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Low density polyethylene (LDPE), carbon black (CB), and oil palm empty 
fruit bunch (OPEFB) fiber composites were prepared by melt blending and 
compression molded into sheets. The effects of incorporated fibers on the 
electrical conductivity, thermal conductivity, tensile properties, and thermal 
degradation of the composites were investigated. FTIR results suggest 
that the OPEFB fibers interact poorly with the polymer matrix and lead to 
a decrease in mechanical properties. The electrical conductivity of the 
composites decreased with increasing OPEFB fiber content. Despite the 
slight decline in conductivity, the composites still were sufficiently 
conductive relative to applications such as sensors and electromagnetic 
shielding after the fiber addition. Reduction in thermal conductivity by as 
much as 10.9% was observed with the addition of 20% OPEFB fiber into 
LDPE/CB composites. The thermal stability of LDPE/CB/OPEFB fiber 
composites decreased with increasing fiber content because of the low 
thermal stability of the incorporated natural fiber. 
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INTRODUCTION 
 

Polymers are generally recognized as electrical and thermal insulators. Certain 

conductive fillers, such as metal powders or fibers, carbon black, synthetic graphite, carbon 

nanotubes, and carbon fibers, can be added to an insulating polymer matrix to enhance and 

tailor the conductivity of polymer composites (Huang 2002; Kamarudin et al. 2013). 

Conductive polymer composites have received considerable attention from academia as 

well as industry in recent decades (Pang et al. 2014). The conductive resins have some 

superior properties compared to metals, such as being lightweight, having resistance to 

corrosion and good processing ability, and having the ability to manipulate the conductivity 

properties to suit application needs. For example, electrically conductive polymer 

composites may be suitable for electromagnetic interference or radio frequency 

interference shielding applications, static charge dissipating materials, conducting 

adhesives in electronic packaging, and self-regulating heaters (AL-Oqla et al. 2015). 

Carbon-based fillers are excellent conductive fillers for polymer composites 

because of their high thermal and electrical conductivity, great corrosion resistance, and 

lower thermal expansion coefficient than metals (Hong et al. 2010). At the present time, 

carbon black filled polymers are widely used because of their cost advantage over many 
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other types of conductive fillers, such as carbon nanotubes and metals. Carbon blacks are 

generally amorphous forms of carbons that have similar structures to disordered graphite 

(Huang 2002). They are commonly used in tires, wires, cables, and the automobile and 

aviation industries. The addition of carbon black to polypropylene (PP) and polyethylene 

(PE) is used to improve weathering resistance and alter the dielectric properties of the 

composites (Dubey et al. 2014). However, large amounts of carbon black may bring some 

drawbacks, such as difficulty in processing and deteriorated mechanical properties of the 

final composite material. Furthermore, cost/performance balance is also an important 

aspect to consider in actual applications. 

Environmental issues such as sustainability of materials and eco-efficiency have 

received much attention in recent decades. These issues have led to interest in research 

concerning natural materials such as natural fibers extracted from cultivated plants and 

their polymer composites. Various fibers from natural sources, such as flax, hemp, jute, 

sisal, kenaf, banana, and coconut, have been used to reinforce polymers (Joseph and 

Thomas 2008; Gelfuso et al. 2011; John et al. 2012; Ali et al. 2014; Chee et al. 2013;  

Nurfatimah et al. 2014; Ching et al. 2015; Nurfatimah et al. 2015; Yong et al. 2015a,b). 

These natural fibers have advantages over conventional polymer fillers such as their low 

cost, abundance, light weight, comparable specific properties, non-abrasion to processing 

equipment, non-irritation to the skin, and bio-degradability (Joseph and Thomas 2008; Ku 

et al. 2011; Ali et al. 2014; Tan et al. 2015a, Tan et al. 2015b). 

In the past few years, there have been some research works conducted on the 

electrical and dielectric properties of natural fiber reinforced polymer composites ( Jacob 

et al. 2006; Sreekumar et al. 2012; George et al. 2013). The studies showed improvement 

in electrical conductivity and dielectric constant with the incorporation of natural fibers. 

However, the conductivity values of the composites with natural fibers are not comparable 

to conventional conductive polymer composite, where the conductive polymer composites 

have higher conductivity values by several magnitudes than the fiber reinforced 

composites. Thus, this might limit the potential of the bio-composites in electronic 

applications.   

Haseena et al. (2007) compared the electrical conductivity of sisal/coir hybrid fiber 

reinforced natural rubber composites with different chemical modifications on the fiber. 

Chemical treatments such as alkaline treatment, acetylation, benzoylation, and 

permanganate treatment were investigated in their research. The study concluded that the 

composite with untreated fiber is more conductive than other chemical-treated fiber 

composites. This is due to the removal of polar cellulosic hydroxyl (-OH) groups that are 

present in the fiber, thus reducing the moisture absorption and leading to a decrease in 

orientation polarization of the fibers (Haseena et al. 2007).  

A recent work by Li et al. (2015) has developed an eco-friendly vapor sensor by 

incorporating ramie fibers into conductive polymer composites. According to the authors, 

the conductive fillers in the composite aggregate and form a conductive network along the 

ramie fiber. The addition of ramie fibers increases the sensing stability of vapor sensors 

without sacrificing its electrical properties (Li et al. 2015). This may open up the possibility 

of using the cellulosic material in other electronic applications. 

Research activities have been extensively carried out to prepare conductive 

polymer composites that are inexpensive and have suitable conductivity for various 

applications. The current study aimed to examine the effects of oil palm empty fruit bunch 

fiber addition with various loadings on the properties of carbon black filled polyethylene 

composite. This work focused on the characterization of electrical conductivity, thermal 
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conductivity, as well as mechanical and thermal stability properties of the prepared 

composites. 

 

 

EXPERIMENTAL 
 
Materials 

Low-density polyethylene (LDPE) resin (Cosmothene G811) was purchased from 

The Polyolefin Company (Singapore) Pte Ltd. Carbon black (CB) was selected as a 

conductive filler, and oil palm empty fruit bunch (OPEFB) fiber was used as a natural fiber 

filler in the hybrid polymer composites. Carbon black (CB) masterbatch (Black F-

30940MM) with a weight ratio of 40 wt% black solid content was obtained from DIC 

compounds (Malaysia) Sdn. Bhd. OPEFB fibers were supplied by Sabutek (Malaysia) Sdn. 

Bhd. The OPEFB fibers were sieved using a Retsch sieve shaker (Retsch, Germany) to 

separate the powders into different sizes. OPEFB fibers with the diameter between 125 and 

250 µm were used in this study.  

 

Preparation of Polymer Composites 
To study the effect of fiber on the conductive composites, LDPE and CB had a 

constant ratio of 7:3, and the mass ratio of OPEFB fiber to the whole system was varied. 

The addition of fiber into LDPE/CB composites ranged from 5 wt% to 20 wt% of the whole 

system. The compositions of the samples are summarized in Table 1. The materials were 

introduced into a Brabender® 350S internal mixer (Brabender® GmbH & Co., Germany) 

at 115 °C and 60 rpm for 15 min. Then, the composites were compression molded into 1-

mm-thick samples by a Gotech (GT 7014 – A) hot press machine (Gotech, Taiwan) at      

125 °C for 12 min, followed by 3 min of cooling under pressure to room temperature. 

 

Table 1. Compositions of Prepared LDPE/CB/OPEFB Fiber Composites  

Sample LDPE/CB (% 
wt) 

Ratio of  
PE/CB 

OPEFB fiber (% 
wt) 

Mass ratio of 
LDPE/CB/OPEFB 

fiber 

LDPE 100/0 - 0 100/0/0 

PE/CB 70/30 2.33 0 70/30/0 

PE/CB/EFB-5 66.5/28.5 2.33 5 66.5/28.5/5 

PE/CB/EFB-10 63/27 2.33 10 63/27/10 

PE/CB/EFB-15 59.5/25.5 2.33 15 59.5/25.5/15 

PE/CB/EFB-20 56/24 2.33 20 56/24/20 

 
Characterization 
Fourier transform infrared spectroscopy (FTIR) 

The prepared composites were analyzed using a FT-IR/FT-FIR spectrometer 

(Perkin Elmer, Spectrum 400, USA). The FTIR scans were carried out for wavelengths 

from 4000 cm-1 to 400 cm-1 at the resolution of 4 cm-1 and recorded after 32 unit scans. 

 
Electrical conductivity 

Impedance measurements were conducted using a Hioki 3532-50 LCR Hi Tester 

(Hioki, Japan) in the frequency range between 42 Hz and 5 MHz at room temperature. The 

polymer composite samples were sandwiched between two stainless steel electrodes of a 
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conductivity holder with a diameter of 1.6 cm. The Cole-Cole plots were plotted and the 

value of bulk resistance (Rb) was estimated from the plots. Electrical conductivity (σ) was 

calculated using the following equation, 

𝜎 =
𝑡

𝑅𝑏𝐴
 (1) 

where t is the thickness of samples and A is the contact area between electrode and 

electrolyte. 

 

Thermal conductivity 

The thermal conductivity of the specimen was measured using a P.A. Hilton H940 

heat conduction unit (P.A Hilton Limited, United Kingdom). The apparatus applied a 

guarded heat flow method according to ASTM E1225-04. The specimen were cut from the 

compression molded sample into circular disc shapes with about 1 mm thickness and 25 

mm in diameter and placed between the two brass terminals of the conduction unit for 

thermal conductivity measurements. The hot terminal was supplied with a constant power 

of 7 W, while the cold terminal was cooled by water circulating at a constant rate of 2 L 

min−1.  

The system was left up to 3 h until steady-state conditions were achieved, where 

the temperature change was within ± 0.1 °C/min. The temperatures at hot terminals (T1, T2, 

and T3) and cold terminals (T4, T5, and T6) were measured by thermocouples. Then, the 

values of T1 through T6 were extrapolated to obtain the temperatures at the interfaces of the 

hot (Th) and cold (Tc) ends of the specimen. The temperature readings were taken every 10 

min when the system was about to reach its steady-state condition, and the average of the 

last three temperature measurements was used to calculate the effective thermal 

conductivity, Kc, of the samples using the following equations: 

𝐾𝐶 =
𝑄𝑎𝑣𝑔∙∆𝑍𝐶

𝐴∙∆𝑇𝐶
    (2) 

where KC = effective thermal conductivity (W/mK) of the sample; ∆ZC = the length (m) of 

the sample; A = contact area of the sample =  4.91 × 10-4 m2 ; ∆𝑇𝐶  =  𝑇ℎ  −  𝑇𝑐  = 

temperature (K) difference across the sample; and 𝑄𝑎𝑣𝑔 = average heat input (W), which 

can be defined as below: 

𝑄𝑎𝑣𝑔 =
𝑞ℎ+𝑞𝑐

2
 (3) 

where, 

Heat flow in hot zone (W), 𝑞ℎ = 𝐾𝑏𝑟𝑎𝑠𝑠𝐴 [
𝑇1−𝑇3

𝑍1−𝑍3
] (4) 

 

Heat flow in cold zone (W), 𝑞𝑐 = 𝐾𝑏𝑟𝑎𝑠𝑠𝐴 [
𝑇4−𝑇6

𝑍4−𝑍6
] (5) 

 

Tensile properties 
The tensile properties of prepared composites were tested using a Shimadzu 

universal tensile machine (Shimadzu, Japan) according to the ASTM D-638-02a method. 

Tensile strength, elongation at break, and Young’s modulus were obtained. The grip 

separation speed of the tensile tests was set at 12.5 mm/min. Five tensile measurements 

were carried out for each composition, and the average results are reported. 
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Thermogravimetric analysis (TGA) 

Thermogravimetric analyses (TGA) of LDPE and its composites was evaluated by 

TGA 851 (Mettler-Toledo, Greifensee, Switzerland). Approximately 10-mg samples were 

heated at a rate of 20 °C/min under air flow from 40 to 800 °C to obtain thermogravimetric 

(TG) curves. 

 

 
RESULTS AND DISCUSSION 
 
FTIR 

FTIR analysis was carried out to provide insight on the interactions between fillers 

and the LDPE polymer matrix. The FTIR spectra of LDPE and PE/CB/EFB composites 

are shown in Fig. 1. Neat LDPE exhibited its characteristic peaks at 2916, 2849, 1463, and 

719 cm-1, which correspond to asymmetry stretching, symmetry stretching, deformation, 

and rocking of C-H bonds, respectively. 

 

 
Fig. 1. FTIR spectra of LDPE and PE/CB/EFB composites with various compositions 

 

The spectra for the carbon black filled composites exhibited a broad absorption 

region because of the strong absorbing nature of carbon black (Wen et al. 2012). There are 

many chemisorbed oxygen complexes, such as phenolic, quinonic, and carboxylic groups, 

present on the surface of carbon blacks (O'Reilly and Mosher 1983). These complexes 

caused some characteristic changes to the FTIR spectrum. The additional absorption peak 

at 1593 cm-1 was observed and attributed to highly conjugated C=O stretching (O'Reilly 

and Mosher 1983). The broad absorption region between 2950 and 3600 cm-1 was due to 

overlapping of O-H stretching and =C-H stretching frequencies from the surface functional 

groups of carbon black (Rositani et al. 1987). The transitions from 1000 to 1400 cm-1 were 

contributed by C-O stretching frequencies of COOH groups (O'Reilly and Mosher 1983). 

Also, the addition of carbon blacks also led to a shift of the LDPE characteristic peaks 

toward lower wavenumbers. This shift suggests that interaction occurs between LDPE and 

carbon black particles.  

The further addition of OPEFB fibers into PE/CB resulted in an additional 

adsorption peak near 1030 cm-1, which can be attributed to stretching of C-O groups in the 

OPEFB fibers (Ku et al. 2011; Monteiro et al. 2012). The intensity of this peak increased 
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with increasing fiber content, which confirmed the presence of cellulosic fibers in the 

composites. The interactions between OPEFB fibers and LDPE matrix were weak and did 

not cause significant shifting of LDPE characteristic peaks. Low matrix-fiber adhesion can 

be explained by the difference in polarity behavior of the components, where LDPE is 

hydrophobic and OPEFB fiber has a hydrophilic nature (Ku et al. 2011; Monteiro et al. 

2012). 

 
Electrical Conductivity 

Electrical conductivity measures the ability of a material to conduct electric current. 

Carbon black acts as conductive filler and was dispersed into the LDPE matrix by a melt 

blending process. Pure LDPE is an electric insulator, where the conductivity value of neat 

LDPE is reported to be lower than 10-13 S/cm, depending on its grade, density, processing 

conditions, and other parameters (Hong et al. 2006; Dudić et al. 2011; Sabet et al. 2012; 

Fim et al. 2013). Carbon black particles will aggregate and form a continuous conducting 

path above its critical concentration, thus producing polymer composites that are 

conductive (Huang 2002). The increase in polymer conductivity with carbon black is over 

10 orders of magnitude higher compared to the neat polymer (Gupta et al. 2006; Dudić et 

al. 2011; Ibarrola et al. 2013). 

Impedance measurements were used to analyze the electrical properties of the 

composites. Figure 2 shows the Cole-Cole plots obtained from the experiments. The Cole-

Cole plot, also known as Nyquist plot or complex impedance plot, shows the imaginary 

part of impedance, Zi, plotted against the real part of impedance, Zr.  All of the samples 

exhibited a semicircle pattern in the plot. The semicircles were distinguished in their 

diameter, where the samples that exhibited a larger semicircle diameter were correlated 

with more resistive samples. The interception of the semicircles on the real axis of 

impedance, Zr, corresponds to the direct current (DC) resistance and was taken as the bulk 

resistance, Rb, of the samples (Gupta et al. 2006). 

 
Fig. 2. Cole-Cole plots for the PE/CB and PE/CB/EFB composites 

 

The electrical conductivity of the samples was calculated by substituting the Rb 

values obtained from the Cole-Cole plots into Eq. 1. Figure 3 shows the electrical 

conductivity at room temperature of PE/CB/EFB composites with various loadings of 

OPEFB fibers. The electrical conductivity for PE/CB was 1.9  10-4 S/cm, and the addition 

of OPEFB fiber to the PE/CB caused a decrease in its electrical conductivity. The 

conductivity values for composites that contained 5%, 10%, 15%, and 20% OPEFB fiber 
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were 9.6  10-5 S/cm, 7.8  10-5 S/cm, 6.1  10-5 S/cm, and 3.6  10-5 S/cm, respectively. 

A declining trend for electrical conductivity of PE/CB/EFB composites with increasing 

fiber loading was observed. Some researchers have reported an increase in electrical 

conductivity with increasing fiber content in polymer/natural fiber composites (Sreekumar 

et al. 2012; George et al. 2013). The polar groups in the composite increased with 

increasing fiber content and led to an increment in orientation polarization. Moisture is also 

absorbed by the hydrophilic fibers, which increases the current flows in non-crystalline 

region of the polymer composite. Thus, the flow of current was facilitated and an 

enhancement in conductivity was observed (George et al. 2013). However, declining 

conductivity values were recorded with the addition of natural fiber into PE/CB conductive 

polymer composites in this study. For PE/CB/EFB composites, conductivity behavior can 

be attributed to the conducting path formed by carbon black particles in the polymer matrix. 

The effect of fibers’ polar groups on the conductivity was less significant compared with 

the conducting carbon black particles. Furthermore, the effective composition of carbon 

black in the composite was also reduced by the addition of OPEFB fiber into the composite, 

which led to the reduction of electrical conductivity. 

 
Fig. 3. Electrical conductivity, σ (S/cm), of PE/CB/EFB composites with various 
compositions 

 

The examples of applications for conductive polymer composites with various 

electrical resistivity ranges are summarized in Table 2, where the resistivity, ρ, is the 

reciprocal of conductivity, σ. 

𝜌 =
1

𝜎
 (6) 

 

Table 2. Resistivity (Ω cm) of Conductive Polymer Composites and their 
Applications (Pang et al. 2014) 

Resistivity (Ω cm) Description Applications 

Above 1011 Insulating Insulators 

106 – 1011 Electrostatic dissipative Anti-static materials 

10 –106 Conductive Sensors, EMI shielding 

Below 10 Highly conductive Conductors 
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Table 3 shows the resistivity values for prepared composites. The resistivity of the 

samples ranged from 5.2  103 to 2.7  104 Ω cm, where all of them can be categorized as 

conductive composites. Despite the conductivity reductions, the composites with and 

without natural fibers still have the possibility of having the same application fields, as 

their electrical resistivity values fall in the same range. 

 

Table 3. Resistivity (Ω cm) of PE/CB and PE/CB/EFB Composites 

Sample Resistivity (Ω cm) 

PE/CB 5.2  103 

PE/CB/EFB-5 1.0  104 

PE/CB/EFB-10 1.3  104 

PE/CB/EFB-15 1.6  104 

PE/CB/EFB-20 2.7  104 

 

Thermal Conductivity 
The ability of a material to transport heat is called its thermal conductivity. The 

effective thermal conductivity of the samples was calculated by the procedure mentioned 

previously. Figure 4 demonstrates the thermal conductivity of various types of samples. It 

clearly indicates that the addition of carbon black into a LDPE matrix will enhance its 

thermal conductivity, which ranges from 0.47 W/mK for pure LDPE to 0.55 W/mK for the 

PE/CB composite. Carbon-based materials such as carbon black have a higher intrinsic 

thermal conductivity compared with polymers and can form conductive pathways in the 

polymer matrix. Thus, heat can be conducted through the composite more effectively and 

lead to a higher thermal conductivity for the composites compared with that of neat 

polymer.  

 

 
Fig. 4. Thermal conductivity (W/mK) of LDPE and PE/CB/EFB composites with various 
compositions 

 

In contrast, addition of OPEFB fibers into the composite reduced its thermal 

conductivity by a maximum of 10.9% for the composite with 20% OPEFB fibers compared 

with the PE/CB composite without the presence of fiber. The PE/CB/EFB composites 

showed a decreasing trend for thermal conductivity with increasing volume fraction of 

OPEFB fiber in the composite. A similar trend was reported when natural fibers were added 

to a polymer matrix (Li et al. 2008; Monteiro et al. 2012; Alam et al. 2014). Natural fibers 
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have lower thermal conductivity than polymers and are not able to provide a conductive 

path for heat energy in composite materials (Monteiro et al. 2012). Furthermore, natural 

fibers contain lumens, which are hollow cylindrical structures encompassing cavities that 

will hinder heat transport in composites (John et al. 2012).  The fiber addition might be 

applicable when a higher thermal insulation effect is desired while retaining the other 

properties of the composites. 

 

Tensile Properties 
The tensile strength of the various samples is shown in Fig. 5. There was an increase 

in tensile strength observed when carbon black was integrated into the LDPE matrix, where 

the tensile strength improved from 7.49 MPa for neat LDPE to 10.15 MPa for PE/CB. 

Improvement in tensile strength of polymers with carbon black addition also has been 

reported by other researchers (Khalil et al. 2007; Liang and Yang 2008). 

The addition of OPEFB fibers to PE/CB composites reduced the tensile strength. 

The tensile strength decreased with increasing fiber loading in the studied range, with a 

tensile strength minimum at 5.76 MPa for PE/CB/EFB-20. This suggests that the 

hydrophilic fibers and non-polar hydrophobic LDPE might be incompatible. The weak 

interaction between OPEFB fibers and polymer matrix is also described by the FTIR 

results. This caused an inefficient stress transfer from the matrix and thus reduced the 

tensile strength of PE/CB/EFB composites.  

 
Fig. 5. Tensile strength (MPa) of LDPE and PE/CB/EFB composites with various compositions 

 

Figure 6 illustrates the trend of elongation at break (%) when various compositions 

of OPEFB fiber were added to PE/CB composites. The elongation for pure LDPE is not 

shown in this figure to enable a better comparison for the rest of samples, as the pure LDPE 

had 164% elongation at break, which was much higher than all the other composites. The 

addition of 30% carbon black to LDPE caused its elongation to be reduced markedly. The 

weak interfacial adhesion between the LDPE matrix and the OPEFB fiber caused a 

discontinuity of the matrix and reduction in elongation at break (Ali et al. 2014). A sharp 

drop of elongation with carbon black addition to polypropylene and polycarbonate 

composites has also been reported (Huang 2002). 

The elongation at break of the composites decreased noticeably, from 9.4% to 

3.9%, upon the addition of the first 5% of fiber filler into PE/CB. After that, the elongation 

decreased gradually with further OPEFB fiber addition until it reached a minimum value 

of 1.3% for the PE/CB/EFB-20 composite. The fibers reduced the polymer chain mobility 
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and caused the polymer composites to lose their toughness (Nurfatimah et al. 2015).  A 

decrease in elongation of polymer composites upon the addition of natural fiber fillers is 

also in agreement with other researchers’ work (Ku et al. 2011; Yong et al. 2015a). 

 
Fig. 6. Elongation at break (%) of LDPE and PE/CB/EFB composites with various compositions 

 

Young’s modulus, also known as tensile modulus, correlates with the stiffness of a 

composite. The Young’s moduli for the various samples are shown in Fig. 7. The addition 

of carbon black to the LDPE matrix increased the Young’s modulus by 237%. The increase 

in interactions between LDPE-LDPE, LDPE-CB, and CB-CB molecules may lead to the 

enhancement in Young’s modulus. This also suggests that the carbon black particles were 

well dispersed in LDPE and had large surface contacts with the LDPE matrix, thus resulting 

in a higher Young’s modulus value (Alam et al. 2014).  

Further enhancement of the modulus was recorded with increasing OPEFB fiber 

content, reaching a maximum at 570 MPa for the composite composed of 20% fibers. The 

enhanced interaction among the molecules was associated with Young’s modulus value. 

The incorporation of rigid fiber fillers in the soft LDPE matrix formed a stiffer composite 

and thus led to the enhancement of tensile modulus (Cao et al. 2011). 

 
Fig. 7. Young’s modulus (MPa) of LDPE and PE/CB/EFB composites with various compositions 

 

Thermogravimetric Analysis (TGA) 
Thermogravimetric analysis (TGA) was conducted for the prepared composites 

from room temperature to 800 °C, at a heating rate of 20 °C/min, under air flow. The mass 

loss of the samples during heating is displayed as the thermogravimetric (TG) curve to give 

0

2

4

6

8

10

12

PE/CB PE/CB/EFB-5 PE/CB/EFB-10 PE/CB/EFB-15 PE/CB/EFB-20

E
lo

n
g

a
ti

o
n

 a
t 

b
re

a
k

 (
%

)

LDPE/CB/OPEFB fiber composites

0

100

200

300

400

500

600

LDPE PE/CB PE/CB/EFB-5 PE/CB/EFB-10 PE/CB/EFB-15 PE/CB/EFB-20Y
o

u
n

g
's

 M
o

d
u

lu
s

 (
M

P
a

)

LDPE/CB/OPEFB fiber composites



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Choh et al. (2016). “OPEFB fiber in composites,” BioResources 11(1), 913-928.  923 

insight on their thermal degradation properties. Figure 8 shows the thermal degradation of 

pure LDPE and PE/CB/EFB composites with various OPEFB fiber contents. During the 

thermal degradation, pure LDPE showed a single degradation step, while the other samples 

exhibited two degradation steps, consisting of a main degradation step and a minor 

degradation step. 

The onset temperature, To, of the degradation is the intersection point of tangents 

to two branches of the TG curve and was obtained from the TGA software. Decomposition 

temperature at 50% mass loss, T50, and onset temperature, To, that corresponded to the main 

degradation step were used to evaluate the decomposition of LDPE and its composites. T50 

and To for the samples are tabulated in Table 4. 

 
Fig. 8. TGA curves of LDPE and PE/CB/EFB composites with various compositions 

 

Table 4. Onset Temperature, To (°C), and Temperature at 50% Mass Loss, T50 
(°C), for the Main Degradation Step of Prepared Composites 

LDPE/CB/OPEFB fiber 
composite 

Main degradation step 

Onset temperature, To (°C) Temperature at 50% mass 
loss, T50 (°C) 

LDPE 372.31 416.67 

PE/CB 450.18 476.67 

PE/CB/EFB-5 440.43 472.50 

PE/CB/EFB-10 439.94 466.67 

PE/CB/EFB-15 430.46 462.00 

PE/CB/EFB-20 422.50 454.33 

 

The effects of carbon black addition on the degradation behavior were evaluated by 

comparing the thermal degradation of pure LDPE and PE/CB. The main degradation step 

exhibited in the TG curves corresponded to the breakdown of the LDPE backbone. To 

increased from 372.31 °C for LDPE to 450.18 °C for the PE/CB composite, while T50 also 

increased by as much as 60 °C. The presence of carbon black in the LDPE polymer matrix 

enhanced the thermal stability of the composite. During the degradation process, volatile 

degraded LDPE components were adsorbed on the carbon black surface, which may have 

delayed the mass loss and retarded the thermal degradation. In addition, the mobility of 

resin molecules, restricted by the surrounding carbon black, might have caused the 
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degradation process to become slower (Alam et al. 2014). An increased thermal stability 

of polymer composites with the addition of carbon black filler has been reported elsewhere 

(Dittrich et al. 2013; Alam et al. 2014) and agrees with these findings. The PE/CB exhibited 

one more degradation step at above 550 °C, which was attributed to the degradation of 

carbon black components in the composite. 

Thermal degradation behavior for PE/CB and PE/CB/EFB composites was 

compared to assess the influence of fiber addition on the thermal stability of the polymer 

composites. The TG curves of all the PE/CB/EFB composites possess a similar pattern, 

with a shift to lower temperatures as fiber content increased. 

The decomposition of the composites with 10%, 15%, and 20% OPEFB fibers 

started with a minor mass loss near 120 to 140 °C, which was attributed to the loss of 

moisture from natural fibers in the composites. This decomposition step was not 

remarkable for the PE/CB/EFB-5 composite because of its low fiber composition. 

Afterward, major mass loss was observed for all the PE/CB and PE/CB/EFB composites 

from approximately 250 to 490 °C. This main decomposition step can be ascribed to the 

breakdown of LDPE and components from OPEFB fibers. The To of the main 

decomposition step decreased with increasing fiber content in the composite, which 

decreased for about 28 °C at 20% fiber loading compared to composites without fibers, 

whereas T50 also decreased, from 476.67 °C for PE/CB to 454.33 °C for PE/CB/EFB-20. 

Degradation of the fiber components in PE/CB/EFB composites started at a lower 

temperature than the degradation of LDPE itself. For the compounds in natural fibers, the 

decomposition of hemicellulose and pectin occurred from approximately 240 to 340 °C, 

followed by cellulose degradation from approximately 340 to 490 °C (Monteiro et al. 

2012). As the fiber content in the composites increased, greater mass loss was detected at 

lower temperatures, which led to the shifting TG curves. Polymer chain scission might also 

have occurred because of interactions such as friction between the fibers and polymer, 

which might have led to lower thermal stability. The decrease in thermal stability of 

polymer composites with the addition of natural fibers has been reported by other 

researchers (Singha et al. 2013; Nurfatimah et al. 2015). Subsequently, decomposition of 

carbon black occurred above 500 °C under air flow. 

 

 
CONCLUSIONS 
 
1. The electrical conductivity of the composites decreased as the fiber loading increased 

because of the reduction of the effective carbon black content in the composites. 

Nevertheless, the reduction in electrical conductivity did not cause a major drawback 

because all of the composites can still be applied in the same applications.  

2. A declining trend in thermal conductivity was observed with increasing OPEFB fiber 

loading, which was due to the insulating properties of natural fibers.  

3. The increasing fiber content in PE/CB/EFB composites had a negative influence on 

tensile strength and elongation of the composite. On the other hand, the tensile modulus 

was enhanced with increasing fiber loading, with an increase by up to 95% at 20% fiber 

loading compared to that of the PE/CB composites.  

4. FTIR analysis revealed that there were interactions between LDPE and carbon black, 

which caused a shift in LDPE characteristic peaks with the inclusion of carbon black. 
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However, further addition of OPEFB fibers into PE/CB composites exhibited poor 

matrix-filler interactions and caused a decrease in tensile strength and elongation at 

break. 
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