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Abstract: The aim of this research was to investigate the effect of the addition of multi walled carbon nanotubes on the 

mechanical properties of polyethylene/carbon nanotube nanocomposites. To do so, polyethylene and carbon nanotube were 
mixed in different weight percentages containing 0, 0.5, 1, and 1.5% carbon nanotube in two screw extruder apparatus by 
fusion. Then the nanocomposite samples were molded in injection apparatus according to ASTM:D6110 standard. The effects 
of carbon nanotube addition in 4 different levels and injection pressure in 2 levels on the hardness and impact strength of the 
nanocomposite samples were investigated. The results showed that the addition of carbon nanotube had a significant effect on 
improving hardness and impact strength of the nanocomposite samples such that by adding 1% w/w carbon nanotube, the 
impact strength and hardness of the samples improved to 74% and 46.7% respectively. Also, according to the results, the effect 
of injection pressure on the results was much less than that of carbon nanotube weight percentage. 
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• INTRODUCTION 

    In the last decade of 20th century a new area called nanocomposite found its way to science and 
composite technology. Nanocomposites are composite materials which at least one of their constituents 
has nano dimensions (between 1 and 100 nanometers). In the last few years, nanocomposites have 
advanced significantly compared to composite materials in conventional scales due to the changes in the 
composition and structure of the materials in nano scale and presenting unique and special properties. 
Improvement of mechanical and other properties of such composites strongly depends on the particle 
content, particle shape and size, surface characteristics and dispersion degree [1-2]. Consequently, 
toughening of these composites could be caused by a number of mechanisms such as crack-tip pinning, 
crack-surface bridging, debonding/microcracking, and crack deflection. According to previous reports, 
mechanical and thermomechanical properties of composites filled with micron-sized filler particles are 
inferior to the ones filled with nanoparticles of the same filler [1]. Moreover, physical properties like 
surface smoothness and barrier properties cannot be improved by conventional micron-sized particles. 
Therefore, in recent years, nanoparticle-based composites have received considerable attention, the most 
promising of which include polymer/clay nanocomposites [3–4], polymer/graphite nanoplatelet 
composites [5–13] and polymer/carbon nanotube composites [14-26]. Carbon nanotubes exhibit 
exceptional mechanical (modulus= 1TPa, strength=10 times that of steel), thermal and electrical 
properties. Accordingly, it can be suggested that development of these nano-level particles can offer 
tailorability of desired properties in a material.  
Increasing economic need for fuel in different areas has increased demand for using lighter new materials 
such as polymers. On the other hand because of lower strength of polymers compared to metals, their 
reinforcement seems inevitable. Nylon 6 was the first polymer which was used to produce nanocomposite 
by Toyota Company in 1990; but today thermosetting polymers such as epoxy and poly amide, and 
thermoplastic polymers such as poly propylene, polyethylene, and poly styrene are being used as matrix 
materials in composites. Among the nanocomposites, most attention has been paid to polymer based 
nanocomposites. One reason for the progress of polymer nanocomposites is their unique mechanical, 
chemical, and physical properties. Polymer nanocomposites generally have high strength, low weight, 



high thermal stability, high electrical conductivity, and high chemical resistance. The second reason for 
the progress of polymer based nanocomposites and research increasing in this area is the discovery of 
carbon nanotubes in 1991. The strength and electrical properties of carbon nanotubes are significantly 
different from those of graphite nanolayers and other filling materials. Supreme mechanical and physical 
properties of carbon nanotubes along with their low density, has made carbon a perfect candidate for 
strengthening the composites. The diameter of these nanotubes can range from1 to 100 nm and their 
aspect ratio is bigger than 100 or even 1000. 
Numerous works have been done on polymer based nanocomposites [23-25] which among the most 
significant works Navidfar can be mentioned [26]. In his work, he produced poly(methyl methacrylate) - 
carbon nanotube nanocomposites with different weight percentages of carbon nanotube using injection 
molding method and the effect of different parameters including carbon nanotube weight percentage, 
injection temperature, and maintenance pressure on the mechanical properties of the samples were 
investigated. According to his results, increasing the concentration of carbon nanotube in the 
nanocomposites slightly increased their hardness and the impact strength. Among other works done in 
this area Mamaghani et al. can be mentioned [27]. They mixed acrylonitrile butadiene styrene polymer 
with 0, 2, and 4 %w/w nanoclay and investigated the effect of the addition of nanoclay and process 
conditions on the mechanical properties of the samples. They found that by adding 4% w/w nanoclay, the 
hardness of the samples was slightly increased.  
In the present study the effect of the addition of multi walled carbon nanotubes and the process conditions 
on the hardness and impact strength of high density polyethylene - carbon nanotube nanocomposite 
samples with different carbon nanotube weight percentages was investigated. 

• Experimental  

2-1. Materials and equipment 
In this study high density polyethylene (HDPE) polymer, produced in Iran Petrochemical Company, 

was used as matrix. Also multi walled carbon nanotubes with inner diameter of 5-10 nm, outer diameter 
of 10-30 nm and 90% purity, produced by US Research Nanomaterials, USA, were used as reinforcing 
phase. Following a primary manual mixing with certain weight percentages, polyethylene and carbon 
nanotubes were melt compounded in a twin screw extruder (ZSK-25, Coperion Werner & pfleiderer, 
Germany and the nanocomposites were obtained in granules shape. Then the samples were produced 
using a plastic injection machine (NBM HXF-128) obtained from Neckou Behine Mashin Company and 
were undergone mechanical hardness and impact tests. In order to conduct Rockwell hardness tests on the 
samples, Zwick/Roell device (UK) which is shown in Fig. 1 was used and to calculate the impact strength 
of the samples Charpy impact tester device with pendulum weight of 2.036 kg and arm length of 39.48 
cm which is shown in Fig. 2 was employed. 

 
 

Injection 
pressure (MPa) 

Carbon nanotube(wt 
%) 

Number of 
experiment 

60 0 1 
80 0 2 
60 0.5 3 
80 0.5 4 
60 1 5 
80 1 6 
60 1.5 7 
80 1.5 8 



  
Fig. 1 . Hardness test device which was used in the present research to measure the hardness of 

nanocomposite samples 

 
Fig. 2. Charpy impact testing machine used in this research 
 

2-2. Preparing samples 
In order to produce nanocomposite samples, first polyethylene and carbon nanotubes were manually 

mixed and then melt compounded in four considered weight percentages (which are presented in Table .1) 
in a twin screw extruder at 170-185 ºC and the nanocomposites were produced as granules shape. The 
granules were dehydrated in the hopper of the injection machine at 80ºC for 20h before injection process 
and then the samples were injected into standard mold and produced according to ASTM D6110. In order 
to study the effect of injection pressure on impact strength of samples, the injection process were done in 
two different injection pressures, 60 and 80 MPa according to Table .2. Constant parameters of injection 
molding machine are presented in Table.3 and some of the produced samples are shown in Fig.3 and 
Fig.4. 

 
Table. 1. Weight percentages of materials and injection pressure in different levels 

4 3 2 1 Level 
1.5 1 0.5 0 Carbon nanotube (wt 

%) 
98.5 99 99.5 100 Polyethylene (wt %) 

- - 80 60 Injection Pressure 
(MPa) 

  
Table. 2. Designed experiments 

Cooling 
Time 

(s) 

Mold 
Temperature 
(°C) 

Holding 
Pressure 
Time (s) 

Holding 
Pressure 
(MPa) 

Injection 
Temperature 
(°C) 

Parameter

1560 240130-160Adjusted 



value

Table. 3. Constant parameters of injection molding process 
 

 
Fig. 3. Standard tensile (up) and impact (down) testing samples of pure polyethylene 
 

 
Fig. 4. The produced nanocomposite samples containing 1 wt% carbon nanotube and 99 wt% 

polyethylene 

• Results and discussion 

3.1 Impact test 
In order to prepare the samples for Charpy impact test, a notch with 2mm depth and 45º angle was 

created in the middle of samples and then the Charpy impact test was done on prepared samples. Some of 
the notched and tested samples are shown in Fig. 5. The impact test was done at least 2 times for each 
number of experiments and the average of them was reported as final data (Table. 4) 

 
Fig. 5. a) Some of notched samples before (a) and after (b) the Charpy impact test 
Table. 4. Impact strength of samples 

Impact strength (kj/m2) Sample 
116.783 1 
175.524 2 



203.776 3 
175.385 4 
254.266 5 
254.266 6 
212.867 7 
225.035 8 

 
By using these data as input for Minitab software and analyzing them according to higher-better form, 

the signal to noise ratio data were obtained according to Table .5 and Fig . 6. 
 
Table . 5 . The results of signal to noise analysis for the impact strength data 

Injection pressure 
(Mpa) 

MWCNT (wt%)Level 

45.55 43.12 1 
46.23 45.53 2 
- 48.11 3 
- 46.80 4 
0.68 4.99 Delta 
2 1 Rank 

 
 

 
Fig. 6 . Signal to noise diagram for the impact strength data 
 
 According to signal to noise results, carbon nanotube weight percentages had much more effect of the 

impact strength of the nanocomposite samples compared to injection pressure. By increasing carbon 
nanotube weight percentages up to level 3, the impact strength of the samples were increased and then it 
was decreased. This means that the optimum level for carbon nanotube weight percentage was level 3 
with 1% w/w carbon nanotube in which the highest values for signal to noise and impact strength were 
obtained. The by increasing the carbon nanotube weight percentage to 1.5% signal to noise and impact 
strength values were decreased which can be attributed to the agglomeration of carbon nanotubes by 
increasing their weight percentage. Strong Van der Waals attractions along with their high contact surface 
(length to diameter ratio of 1000) generally results in a special aggregation of carbon nanotubes and 
therefore prevents the transfer of their extraordinary properties to the matrix. Also according to the results 
of the signal to noise analyses, injection pressure had smaller effect on the impact strength of the samples 
which by increasing the injection pressure from 80 to 110 MPa, impact strength of the samples was only 
slightly increased. The most optimum state for the impact strength among the experiments was when the 
carbon nanotube weight percentage was at level 3 and injection pressure was at level 2 which 



corresponded to test sample 6. Also Fig. 7 shows the counter effects of the parameters on the impact test. 
According to this diagram when the injection pressure was at its lower level (80MPa), the highest impact 
strength was achieved when 1% w/w carbon nanotube was chosen. Also when the injection pressure was 
at its higher level (110MPa), impact strengths of pure samples and samples with 0.5% w/w carbon 
nanotube were similar. Another conclusion which was obtained from the diagram was that when the 
carbon nanotube weight percentage was at its third level being 1% w/w, impact strengths of the samples 
produced at 80 and 110MPa were almost similar. 

 
Fig. 7 . Diagram of the counter effects of the parameters on impact strength 
 
 3-2. Hardness test 
 
Hardness tests of the samples were conducted according to Rockwell M method and the obtained 

results are shown in Table . 6 . 
 
 
 
 
 
Table . 6 . Rockwell M hardness test results for different samples 

Hardness 
(Rockwell) 

Sample 

43.2 1 
38.4 2 
61.9 3 
54.7 4 
63.2 5 
56.6 6 
62.2 7 
51.6 8 

 
By analyzing the results obtained from hardness test using Minitab software, the signal to noise 

analysis results for the higher-better were obtained and are presented in Table .7 and Fig. 8. 
 
Table . 7 . The results of signal to noise analysis for hardness data 

Injection pressure 
(Mpa) 

MWCNT 
(wt%) 

Leve
l 

35.11 32.20 1 



33.94 35.30 2 
- 35.53 3 
- 35.06 4 
0.68 3.33 Delt

a 
2 1 Rank 

 
 

 
Fig. 8 . Signal to noise analysis diagram for hardness data 
 
 According to the results obtained from the signal to noise analysis for hardness test, carbon nanotube 

weight percentage had more significant effect on the hardness of the samples compared to the injection 
pressure. The addition of up to 1% w/w carbon nanotubes to polyethylene resulted in significant increase 
in the hardness of the samples and the highest values for hardness and signal to noise was obtained at 
level 3. Further increase of carbon nanotube weight percentage up to 1.5%, slightly decreased the 
hardness of the samples which was attributed to the agglomeration of the carbon nanotubes as it was 
mentioned before. On the other hand by increasing the injection pressure from level 1 to level 2, the 
hardness and signal to noise of the samples were decreased. The most optimum state regarding the 
hardness is achieved when the nanotube weight percentage and injection pressure were at levels 3 and 2 
respectively which corresponded to sample 5. 

Also Fig. 9 shows the counter effects of the parameters on hardness test. According to this diagram the 
hardness of the nanocomposites were significantly higher than the pure samples and at either 60 or 
80MPa injection pressure, the hardness of the samples containing 1.5% w/w showed the highest values. 
Also another conclusion from this diagram was that at 80MPa injection pressure the hardness of the 
samples with 1.5% w/w was higher than the samples containing 0.5% w/w while at 110MPa injection 
pressure the order was the opposite. 

 

 
Fig. 9 . Diagram counter effects of the parameters on hardness test 



 

• Concluding remarks 

In this work the high density polyethylene-carbon nanotube nanocomposites were produced according to 
injection molding method. The effect of the addition of carbon nanotubes at four different levels of 0, 0.5, 
1, and 1.5 and of two injection pressure levels of 60 and 80MPa on hardness and impact strength of the 
nanocomposite samples were investigated. The results showed that the effect of carbon nanotube weight 
percentage on hardness and impact strength of nanocomposite samples is much higher than the effect of 
injection pressure. By adding 1% w/w carbon nanotube into the polymer significantly increased the 
hardness and impact strength of the samples; however by adding 1.5% w/w carbon nanotube, the values 
started to be reduced which was due to the agglomeration of carbon nanotubes in the polyethylene matrix. 
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