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ABSTRACT

The present study aims to investigate the formation of free volumes in pure Fe and Cu processed by severe plastic deformation
process using cold shape rolling. Transmission electron microscope for microstructural studies as well as dilatometric analyzes,
radio tracer technique and density measurement for quantitative and qualitative analysis of free volumes were used. The
results showed that a significant decrease in density was achieved after severe cold rolling. The results of dilatometric studies
and radio tracer technique also confirmed the formation of high amount of free volumes in the severely deformed metals in
comparison with the annealed metals. It was found that the relative increase of free volumes in the severely deformed Fe was
higher than that of Cu. It was indicated that the high concentration of free volumes presented in the microstructure of pro-
cessed metals at vacancies, dislocations, non-equilibrium grain boundaries, triple junctions, and nanovoids. In fact, the severe
cold shape rolling process led to the formation of an inhomogeneous and ultrafine microstructure with the increase in free
volumes in both processed Fe and Cu metals in the equivalent strain of 4.5. However, deformation mechanisms, microstruc-
ture, grain size, density reduction, and free volumes concentration as well as thermal behavior of each metal varied depending
on its crystal structure and intrinsic properties.
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1. Triple junctions
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3. Transmission electron microscopy

4. Focused ion beam
5. Electron Channeling Contrast
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2. Misorientation
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7. Distorted shape

8. Wavy, diffuse, and ill-defined
9. Curved

10. Fuzzy (or “zig-zag”) contrast
11. Serrated contrast

12. Valiev

13. Thickness extinction contours
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15. Grains subdivision mechanisms
16. “clean” boundaries
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