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Effect Of Both Compression And Extension On
The Electrical Resistivity Of NBR/EPDM Rubber
Blend Filled With Different Types Of Carbon Black.
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ABSTRACT: Blend based on acrylonitrile butadiene rubber and ethylene propylene diene monomer rubber as 50NBR/50EPDM loaded with N-326(HAF)
and N-774(SRF) carbon black fillers was prepared. The effect of each type of carbon black on the electrical resistivity of rubber blend was studied. The
changes of the electrical resistivity of rubber blend during compression and extension were investigated. Based on the shell structure theory, the
experimental results were explained from the view that external pressure induces the creation and annihilation of effective conductive paths, leading to
the changes in the resistivity of blends.
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1 Introduction

2 EXPERIMENTAL

Blending two or more polymers to produce new materials with
mixed properties has been extensively developed in several
industries [1]. The reinforcement of rubber properties by the
incorporation of carbon black is due to the presence of active
polar groups such as phenol, carboxyl, quinone and lactones
on the carbon black surfaces [2- 3]. These polar groups on the
carbon black surfaces interact with rubber and the interaction
is higher with polar rubbers than hydrocarbon rubbers, which
is due to polar- polar interaction [4]. The degree of reinforcement of the filled rubber depend mainly on the filler concentration and principal properties of carbon black such as particle
size, surface area, aggregate structure and its distribution in
rubber matrix as well as rubber-filler interaction [5]. Carbon
black-filled conductive rubbers have wide applications, such as
pressure sensitive sensors which can be used for shock proof
switches [6], sensors for measurement of vehicle weights to
collect toll tax on roads [7], and smart flexible sensors adapted
to textile structures, able to measure their strain deformations
[8], and tactile sensor that is thin and flexible and able to attach to a curved surface and will make the robot operate in
unstructured environments [9, 10]. Electrical conductivity depends on amplitude of strain, the frequency of stress-strain
cycles, and also the total number of stress-strain cycles, the
nature of the polymer and the amount of the filler loading. At
low strain due to rapid destruction of conductive path volume
resistivity increases, but at higher strain the effect is marginal
because the formation of a conductive network occurs in the
system [11]. In addition, electrically conductive particle in polymer could produce flexible piezoelectric materials [12]. The
correlation between the external pressure and the electrical
resistivity of the composites has been intensively investigated
[13-16]. Voet et al. [17] and Sircar et al. [18] studied the electrical resistance of carbon black filled styrene butadiene rubber
at constant shear strain. The present work aims to study the
effect of static pressure on the electrical resistivity of conductive blend of 50NBR/50EPDM rubber. We have also measured
the changes in the electrical resistivity with time after the instantaneous static loading pressure was applied.

2.1 Materials
Ethylene Propylene Diene Monomer (EPDM) with diene monomer content of 5 %, and Nitrile Butadiene Rubber (NBR)
with nitrile content 34% have been blended together according
to the recipe illustrated in Table (1). We have used two different types of carbon black namely, the High Abrasion Furnace
black (HAF-LS or N-326) and the Semi Reinforcing Furnace
black (SRF -HS or N-774). The physical and chemical properties of both blacks are listed in Table (2). All other ingredients
such as sulfur, zinc oxide, stearic acid, dioctylphthalate and
diphenyle guanidine are obtained from the commercial grades.
2.2 Samples preparation
All rubber compounds were mixed according to the ASTM D
3182 by using two-roll mill machine of 300 mm length, 150 mm
diameter, and gear ratio 1.4. The vulcanization process was
carried out by using an electrically heated platen press at
153±2 oC and 4 MPa for 30 min.
2.3 Experimental techniques
The experimental set-up for measuring the electrical resistivity
of the investigated samples is shown in Fig. (1). Two iron plats
were attached to the sample during the vulcanization process
with good ohmic contacts and were used as electrodes. The
electrical resistance was recorded by using a digital multimeter
with 1% of accuracy. The electrode area is a little less than
that of the sample to keep the transverse size invariant during
the compression. The sample was compressed instantaneously to a certain pressure (P) by using a hydraulic press up to 10
MPa. Then the pressure was kept invariant for 1.5 hrs. blend
was reinforced with different types of carbon black [100N-326,
and 100N-774]. Other ingredients were used and compounded
according to the recipe listed in table (1). The compounded
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TABLE (1). THE COMPOSITIONS OF EPDM /NBR RUBBER BLENDS
LOADED WITH DIFFERENT TYPES OF CARBON BLACK.
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TABLE 3
THE ELECTRICAL RESISTIVITY OF THE NBR/EPDM BLENDS WITH
100 N-326, AND 100N-774 CARBON BLACKS.

3 RESULTS AND DISCUSSION

rubbers were molded into discs of 1 x 10-4 m2 area and 0.01
m in height.

3

RESULTS AND DISCUSSION
Fig. 1 Sketch of experimental set-up for measuring resistance of
the rubber blend.

TABLE 2
PHYSICAL AND CHEMICAL PROPERTIES OF THE DIFFERENT TYPES
OF BLACK USED [19].

3.1 Electrical resistivity.
The electrical resistivity of 100N-326 carbon black filled
50NBR/50EPDM is higher than the 100 100n-774 filled the
same blend. This can be attributed to the difference in size of
aggregation of carbon black particles. The carbon black which
has smaller aggregation can be dispersed more finely and the
fine dispersion of carbon black aggregation leads to high electrical resistivity, the N-774 has smaller size of aggregation
(smaller surface area) of particles than N-326, bringing about
higher electrical resistivity for the blend with carbon black N774 [20].
3.2 Effect of compression on Resistivity
To analyze the changes in the electrical resistivity of
(50NBR/50EPDM) rubber blend several variables are defined;
 which represents the electrical resistivity of the rubber
blend before the compression process.  represents the
electrical resistivity at the moment immediately after the compression∆ represents the instantaneous increment of the
resistivity at the moment immediately after the sample loaded
from 0 MPa to pressure P, and it can be expressed by ∆ =


Fig. 2 The Ln(Resistivity) Versus P for 50NBR/50EPDM filled
with two different typrs of carbon blacks.

The experimental phenomena can be explained and described
by analyzing the changes in the conductive network of the
rubber blend as follows. It was pointed out that, the blend is a
three dimensional conductive network composed of rubber
macromolecule and carbon black [21]. The electrical resistivity
of the blend is decided by the changes in the conductive carCopyright © 2014 IJTEEE.
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bon black network. When the gap between carbon black particles is small enough, the tunneling effect occurs, inducing the
formation of local conductive path (LCP). If LCP penetrates
insulating matrix, an effective conductive path (ECP) is
formed, thus contributing to the conductivity of the blend, the
external pressure changes ECP, leading to the changes in the
resistivity of the blend. During the process of instantaneous
compression the conductive network is changed by the
movement of the polymer segments and the changes in the
uniaxial size of the blend, leading to the change in the electrical resistivity of the blend. The electrical resistivity of carbon
black is far less than that of the rubber; therefore, the electrical
resistivity of the blend loaded with carbon black is decided by
the electrical resistivity of the insulating films between adjacent
conductive particles, which are related to the changes in ECPs
under the compression process. Fig. 2 depicts the
Ln(resistivity) as a function of compression, P. One notices
that the effect of compression on the resistivity predominates
up to certain P, after that the resistivity becomes compression
independent. This may be attributed to the fact that two phenomena occur in the system during compression: breakdown
of the existing conductive network and formation of a new one.
At low compression the breakdown process is more prominent
compared to the formation process and the net result is a reduction in the number of conductive networks. At higher compression, when the strain is high, some carbon black rearrangements also take place leading to the formation of new
conductive networks. Thus at high compression the formation
and breakdown of conductive networks balance each other,
resulting in marginal change in the resistivity against compression [22].

3.3 Effect of compression on the time dependence of
electrical resistivity
Fig. (3:a,b) shows the time dependence of the electrical resistivites of the (50NBR/50EPDM) rubber blend loaded with different ratios of carbon black filler (100N-774), and (100N-326),
respectively after loading with different static pressure values;
P = 5 MPa, 10 MPa, and 15 MPa. The electrical resistivites of
the rubber blend increases instantaneously at the moment
immediately after the sample is loaded from 0MPa to a certain
pressure P. After which the electrical resistivity decreases exponentially with time under the constant pressure P. It is noticed that, as the compressive pressure P increases the electrical resistivity increases. The instantaneous increment of the
electrical resistivity ∆, increases or (decreases) with the increase of the instantaneous loading pressure for the blend
loaded with 100 N-326 or (100N-774) as shown in Fig. (4). As
shown in Fig. (3:a-b), the electrical resistivity increases instantaneously when the sample is compressed. This experimental
phenomenon indicates that the breakdown process is more
prominent compared to the formation process and the net result is a reduction in the number of conductive networks.
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Fig. 3:a The electrical resistivites versus time for the rubber
blend (50NBR/50EPDM) with 100N-774 carbon black at different compression pressure 5 MPa, 10 MPa, and 15 MPa.

Fig. 3:b The electrical resistivites versus time for the rubber
blend (50NBR/50EPDM) with 100N-326 carbon black at different
compression pressure 5 MPa, 10 MPa, and 15 MPa.

Fig. 4 Ln of the instantaneous electrical resistivity increment
versus P for the rubber blend (50NBR/50EPDM) at different
carbon black types.

It is noticed also that, the electrical resistivity decreases with
time after the rubber blend is loaded. This result indicates that
Copyright © 2014 IJTEEE.
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some carbon black rearrangements also take place leading to
the formation of new conductive networks. The conductive
network gets more and more unstable with time under the
constant pressure. As shown in Fig. (4), the instantaneous
increment of the resistivity increases or (decreases) with the
increase of the instantaneous pressure. This result indicates
that the extent of the changes in the conductive network increases or (dcreases) with the increase of the instantaneous
loading
pressure.

3.4 Effect of extension on the time dependence of
electrical resistivity
As seen from figures (5:a,b) the electrical resistivity of the
strained sample suffers an abrupt increase at t = 0, followed
by a gradual decrease with time to reach its equilibrium
(steady) value ρo, after sufficiently long time. Such ρ(t) dependence might be interpreted in terms of the stress-relaxation
theory of polymer. The conductive sample may be represented
by the three-element mechanical model consisting of spring
S1 in parallel with a non-Newtonian Maxwell unit with spring
S2. In this model S1 represents the rubber chains, while the
S2Maxwell unit represents the carbon black particles in the
viscous rubber matrix. When the strain is suddenly applied, the
dashpot starts to slip under the effect the applied stress and
two springs are extended, which means an uncoiling of the
rubber chains, and thus the sample acquires its maximum
strain. This results in an increase in the average distance between carbon particles or oven temporal breakdown of the
carbon black structure, with explain the abrupt increase of ρ at
the moment the strain is applied. After straining is stopped
instantaneously, stress relaxation at constant strain begins.
Because of the extension is kept constant during stressrelaxation, the elongation of the spring S1 is also constant,
consequently the stress acts on it remains unchanged. As the
dashpot slips, the stress acting on spring S2 decreases. The
time-dependent flow, which occurs in the Maxwell unit, decreases the total stress in function of time.
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CONCLUSION

The electrical resistivity of 100N-326 filled 50NBR/50EPDM is
lower than the electrical resistivity of 100N-774 filled the same
blend owing to its small particle size. The electrical resistivity of
the pressure sensitive rubber blend (50NBR/50EPDM) filled with
different types of carbon blacks increases suddenly when compressed and then decreases with time. The same behavior was
observed in the case of extension. The instantaneous increment
of the resistivity, increases for 100N-326 filled the blend with the
increase of the instantaneous pressure, and decreases for the
100N-774 filled the blend with the increase of the instantaneous
pressure. The electrical phenomena aforementioned are caused
by the changes in the effective conductive paths.
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