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TRODUCTION

The aim of the work here was to understand both the yield anomaly in FeAl, which was first
noted by the P.l. and collaborators, and the effect of erivironment on the ffacture of FeAl. The progress
in these areas is outlined below. A model for the yield anomaly developed as part of this work served as
the basis for a s'uccessful proposal to NSF to study the yield anomaly in other B2 compounds. The
effects of vacancies and of boron on flow and fracture at room temperature were. also addressed.
Recrystallization and grain growth were studied In both FeAl and Ni3Al. Strain-induced ferromagnetism
was studied in FeAl and a model for the paramagnetic-to-ferromagnetic transition' was developed based
on antiphase boundary tubes; A successfﬁl proposal was also submitted to NSF on this topic. Finally, in
addition to a number of papers and presentatlbns on our experimental work, several invited
presentations and published reviews, including a méjor review in Intemational Material Reviews, on the
mechanical properties of either FeAl or B2 compounds were made.

The Yield Anomaly . ]

A phenomenoléical' model was developed, with Dr. E.P. George of ORNL, to explain the yield
strength anomaly in FeAl. The model incorpofates hardening (frictional drag) by thermal vacancies at
intermediate temperatures, and dislocation creep at elevated temperatures, ~ Since the vacancy
concentration increases exponentially with increasing temperature, the model predicts an'exponential
increase in strength with increasing temperature. This increasing strength is terminated by the onset of
dislocation creep. The. model captures the experimentally-observed strain réte dependency of the yield
stress at high temperatures, and yields an activation enthalpy for vacancy formation which is in excellent
agreement with a previously measured value. | .

One prediction of the model was that the yield anomaly should be observable even in
stoichiometric FeAl (where it had not been observed previously) during rapid straining. We
demonstrated that, at a strain rate of 1.6 s, a yield péak is observed in both polycrystals and single
crystals, whereas at a strain rate of 1 x 10-4 s-1 a slow decrease In yield stress was observed with
increasing temperature. Compresslon tests (on polycrystals) at very high strain rates (2000 s-1) caused
~ the yield stress peak to shift to higher temperatures (1100 K) and stresses (1100 MPa).

Fracture

The effects of environment (moisture-induced hydrogen) on fracture strain and yield strength
were studied in single-slip-oriented, iron-rich FeAl single crystals. During tensile tests, large fracture
strains (340%) were found when tests were conducted in oxygen. In contrast, In air, elongations were
<10%, whereas in vacuum typical elongations were ~20-30%. Cathodic hydrogen charging had little
effect on the ductility of crystals tested in air. Intermittent straining in air produced more ductility than
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continuous straining. Tests performed In air showed lower yieid strengths than tests performed in
vacuum. The yield strength in air increased with increasing strain rate up to 1 x 10-2 s-1, when it was .
the same as in vacuum. Similarly, in interrupted tests, in which straining was performed alternately in
either air or vacuum, higher flow stresses were observed under vacuum than in air. These effects could
be explained by the effects of moisture-induced hydrogen. A

Tensile tests performed in air and vacuum on Fe-40Al single crystals oriented so that
predominately edge or screw dislocations acc,ommodated the .plastic strain showed that for both
orientations that ductility was less in air than in vacuum. However, no discemable correlation was found
between the character of thé dislocations, and the effect of environment. ' »

In both air and vacuum, the room-temperature fracture strengths of Fe-40Al single crystals are
significantly Increased, but the elongations are decreased by introducing a high vacancy concentration.
The fracture mode was also found to be controlled by the vacancy concentration: with a low vacancy
concentration, fracture is through cleavage on both {100} and a variety of other planes, whereas &t high
vacarncy concentration, cleavage occurs mainly on {100} and {110}. The later fracture mode suggests
that vacancies promote fracture along the slip planes.

Vacancy Effects

Single-slip-oriented single crystals and pblycl_ystals of Fe-40Al were strained in compression at
~1 x 10-4 s-1 at room temperature after quenching-in different vacancy concentrations (Cv), and it was
found that; '

1. The yield stress increased approximately linearly with increasing Cv by ~350% up to Cv ~4 &
10-3. This coincided with coarse [111] slip on {110}.

N

At higher Cv (> 4 10-3) a much slower increase in strength occurred, a feature which
coincided with the onset of slip on {211). '

3.  The data suggest that vacancies harden FeAl by frictional strengthening and that this is much
greater on {110} than on {211). ' ‘ ‘

. 4. The work hardening rate increased only slightly with increasing vacancy concentration.

5. NumerouS dislocation loops, debris and pinning points are produced by slip.

Boron Effects
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X-ray studies and mechanical tests were performed on low-temperature annealed FeAl with and
without boron and, together with analysis of other data, it was shown that:

1. Boron does not affect the order, vacancy concentration or anti-site atom concentration in FeAl.
2.  Boron increases the Hall-Petch Slope.
3.  Boron increases the temperature and magnitude of the yield stress peak in FeAl.

4.  The strengthening effect of boron in FeAl s roughly independent of temperature from 300K to
700K, above which it rises rapidly.

.5.. The compositional dependence of the effect of boron on the strength of FeAl depends on
whether vacancies are presenf: for FeAl containing few vacancies (O 45 at. % Al) the strength
increase per atomic percent boron increases with increasing aluminum concentration; when
vacancies are present (O 48 at. % Al), boron strengthening shows little change with aluminum
concentration, suggesting that the vacancies significantly interact with boron.

6.  The strength increase due to boron per unit increase in lattice parameter at room temperature is
0.22G - 0.80G depending on the aluminum concentration, is an order of magnitude greater than
the boron strengthening of nickel-based L12 compounds.

 Strainnduced Ferromagnetism

A calorimetric study, through continuous heating, of a cold-rolled Fe-40Al single clysta_l showed
three exothermic peaks, with the peak magnitudes and temperatures depending on the rolling strain.
The lowest temperature (440-550K) exothermic peak appears to be associated with a disorder-order -
transition, probably associated with the removal of APB tubes. At strains > 14%, a transition from
paramagnetism to ferromanétism was observed -at room temperature after defonnation. which
disappeared after annealing above the lowest temperature exothermic peak. However, the annealed
Specirhen still showed enhanced magnetic susceptibility at témperatures below 225K compared to the
unstrained crystal, Analysis suggésted both that the magnetic transition at room temperature is not from
the APB's between two a/2<111> partial dislocations but due to the formation of a high density of APB
tubes, and thatv both iypes of APB contribute to ferromagnetism in off-stoichiometric FeAl, with the
greater contribution from APB tubes. A model for this behavior was developed. Further, less detiled
measurements were performed on FeAl single crystals of other compositions.
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Recrystallization

The recrystrallization and subsequent grain growth of FeAl and Ni3Al both with and without boron
were studied using a hardness indentation technique, and it was shown both that the recrystallization
kinetics of FeAl alloys correlate with the degree of constitutional order, i.e. with increasing degree of
order the recrystallization temperature increases and the grain growth rate decreases; and that boron
retards recrystallization in both FeAl and Ni3Al, leading to slower grain growth in FeAl, but not in NisAl.
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