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Abstract-An intermetallic FenAI" alloy (doped with Cr, Zr, Mo, and C) with an imperfectly ordered B2
crystal structure was rolled at 830-860 K to e = 20%. To investigate crystallographic slip an etching
technique was developed which allowed slip traces to be determined in grain interiors rather than at the
sample surface. To derive the prevalent glide systems both the slip traces and the corresponding
orientations were determined in grain scale. Three types of slip systems were identified, namely
{I IO}<J I I), {112}<111), and {l23}<III). However, the slip traces produced by {123}<lll) systems
appeared wavy and were interpreted in terms of macroscopic or effective rather than crystallographic slip.
The critical resolved shear stress ratio of the slip systems involved was fitted from experiment using a
Relaxed Constraints Taylor model. The best correspondence between predicted and experimentally
observed slip systems was attained for a critical resolved shear stress ratio of T(lIO}/T(lll} = 1.05/1.0. © 1997
Acta Metallurgica Inc.

I. INTRODUCTION

Intermetallic Kurnakov type iron aluminides with
compositions near that of Fe)AI which are ordered to
the DO) or imperfectly ordered to the B2 crystal
structure increasingly attract attention owing to their
good oxidation and sulphidation resistance, high
strength at low and intermediate temperatures, low
production costs, and low density [1-12]. These
characteristics justified the considerable efforts made
to establish Fe)AI based alloys as a new structural
material class.

However, the advantageous property profile of
FeAI based alloys was impaired by the lack of
ductility at ambient temperature and a decrease
in strength above ~ 870 K. Since the beginning
of research in this field a rapidly increasing body of
literature has thus appeared, concentrating on the
improvement of room temperature ductility,
strength at elevated temperatures, and corrosion
resistance by the control of chemical composition and
microstructure.

McKamey et at. [7, 13] showed that an enhanced
content of Cr, Si, Ta, Mo, Hf, Ti, and Nb
significantly increases the yield strength of Fe)AI at
temperatures in excess of 870 K. Recent studies
[10--14] confirmed that ternary additions of 2-6% Cr
to DO) ordered iron aluminides were most effective
in enhancing the room temperature ductility.
Maximum values of20% for elongation after fracture
have been recently reported for Cr doped Fe3AI by
Sun et at. [12]. The results were interpreted in terms
of the anti-phase boundary (APB) energies, change of
fracture modes, and slip characteristics.

It was also shown that substitutional and
interstitial additions affect the stability of the ordered
phases involved. Depending on the chemical compo­
sition, the phase transformation B2 -+ DO)
(T ~ 813 K) can either take place directly or via
decomposition into an ordered and a disordered
phase, i.e. B2 -+ (B2 + A2) -+ (A2 + DO) -+ DO)
[7, 15, 16]. The formation of the 003 phase is
typically very slow (003 ordering of pure Fe)AI at
800 K requires about I week) [7, 10--12]. In the
presence of ternary additions like Cr, Mo, Zr, Hf, Nb,
C, and B, it may even be considerably delayed
[10--12]. Due to such slow transformation kinetics,
recent studies have successfully focused on the partial
stabilization of the imperfectly ordered B2 phase at
room temperature through the employment of a
so-called thermomechanical B2 treatment [10--12].

Owing to the optimization of both constitution and
resulting microstructure, Fe3AI based alloys now
have improved mechanical and corrosion properties
which are equivalent or even superior to those of
many steels. This applies especially to their
strength-to-weight ratio. Consequently, Fe)AI based
alloys are even considered nowadays as potential
candidates for applications where ferritic stainless
steels are in use [7].

Despite such progress in improving many technical
aspects of Fe3AI, the mechanisms that are responsible
for both the strength and ductility observed are not
yet sufficiently understood. This applies especially to
the selection of active slip systems during large strain
deformation. In fact, a quantitative analysis of how
an externally imposed strain state is accomplished
by crystallographic slip represents an important
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