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ABSTRACT

Polymer composites are one group of the new approaches for the
preparation of new materials from existing polymers. One obvious
advantage is that it requires a lower cost relative to the production of new
polymers. It is also possible to produce a range of materials with properties

completely different from those of composite constituents.

The present study. is concerned with acrylonitrile butadiene rubber
(NBR), loaded with a 20% barium titanate (BaTiO;) and vulcanized with
sulphur. The blend is loaded with different concentrations of carbon black;

semi-reinforcing furnace (SRF) N770.

All tested samples are prepared under the same conditions according
to the standard methods. The main idea of this study is to observe the effect

of compression and extension on the physical properties of these composites.

From studying the effect of SRF black concentration on the dielectric
constant, €', and the ac electrical conductivity, G, at different frequencies
for uncompressed NBR/BaTiO; vulcanizates, it was noticed that, & is
increased with the increase of SRF black content. It is also interesting to
know that, at certain concentration of SRF blacks, ¢* and o, reach extremely
high values as a result of interfacial polarization between carbon black

particles and the NBR chains.
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The values of the aspect ratio which are chosen to fit the experimental
permittivities with the calculated one from Tsangaris equation depend on the

volume fraction of SRF carbon black.

A small change in ¢ is noticed for samples loaded with SRF>30 phr
with frequency at room temperature for uncompressed samples. The strong
low frequency dispersion that characterizes the frequency dependence of the y
dielectric constant of NBR/BaTiO; loaded with SRF black may be due to the
hierarchy of barriers to the carrier diffusion. The observed dispersion can be

explained without assuming any particular type of barrier.

From the temperature dependence of the dielectric constant and
dielectric loss for uncompressed samples, it was found that for samples
loaded with SRF<40 phr, there is a smooth increase in the dielectric
constant, while those with SRF>50 phr, there is a peak in the dielectric
constant and a step in the dielectric loss. The positions of the peak and the
step shift to higher temperatures as the measuring frequency increased

(except for samples loaded with 100 phr of SRF black).

The volume resistivity of uncompressed samples decreases at its
percolation threshold and maintains low values after percolation. The
percolation threshold is about 30 phr of SRF black. The resisitivity of NBR
composites decreased over 7 orders of magnitude as the concentration of

carbon black increased.

In the current density-electric field measurements for uncompressed

samples, it was found that in the higher field regions all samples exhibit

HI



linear current field characteristics. The conduction mechanism in these

composites is found to be of the Poole-Frenkel type.

From the mechanical measurements, it was found that as the filler
loading increases, the relative tensile strength increases and the elongation at

break decreases.

It was also found from the calculations of knee-point strain that the
knee-point strain depends on both the elastic modulus and SRF carbon black
content. The knee-point strain decreases with the increase of both elasticity

modulus and SRF contents.

The pressure plays important factor that affect the behavior of these
composites. When pressure is applied on these composites, a percolation
path is easily formed which causes a drastic fall in resistivity even when the
volume fraction of filler apparently increases compared with the

unpressurized composites.

Two main mechanisms competing with each other could be observed
due to the effect of pressure on both ac electrical resisitivity and the
dielectric constant. The first one is the breakdown of carbon black network
into small aggregates, which results in a significant reduction in the total
number of conduction paths and dipoles. The second mechanism is the

orientation of carbon black aggregates in the direction of the strain.
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The calculated values of relative pressure coefficient of dielectric
constant show a constant value with the variation of SRF loading to a certain

level and after which a sharp increase is detected.

The percolation concentration, ¢., increases appreciably with the
applied pressure indicating the aggregation effects of carbon black particles

on the rubber matrix.

A last factor is the orientation effects of SRF particles/or aggregates
in the direction of compression in addition to the factors mentioned before is
considered to describe the strong low frequency dispersion that characterizes
the frequency dependence of the dielectric constant of SRF-loaded
BaTiOs/NBR.

The dc conductivity measured along the strain direction shows a
decrease in its values with increasing the elongation for all tested samples

except samples loaded with 80 and 100 phr of SRF black.

It was noted from the values of the activation energy E,, that the ionic
transport is the responsible mechanism of TSDC at different compressive
stresses for both pure NBR and 30 SRF/NBR samples. The values of the

activation energy decrease with compressive stress.



