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Abstract 
 The dielectric and a.c. conductivity behavior of CB / PVC (cement) composites was 
studied. The measurements were taken in the frequency range from 1kHz to 1MHz and the 
temperature range from 30 P

o
PC to 90 P

o
PC. The composites permittivity ε' shows a strong 

dependence on CB loading and increases as CB loading increases until percolation at (~ 13% 
vol) loading is reached after which decreases sharply to zero . Frequency dependency of ε' show  
dependence on filler loading, at low CB loading percentages , έ is nearly stable versus frequency 
. ε'  increases with the temperature rise of the composites. The a.c conductivity increases with the 
increase of loading and temperature, and shows frequency independency at higher loading.     
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1.Introduction: 

Polymer composites are considered as 
heterogeneous systems which are usually 
consist of a polymer matrix (first phase), 
mixed with inorganic conductive or non 
conductive particles (second phase).  

Polymeric composites filled with 
conductive fillers are of intrest for many 
fields of electronic industry such as 
encapsulating , thin film coating , packing of 
electronic circuits , protective coatings 
electromagnetic frequency interference shield 
, antistatic devices , thermistors, ….[1-3]. 
This interest arises from the fact that their 
electrical properties (electrical conductivity) 
are close to the properties of metals, whereas 
the mechanical properties are typical for 
plastics [4].  

The electrical properties of these 
kinds of composites depend on the filler 
content , size and shape of the particles , and 
other factors : such as adhesion between the 

filler and the matrix , and the method of 
processing [5-7], and the effective use of 
these composites depends strongly on the 
ability to disperse the fillers homogeneously 
throughout the polymeric matrix [8] .  

Most of the polymers used in the field 
of composites are insulator such as : epoxy , 
PVC , PE , PMMA,….. etc. When such 
polymers are chosen for conductive 
composites fabrication , conductive fillers 
like  (metal- particles , carbon black (CB)  , 
graphite,……) are used . These fillers are 
inert and increase the electrical conductivity 
and interfacial polarization or (Maxwell-
Wanger- sillars polarization). This increase 
depends on the filler concentration and is 
characterized by a drastic change at critical 
concentration of the conductive filler , which 
is attributed to the formation of continuous 
network of the conductive phase that spans 
throughout the insulating polymer matrix , 
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called percolation threshold [2,9] . 
Percolation occurs when there are enough 
particles for a consistent electrical network to 
be formed by physical contact or tunneling of 
electrons through thin layers of matrix 
separating the inclusions [10]. 

The value of the percolation 
concentration depends on the materials used, 
type of polymer, conductive filler surface 
area, electric charge, particle size and their 
distribution [2, 10- 11]. Different electrical 
percolation thresholds of carbon black (CB) / 
composites were found for different species 
of carbon- black [12]. CB as a fillers are 
characterized by , the uniqueness of being 
small and inert spherical conductors (150-750 
AP

o
P ) of almost electrical conductivity in the 

range    ( 0.1 to 1000 S/cm ) and aggregate/ 
aglomatet into  chain like structure with 
different over all aspect ratios [ 12,13] . The 
dielectric properties of CB composites are 
strongly dependent on the particle size, the 
aggregate structure of the CB, and a higher 
conductivity of CB usually results in higher 
dielectric constant in its composites [14]. 

In the present work , a carbon black-
thermoplastic composite system, (carbon 
black-polyvinyl chloride)   CB / PVC 
(cement) composites are prepared , and the 
dielectric properties as well as a.c 
conductivity of the composites are 
investigated as a function of filler content , 
frequency in the range ( 1kHz- 1MHz) and 
temperature in the range (30-90 P

o
PC) .  

 
2.Experimental: 
2.1 materials  
       The polymeric matrix used in this work 
was a commercial Polyvinylchloride cement 
PVC (cement) (Ɲ P

 
PLICHIDE PVC cement 

717-21 heavy duty-clear) from  SWAN 
TRADING (L.L.C), it is solvent borne PVC 
resin based , single component cement most 
suitable for PVC pipe joining required for 
portable water irrigation, natural gas pipe, 
conduit , drain … etc 
     Carbon Black (Mert-Germany) with 
particle size (130 AP

o
P) is used as a filler 

component in the composites. 
     To insure a good dispersion of the filler 
and to provide a homogeneous composite , 

CB in different volume fractions (0.7, 1.4, 
2.1, 2.8, 3.5, 7.1, 8.9, 9.3, 10.8, 12.7, 14.6 
vol% ) are put in a Petri dish and then PVC 
cement were added .  
       The mixture was suitably mixed for (15 
minutes) and left in the lab for (48 hours), 
followed by post curing at (80 P

o
PC) for (2 

hours). A thick circular sheet of (4.5 cm) 
diameter and (1mm) thickness was produced. 
The loading fraction percentage was 
measured relative to neat weight of PVC 
(cement) after curing processes.  

 
2.2 measurements  

The samples capacitance (C) and the 
loss tangent (tanδ) of the composites were 
measured by digital RCL bridge type 
(MEGGER B131), at 1kHz. At continuous 
frequencies in the range (50Hz -1MHz) RCL 
type (Programmable automatic RLC meter, 
FLUKE PM6306) was used to measure the 
capacitance of the samples U.  

The relative complex permittivity (ε P

*
P) 

can be expressed as ε P

*
P = ε' – iε'',            

the real part (ε') or relative permittivity 
and the imaginary part (ε'') or  where, 

dielectric loss is calculated by using the 
measured capacitance and loss tangent, 
according to the relations, ε' = Cd /εRoR A, and, 
ε"= ε' tanδ, respectively. Where, d is the 
separation between the two electrodes, A is 
the area of the electrodes, εRoR is permittivity of 
the free space, ( εRoR=8.85X10P

-12 
P F/m). A.C. 

conductivity (σRa.cR) is calculated according to 
the relation. σRa.cR = εRo Rω ε" where, ω is the 
angular frequency[15] .                                   
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3. Results and Discussion 
3.1 permittivity: 
3.1.1 Loading dependency of permittivity: 
      The variation of permittivity ε' (dielectric 
constant ) as a function of CB content at 
frequency (1kHz) and room temperature (27 
C P

o
P) is depicted in Fig.(1) . It is obvious that ε' 

increases with increase of C.B loading . This 
is a common behavior for heterogeneous 
systems consisting of two different phases, 
and has been observed by many workers [1, 
9,16-20]. The increase in permittivity is 
attributed to interfacial polarization 
(Maxwell- Wagner- Sillers polarization 
phenomenon).  
       At low CB loading the mean separation 
between CB particles is large and the 
permittivity is limited by PVC (cement) 
matrix. The increase of CB loading enhances 
the permittivity, this is attributed to CB 
aggregation or clustering to form larger 
particles compared to individual particles 

with greater interfacial area and, hence, the 
polarization associated with it becomes larger 
leading to an increase in permittivity.  
      According to percolation theory, 
conductor – insulator system shows a 
divergent in dielectric permittivity versus 
conducive filler loading near the percolation 
threshold [21]. As CB loading is raised, 
clusters of conductive particles are formed by 
physical contact, the dimensions of these 
clusters increase with the increase of filler 
loading and a conductive network structure 
will start to from. This process explains the 
sharp decrease in ε' at (~ 13% vol) loading , 
which attributed  to already well connected 
electrically conductive network formation 
(percolation) , resulting in a conductor- like 
conduction with the applied measuring field 
leading ε' to be zero [12].  

-2 0 2 4 6 8 10 12 14 16
100

101

102

103

104

 

 

ε'

C.B vol%

1KHZ

 
Figure (1): Variation of ε P

'
P with CB loading vol% at room temperature and 1kHz frequency. 

 
3.1.2 Frequency dependency of permittivity: 

The variations of ε' as a function of 
frequency in the range (1kHz-1MHz) for CB 
/ PVC (cement) composites at different 
loading and pure PVC (cement) at room 
temperature are shown in Fig.(2). At low 

loading there is a slight increase in ε' with the 
decrease of frequency, the increase becomes 
more obvious at (10.8 vol%)  and ( 12.7 
vol%)  loadings. The higher values of ε' at 
lower frequencies, are attributed to the 
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process of interfacial polarization and 
polarization induced by segmental mobility in 
the polymer which appears more effective at 
low frequencies and high temperature 
respectively [22]. At higher frequencies the 
dipole responsible for this polarization can 
not keep up orientation in the direction of the 
alternating field, which lead to a  decrease in 
ε'.  

  It can be seen that, for loading up to 
(9.3 vol%) the permittivity of the composite 
is stable versus frequency (resume the 
frequency dependency of the PVC matrix 
permittivity ) . Xu and et al [14], S. 
Nakamura and et al [23] have observed the 
same behavior and concluded that the 
frequency dependence is also dependent on 
the filler loading. 
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Figure (2): Variation of ε P

'
P with frequency at room temperature for different CB loadings. 

 
3.1.3 Temperature dependency of permittivity: 

The effect of temperature on ε' of CB 
composite in the temperature rang (30-90 P

o
PC) 

is depicted in Fig. (3). It is clear that for all 
filler loading, ε' increases with the 
temperature raise (in the temperature range 
studied ). As mentioned formerly , 
polarization induced by segmental mobility in       

the polymer appears more effective at high 
temperature . At higher temperature below 
the transition temperature, the consequence 
drop in viscosity of polymer enhances the 
segmental mobility of the polymer making 
the orientation of the dipoles much easier 
with the alternating field .  
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Figure (3): Variation of ε P

'
P with temperature at 1KHz frequency for different CB loading . 

 
3.2 Dielectric loss ε":  

The variation of dielectric loss ε" as a 
function of loading is illustrated in Fig. (4) . 
It is clear that ε" values increase with the 
increase of CB loading . This is attributed to 

interfacial polarization and the increase in 
D.C conductivity which can lead to higher 
rates of decay of stored charges [14].  
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Figure (4): Variation of ε P

"
P with CB loading vol% at room temperature and 1kHz frequency. 
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     The frequency dependence of ε" in the 
rang ( 1kHz-1MHz) shows a peak values (α-
relaxation ) which shifts towards  lower 
frequencies as CB loading increases as shown 
in Fig.(5). This can be attributed to the shift 
in Tg towards higher temperature with the 
increase in CB loading as shown in Fig. ( 6). 

( TRgR  was calculated as a result of  DSC 
thermal analyses according to DSC-60 
SHIMADZU Japan  measurement as shown 
in fig.(7-a) and fig.(7-b) for pure PVC and 
(0,14.6 %) vol CB loaded composite  
respectively as an example).  
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Figure (5) : Variation of ε P

"
P with frequency at room temperature for different CB loading . 
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Figure (6) :Variation of TRgR with CB loading vol% of CB/PVC composites. 
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(a) 

 
(b) 

Figure (7): DSC thermal analysis of (a) pure PVC (cement) and (b) (14.6 %) vol CB loaded composite. 
 

Fig. (8) illustrates the variation of ε" 
versus temperature in the range ( 30-90 P

o
PC) P

 

Pfor CB composites. It can be seen that ε"  
increases with rise in temperature. The 
increase in ε" for all composites is related to 

the increase of segmental mobility and ionic 
conduction due to the conseguence drop in 
viscosity of the polymer and the thermal 
dissoicition of the molecules [24].  

66 



Jasem  & Hussain: Dielectric properties of Carbon Black /PVC (cement) … 
 

67 
 

30 40 50 60 70 80 90 100
-2

0

2

4

6

8

10

12

14

16

18

 

 

ε''

T(Co)

C.B vol%
 0.0%
 0.7%
 1.4%
 2.1%
 2.8%
 3.5%
 7.1%
 8.9%
 9.3%

 
Figure (8): Variation of ε P

"
P with temperature at 1KHz frequency for different CB loading . 

 
3.3 A.C conductivity (σRa.cR) :    
    The loading dependency of σRa.cR is 
illustrated in Fig.(9). It can be seen that σRa.cR 
increases with the increase of CB loading. At 
low loading (less than 4%) the conductive CB 
particles form a finite clusters but are 
relatively widely separated by the insulating 
matrix (PVC) so  σRa.c R is limited by polymer 
matrix . At this stage, charge carrier transport 
mechanism via hopping or tunneling is 
unexpected due to the relatively large 
insulating barriers. A further increase in CB 

loading reduces the separation between 
particles such that, the electric field can assist 
charge carriers tunneling mechanism. When 
CB loading reaches a critical value 
(percolation threshold) a network of 
conductive paths of physically contacted 
particles starts to form through the polymer 
matrix ,  and σRa.c  Rincreases continuously with 
the increase of CB loading . The magnitude 
of σRa.cR reaches (4.4*10P

-3 
PS/m) for CB loading 

of 12.7%. 
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Figure (9) : Variation of σRa.cR with CB loading vol% at room temperature and 1kHz frequency. 

 
     The frequency dependence of σRa.cR 
conductivity for various volume percent 
loading of CB composite is shown in Fig(10) 
. For the composites with relatively low CB 
loading (≤ 9.3 vol%) , there is almost a 
gradual linear increase in a.c conductivity 
with increasing frequency. This is a typical 
behavior for dielectric material, which may 
be attributed to the thin layer of the insulating 
phase (PVC), which forms the boundaries 
between the conductive particles (cluster) of 

CB . These boundaries are more active to 
prevent hopping and tunneling conduction 
between the insulated conductive particles (in 
CB composites tunneling conduction was 
suggested [25-27]). With the increase of 
loading and frequency the boundaries become 
less active via charge carriers tunneling 
between the insulated clusters , therein σRa.cR 
increase with the increase of frequency, same 
UbehaviorU has been observed by S. Sindhu and 
et al [28] . 
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Figure (10): : Variation of σRa.cR with frequency at room temperature for different  CB loading . 

  
    For higher CB loading, σRa.cR is almost 
frequency independent taking as a limit the 
D.C value (σRd.cR) (i.e. the composite behaves 
like a single phase conductor ). It can be also 
seen , that , at a critical loading( ≈10.8 vol%) 
percolation threshold occurs . This means that 
the CB clusters get closer and form 
physically contacted linkage , which results 
in an initial conducting path through the 
composite (insulator – conductor transition).  
    Form the  figure of σRa.cR frequency 
dependence , it is clear that the percolation 

threshold is reached at ≈10.8 vol% and the 
bulk conductivity  reaches value as high as ( 
4.4* 10P

-3 
PS/m) for CB loading percentage of 

12.7% . 
     Fig (11) shows the variation of a.c 
conductivity with temperature . The influence 
of temperature on σRa.cR has been explained by 
considering the mobility of charge carriers 
responsible for hopping [29]. As temperature 
increases the mobility of hopping ions in 
PVC also increases thereby increases 
conductivity . 
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Figure (11): Variation of σRa.cR with CB loading vol% and temperature at 1kHz frequency. 

 
4. Conclusions  
    CB / PVC (cement) composites is easily 
processed from PVC solution, and CB. The 
composites permittivity ε' shows a strong 
dependence on CB loading and increases as 
CB loading increases until percolation at (~ 
13% vol) loading is reached. Frequency 
dependency of ε' shows dependence on filler 
loading, at low CB loading percentages, έ is 
nearly stable versus frequency. ε'  increases 

with the temperature rise of the composites. 
The dielectric loss ε" values increase with the 
increase of CB loading, and the frequency 
dependency shows a peak values (α-
relaxation ) which shifts towards  lower 
frequencies as CB loading increase. The a.c 
conductivity increase with the increase of 
loading and temperature, and shows 
frequency independency at higher loading.     
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