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Summary 
The constant deformation fatigue test was found to affect the electrical 
properties of 70 FEF/SBR vulcanizates. The conductivity of 70 FEF/SBR 
sample is so sensitive to the value of strain amplitude and the number of 
cycles~ When the specimens were subjected to a large number of rapidly 
repeating strain cycles, the transverse conductivity, ~T, shows an initial 
rapid fall with increasing number of cycles, probably due to carbon struc- 
ture breakdown. This is followed by dynamic equilibrium, where the con- 
ductivity remains almost constant over the temperature range 30 - 85 ~ 

The equilibrium state between destruction and reconstruction of carbon 
black aggregates has been detected for all strains of certain values of 
strain cycles (1.2x 105 , 4o7X 104 , 4=7x 104 , and 1o7X 104 cycles for 50%, 
75%, 100%, and 130% strains, respectively). 

i. Introduction 
If an elect#ically conducting polymer is to find technical application in 
electronic devices I, it should have good mechanical properties such as 
flexibility, film forming ability, and normal moldabilityo A summary of 
the technology and physics of electrically conducting elastomers and 
plastic containing carbon blacks and carbon fibers can be found in some 
recent books 2-6 . 

Previous publications 7-12 describe the effect of pre-extension and com- 
pression on the electrical properties of carbon-black-loaded rubbers. 
They present methodology, details of the experiments, and conclusions. 

As a continuation to the previous work, this paper describes the influence 
of cyclic strains on the electrical behaviour of Styrene Butadiene Rubber 
(SBR) loaded with FaSt Extrusion Furnace (FEF) carbon balck vulcanizates. 
In this respect two factors are varied: I) The strain amplitude and 2) 
The number of cycles~ 

2. Experimental Work 
A 70 phr (phr: Parts per hundred parts by weight of rubber) 9 of Fast- 
Extrusion Furnace black (FEF) was introduced into Styrene-Butadiene Rubber 
(SBR) according to the recipe illustrated in Table (I) o 

The choice of FEF black is governed by its low tendency-as compared to 
other furnace blacks- to aggregates, as well as its relatively high elas- 
icityo The test specimens were prepared on a two-roll mill with 170 mm 
diameter, working distance 300 mm, speed of slow roll 24 revolution/min, 
and gear ratio 1o4= 
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Table (I). 

Ingredients (phr) Sample 

SBR iO0 
Stearic acid 2 
FEF black 70 
Processing oil I0 
MBTs a) 2 
PBN b) I 
Zinc oxide 5 
Sulphur 2 

a) Dibenzthiazyl disulphide 
b) Methyl-8-naphthylamin 

The compounded rubber was left for at least 24 hours before vulcanization, 
which was conducted at 143 + 2 ~ under a pressure of about 40 kg/cm 2 for 
20 minutes. 

The rubber specimens with dimensions of 3 cm in length, 0~ cm in width, 
and 0t19 cm in thickness were clamped from both ends in a constant deforma- 
tion fatigue tester (see Fig~ I) and subjected to a given number of cycles 

A C 

Fig. (i): Schematic representation of the constant strain fatigue tester. 
A. Clamps~ B. Joint. C. Wheel. D. Counter~ E. Motor. F. Nut. 
G. Specimen~ 

at a constant strain. The specimen was left to rest for 15 minutes after 
cycling and the temperature dependence of its transverse electrical con- 
ductivity, ~T (measured in a direction normal to the direction of strain) 
were measured using a simple device as was described in previous works. 
The electrical conductivity was calculated using the original dimensions~ 
The same steps were repeated under different numbers of cycles, and under 
different strain amplitudes~ 

In the case of low voltage conductivity measurements a Tesla Pico~mmeter, 
type BM 483 was employed. The temperature was controlled by means of a 
doubly wound electric oven in the range of 30 - 140 oc. 
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3o Results and Discussion 
During the compoundinggfabrication step breakdown of carbon aggregates may 
take place, affecting the electrical performance and reproducibility of 
the conductive products 13. High structure blacks have naturally special 
tendency to breakdown. Agglomeration-deagglomeration processes may also 
occur by mechanical deformation and thermal expansion processes. 

It has already been seen that the resistivity- filler concentration curves 
fall sharply above a certain range of concentrationl4o Materials in this 
region are much more sensitive to strain than are more conductive compounds 
and than this is the reason behind our choice to study the effect of dynam- 
ic strain on the electrical properties of 70 FEF/SBR vulcanizates. 

3ol. Effect of strain amplitude on the electrical conductivity: 

The effect of strain greater than 30% on the properties of conducting 
elastomers are different from those of smaller strains2o 

The test sample was exposed to different strain amplitudes at constant 
number of cycles (1o5X 102 and 1.7x104 at a constant rate of 150 cycle/ 
min). The test specimen was allowed to rest for 15 min before subjecting 
to repeated measurements of the temperature dependence of its electrical 
conductivity. Six virgin samples from a master batch of 70 FEF/SBR were 
exposed to different strains from 25% up to 200% at constant number of 
strain cycles (1.5x 102 and 1.7x 104 ) respectively~ 

It is obvious from Fig. (2) that, the observed minimum conductivity value 
for the untreated specimen (70 FEF/SBR) can be ascribed as was done 
before 15, to the competition between two conduction mechanisms. The first 
one is due to the attenuation of conductivity (aT) with thermal expansion 
of the hopping paths between carbon black particles or aggregates, and the 
other is due to the thermally activated carriers~ The agglomeration/de- 
agglomeration processes are clearly manifested in the behaviour of the 
temperature dependence of a T of 70 FEF/SBR. 

At low strain (25%) the construction and/or agglomeration of carbon 
particles is predominating which is responsible for the observed increase 
in aT~ For larger strain values the de-agglomeratlon (destruction) of 
carbon particles takes place leading to a decrease in the value of a T . 
It was also noticed that the strain amplitude values have a great infl~- 
enee Qn ~he hopping paths between the carbon black particles with respect 
to the thermally activated part. This suggestion was confirmed by the 
calculation of the activation energy of the activated part (see Table 2)~ 

Figure (3) illustrates the great effect of increasing the number of cycles 
(1;7x104) o The variation of the number of cycles has no appreciable 
effect in the case of low strain amplitude (< 50%)~ However, for 130% 
s~rain the conductivity a T seems to be temperature independent in the 
range 30 - 80 ~ owing to both the balance between the agglomeration and 
de-agglomeration processes and the direct contact between the carbon 
particles~ 
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Fig~ (2): Represents the tempera- 
ture dependence of the trans- 
verse electgical conductivity 
OT of 70 FEF/SBR sample at 
different strain amplitude 
(at constant number of cy- 
cles 1o5X102)o 

Fig~ (3); Represents the temperature 
dependence of o T of 70 FEF/SBR 
sample at different strain ampli- 
tude (at constant number of cy- 
cles 1o7X 104)o 

Table (2): The activation energy is approximately constant~ 

1o5x 102 cycles 1o7X 104 cycles 
Strain (%) 

E (eV) E (eV) 

0 0o152 Oo152 
25 0.137 0o105 
50 0o144 0.132 
75 0o141 0o177 

iOO 0o120 Oo136 
130 0~i03 0~ 
200 0.064 0.064 

3~ Effect of the number of strain c~cles on the electrical conductivitz: 

It is known that fatigue is the failure of mechanical properties of a 
given material due to oscillatory deformation or stress~ 

Fatigue tests are especially important for the so-called engineering 
plastics and composite materials which are used in load bearing struc- 
tures subjected to varying loadsl6o 



417 

Figures (4-9) represent the effect of the number of cycles for different 
strain amplitudes~ The common feature of these figures may be summarized 
as follows: 

a) An initial rapid breakdown of structure (for strain more than 25%) owing 
to the fact that the energy dissipated per second in the specimen is 
proportional to the frequency and the square of maximum deformation or 
stress 16 (Fig~ 4)~ 

b) An equilibrium between structure breakdown and reformation is estab- 
lished after abou~ thousands of cycles depending on the amount of strain 
1o2X 105 , 4o7XI0 , 4o7X104 , and 1o7XI0 ~ cycles corresponding to 50%~ 
75%, 100%, and 130% strains respectively which was detected by the ap- 
pearance of the temperature independent part of conductivity in the 
range 30-85 oc (Figs~ 5,6 and 8)~ 
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Fig. (4): Represents the tempera- 
ture dependence of o T of 
70 FEF/SBR sample at different 
number of strain cycles (at 
constant strain amplis 25%)~ 
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Fig~ (5): Represents the temperature 
dependence of o T of 70 FEF/SBR 
sample at different number of 
strain cycles (at constant 
strain amplitude 50%)~ 

e) An appreciable shift of the temperature (Tm) corresponding to minimum 
conductivity toward lower temperatures owing to the smaller role of 
carbon black with increasing number of cycles (Figs~ 4-9). 
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Fig. (6): Represents the tempera- 
ture dependence of ~T of 
70 FEF/SBR sample at different 
number of strain cycles (at 
constant strain amplitude 75%), 
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Fig~ (7): Represents the temperature 
dependence of a T of 70 FEF/SBR 
sample at different number of 
strain cycles (at constant 
strain amplitude 100%)o 

d) There is a slight change in the activation energy depending on both 
the strain amplitude and the number of cycles as was shown in table (3), 

Table (3): 

25% strain 100% strain 

n cycles E (eV) n cycles E (eV) 

O Oo152 0 O.152 

1o5 x 102 0=137 1~ x 102 O.120 

6,5 x 102 0o125 6~ x 102 0.136 

1,7 x 104 0,105 1.7 x 104 O.136 

3~ x 105 0o147 4~ x 104 O~137 

9.1 x 105 0o156 - - 
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Fig~ (8): Represents the tempera- 
ture dependence of o T of 
70 FEF/SBR sample at different 
number of strain cycles (at 
constant strain amplitude 1OO%). 
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Fig~ (9): Represents the temperature 
dependence of o T of 70 FEF/SBR 
sample at different number of 
strain cycles (at constant 
strain amplitude 130%). 

Beside the above mentioned feature we may underline two extreme cases: 

a) In the case of 25%, deformation, i.eo small strain, the reconstruction 
process of carbon black particles takes place during the early few cycles 
after which destruction proceeds by increasing the number of cycles~ The 
variation of o T with the number of cycles for such a low strain is rather 
detectable than for greater strains~ This could be explained qualitative- 
ly on the basis of Marshall's 17 geometrical model of the carbon black 
configuration, which implies that the carbon black particles move with 
and not through the rubber~ Hence it is to be expected that some of the 
rubber (SBR) will diffuse over some of the carbon-carbon contacts and 
prevent them from approaching each other sufficiently closely to remake 
an electrical contact~ 

b) In the case of 200% strain the de-agglomeration process predominates 
and there is no equilibrium between reformation and destruction of carbon 
particles owing to the large deformation. 
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