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as the temperature of this sample, at the moment of fracture, 
equalled 45°C, which was caused by the energy of plastic strain, 
transformed into heat. The baseline curve is characterized by 
larger elongation and slightly higher flow stress. As it has been 
shown in Figure 6, a similar situation can be observed in the 
comparison of the 130°C curve with curves no. 3-6, except line 
no. 5. The stress value remained at the same level; however, 
the elongation became significantly reduced. Curve no. 5, in 
its whole plasticity range, is located below the 130°C curve. 
The value of yield stress, flow stress and elongation is lower. 
As shown in Fig. 7, despite the fact that the yield point is at the 
same level in both curves, no. 8 and 283°C, the elongation of the 
second is more than twice higher. Nevertheless, the flow stress is 
significantly lower, except for the initial scope. The temperature 
equivalent for curve no. 7 was not made; however, its thermal 
counterpart has intermediate properties in respect of curves 
no. 5 and 8.

Fig. 6. True stress-strain curves under different conditions 

Fig. 7. True stress-strain curves under different conditions 

It is worth mentioning that the material stretched at the 
temperatures of 130 and 283°C was at an elevated temperature 
during the whole test, while the material with the application of 
electric current impulses was at room temperature in the initial 
stage and reached the maximal temperature at the final stage. 

Based on the obtained results, it can be stated that, in the 
examined material, in samples no. 1-4 and 6, the electroplastic 
effect did not occur, and the drop of stress was caused only by 
Joule heat. The samples with the application of shorter electric 
current impulses are characterized by flow stress being on the 
same level as their thermal counterpart. Smaller elongation of 
theses samples have an negative characteristics. In the compari-
son of curves no. 5, 7 and 8 and their temperature equivalents, 
despite a significant reduction of elongation, a substantial drop 
of stress was observed, which proves the occurrence of the 
electroplastic effect in the examined samples. This drop cannot 
be explained by an increase of temperature. 

Figures 8-11 show the morphology of the fractures obtained 
from scanning microscopy. The microscope worked in the SE 
(secondary electrons) mode, with the accelerating voltage of 
30 kV. Among the samples which reached the largest elongation 
(e.g. the baseline – Fig. 8 and the 283°C sample – Fig. 11), the 
presence of the highest and deepest micro-tunnels was observed, 
which were the effect of a large elongation of the material. As 
it has been shown in Fig. 10, the micro-tunnels in the samples 
through which current of higher density was flowed and char-
acterized in a more oval shape, as well as a smaller depth and 
diameter. Additionally, on the surface of the fractures of these 
samples, a much higher number of micro-tunnels was observed, 
whose presence can be connected with the fact that these sam-
ples characterized in a larger narrowing of the neck, despite the 
smaller elongation. The size and depth of the voids on the sur-
face of the fractures were also larger in the case of the samples 
with a larger elongation. The samples through which current of 
lower density was flowing characterized in intermediate proper-
ties (Fig. 9). The large number of micro-tunnels as well as the 
much more rapid and larger narrowing of the neck could have 
been the cause of a smaller elongation and, as a result, a more 

Fig. 8. Morphology of the baseline sample fracture
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rapid fracture of the material, through which current of higher 
density was flowing.

The observation was carried out in order to evaluate the 
microstructural evolution of deformed zones at different condi-
tions (Fig. 12-14). In case of each micrograph the direction of 
tensile force is parallel to horizontal direction of the picture 
and banding of the microstructure. Due a strong deformation 
and banding of the microstructure it is very difficult to identify 
its evolution. However, figure 13 shows deformation zone of 

Fig. 9. Morphology of the fracture of sample no. 1

Fig. 10. Morphology of the fracture of sample no. 7

Fig. 11. Morphology of the fracture of sample 280°C

Fig. 12. Microstructure of the baseline sample, LOM, etched in nital

Fig. 13. Microstructure of sample 280°C, LOM, etched in nital




