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Relationship between Work Hardening Behavior and Dislocation
Structure of Fe-Ni and Fe-Cr-Ni System Austenitic
Alloys Which Have Different Values of Stacking Fault Energy
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and Setsuo TAKAKI

Synopsis

The work hardening behavior of austenitic steels depends on their value of stacking fault energy (SFE). The cross slip of
dislocations easily occurs and the value of work hardening rate decreases in the case of large SFE values. The value of SFE is
determined by the chemical composition, and is increased particularly the addition of Ni. An investigation about the relationship
between the work hardening behavior and the dislocation structures which were formed during the tensile test was carried out
with stable austenitic steel Fe-42Ni and Fe-18Cr-14Ni samples. The work hardening rate value of Fe-42Ni is smaller than that
of Fe-18Cr-14Ni, and the value of Fe-42Ni significantly decreases in the strain range of = 0.10. The results of TEM observation
for tensile test specimens show that the dislocation cross slip of Fe-42Ni is easier than that of Fe-18Cr-14Ni, and finally the
dislocation cell structures are formed in the late tensile stage of Fe-42Ni. It is assumed that the significant decline of work
hardening rate of Fe-42Ni is caused by the remarkable dynamic recovery which is promoted by the easiness of the cross slip.
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Fig. 1. Stacking fault energy for various stainless steels
measured by the width of extended dislocation
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Table 1. Chemical compositions of experimental steels (mass%).

Alloy System C Si

Mn Ni Cr Mo N Fe

Fe-42Ni Fe-Ni 0.004 | 0.19

0.39 | 42.1 | <0.01 | <0.01 [<0.001| Bal.

Fe-18Cr-14Ni Fe-Cr-Ni | 0.008 | 0.20

0.39 | 14.0 | 18.0 | <0.01 |<0.001| Bal.
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Fig. 2. Microstructures for Fe-42Ni and Fe-18Cr-14Ni samples after solution treatments.
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Fig. 3. Nominal stress-strain curves for Fe-42Ni and
Fe-18Cr-14Ni samples.
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Fig. 4. Changes in true stress and work hardening rates
as a function of true strain in Fe-42Ni and

Fe-18Cr-14Ni samples.
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Fig. 5. X-ray diffraction analysis for Fe-42Ni and Fe-18Cr-14Ni samples after tensile tests.
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Fig. 6. EBSD analysis for tensile deformed Fe-42Ni and Fe-18Cr-14Ni samples at (a) £,=0.015 and (b) ¢,=0.20.
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Fig. 7. TEM images of tensile deformed Fe-42Ni and Fe-18Cr-14Ni samples at (a) £,=0.015, (b) ¢,=0.10 and
(c) £,=0.20.
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