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Summary 
The ef fect  of electr ic field on the creep characteristics and the corresponding 
parameters such as instantaneous strain, strain rate, activation energy, activa- 
tion volume, stress-sensitivity parameter and viscosity was investigated. 

]. Introduction 
There is generally l i t t le  information about the ef [ect  of electr ic f ield on the 
mechanical properties of polymers. Abasov et ai. have studied the ef fect  of 
strong electr ic f ield on the mechanical long-term strength of polyethylene. 
They found that the field reduces this quantity through the dynamic perturba- 
tion of the molecular bonds by accelerated electron and thus reduces the 
activation energy of the process of polymer failure. In fact charges librated 
from traps may be displaced by the high external electr ic field from the 
Coulomb sphere of action of traps. They become accelerated in the field 
and thus dynamically disturb the bonds. This mechanism has the predominant 
effect on f lex ib i l i ty  and fracture. 

The end ef fect  may help the polymer to gain some residual charges 2, which 
would be affected by the external f ield and could possibly perturb the chain 
structure and affect the mechanical properties. The application of the electr ic 
field may cause an appreciable internal strain as a result of electrostr ict ion. 

In addition, residual polarity which may be produced in the polymer may also 
change chain f lex ib i l i ty .  #" 

The best f i t  to 5 experimental data has over a large range of fields been 
studied by Grine . An exponential decrease of the activation energy, u, with 
the electr ic field, F, was found. 

The aim of the present work is to study mechanical creep in the presence of 
an electr ic field, and to find the values of instantaneous strain, ~o'  strain 
rate, ~', activation energy, u, activation volume, q, and v iscosi ty~ . 

2. Experimental 

A sheet of low density polyethylene LDPE of thickness 240 um manufactured 
by the National Plastic Company, Egypt, was used. Strips of 6 cm long and 
0.5 cm width were cut out, annealed by heating to the required annealing 
temperature (40-80~ for an hour and allowed to cool slowly to room tempe- 
rature. 

6 The creep tensile apparatus used was described in a previous paper. 

A cyciindrica] electr ic cell (6 cm long and 1.8 cm diameter) was designed 
to apply electr ic f ield on the sample during the creep test as shown in Fig. ( l ) .  

The applied electr ic field ranged between 0-1.6 x l0 6 V/re. Care was taken 
to avoid electronic noise during measurements by applying shielding. 
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3. Results and Discussion 

Figure (2) represents the effect of applied electric field on a set of creep 
curves of LDPE plotted at different temperatures and two values of stresses. 
The electric field has an appreciable effect represented in shifting the values 
of strains to higher values. Such behavior was observed with increasing the 
values of either stresses or temperatures. This means that the temperature 
(and/or) stress act in the same sense as the electric field. 
In the presence of the elect rio field fracture takes place earlier especially 
at high temperature and stress. 

I t  is clear from Fig. (2) that at low temperature and stress ~ is a field 
independent quantity, while by increasing the temperature at lo~ stress or 
increasing stress at low temperature, the instantaneous strain increases with 
the field. At high stresses and temperatures, the rate of increasing of 1~ 
with the field is also high. The temperature assists the electric field "~8 

Fig. (]): Schematic diagram for the 
electric cell used in studying ~ [ - ~ F 3  
the electrical properties during 
tension 
1. Teflon screw, 
2. Teflon washer, s 6 7 
3. Brass, main body of the cell, 
4. Upper grip, 
5. Teflon part, " 
6. Brass electrode, 8 ~ 1  
7. Brass electrode, 
8. Lower grip, 9 
9. Brass rod, and 
lO. Ebonite. ~o 

5 " v �9 " re  7 

Fig. (2): The creep curves for LDPE 
at different values of applied 
electrical potential and teml~e- 
rature (stress = ~. i5 kg/mm 
and 0.31 kg/mmL). 
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Fig. (3): The dependence of 
instantaneous strain on 
the applied electrical 
potent ia l  at  d i f ferent  
temperature 2 (stress = 
13.15 kg/mm 2 and 
0.62 kg/mm ). 
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produce perturbation of the macromolecular bonds. The heating of LDPE during 
the application of the electric f ield may release various types of molecular 
motions which favor the liberation of more charges from t raps .  

Figure (4) i l lus t ra tes  the t empera tu re  dependence of "q at  d i f ferent  applied 
e l ec t r i c  fields. The field towers the values of s t ra in  rare keeping the general  
behavior unchanged. There is also a kink at a~out 50~ i.e. two act ivat ion 
energies exist ,  o~e at  low t empera tu re  (< 50 C) and the other  a t e  higher 
temperature (>50 C), where, 50UC is the t empera tu re  of the crysta l l ized phase. 

The dependence of the value of act ivat ion energy for creep on the e lec t r i c  
field is shown in Fig. (5). At  low tempera tu res  the act ivat ion energy de c r e a -  
ses with tile field. The s t ress  acts  asa  d i f fe ren t ia t ing  fac tor  between the curves. 

However, a t  high t empera tu res  the s t ress  is nearly ineffect ive.  The lowering 
in act ivat ion energy implies that  the field has hindered the barr iers  against 
the motion of the macromolecules  and acce le ra t ed  the charged par t ic les  to 
assist  the motion of macromolecules. 
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Fig. (4): The dependence of 
tensile strain on the 
reciproca] of tempera- 
ture at different values 
of applied electric 
potentia] (s~ess = 
0.15 kg/mmo and 
0.46 kg/mm=). 
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Fig. (5): The variation of 
activation energy 
with the applied 
electric potential 
at different values 
of streSSo(tempera- 
ture <50 C and 
temperature > 50~ 
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Fig. (6): The relation between the 
tensile strain rate and the 
applied stress at di f ferent 
values of the applied electr ic 
potential (temperature = 
23 ~ and 50uC). 
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Fig. (7): The activation volume of 
steady creep dependence on the 
applied electr ic potential tempe- 
rature is a parameter2(stress is 
less than 0.46 kg/mm 2 and grea- 
ter than 0.46 kg/mm ). 

Figure (6) gives the stress dependence of "~. at di f ferent electr ic fields. 
The slope of these relations can be used to calculate q has two values, one 
at low stresses and the other at higher stresses. 

The temperature dependence of activation volume at low and high stresses is 
i l lustrated in Fig. (7). The activation volume increases as the field increases, 
which means that the volume necessary for the macromolecules to translate 
increases, and that these values are high for low stress and vice versa. Appa- 
rently the field tends to increase the spacing between the macromo]ecules. 

Another important parameter is the stress sensitivity parameter 7, m'. It was 
found that this parameter increases with increasing the electr ic field, as 
shown in Fig. (8), which is in good agreement with the data of the activation 
volume. This means that as the activation volume q increases the sample 
becomes more sensitive to creep with stress. 

Figure (9) represents the f ield dependence of viscosity of steady state creep 
at di f ferent temperatures and stresses. The viscosity increases with the 
electr ic field, because the sample has rapidly reaches a more stable structure 
in the viscoelastic state by increasing the field. This behavior depends largely 
on both temperature and stress. 
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Fig. (8): The relation between 
stress sensitivity parameter 
and the applied electric 
f ield at various temperatures. 
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Fig. (9): The dependence of viscosity 
on the applied electric potential 
at different temperature and 
stresses. 

4. Conclusion 

An applied electric field raises the creep curves and results in earlier fracture, 
especially when temperature and stress are relatively high. It was found 
that the instantaneous strain is a field independent quantity. ]t increases as 
the field increases for high values of temperature and/or stress. 
The activation energy decreases with the field at tow temperature, whereas 
the activation volume has two values; one at low stresses and the other at 
higher stresses. The activation volume and the stress sensitivity parameter 
are linear functions of the applied field. Finally, the viscosity was found to 
increase with increasing the applied field. 
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