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ABSTRACT: 

The effect of current-voltage characteristics of samples of 
,isobutylene isoprene rubber (IIR) loaded with fast-extrusion furance 
'black (FEF) carbon black has been studied at different temperatures 
'in the voltage range 3-10 Kv. The conduction mechanism was found 
to follow the conventional band approach followed by the hopping 
model for (IIR) mixed with 40 phr of (FEF) carbon black. 

1- INTRODUCTION 

The aim of this work was the investigation of the current- 
voltage characteristics at different temperature for isobutylene 
isoprene rubber (IIR) loaded with fa$t-extrusion furance black (FEF) 
. , .~ - .? 

:cailib-ri 'black. According to Nashem et al., the interaction betw'een . ' 

cartibh baick and polymer plays an important role in the electrical . 
'conductivity; of the composite [I]. The space-charge limited curient is 
encountered for the compsite.   here fore, the wealth of information . 
that is obtained from the space charge limited current enables us to 
describe the condition mechanism in the compositie by the. 
conventional band model. This mechanism is based upon the 
interaction between (FEF) carbon black and (IIR). 

2. EXPERIMENTAL: 

Samples of isobutylene isoprene rubber (IIR) loaded with fast- 
exctrusion furance black (FEF). carbon black was prepared. according 
to Table I. . The , specificati0.n of . llie , .  (FEF) carbon balck used is given 



' .  in Table I1 [2]. The mixture was left for at least 24h before 
vulcanization. The samples were vulcanized at 150 + 2 "C inside 
pressure of about 40 ~ g / c m ~  for 30 min. The samples were shaped in 
the form of disc of 1.5 cm in diameter and 0.3 cm thick. 

, The electrode was silver paste covering the opposite surface of 
the sample over a circular area of 1 cm in diameter. The sample were 
thermally aged at 90 "C for 35 days to attain reasonable stability. 

3. RESULTS AND DISCUSSION: , . 

Figure (1) show the current-voltage (I-V) characterstic on a 
log-log scale for IIR loaded with 40 phr (FEF) carbon balck at 
different temperatures. I find that the conductionn is ohmic (I a V) at 
low field. At intermediate fields, a square law region (I a V2) is 
obtained. The current density (I) in the square law region is given by 
the relation [3-61. 

where po. is the free carrier mobility; co ,  the permittivity of free 

space; E , the dielectric constant of the sample material (E = 17 for 
40 phr (FEF) conlposite) [7] ; and a, the sample thickeness. 

Figure (2) show the plot of (I-v2) for FEF composite at 
different temperature. The (I-V2) plot fit stright lines at different 
temperatures,-indicating the formation of space-charge in the' 
composite. The formation of space-charge is due to the existence of 
traps within lhese cotnposite that can occur at particular molecular 
sites and chain folds [$I .  When a trap level exists, the electron 
mobility is reduced by 118, and the effective electron drift mobility 
(pe) in an insulator with traps is, therefore, 

where 8 is the trapping factor. 

8 = Nc / Nt exp (- E, / kT) 

where Nc is the effective density of states in the conduction band 
and Nt is the shallow trap density at energy Et below the conduction 
band edge, K is the Boltzmann constant, and T is the absolute 



temperature. Therefore, in the trap-square law region, which is our 
case, the relation between J and v2 becomes [4,6] 

The free current carrier mobility ( Po ) can be calculated at 
different temperatures using the experimental value of 0 and the slope 
of (I-v2) plots. Experi~nentally, 0 is the ratio between the current 
densities at the beginning I, and the end I2 of the trap-square law 
region [ S ] .  Again, 0 is the ratio between the free electron concentra- 
tion no in the conduction band to the total electron density (no+nt), nt 
being the density of the trapped electrons. Thus, 

Figure (3) shows the variation of the calculated po with 

temperature which we found that po decreases with increasing 

temperature and reaches a minimum value at 333 K. The behavior of 

Po with temperature was identical with that observed for the electrical 

conductivity (0) with temperature (in the ohmic region), as illustrated 
in Figure (4). 

Using the experimental values of 0 at different temperatures in 
Eq.(3); Et, can be determined by plotting log 0 against and this , 

illustrated in Figure (5). From the slope, Et , was found to be 0.09 
eV. 

The equilibrium concentration of the charge carrier in the 
conduction band no can also be obtained using the relation 151. 

where q is the electron charge and Vtr is the, voltage at which the 
transition from the ohmic to square law regior, takes place. The free 

. . . . .  

carrier density no may be used in Eq.(5) to determine the values of 
nt,  the trap carrier density. 



I.: For one type of current carrier, the condi~ctiv'ity is given by 

Using the calculated values of no and p0 in this equation, we found 

that the calculated values of o agreed with the values determined 
from the ohmic region. 

The Fermi level Ef measured from the bottom of the conduction 
band can be given by 

no = Nc exp (- Ef / kT) (8) 

Figure ( 6 )  shows a plot of log no against 1 .  Comparing this 
figure with Figure (4), we found that the behaviour of no with 1/T is 

the reverse of the o - 1/T plot. 

Fermi energy can be determined from the slope of log no 
against 1/T. The Fermi level Ef was found to be 0.15 eV. Table 111 
give the calculated parameters for FEF composite. 

Comparing Figures 3,4 and 6, we found that the variation of o 

with T follows the variation ot po with 7' rather than no with T. 

It was established that if po is greater than 1.0 cm2 V-I S-I and 

varies with T-" the conduction mechanism is aconvertional band 
model, while if it is less than 1.0 cm2 V-I S-I and varying as 
exp(-Eu/kT), where EU is the mobility activation energy, the 
conduction mechanism is the hopping mechanism [3,4]. In our FEF 
composite , pO is greater than 1.0 cm2 V-I S-I (3.28 cm2 V-I S-I a t 

room temperature and decrease with increasing temperature (see 
Figure 3) up to 333 K. Therfore, one can conclude that the 
conduction mechanism in the FEF composite is a conventional band 
model up to 333 K. 

Finally we can concluded that IIR rnixed with 40 phr of FEF 
1 

carbon black, the conduction mechnism is a conventional band 

approach followed by the hopping model at a certain temperature. 
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Table I. Composite formulation 

Ingredients 

IIR 

Steric acid 

Zinc oxide 

Processing oil 

FEF 

MBTS ** 
PBN *** 
Sulphur 

* Puts per Ilundl.ed parts rubber by weight. 

Dibenzthia~yle disulfide. 

*** Phenyl- pnaphtliylatni~~e. 

Table TI. Specification of FEF carbon black 

ASTM 1 ~ a t i c l e  Diameter 1 Surface Area I Oil ~bsor~t ion l  

Aritlimetic Mean (A") m2 /g 
I I I 
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FiguCe 4:  o -1/T on ;l semilog scale Tor FEF composile. 
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