Vacancy-induced hardening
in Fe-Al alloys
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Studied Fe — Al intermetallics

a-Fe: A2 Fe and Al solid solution
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Studied Fe — Al intermetallics

Fe and Al solid solution

FeAl: B2
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Studied Fe — Al intermetallics

Fe and Al solid solution
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Vickers microhardness of Fe-Al alloys
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Vickers microhardness of Fe-Al alloys
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Measurable effect of vacancy hardening starts from c,, > 25 %



Slow positron implantation spectroscopy
(SPIS)

- Fe-Al alloys quenched from 1000 °C
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Slow positron implantation spectroscopy
(SPIS)

- Fe-Al alloys subsequently annealed at 520 °C
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Slow positron implantation spectroscopy
(SPIS)

- bulk S-parameter fitted from S(E) curves shows increase with c,,
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Slow positron implantation spectroscopy
(SPIS)

- L, positron diffusion length fitted from S(E) curves
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Slow positron implantation spectroscopy

(SPIS)

- Vacancy concentration calculated from L, shows a drop after the annealing
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Vacancy concentration of Fe-Al alloys

- Comparison with LT results
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Vacancy concentration of Fe-Al alloys
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- Comparison with the results of various methods found in the literature
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T. Haraguchi Intermetallics 11 (2001)
insitu LT

R. Wirschum Phys. Rev. Lett. 75 (1995)
in situ LT

Y.A. Chang Intermetallics 1 (1993)
theoretical modeling + hardness

J. Joardar Phil. Mag. Lett. 85 (2005)
XRD study

J. Paris Phys. Collog. 38 (1977)
dilatometry + XRD

K. Ho Scripta Metal. 12 (1978)
dilatometry + XRD




(at.™)

Correlation of hardness with vacancy
concentration

Comparison of HV and ¢, dependencies shows clear correlation
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Vacancy hardening occurs when the concentration ¢, exceeds =10 at.™?

HV = HVy (cy) + HV.(ca)



Vacancy hardening

- Chang et al.* proposed square root dependence of hardness on vacancy concentration
- Difference of hardness between quenched and annealed alloys gives vacancy hardening
comming from solid solution hardening of high concentration of vacancies
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Conclusions

SPIS measurements enable determination of
high concentration of vacancies in Fe-Al alloys

Vacancy concentration is consistent with other
methods

Hardening of the alloys fullfils the proposed
square root dependence of hardness on ¢,

Hardening coefficient y is in the order of
magnitude of previous result.



