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 In this study, the thermal, mechanical and morphology of carbon fiber (CF) filled by 

high-density polyethylene composites are investigated as a function of fiber 

concentration. CF/HDPE composite films were fabricated using the melt processing 
method. The composite films were analyzed by differential scanning calorimetry 

(DSC), tensile test, and scanning electron microscopy (SEM). Results show that 

processing has strong effects on the properties of the composites. 
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INTRODUCTION 

 

 Most pipelines for gas and water distribution and transportation, accounting for about 80%, are made by 

advanced grades of polyethylene (PE). Compared to other pipe materials, PE pipes offer distinct advantages: 

low cost, lightness, good corrosion resistance, very high ductility, and possibility of welding and thus long-term 

properties. The PE pipes used for gas transport are often under a rigorous environment for the duration of their 

useful service, and hence there has been a gradual progression toward ever higher performance standards [2]. 

Also, most plastics are ordinarily used as substrate and packaging materials due to their excellent electrical 

resistivities, low dielectric constants, and good processability. However, commonly used polymers, such as 

polyethylene (PE), polypropylene (PP), polyamide (PA), acrylonitrile–butadiene–styrene (ABS), and polyimide, 

have low thermal conductivities. Then after, they cannot effectively dissipate heat when used in various devices 

and their high coefficient of thermal expansion (CTE) results in thermal failure. Therefore, increasing the 

thermal conductivity of plastics would open up large new markets [8].  

 One way to improve thermal conductivity is by adding additive with a high thermal conductivity to the 

plastics. This versatile method synergistically integrates the advantages of plastics and inorganic fillers; thus, the 

thermal, electrical, and mechanical properties of the composites can be improved by proper selection of the filler 

type, shape, size, and concentration [8]. The fillers usually used are metal powder, carbon black, graphite, 

carbon fibers, etc [4]. 

 Nowadays, carbon black particles and carbon fibers are the most commonly used conductive components to 

incorporate conduction to polymer composite. The reason for this is that carbon black particles have a much 

greater tendency to form a conductive network due to their chain like aggregate structures compared with other 

conducting additives such as metal powder. Whilst carbon fibers may be considered as chain-like aggregates of 

carbon particles having long chain length [7]. The fibers offer advantages of large quantity, high conductivity, 

low cost, light weight, competitive specific mechanical properties, environmentally friendliness and 

corrosion/wear resistance along with easier processability [3,6]. 

 Melt mixing is the most widely used process for producing polymer composites. Therefore, optimizing 

mixing conditions and understanding the relationship between final properties and nano-fiber dispersion, 

distribution and aspect ratio is essential to formulate a composite at the lowest possible filler loading [1]. 

http://www.sciencedirect.com/science/article/pii/S0266353802002269
http://www.sciencedirect.com/science/article/pii/S0266353802002269
http://www.sciencedirect.com/science/article/pii/S0008622303003877
http://www.sciencedirect.com/science/article/pii/S0008622303003877
http://www.sciencedirect.com/science/article/pii/S0008622303003877
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 In this study, the thermal, mechanical and morphology of carbon fiber (CF) filled high-density polyethylene 

composites are investigated. 

 

2. Experimental: 

2.1. Materials: 

 A commercial grade of high density polyethylene (HDPE) as the composite matrix has been supplied by 

Amirkabir petrochemical complex, Iran, with EX3 trade name with melt flow index (MFI) of 0.45g/10min at 

5kg/190 0C, density 0.945g/cm
3
 and melting point 125 

0
C. Carbon fibers are supplied by the Sazeh Morakab 

Company, Iran, with average length of 10 mm and diameter of 5 micron.  

 

2.2 Preparation: 

2.2.1 Preparation of composite: 

 Formulations of the blends are given in Table 1. The HDPE/CF blends were acquired by melt-mixing in an 

internal mixer (Brabender Plasti-Corder model PL 2200) at 190 
0
C and a rotor speed of 60 rpm. 

 
Table 1: The samples of composites studied. 

No. Sample HDPE (wt%) CF (wt%) 

1 PE 100.0 0 

2 PCF5 95.0 5.0 

3 PCF7.5 92.5 7.5 

4 PCF10 90.0 10.0 

 

2.2.2 Specimen preparation: 

 The specimens for morphological, thermal analysis and mechanical testing as 0.5 mm-thick plates were 

compression molded by hydraulic press (Toyoseiki model MP-S). The molding procedure involves heating at 

185 
0
C for 5 min without applied pressure and then for 5 min under pressure (15 MPa). The mold was cooled by 

cold water circulation to 40 
0
C under pressure. 

 

2.3 Characterization: 

2.3.1 Mechanical characterization: 

 Tensile testing of the specimens performed according to ASTM D-638 on a Servo Control Universal 

Testing Machine (Gotech Co. made) model AL-7000M at room temperature (When tested at about 23⁰C and a 

humidity of 50%). Dumbbell-shaped specimens were cut from molded sheets. Cross head speed was 5 mm/min. 

The maximum tensile strength and elongation at break were obtained from the tensile test data. At least, three 

specimens of every composition were tested.  

 

2.3.2 Morphology: 

 Scanning electron microscopy (SEM) samples were fractured after freezing in liquid nitrogen, and gold 

sputtered to prevent charging. SEM observation was carried out with a Cambridge stereoscan 360 scanning 

electron microscope. 

 

2.3.3 Thermal analysis of composites: 

 Crystallization and melting behaviors of composites were investigated by differential scanning calorimetry 

(DSC) on a Netzsch-Maia-200F3 instrument. The temperature scale was calibrated with high-purity standards. 

The DSC measurements were performed at a heating rate of 20 
0
C/min, in nitrogen atmosphere and in the 

temperature range from 70 to 200 
0
C. All the adjustments were according to ASTM D3418. 

 

RESULTS AND DISCUSSION 

 

3-1- Morphology study on samples: 

 Figure 1 illustrated carbon fiber’s high-density polyethylene composites SEM photos. By increasing 

number of carbon fibers, increasing of carbon fiber in the same volume and probability of fibers approach to 

each other and consequently approach to the unconnected network in the polyethylene bed to electrical 

conduction is illustrated.  

 

3-2- Mechanical Properties: 

 Tensile strength module and elongation at break point of samples are shown in Table 2. Obviously, from 

results, by increasing carbon fibers to polyethylene, the tensile strength and elongation at break point in sample 

decreases in comparison to pure polyethylene.  

 

http://www.google.com/url?sa=t&rct=j&q=%D8%B4%D8%B1%DA%A9%D8%AA%20%D8%B3%D8%A7%D8%B2%D9%87%20%D9%85%D8%B1%DA%A9%D8%A8&source=web&cd=3&cad=rja&uact=8&ved=0CDAQFjAC&url=http%3A%2F%2Fsazehmorakkab.com%2F&ei=uFDPU7yPOee50QXmkYGYAQ&usg=AFQjCNFBVnzKt_CRQmS5q80URdFpA_eT-g&sig2=c574EZgsVKHOq00xo4l5zQ&bvm=bv.71667212,d.d2k
http://www.google.com/url?sa=t&rct=j&q=%D8%B4%D8%B1%DA%A9%D8%AA%20%D8%B3%D8%A7%D8%B2%D9%87%20%D9%85%D8%B1%DA%A9%D8%A8&source=web&cd=3&cad=rja&uact=8&ved=0CDAQFjAC&url=http%3A%2F%2Fsazehmorakkab.com%2F&ei=uFDPU7yPOee50QXmkYGYAQ&usg=AFQjCNFBVnzKt_CRQmS5q80URdFpA_eT-g&sig2=c574EZgsVKHOq00xo4l5zQ&bvm=bv.71667212,d.d2k
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Fig. 1: SEM photos of different samples (Grandiosity *1,000). 

 
Table 2: Elongation properties of samples. 

No. Sample Strength Module 
(MPa) 

Elongation at Break Point (%) 

1 PE 170±10.12 580±42.15 

2 PCF5 138±21.32 385±32.50 

3 PCF7.5 119±12.60 350±21.23 

4 PCF10 118±10.50 320±25.20 

 

 During this research, there were no control on fiber’s integration in the polyethylene bed. On the other 

hand, tensile strength and elongation in fibrous composites are highly dependent on fiber integration in the 

strength force direction. Therefore, decrease in module and increase in elongation is illustrated.  

 

3-3- Thermal Analysis of Samples: 

 DSC test has been applied to the samples to investigate melting property and crystallite of blends. Test 

results relating to melting temperature and cristallity of samples are illustrated in Table 3. 

 
Table 3: Melting Temperature and Cristallity at different percentages of coke. 

No. Sample Xc (%) Tm (⁰C) 

1 PE 54.9 132.0 

2 PCF5 54.3 128.8 

3 PCF7.5 53.8 129.5 

4 PCF10 53.7 129.0 

 

 Table 3 shows by increasing of carbon fiber in samples, crystallite percentage and meting point decreases. 

This changes can be related to nucleation and molecular movement of polymeric matrixes in the presence of 

carbon fiber [5]. 

 

Conclusion: 

 In this paper, fabricating of HDPE/CF composite films using melt mixing method has been investigated. 

SEM photos illustrated that increasing carbon fibers in polymer causes increase in agglomeration. Thermal 

analysis results shows decrease in crystallite percentage and meting point in consequences of increase in amount 

of carbon fibers. Also, adding carbon fiber to tensile strength module and elongation at break point of samples 

in comparison of pure polyethylene.  
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