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 Carbon black/polymer composites can be used in a wide variety of applications, such as 

forantistatic shielding.In this study, the thermal, mechanical, and morphology of carbon 

black (CB) filled high-density polyethylene composites are investigated as a function of 
filler concentration. CB/HDPE composite films fabricated using the melt processing 

method. And they analyzed by differential scanning calorimetry (DSC), tensile test, and 

scanning electron microscopy (SEM). Results show that processing has strong effects 
on the properties of thecomposites. 
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INTRODUCTION 

 

 Understanding physical properties of the composite materials has gained significant importance in the 

design of new systems. For many materials applications, information is needed on their thermal properties. The 

effective thermal conductivity of a composite material is a complex function of their geometry, the thermal 

conductivity of the different phases, distribution within the medium, and contact between the particles [1]. 

 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. Because of this, 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 wouldopen up large new markets [2]. 

 Here, we focus on a semi-crystalline polymer, polyethylene, which shows an enhancement in thermal 

conductivity with increasing crystallinity. Moreover, polyethylene exhibits a dramatic increase in thermal 

conductivity with increasing alignment of polymer chains due to the formation of long needlelike crystals in 

highly drawn fibers [3]. 

 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 [2]. The fillers usually used are metal powder, carbon black, graphite, 

carbon fibers, etc [4]. 

 Carbon blacks vary greatly in their structure. The structural characterization of these materials is difficult 

because of the very small particle sizes in the materials. In general, the structures are described as being either a 

“high” structure or a “low” structure. A high structure carbon black usually consists of many primary particles 

of carbon black fused together in an aciniform (“grape-like”) aggregate structure. A low structure carbon black 

consists of a small number of carbon black particles fused together in an aggregate, generally with a larger 

primary particlesize [5]. 

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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 The use of carbon blacks of different structures will affect the conductivity in a given polymer system to 

varying extents. Normally a polymer loaded with a high structure carbon black or a carbon black with a small 

particle size, will have a lower electrical resistivity than a carbon black which possesses a low structure or large 

particle size, at the same carbon black concentration in a composite. Surface functionality of a carbon black can 

increase the resistivity of a carbon black/polymer composite. In the case ofoxygen functionality this is thought 

to be due to the oxygen forming an insulating layer on the carbon black particles [5]. 

 The method by which a carbon black is dispersed in a polymer matrix is critical and it is important to 

accurately control the different processing variables, as small changes may dramatically affect the resistivity of 

a composite [5]. 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 toformulate a composite at the lowest possible filler loading 

[6]. 

 Increasing carbon black in the polymer can affect the four properties: improved electrical conductivity, 

mechanical properties, color stability and UV, improved thermal conductivity [2, 7]. In this study, the thermal, 

mechanical and morphology of carbon black (CB)filled high-density polyethylenecomposites are investigated. 

  

2. Experimental: 

2.1. Materials: 

 A commercial grade of high density polyethylene (HDPE) as the composite matrix was supplies by 

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

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

0
C.Carbon black (CB) was supplied by Degussa with 

EX2B name. 

 

2.2 Preparation: 

2.2.1 Preparation of composite: 

 Formulations of the blends are given in Table 1. The HDPE/CB 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%) CB (wt%) 

1 PE 100.0 0 

2 PCB5 95.0 5.0 

3 PCB7.5 92.5 7.5 

4 PCB10 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) of model AL-7000M at room temperature (When tested at about 23 
0
C and 

a humidity of 50%). Dumbbell-shaped specimens 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 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 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. 
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RESULTS AND DISCUSSION 

 

3-1- Morphological Study on Samples 

 SEM photos of carbon black- polyethylene composites are illustrated in Figure 1. According to images it is 

crystal clear that increasing of carbon composition in polymer, causes increase in agglomeration. This procedure 

is due to natural properties of carbon black and it can’t be significantly dispersed in melt mixing process.       

 

 
 

Fig. 1: SEM photos of different samples (Grandiosity *1,000). 

 

3-2- Mechanical Properties: 

 Table 2 shows tensile strength module and elongation at break point of samples.Obviously, from results, by 

increasing carbon blacks to polyethylene, the tensile strength and elongation at break point in sample decreases 

in comparison to pure polyethylene. This procedure continues by increasing carbon black composition. 

  
Table 2: Elongation properties of samples. 

No. Sample Strength Module 

(MPa) 

Elongation at Break Point (%) 

1 PE 170±10.12 580±42.15 

2 PCB5 212±15.20 550±31.61 

3 PCB7.5 230±15.80 470±32.93 

4 PCB10 263±13.42 390±34.90 

 

 By increasing of carbon, due to its natural behavior in agglomeration in polymer matrix, increasing of 

different agglomeration in polyethylene bed can be observed. This regions acts as tension concentration regions 

and decreases strength properties of product. Also, increase in module can be related as a reinforce parameter in 

polymer bed which cause decrease in chain freedom of polymers by limiting of space that resulted increase in 

strength module.   

 

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 crystallity of samples are illustrated in Table 3. 

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

No. Sample Xc (%) Tm (⁰C) 

1 PE 54.9 132.0 

2 PCB5 55.1 132.2 

3 PCB7.5 55.6 132.1 

4 PCB10 55.9 132.8 

 

 As it is illustrated in Table 3, existing of carbon black and its increase has a low effect on melting behavior 

and crystallite of blends, which does not show any significant rise.  

 Results show an insignificant nucleation act in polymer matrix. Insignificant increase in crystality of 

samples could be related to the carbon particles rigid behavior. However, inter-layer shape of carbon black of 

polymer chains in no shape zones can cause well integrated chains in the zone and helps to the increase of 

crystality. Therefore, melting point will increase in result of crystal zone formation [8]. 

Conclusion: 

 In this paper, a melt mixing processing method used in order to make CB/HDPE composite films. SEM 

photos illustrated that by increasing of carbon black composition in polymer agglomeration increases. Thermal 
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analysis results show that a small increase of carbon black amount has a low effect on the crystal and melting 

behavior of samples that does not show any significant increase. In addition, by adding carbon black to the 

polyethylene, strength module increases and elongation at break point of samples decreases in comparison of 

pure polyethylene. This procedure also continuous by increasing carbon black composition.  
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