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ABSTRACT  
 
 Two samples of Carbon Black/Polystyrene nanocomposites containing 5 wt. % of CB  with particle size 
95nm  have been prepared by solution evaporation method at different mixing time. Effect of mixing time on  
mechanical properties and electrical conductivity  of  the prepared films were studied.  FT-IR Spectra, X-ray 
diffraction (XRD) and Scanning electron microscope (SEM) have been used to analyze the structural change. 
Elongation at break and Stress upper yield  have been measured as the mechanical properties. AC-conductivity  
have  been measured as a function of frequency and temperature. The results showed that the mechanical 
properties and  the electrical conductivity  increased with increasing  time of mixing. 
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Introduction 
 
 One of the additives applied in high-molecular materials is carbon black (CB). It is extensively used in 
rubber and plastic products as fillers, reinforcing agents and pigments (Gächter and Müller, 1990). Carbon black 
enhance UV stability, electrical conductivity and mechanical properties of plastics (Huang, 20020. The 
propensity to agglomeration of primary spherical particles of carbon black causes the formation of a spatial 
network in the polymer where black aggregates behave like fibrous fillers. This causes a decrease of resistance 
even for a small content of carbon black (Sichel, 1989 and Koszkul, 1997). The extent of the afore mentioned 
interactions in composites is usually related to the particle size of the carbon black, as well as to the 
concentration and dispersion degree in the polymer matrix (Horrocks et al, 1999). Several published works have 
been reported the synthesis of polymer/ carbon black composites. For instance. Dong et al. (2003) reported the 
synthesis, by in situ polymerization filling of CB/poly (butyl methacrylate) conductive composites. They 
dispersed the CB as aggregates with diameters below 100 nm.  Li et al. (2003)  reported the synthesis of 
CB/polystyrene conductive composites by in situ polymerization filling. They reported that both the molecular 
weight and the molecular weight distribution depended on the CB content; this feature influenced strongly the 
conductive behavior of the composite. A conductive composite from carbon black and polystyrene as the matrix 
by in situ suspension polymerization technique was prepared by Zaragoza-Contreras et al (2011). Their study 
indicated that  two outstanding features concerning to the carbon black; first, that the carbon particles were 
adsorbed onto the surface of the polystyrene particles and second, that the primary aggregate structure of the 
carbon black was significantly affected by the dispersion process. However, there are other technique to prepare 
polymer/CB composites through melt compounding (Nai-Xiu and Mao-Sheng, 2004) and (Mucha et al, 2000) 
and  solution mixing (Erasto et al, 2011).  
 This work comes to study effect of mixing time on the dispersion of filler particles when the simple mixing 
process is used to prepare a thin film of nanocomposites of  polystyrene containing carbon black through study 
the tensile and electrical conductivity properties.  
 
Materials And Methods 
 
 Polystyrene (PS) was used as a matrix supplied by Saudi Basic Industries Corporation (SABIC) and the 
brand name for it is PS 330. Carbon black (CB) from Degussa was used as a filler and the detail of it is given in 
Table 1 Toluene from BDH as a solvent with Purity of 99.5%. 
 Samples were prepared as 0.25g of Carbon Black was  added to 50 ml toluene. The suspension was stirred 
magnetically for 1 h. Then 5 g PS was added. The mixture was stirred magnetically for 1h and 3h.and was cast 
into a petri dish. This procedure was carried out at 50 °C. The nanocomposites obtained were labeled as (PS/CB 
1h, PS/CB 3h).  Pure polystyrene sample (PS) was prepared for comparison by simple mixing it with toluene 
using a magnetic stirrer. 
 



1359 
J. Appl. Sci. Res., 8(3): 1358-1364, 2012 

 

Table 1: Product data of carbon black (CB). 
Items Value 
Type Furnace Blacks 
Particle size 95 nm 
Volatiles 1.0 % 
Ash content 0.05% 
Tapped density 260 g/l (Powder) 
pH value 7 
Ablating temperature 575 °C 

 

 The structure of the samples were studied using FT-IR Spectrophotometer (Thermo Nicolet FT-IR Nexus, 
Japan) with Spectral range of  (4000-400)cm-1. X-Ray Diffraction (XRD, Jeol X-Ray diffractometer system 
JDX-353) of Cu Kα ( λ= 0.15406 nm) radiation in the 2θ ranging from 50 to 800.  The morphology images of the 
surface of samples  were recorded by scanning electron microscope (SEM, Jeol JSM-6360LV). 
 Tensile tests were conducted on the nanocomposites strips using Instron Corporation, Model 8500 Materials 
at room temperature, humidity 50% and a cross-head speed of 3mm/min according to D882-02. The electrical 
conductivity measurements (σac), were performed as a function of frequency (f) and temperature using a 3532 
LCR Hi tester (Hioki, Japan).  
 

 
 
Fig. 1: Infrared absorption spectra (FT-IR) of PS and PS/CB nanocomposites. 
 
Results And Discussion 
 
1. Characterization:  
 
 The infrared absorption spectra (FT-IR) of PS and its nanocomposites  have been recorded as shown in Fig. 
1. The bands appeared at  3066 cm-1 and 3026 cm-1  are assigned to the  stretching vibration of aromatic CH 
bond while the  bending vibration of the same bond appeared at 698-756 cm-1. The bands at  2922 cm-1 and 2851 
cm-1, 1369 cm-1 - 1188 cm-1 and 1026 cm-1  are assigned to the stretching, bending vibration and bending out-of-
plane of aliphatic CH respectively. Overton bands  appeared at 1945-1666 cm-1 assigned to  the aromatic ring. 
The bands at1491 cm-1, 1449 cm-1 and 1599 cm-1  are assigned to C=C stretching vibration (Pavia et al, 1979) 
and (Socrates, 2001). For  PS/CB nanocomposites, there isn’t any new characteristic bands or obvious changes 
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except the 2922cm-1 band  which assigned to the stretching vibration of aliphatic CH is  shifted toward  lower 
frequency  2913 cm-1 for both nanocomposites The overton bands, which assigned to the aromatic ring, shifted 
to 1936-1736 cm-1 for PS/CB 3h. From the IR results,it can be said that, the shift in the stretching vibration of 
aliphatic CH indicates that this bond became weaker. This means that, CB particles bonded to the CH aliphatic 
group on the surface of PS chains by weak interface forces. Also, the change of the overton bands for PS/CB 3h  
indicates that the increase in mixing time could be led to more effective on the distribution of CB particles into 
PS matrix.       
 To study the crystal structural changes of PS/CB nanocomposites, XRD pattern of  prepared samples were 
conducted  Fig. 2. In case of PS, two broad  peaks appeared at 2θ= 9.6° and 19.8° which corresponding to the 
amorphous structure of PS. As for  CB , there are peaks at 2θ= 24.5° and 43.5° (Guo et al, 2005).  All samples 
of  nanocomposites are fully amorphous as indicated by the absence of crystalline Bragg peaks (Valente et al, 
1999). Comparatively, the XRD pattern of PS/CB nanocomposites shows the corresponding broad peak at 9.5°, 
19.5° and  7.5°, 19° for PS/CB 1h and 3h respectively with PS, and also occurs a platform centered at around 
43.5° which indicates the existence of CB particles, though the pattern of CB at 24° is overlapped. It is noticed 
that the peaks of PS/CB 3h  have a smaller angles by 2.00°, 0.5° compared to PS/CB 1h and this attributed to 
mixing time effect. 
 

 
Fig. 2: XRD of PS and PS/CB nanocomposites. 
 
 Fig. 3 is the SEM micrographs of nanocomposites fracture surfaces. The images show that the aggregate 
was formed as a cluster with branches. The distribution of CB in PS seems to be relatively homogeneous with 
significant voids. It is clear that the size of voids of PS/CB 1h is larger than that of another one.  This 
observation indicates that the adhesion of the matrix and filler is poor and the interfacial adhesion is poorer for, 
PS/CB 1h compared to another sample.  
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Fig. 3: SEM of  PS/CB nanocomposites, (a)1h and  (b) 3h. 
 
2. Properties of nanocomposites: 
 
 Fig. 4 Shows the results of tensile test in terms of stress upper yield and elongation at break. Although the 
tensile behavior of PS is rigid-brittle (Elias, 1997), the rigidity and the brittle behavior of PS nanocompositets 
increased. As shown in the Figure, the values of stress upper yield increased for nanocomposites while the 
values of elongation at break decreased. This can be attributed to the nature of the CB particles. As clearly 
evidenced by SEM studies, CB particles form agglomerates. These agglomerates constitute flaws. As the 
agglomerates become larger in size wetting of filler by PS macromolecules also become poor, resulting in voids 
between filler and matrix. These factors make the filler-matrix adhesion is week. In addition, the stress 
concentration sites become in close vicinity and the crack, once formed, can propagate rapidly through the 
sample. Further mixing makes the dispersion process of CB particles more uniform and enhance of interaction 
between filler-matrix where agglomerates is smaller in size and filler-matrix adhesion is better and this make the 
number of stress  concentration sites is small. Thus, the tensile properties behavior of PS/CB 3h was better than 
PS/CB 1h. However, a similar observation has been published by (Kozłowski and Fr˛ackowiak, 2005), they 
reported that the addition of CB to polymer made the composite brittle because carbon black particles may form 
“holes” in a polymer matrix, thus making it more vulnerable under load. Also they prevent polymer chains from 
elongation.  

 
 
Fig. 4: Tensile properties of PS and PS/CB nanocomposites. 
 
 Fig. 5 shows variation of AC- conductivity as a function of frequency for PS/CB nanocomposites. As 
known, polystyrene is one of the insulator polymer Elias (1997). From the figure, it can be notice that, with the 
addition of CB, the electrical conductivity of nanocomposites increases where the values of electrical 
conductivity changed from 7.2×10-16 Ω cm−1for PS to 8.99 × 10-9 and 3.35×10-5 Ω cm−1 at room temperature and 
1 KHz of PS/CB 1h and 3h respectively. Also, electrical conductivity increases with increasing of the mixing 
time. The conduction mechanism can be explained on the basis of theory of conductivity paths (Miyauchi and 
Etogashi, 1985) and (Poiiey and T.boonstra, 1957). The theory suggests that the existence of conductivity paths  
that results in the conductivity of the nanocomposites. The aggregation of CB particles, which distribute 
thoroughly in PS matrix, leads to reconstruction of new conducting paths within the polymer matrix. With 
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increasing time of mixing, the separation process uniformly will be better. Consequently, there will be more 
conductive paths and fewer free volume holes. The influence of mixing time on the nanocomposites can be 
summarized as the higher the time of mixing, the easier the formation of conductivity paths. This result showed 
good agreement with a result study which  reported by Wang and et al (2001). It showed good conductivity of a 
composite was prepared by directly mixing. They explained this behavior because the distance between CB 
particles became closer with the increasing of mixing time.   
 

 
 

 
 
Fig. 5: Variation of electrical conductivity as a function of frequency for PS/CB nanocomposites at different 

temperature. 
 
 The conductivity versus frequency plot can be divided into two portions, a frequency independent plateau 
and a frequency dependent region, separated by a critical frequency. This behavior obeys the universal power 
law (Jonscher, 1983) and (Jonscher, 1977), 
 
σω = σ0  + Aω n 
 
where: σ0 is  DC- conductivity,  A is the pre-exponential factor and n is the fractional exponent between 0 and 1. 
In the first region, a frequency independent conductivity region where plateau predominates at the low 
frequency range, AC- conductivity remains constant and is equal to dc conductivity.  In the other region, the 
frequency dependent region, the ac conductivity increases slightly with frequency. Thus, the ac conductivity is 
the sum of a dc current and ac conduction through the insulator matrix. This means that, the universal power law 
can be here more accurate. 
 Fig. 6 represents effect of temperature on the conductivity, It can be observed from  this figure that there are 
two stages of the conductivity. In the first stage, the conductivity increases with temperature due to the distance 
between the CB aggregates decreases where the polymer chains have low mobility. This stage followed by the 
second one, where the electrical conductivity falls under the driving force of the expanded PS matrix with 
increasing temperature. Thus, the conducting path ways are easier to break causing a decrease  in conductivity.   
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Fig. 6:  Effect of temperature on the electrical conductivity for PS/CB nanocomposites. 
 
Conclusions: 
 
 Polystyrene/Carbon black nanocomposites have been prepared by solution method with different mixing 
time, 1 and 3 h. This work studied the effect of mixing time on the mechanical (such as tensile) and electrical 
conductivity properties.The results showed that the time of mixing plays a role on the dispersion of filler 
particles into polymer matrix and increasing in those properties. It is concluded from the results of 
characterization analyses, IR, XRD and SEM, for nanocomposites that, there are clear changes for the prepared 
sample at higher time of mixing during preparation process of PS/CB 3h. These can be attributed to 
improvement of homogeneity and particles distribution in the polymeric matrix. We suggested further focusing 
and pursuing further studies on mixing time in development of packing nanocomposite materials. 
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