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Fig. 2. The current-voltage characteristics of PANI-EB at 
different temperatures 

 
U E α 

(V) (kV.mm-1) 298 K 323 K 353 K 
10 0,33 1,02 0,94 1,03 

100 3,33 1,20 1,35 1,15 
250 8,33 1,75 1,80 1,90 
420 15,0 2,26 2,24 2,82 

Tab. 1. The values of the α nonlinearity coefficient at different 
temperatures and electric field intensities for PANI-EB 

 
In the proximity of the electrode, a space charge is formed 

due the low mobility of charge carriers. The current density has 
a quadratic dependence 
 J ൌ ଽகµ

଼ୢయ Eଶ,  (2) 
where ε is the polymer permittivity, d the thickness of material 
and μ the mobility of charge carriers. The quadratic dependence 
can be seen at 8 kV.mm-1 and 353 K (α = 2), which corresponds 
to the area affected by the SCLC. 

In the electric field with intensity of 10 kV.m-1, it is 
observed that the SCLC model is not sufficient to describe 
entirely the characteristic (α value at 15 kV.mm-1 and 353 K is 
near 3). The mobility of charge carriers in PANI-EB is 
influenced by the electric field and the conductivity of polymer 
can be described by the equation 

 J ൌ J଴exp ቀୣஒ√Eିம
୩T

ቁ,  (3) 
where J0 is the low field polymer conductivity, Φ the barrier 
height of the electrode-polymer interface, k is the Boltzmann 
constant, T the thermodynamic temperature and β is an 
experimentally determined parameter, which characterizes the 
charge carrier generating mechanism (Kieffel et al, 2000). 
There are two ways, a Schottky emission (electron injection 
from electrodes into a polymer) and the Pool-Frenkel 
mechanism (electron release from electron traps). The beta 
coefficient values are usually defined as 

 βS ൌ  ට
ୣ

ସ஠க౨கబ
 and  βPF ൌ 2 · βS,  (4) 

where e is the electron charge, ε is the relative permittivity of 
the material and ε0 is the vacuum permittivity (Gould, 2006). 

To obtain the information, which phenomena dominates, 
the values of the βS and βPF coefficients were determined and 
the results are compared with the β coefficient calculated as the 
slope of log I versus U1/2 curve (Fig. 3). The theoretical values 
of the βS and βPF are βS = 0,85×10-5 eV.m1/2.V-1/2 and 
βPF = 1,7×10-5 eV.m1/2.V-1/2. The experimentally obtained 
values of the β coefficient at temperatures 298, 323 a 353 K are 
0,79; 0,9 and 0,94×10-5 eV.m1/2.V-1/2 respectively. 

As can be seen, the βS coefficient coincide better with the 
experimentally get values of β coefficient. Therefore, it can be 
said that Schottky emission is the dominant conduction 
mechanism in PANI-EB, which is in agreement with the results 
obtained by other authors (Mathai, 2003; Pelto, 2004). 

 
Fig. 3. The current-voltage characteristics of PANI-EB as log I 
vs. U1/2 for the β coefficient determination 
 
5. CONCLUSION 
 

The current-voltage characteristics of PANI-EB at different 
temperatures were measured. The results show a nonlinear high 
electric field behaviour of PANI-EB that can be described by 
space charge limited current model combined with a Schottky 
emission affected conductivity mechanism. Therefore, PANI-
EB appears to be a suitable material for the semiconducting 
composite coatings used for suppressing transients and for 
electrical stress grading in high voltage applications. Further 
research is still needed to see the full potential of PANI-EB in 
high voltage applications. 
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