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Abstract—Mechanical testing of large-grained binary FeAl alloys as a function of temperature showed that
the yield stress decreased rapidly from 77 to 300 K, followed by a slower decrease up to 500 K. For iron-rich
alloys (<45 at.% Al), the yield stress exhibited a valley at ~500 K and a peak at ~675 K before declining
rapidly at higher temperatures. The stoichiometric alloy showed the highest yield stress at all temperatures.
The ductility of the off-stoichiometric alloys in vacuum increased with increasing temperature until at 900 K
elongations up to ~ 150% were obtained; the reduction in area showed a sharp transition from < 10% below
500 K to >80% above 600 K. All off-stoichiometric alloys displayed a mixture of intergranular fracture
plus transgranular cleavage below 600 K; the amount of cleavage increased with both decreasing iron
concentration and increasing temperature. At temperature >600 K the fracture mode changed to ductile

rupture.

INTRODUCTION

FeAlis a B2 compound which exists over a wide range
of composition, from ~36.5 to ~50 at.% Al at room
temperature [1]. Interestingly, irrespective of compo-
sition, the slip vector changes from (111> at room
temperature to {100) with increasing temperature
[2-6]. (There is disagreement about the compositional
dependence of this transition.) Also, cross-slip occurs
in Fe-50Al (compositions given in atomic percent
throughout) but slip becomes planar with only a small
deviation from the stoichiometric composition [7].
These observations suggest that the mechanical
properties vary both with changes in Fe/Al ratio and
with temperature, and experiments have borne out this
suggestion. At room temperature, the largest values of
both the lattice resistance and the Hall-Petch slope
have been measured at the stoichiometric composition
[7]. Both these parameters initially decrease rapidly,
showing minima around 45 at.% Al, before increasing
slightly with increasing iron concentration. The
work-hardening rate of as-extruded polycrystalline
FeAl also decreases with increasing Fe concentration
[8].

A number of measurements of the mechanical
properties of polycrystalline FeAl as a function
of temperature have found that the yield strength
either decreases slowly with increasing temperature
(fine-grained material) [5, 9, 10] or is independent of
temperature (large-grained material) [11-13] from
room temperature to some intermediate temperature
(~640 to ~923 K), before decreasing rapidly with
further increases in temperature. However, recent
studies on both polycrystals and single crystals have
shown that a peak in the yield stress exists in the

range 675-873 K for iron-rich FeAl (<40 at.% Al)
[5, 6, 14, 15]. The peak can be obscured in fine-grained
material because the grain boundary contribution
to the yield strength decreases with increasing
temperature, thus, offsetting the increasing lattice
strength. Also, reducing the retained vacancies,
which raise the room temperature yield strength,
enables the yield strength peak to be more clearly
revealed [15].

The room temperature fracture of polycrystalline
FeAl also depends strongly on the Al content, with
fully intergranular fracture at the stoichiometric
composition, becoming first mixed mode and finally
wholly transgranular cleavage as the Fe concentration
is increased [5, 15-17]. The elongation to fracture
increases with increasing iron concentration, from
zero at the stoichiometric composition to up to 9% for
very iron-rich compositions[16, 17]. Data for iron-rich
alloys show an increase in strain to failure from the few
percent observed at room temperature to as much as
150% at 900 K [5, 9, 10, 14-18]. In contrast, tensile
tests on near-stoichiometric alloys have shown little, if
any, elongation to failure at low temperature but at
temperatures above 700 K reductions in area of 90%
have been reported in [5, 9]. At higher temperatures,
both iron-rich and near-stoichiometric alloys have
been reported to exhibit grain boundary fracture with
evidence of considerable plastic flow and cavitation at
the boundaries [10], and dynamic recrystallization was
observed in some cases [19]. However, there has also
been a report of ductile, dimple-type rupture at high
temperature in Fe—<40Al [14].

This paper presents the effect of both temperature
and composition on the flow and fracture of
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