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ABSTRACT 

 
 Carbon black (CB) is often used to modify the properties of the medium in which it is dispersed and well known for its superior 

properties in mechanical, thermal and electrical properties. One major drawbacks of CB when introduced into polymer matrix, like 

epoxy, is its natural characteristic of being easily agglomerate and reagglomerate after mixed into the polymer matrix. In this paper, 
surface treatment through heat oxidation method was done to the CB powder, in order to improve the dispersion state of CB inside 

polymer matrix. The modified and unmodified CB filled epoxy composites were prepared and were compared in term of density, 

flexural, fracture toughness, electrical conductivity and thermal stability properties. The treated CB were furthered investigated using 
FTIR and XRD to verify the surface modification process. Heat oxidation of CB filled epoxy composites shows an improved properties 

in flexural, fracture toughness and electrical conductivity as compared to the unmodified CB filled epoxy composites.  
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INTRODUCTION  
 

 Carbon black (CB), often used to modify the 

mechanical [1-4], electrical [5-12] and optical [13-

15] properties of the medium in which it is dispersed, 

usually polymer matrixes such as rubber and plastics. 

According to ASTM D3054-04, the standard defined 

CB as an engineered material, primarily composed of 

elemental carbon, obtained from partial combustion 

or thermal decomposition of hydrocarbon. The 

surface morphology of CB has a strong influence on 

its wettability in polymer matrix and properties on 

the final product [16, 17]. CB consists of aggregates, 

defined as the smallest dispersible units, which are 

composed of partially fused, reasonably spherical 

primary particles, and the surface area increase as the 

primary particle size is reduced [18].  

 Unmodified CB cannot be used directly for 

certain application, where the desired surface 

properties of CB cannot be obtained through 

traditional manufacturing process. Two approaches 

adopted for modification of CB are in-process 

modification, the addition of components for in situ 

modification of CB in reactor and post-process, the 

surface of carbon black is treated to improve its 

properties. According to Smith and Polley [19], when 

a standard carbon black is treated with air or oxygen 

at temperature from 300 - 650°C, a six fold increase 

in surface area will be noted, as measured by 

nitrogen adsorption, without appreciable reduction in 

particle diameter. Through heat treatment, oxidation 

of CB occurs, thus increasing the amount of oxygen 

containing functional groups on the surface and even 

converting the CB to CO or CO2, thereby 

roughening the surface, thus increasing the surface 

area [20].  

 The introduction of CB into epoxy matrix has 

been widely studied for the past decades. Under 

normal circumstances, untreated CB will have 

difficulties to form good interfacial interaction 

between the filler and matrix leading to weaken in 

mechanical properties of the composites. Epoxy, a 

thermoset polymeric material, well known for its 

superior properties and ease of process-ability and 

will undergo study in this paper with the addition of 

untreated and treated CB into it [21, 22]. In this 

paper, CB was undergone heat treatment using 

conventional furnace in air up to 500°C. The 

untreated and treated CB will be compare in term of 

FTIR, density, flexural, fracture toughness, electrical 

resistivity and conductivity, thermal stability, and 

fracture surface morphologies.  

 

Experimental: 

Materials: 

 Both epoxy resin DER 331, with density 

1.16g/cm3, and clear epoxy hardener was provided 

by Euro Chemo-Pharma Sdn. Bhd. and was mixed 

according to the stoichiometric ratio. Carbon black, 

Conductex® K Ultra®, which was provided by 

Columbian Chemicals Korea, with average particle 

size 11μm, NSA 190m2g, density 1.75g/cm3.  
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Surface treatment of CB: 

 The CB powder was heat treated and undergo 

oxidation in a furnace at 500°C for one and a half 

hour at the heating rate of 20°C/min. This is to 

remove the naturally oxidized group on surface of 

CB and to generate the carbon – oxygen (C=O) 

group on the CB’s surface. After cooling process, the 

agglomerate CB powder were crushed into fine 

powder using lab mortar before proceed mix into 

epoxy resin.  

 

Sample preparation: 

 Based on previous research [23], 15 vol.% of 

untreated CB was added into epoxy resin and mixed 

for 10 minutes and it was followed by the addition of 

clear epoxy hardener, according to the stoichiometric 

ratio. The mixtures was then cast into a mold and 

degassed for 10 minutes under vacuum. The samples 

were cured for 100°C for 1 hour and followed with 

post-cured for another 1 hour using a conventional 

air oven. The samples were cooled to room 

temperature before they demolded. The treated CB 

was also undergo the same procedures as mentioned 

earlier.  

 

Characterization: 

 The functional groups of surface treated CB 

powder were analysed using Perkin Elmer Spectrum 

RX Fourier Transform Infrared Spectroscopy (FTIR) 

– Attenuated Total Reflectance (ATR). The FTIR 

spectra were recorded within the range of 650 – 

4000cm-1 with scanning number of 4. Density was 

determined using gas pycnometer density analyser, 

Micromeritics AccuPycII 1340 V1.05. Each samples 

were tested for 10 cycles, under flowing of helium 

gas, at room temperature. Flexural strength and 

modulus was determined using Instron 5569 

Universal Testing Machine (UTM). The test was 

done according to ASTM D790 with 3-point bending 

at room temperature with crosshead speed of 

2.38mm/min. Fracture toughness was done according 

to ISO 13586, using Instron 5569 Universal Testing 

Machine (UTM). The single edge notched samples 

were cut and subjected to static tensile loading (SEN-

T), with loading speed of 1mm/min at room 

temperature. The samples notching was done by 

sawing and sharpening with razor blade. Scanning 

electron microscopy (SEM) used was model JEOL 

JSM – 6460 LA and the samples surface were sputter 

coated with a thin layer of palladiums which using 

the auto fine coater, model JEOL JFC 1600. 

Electrical resistivity and conductivity were measured 

using Fluke 8845A/8846A 6.5 digit precision 

multimeter. Resistance was measured during the 

testing and bulk resistivity of each samples were 

calculated according to Equation 1 and 2.  

Bulk resistivity = (R*A) / h  

Bulk conductivity = 1 / (Bulk resistivity)  

where,  

R = resistance, Ω  

A = cross-sectional area, cm2  

h = samples thickness, cm  

 

Result and Discussion  

 

FTIR: 

 The FTIR spectra were recorded for the 

untreated and treated CB powders in Figure 1. From 

the analysis, the spectrum of treated CB powder 

display bands at wave number 1750 – 1500 cm-1, 

which indicating the presence of carbonyl or 

carboxyl groups as compared to the untreated CB 

powder spectrum, which did not shows any bands at 

that particular wavelength. In addition, the treated 

CB powder spectrum also shows strong band at wave 

number 2500, indicating hydroxyl group. 

 

Density: 

 The density of pure epoxy, untreated and treated 

CB filled epoxy composites was shown in Figure 2. 

The density of unfilled epoxy was recorded at 

1.153g/cm3, while the CB filler loading for the 

untreated and treated CB filled epoxy composites 

were fixed at 15 vol.%. The density of CB filled 

epoxy composites after heat treatment did not show 

significant difference as compare to the untreated CB 

filled epoxy composites, at which the density of both 

composites recorded at 1.261g/cm3. 

 

 
 

Fig. 1: FTIR spectra for untreated and treated CB.  
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Fig. 2: Density of epoxy/CB composites with different surface treatment on CB.  

 

Flexural strength and modulus: 

 The flexural strength and modulus of pure 

epoxy, with untreated and treated CB filled epoxy 

composites was shown in Figure 3. The flexural 

strength of untreated CB filled epoxy composites was 

weaken as compared to the flexural strength of pure 

epoxy, where the flexural strength of pure epoxy was 

recorded at 58.2 MPa. As expected, the flexural 

strength of treated CB filled epoxy composites were 

improved as compared to both pure epoxy and 

untreated CB filled epoxy composites.  

 For flexural modulus in Figure 3, the same 

behaviour as flexural strength was observed, where 

the flexural modulus of epoxy decreased with the 

addition of untreated CB into epoxy resin, but 

improved with the addition of treated CB. Modulus 

of elasticity from flexural test often referred as the 

rigidity of the material, where a relatively high 

modulus material is expected to withstand a higher 

force applied. 

 

 
 

Fig. 3: Flexural strength and modulus of epoxy/CB composites with different surface treatment on CB.  

 

 As observed from Figure 4(a), the SEM 

micrograph of the flexural fracture surface of pure 

epoxy exhibit a glassy and smooth surface, which 

representing the typical characteristic of a brittle 

thermoset materials. With the addition of 15 vol.%, 

untreated CB into the epoxy resin, the flexural 

surface in Figure 4(b), become rough and uneven, 

where the crack lines become corrugated. This 

phenomena explained the poor flexural strength and 

modulus of untreated CB filled epoxy composites.  

In Figure 4(c), the SEM micrograph of treated CB 

filled epoxy composites exhibit a glassy-like surface. 

Upon higher magnification, the crack lines of treated 

CB filled epoxy composites is visible and uniform as 

compared to the SEM micrograph of untreated CB 

filled epoxy composites. This further explained the 

improvement of the flexural strength and modulus of 

the composites. 

 

Fracture toughness: 

 Fracture toughness is a generic term for the 

measurement of material resistance to extension of a 

crack and is one of the important properties of 

materials for many design applications. Figure 5 

shows the fracture toughness of pure epoxy, 

untreated and treated CB filled epoxy composites. 

The fracture toughness of untreated CB filled epoxy 

composites shows poor fracture toughness properties 

as compared to the unfilled epoxy. The natural 

characteristic of CB, which tend to agglomerate 

before and re-agglomerate after mixing into polymer 

matrix (Roy, Sengupta et al.) explained the poor 

fracture toughness performance of untreated CB 

filled epoxy composites. The treated CB filled epoxy 

composites show an improved fracture toughness as 

compared to unfilled epoxy and untreated CB filled 
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epoxy composites. The aim of heat treatment of CB 

powder under high temperature is to remove the 

impurities on the surface of CB, hence increased the 

surface area and wettability of CB into epoxy resin. 

 

 
 

Fig. 4: SEM micrographs of the morphologies generated from (a) pure epoxy, (b) untreated CB and (c) treated 

CB filled epoxy composite.  

 

 
 

Fig. 5: Fracture toughness of epoxy/CB composites with different surface treatment on CB. 

 

Electrical bulk resistivity & conductivity: 

 In Figure 6 shows the electrical bulk resistivity 

and conductivity of untreated and treated CB filled 

epoxy composites. Under normal circumstances, an 

unfilled epoxy, exhibit a high electrical bulk 

resistivity, around 1.0×E+11, which represent the 

properties of an insulator. Upon the addition of CB 

powder at 15 vol.% filler loading, as from previous 

study, the electrical bulk resistivity of untreated CB 

filled epoxy composites drop to 1.0×E+5 and further 

reduced to 1.0×E+3, with the same filler loading of 

treated CB filled epoxy composites. The removal of 

the impurities on the CB surface is to believe in 

reducing the resistance of the CB, hence reduced the 

resistivity of the overall composites.  

 In definition, the electrical bulk conductivity is 

the reciprocal of the electrical bulk resistivity, giving 

that the lower the resistivity of the composites 

dropped, the better the electrical conductivity of the 

composites. From the Figure 6, is observed that the 

treated CB filled epoxy composites increased 2 order 

of magnitude as compared to the untreated CB filled 

epoxy composites. 

 

TGA: 

 The thermal stability (TGA) of pure epoxy, 

untreated and treated CB filled epoxy was shown in 

Figure 7. The pure epoxy shows a typical one step 

degradation, between temperature 350°C – 450°C, as 

while as the untreated and treated CB filled epoxy 

composites. Table 1 shows the thermal stability of 

pure epoxy, untreated and treated CB filled epoxy 

composites at 5 and 50% onset degradation 

temperature. 
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Fig. 6: Bulk resistivity and conductivity of epoxy/CB composites with different surface treatment on CB.  

 

 Based on observation, the 5% onset degradation 

temperature for pure epoxy shows a higher 

temperature as compared to untreated and treated CB 

filled epoxy composites. At 50% onset degradation 

temperature, untreated CB filled epoxy composites 

exhibit a higher degradation temperature as 

compared to pure epoxy and treated CB. With the 

addition of CB powder into epoxy resin, the 

distribution of CB and the interaction between CB 

powders with epoxy play an important role in 

affecting the thermal stability of the end product.  

 This can be explained by the effect of 

temperature on the interaction between matrix and 

filler. At lower temperature, the cross-linked epoxy 

chains are fixed and cannot be moved freely, which 

locked down the interaction between the polymer 

matrix and filler. Upon reaching high temperature, 

the cross-linked chains of epoxy are scissored, hence 

the filler can move freely thus reduced the interaction 

at a greater rate. This can be further explained by the 

high thermal conductivity of carbon black as 

compared to epoxy, hence better heat transfer 

between the filler to matrix or matrix to filler was 

happened. 

 

 
Fig. 7: Thermogravimetric analysis (TGA) curves.  

 
Table 1: Thermal stability of epoxy/CB composites with different CB surface modification. 

 
 

4. Conclusion: 

 At the same filler loading of CB powder into 

epoxy resin, the untreated and treated CB exhibit a 

significance effect into the performance of the final 

composites. There is no obvious difference between 

the density of untreated and treated CB filled epoxy 

composites, while an improvement in flexural 

strength and modulus, fracture toughness, electrical 

bulk conductivity were observed as compared to 

untreated CB filled epoxy composites. In the aspect 

of thermal stability, untreated CB filled epoxy 

composites has a higher thermal stability as 

compared to the treated CB filled epoxy composites. 

As conclusion, heat treated CB powder have a better 

wettability into the epoxy resin, hence, improved the 

overall performance of epoxy resin.  
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