maximum decomposition temperature (Tmax), the initial 
decomposition temperature (Ti) and residual yield % at 650 
°C are summarised in Table 1. Fig. 1 shows the TGA of the 
HDPE and HDPE/NC composites. Ti has represented the 
initial decomposition temperature and is a relevant factor, 
indicating thermal stability [12]. The differential of ther-
mogravimetric analysis  (DTG) curves of HDPE/NC com-
posites is shown in Fig. 2. The addition of 8 wt % of NC filler 
was exhibited higher initial decomposition temperature at 
386.4 ºC compared to that of pure HDPE at 380.5 ºC (Tab-
le 1). The presence of the NC fillers found to enhance the 
thermal stability of the HDPE matrix and provide good in-
terfacial adhesion between the HDPE matrix and NC fillers. 
The decomposition at T10 showed a higher decomposition in 
HDPE/8 wt % NC ( 389.5 ºC ) while the T10 of pure HDPE 
was 385.4ºC. The 8 wt % of NC in the HDPE matrix has a hi-
gher temperature at loss decomposition (T50) that was 397.8 
ºC compared to that of pure HDPE (390.5 ºC) as are shown 
in Table 1.

Fig.1 TGA thermogram curves for pure HDPE and HDPE/NC composites.

From the data in Table 1 that are showed that the residual 
yield %  exhibited higher values of  4 wt %, 8 wt %, and 12 wt 
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% NC (15.2%, 17.8%, and 19.5% ), respectively, by comparing 
with the pure HDPE that was about 13.2% (Table 1). The 
DTG curves in Fig. 2 showed the temperature at maximum 
rates. The results showed that the Tmax of 8wt.%NC in HDPE 
was (410.7 ºC) while the Tmax of pure HDPE was (395.6 ºC). 

Fig. 2 DTG curves for pure HDPE and HDPE/NC composite samples

Table. 1  Thermal decomposition results of pure HDPE and HDPE/NC 
composite samples

Composites Tons.

(ºC)
T10

(ºC)
T50

(ºC)
Tmax 

(ºC)
Residual 
yield (%)

Pure HDPE 380.5 385.5 390.5 395.6 13.2

HDPE/2wt.%NC 381.7 387.2 391.4 396.8 15.2

HDPE/4wt.%NC 383.8 388.2 395.2 403.5 17.8

HDPE/8wt.%NC 386.4 389.4 397.8 410.7 19.5

4.2 Mechanical analysis of composites 
The tests of tensile properties can evaluate the impacts of 
adding NC fillers in HDPE. The mechanical properties of 
HDPE/NC composites were improved with the incorpora-
tion of NC contents of 2-8%. It is evident from Table 2 that 
tensile strength increased with adding further amounts of 
NC fillers (2-8%) to pure HDPE, compared with pure HDPE. 
From Figure 4, it can be shown that the higher content 8% 
NC increased to 19.54 MPa by comparing with pure HDPE 
12.74 MPa. The results of the Young’s Modulus are shown 
in Table 2 and which was displayed rising in the modulus of 
elasticity 96.18 MPa, 98.88 MPa, and 110.64 MPa of 2 wt.%, 4 
wt.%, and 8 wt.% of NC in HDPE, respectively when the we-
ight ratios of NC were increased while Young’s modulus of 
pure HDPE was 95.22 MPa. The elongation at break versus 
blend composition of HDPE/NC composite was displayed a 
decreasing pattern for all blends composition (Table 2). The 
results of elongation at break are exhibited in Table 2 which 
are shown that a higher value of elongation at break 290.9%, 
of pure LDPE, compared with 8wt.% NC 255.5%. The impa-
ct strength of LDPE incorporated increased with increasing 
the loading of NC. The values of the impact strength of LD-
PE/2wt.%, 4wt.%, and 8wt.%NC were 5.87 KJ.m-2, 6.88 KJ.m-

2, and 7.22 KJ.m-2) compared to that of pure LDPE that was 
(5.52 KJ.m-2). Lei et al. (2007) were reported that the flexural 
and tensile strength of HDPE/pine composites increased 

about 20 and 24%, respectively, with the incorporation of 
1% clay; however, then decreased slightly as the clay content 
increased to 3%. The tensile modulus and tensile elongation 
were also increased with the addition of 1% clay. The impact 
strength was lowered by about 7% by 1% clay but did not 
decrease further as more clay was added [16]. 

Table .2 Mechanical properties results of pure HDPE and HDPE/NC com-
posites.

Composites Tensile stress 
(MPa)

Young’s mo-
dulus
(MPa)

Elongation at 
break

%

Impact stren-
gth

(KJ.m-2)

Pure HDPE 12.74 ± 0.55 95.22 ± 3.56 290.9 ± 30.5 5.52 ± 0.35

HDPE/2wt.%NC 13.43 ± 0.72 96.18 ± 4.78 285.5 ± 35.5 5.87 ± 0.27

LDPE/4wt.%NC 15.65 ± 0.65 98.88 ± 3.85 267.8 ± 28.7 6.88 ± 0.47

LDPE/8wt.%NC 19.54 ± 0.85 110.64 ±6.54 255.5 ± 24.5 7.22 ± 0.53

4.3 Water absorbance of composite
Water absorptions of HDPE/NC composites are shown in 
Fig. 3. Water absorption increased with increasing the time 
of immersion for all samples. Swelling or absorption behavi-
our due to water uptake was examined, utilising the equati-
on (1). The results in Fig. 3 were exhibited that the addition 
of nanosilica into the pure HDPE has shown a reduction in 
the percentages of water absorption with an increase of na-
noclay loadings. It was evident that the percentage of wa-
ter absorption is higher for pure HDPE compared to that of 
HDPE incorporated nanocaly 8wt. % NC. The rate of water 
absorbance at the beginning of immersion time was the hi-
ghest in HDPE/NC composite samples compared with that 
of pure HDPE. After immersion to 250 h, water absorbance 
of HDPE increased significantly by 4.5% compared to that 
of HDPE/NC composites with different loads of 2%, 4%, and 
8%  (4.2%, 1.6%, and 0.95% ) that increased with increasing 
immersion time to 250 h (Fig. 3). 

Fig.3 Water absorption of LDPE and HDPE /NC composites 

4.4 Surface morphology analysis of HDPE/NC 
composites
SEM micrographs of pure HDPE and HDPE/12wt % of NC 
composite are presented in Fig. 4(A) and (B), respectively. 
From Fig. 4 (A), it can be seen that pure HDPE exhibited 
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more voids and ductilities,  while for the HDPE incorpora-
ted with 8 wt % NC showed more smooth and homogene-
ous between the particles. The nanoclay particles reduced 
and decreased the voids on the HDPE surface and exhibited 
more adhesion between the molecules of HDPE and nanoc-
lay (Fig. 4B).  

(a)

(b)

Fig. 4 SEM micrographs of Pure HDPE (A) and HDPE/8%wt.NC composite

5. CONCLUSIONS
The additions of NC fillers in the HDPE matrix have achie-
ved improvements in the thermal and mechanical proper-
ties of HDPE nanocomposites. The thermal stability increa-
sed with increasing of NC contents into HDPE. The tensile 
strength and Young’s modulus of (HDPE/NC) composite 
slightly improved with the incorporation of the filler 2-8%. 
Elongation at break was decreased slightly with increasing 
NC contents. The higher values of NC in pure HDPE enhan-
ced higher thermal stability by comparing with pure HDPE.                                                                                                        
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