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A Study of Plastic Deformation Mechanisms in Fe;Al Intermetallics

Alloys by Inelastic Deformation Theory.
H.J. Jun, H. C. Jung, C. G. Park, and Y. W. Chang

Abstract

It is well known that Fe,Al intermetallic compound shows an anomalous peak of the yield strength at
about 500°C. That is, the yield strengths increase with increasing deformation temperature in the range of
300°C~500°C, and then decrease at higher temperatures. The dislocation structure was examined by
transmission electron microscopy, and high temperature mechanical properties were examined by tensile
and load relaxation tests. The flow stress curves obtained from load relaxation tests were then analyzed in
terms of internal variable deformation theory. It was found that the flow curves consisted of three micro-
deformation mechanisms —i.e. inelastic deformation mode, plastic deformation mode and dislocation
creep deformation mode, depending on both dislocation structure and deformation temperature. The flow
curves could be well described by the constitutive equations of these three micro-deformation
mechanisms based on the internal variable deformation theory.
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Fig. 1: The internal variable model for high temperature
deformation : (a) Topological (b) Rheological.
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Fig. 2 : Yield Stress at £=3x10" sec’ plotted as a
function of test temperature for (a) Fe-23A1 and (b) Fe-
30AL
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Fig. 3 : TEM micrographs showing the dfon'ned
microstructure of Fe-23Al alloy: tested at (a) 300 C
and (b) 500 C.
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Fig. 4 : The flow curve analysis for 450 °C.

3.2.3. High Temperature Region.
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Fig. 5 : The flow curve analysis for 500 °C.



Table. 1 : The constitutive parameters of Egs. (3), (4) and (5) determined from load relaxation tests.

Plastic Eq. of state Inelastic Eq. of state Disl. Creep Eq. of state
Temp. ; T T .
log o’y log o p log 2, log &, M logo'y | loga’y p
300°C 2.660 -18.033 0.15 1.302 -0.457 0.25 non observable
350°C 2.672 -18.088 0.15 1.119 0.200 0.25 non observable
400°C 2.693 -13.943 0.15 1.008 0.651 0.25 2.835 -8.316 | 0.15
450°C 2.690 -13.629 0.15 0.982 -1.581 0.25 2.940 -6.238 | 0.15
500°C non observable 0.603 -5.333 0.25 2.844 -5.069 | 0.15
600°C non observable -0.905 -14.145 0.25 2.391 -3.726 | 0.15
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Fig. 6 : The friction stress(c¥) as a function of strain rate
at 450 °C and 500 °C.
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