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a b s t r a c t

Single crystal foils of an FeAl alloy containing Ni and B are strained at elevated temperatures in an in
situ dedicated transmission electron microscope (TEM). The observed characteristic “fork-shaped” dis-
location configurations are shown to be a kind of “〈0 0 1〉 junction”. This junction comes from a reaction
between two 〈1 1 1〉 superdislocations gliding on different {1 1 2} planes; it results in the presence of a
vailable online 11 March 2010
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long and sessile edge 〈0 0 1〉 dislocation along the intersection of the glide planes. Several hypothetical
core structures of such a junction are proposed and their possible effects on macroscopic mechanical
properties of the alloy are discussed.

© 2010 Elsevier B.V. All rights reserved.
EM
eAl

. Introduction

In spite of numerous studies, the main characteristics of B2-
rdered FeAl alloys are still not fully understood. The specific
henomenon of yield strength anomaly (YSA) [1–4] observed in
hese alloys is surely related to their unique ability to form (and to
etain) high concentrations of thermal vacancies, but is also asso-
iated with complex dislocation processes [5–9,13]. A significant
umber of papers has been devoted to the study of dislocations in
eAl, especially using oriented single crystals [9–12,14] as well as
pecific deformation modes (in situ TEM testing [14]).

Dislocation processes in FeAl involve different types of defects.
he shortest Burgers vector in a disordered body-centred cubic
bcc) lattice is a/2〈1 1 1〉. In the ordered B2 structure, these dislo-
ations exist as superdislocations, consisting of pairs of a/2〈1 1 1〉
uperpartials, separated by an antiphase boundary (APB). Their line
nergy is therefore larger than that of so-called ordinary disloca-
ions, with a〈1 0 0〉 Burgers vectors, that are also observed.
In various B2 lattices, a〈1 0 0〉 ordinary or a〈1 1 1〉 superdisloca-
ions may dominate, depending on the APB energy (EAPB) [15]: for
igh EAPB values (e.g. NiAl), ordinary a〈1 0 0〉 dislocations are sta-
le at room temperature, while lower EAPB values favour a〈1 1 1〉

∗ Corresponding author. Tel.: +33 4 77 42 00 68; fax: +33 4 77 42 01 57.
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superdislocations. FeAl alloys belong to the latter case: a〈1 1 1〉
superdislocations are commonly agreed to ensure plastic defor-
mation at least at low temperatures [5,11,16], i.e. typically below
400–450 ◦C (depending on aluminium content). As in the disor-
dered bcc lattice, different slip planes for 〈1 1 1〉 dislocations are
possible: superdislocations are shown to glide mainly on {1 1 0}
planes, but {1 1 2} and {1 2 3} glide planes have also been observed
[11,16,17]. It seems also that the frequency of {1 1 2} glide increases
with temperature [5].

The slip direction in FeAl above the YSA peak temperature
remains a subject of debate. Some authors consider that only 〈1 1 1〉
dislocations are active in these materials at all the temperature
ranges [1,4]. Yet, several experimental observations [9] suggest that
ordinary a〈1 0 0〉 dislocations become active above the YSA peak. In
fact, in the YSA domain of temperatures, between 400 and 700 ◦C
(with exact temperature values that strongly depend on alloy com-
position and straining conditions), not only both a〈1 1 1〉 and a〈1 0 0〉
dislocations are observed, but a〈1 1 0〉 dislocations are also present.
This latter Burgers vector may result from the superdislocation
decomposition reaction [5,6,18]:

a〈1 1 1〉 = a〈1 1 0〉 + a〈0 0 1〉
There is circumstantial evidence that this kind of decomposi-
tion process may be at the origin of ordinary a〈1 0 0〉 dislocations
observed at high temperatures. Yet, their role in the YSA phe-
nomenon was not clear until now.

http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:anna.fraczkiewicz@emse.fr
dx.doi.org/10.1016/j.jallcom.2010.03.058
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Table 1
Chemical composition of the studied alloy.

Alloy Al (at.%) Ni (at.%) B (at.%)

Nominal Analysed Nominal Analysed Nominal Analysed

FeAlNi4B 40 40.2 3.8 3.8 0.04 0.041
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Fig. 2. A “fork-shaped” configuration. Extracted from [23]. FeAl4NiB single crys-
tal, in situ deformed in a TEM at 600 ◦C. Bright field image, g = 1 1 0. A scheme of

(

Fig. 1. Scheme of the thin foil used for in situ straining TEM experiments.

The present work deals with intermediate temperature defor-
ation of FeAl containing Ni and B. Samples were deformed at

00 ◦C, i.e. near the yield stress (YS) peak temperature, by in
itu straining experiments in a specially equipped transmission
lectron microscope (TEM). Characteristic “fork-shaped” disloca-
ion configurations are observed. Their crystallographic analysis
s performed and possible influence on the material behaviour is
iscussed.

. Materials and methods

A single crystal of an FeAlNiB alloy was grown by the horizontal Bridgman
ethod from a high purity alloy prepared in the Ecole des Mines laboratory by a cold-

rucible method. The chemical composition of the studied single crystal is given in
able 1.

Before testing, samples were annealed at 500 ◦C during 1 week to ensure an
quilibrium concentration of vacancies [19]. Thin foils for in situ straining TEM
xperiments were cut from the grown single crystal using a precision “no stress-
nducing” wire saw into rectangular foils (5.5 mm × 1.8 mm) about 100 �m thick.
he foil plane is parallel to (0 0 1) and the straining direction is along [1 1 0] (Fig. 1).
inally, the central areas of the slices were thinned using a standard TEM electropol-
shing method [19] in a TENUPOL 5 (Struers) device.

In situ straining experiments were carried out using a custom JEOL 3010 TEM
LTPCM/SIMAP, Grenoble). This microscope operates at 300 kV and is equipped
ith a heating–straining double tilt stage, which provides a maximum load of 15 N

etween room temperature and 800 ◦C. Its tilting amplitude (of ±30◦ in “�” direc-
ion and +13◦/−8◦ in the “�” one) helps to reach two-beam conditions convenient
or defect analysis.

Samples were first slowly heated up to 600 ◦C under minimal stress, just enough
o hold the foil clamped in the stage jaws. Mechanical testing started once the test
emperature was reached; the estimated straining rate was about 10−4 s−1 [20].
ynamic images were recorded using a digital video camera. When needed, the thin

oil was slightly tilted to reach two-beam observation conditions. A static diffraction
attern was recorded at the beginning of each dynamic experiment to verify the
ample orientation.

Postmortem analyses of in situ deformed foils were used to analyse disloca-
ions. Burgers vectors, defined using the FS/RH convention [21], are determined
hrough the classic extinction criterion (|�g · �b| = 0) [22]. Dislocation line directions
nd corresponding slip planes are determined using a standard projection analysis.

. In situ TEM observations

In our testing conditions, the alloy microstructure reveals a large
umber of specific “fork-shaped” dislocation configurations (Fig. 2),
omposed of two short segments (R and S) connected to the straight
nd heavily contrasted one (T). The complete video sequence of

he experiment can be found on-line in Ref. [23]. In situ observa-
ions show that R and S segments move under stress, but that their
unction dislocation T does not. Still, at least in the first stages of
he progress of the “fork-shaped” configuration, the length of the T
egment increases, due to the motion of R and S segments.
the configuration indicating the chosen orientation of the dislocation lines for the
description of the Burgers vectors is given in inset. The tensile force is applied in the
[1 1 0] direction.

The further movement of fork-shaped configurations consists
of an expansion of individual loops originating from R or S seg-
ments. In the sequence shown in Fig. 3, the S segment first begins
to overtake the R-one (t = 43 s). At t = 63 s and t = 81 s, the R segment
seems to be locked while the S starts developing a loop. The loop
development takes place from t = 81 s to t = 182 s involving a reac-
tion of the S segment with the original T segment (from t = 94 s to
t = 119 s), leading to a local “unzipping” of the T segment. Due to the
large expansion of the loop, its interaction with the foil surface is
observed at t = 182 s, where a part of the loop disappears at the sur-
face. It is worth noting that in the following stages of dislocation
motion in Fig. 3, another loop, similar to that shown previously
(t = 165 and 182 s), is observed a few seconds later (t = 223 s). It
seems likely that this new loop has been developed from the now
moving R segment. Let us also note that the parallel lines (marked
“W”, t = 150 s) come from other dislocation reactions, which are not
involved in the present study.

Before starting a quantitative analysis of the dislocations
involved in fork-shaped configurations, a few preliminary state-
ments can already be made from the above observations.

(i) The projection of T on the observation plane is contained in the
(1 1 0) plane.

(ii) The extension of T due to the motion of R and S segments
has sometimes been observed to occur on distances as long
as several micrometers, without any significant contrast mod-
ification. This suggests that the T segment is contained in the
(0 0 1) foil plane. Since the foil plane is almost perpendicular
to the electron beam in Fig. 3, the T segment coincides with its
projection and is therefore parallel to the [−1 1 0] direction.

iii) The R and S segments have been shown to be able to exchange
their relative positions: if at the beginning of a sequence (Fig. 3),
R seems to precede the S segment, it happens that the latter
overtakes the former. Obviously, such an observation may only
result from a 3D configuration projected along the electron
beam direction. The R and S segments glide on non-parallel
planes intersecting along [−1 1 0]: the T segment, formed by a
reaction between R and S, is located along the common [−1 1 0]
direction of R and S glide planes. The oscillating contrast of S
and R segments indicates that they are situated in planes that
are inclined with respect to the foil surface, in contrast with

the T segment. It is also worth noting that such a configuration
excludes dislocation glide on {1 1 0} planes.

(iv) Finally, loops that develop from S (or R) initial segments
show a highly anisotropic shape (see Fig. 3, t = 165 s), with
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ig. 3. Micrographs extracted from a video sequence [23] showing the formation a
ines that come from dislocations not involved in the analysed configuration. The te

straight-lined segments and local contrast that depends on the
crystallographic orientation of each segment and so, on dis-
location character. The continuous expansion of the observed
loop is characteristic of pure glide motion.

A complete indexing of R, S and T segments of dislocations
nvolved in fork-shaped configurations could not be entirely per-
ormed using the standard extinction method because of the fairly
imited access of the in situ stage to various Bragg conditions
Section 2). This is why we used a combination of both a classic
xtinction determination of dislocation Burgers vectors and dislo-
ation character on postmortem samples and a careful analysis of
lip geometry and Schmid factors on in situ specimens.
The analysed loops are shown in Fig. 3, t = 165 s, and in Fig. 4,
espectively, for in situ and postmortem images. In both cases, dislo-
ation loops have highly anisotropic shapes, with contrasts strongly
ependent of segment orientation, i.e. on dislocation segment char-
cter, in spite of slight shape changes due to stress relaxation
e evolution of a glissile loop from the S segment. The marker W indicates parallel
force is applied in the [1 1 0] direction.

in postmortem specimens. The characteristic shape of these loops
strongly suggests that in both cases, the same type of defect is dealt
with.

4. Crystallographic analysis of dislocations involved in
“fork-shaped” configurations

4.1. Postmortem analysis of anisotropic loops

The analysed postmortem dislocation loop (labelled PM here-
after) is shown in Fig. 4.

First, the dislocation glide plane will be determined. When a
glissile loop contains straight segments, the loop plane is easily

determined if the orientation of any two of its segments is known.
This method is applied to the PM loop, using the straight A′ and B′

segments.
A projection analysis shows that the A′ segment is perpendicular

to the [1 1 0] direction, i.e. contained in the (1 1 0) plane, when the
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ig. 4. An anisotropic dislocation loop. Postmortem study of an in situ deformed th
one axis, g = 1 −1 0: extinction conditions. A′ and B′ are straight segments (limited

mage is taken close to the [0 0 1] zone axis (Fig. 4a), and is contained
n the (1 1 1) plane when observed near the [1 1 −2] zone axis. As a
onsequence, the A′ segment is parallel to the intersection of (1 1 0)
nd (1 1 1) planes (Fig. 4c), i.e. parallel to [1 −1 0].

Unfortunately, this method is unsuccessful when applied to the
′ segment: for both observations near [0 0 1] and [1 1 −2] zone axes
Fig. 4c), the segment belongs to the same (1 −1 0) plane.

As no other existing segment of the loop is convenient for this
urpose, an “artificial” segment is considered. In fact, the angular
hape of the PM loop contains two particular points, x and y (Fig. 4d),
hat define a “segment” K′ belonging to the PM loop glide plane.

hen observed near the [0 0 1] zone axis (not shown here), the
′ segment is contained in the (1 3 0) plane. It belongs to the (1 7 4)
lane in the image taken near the [1 1 −2] zone axis. The K′ segment

s therefore parallel to [3 −1 1].
Finally, the PM loop glide plane, that contains both [1 −1 0] and

3 −1 1] directions, is the (1 1 −2) plane. The direction of the B′

egment can now be identified as being parallel to [1 1 1].
The Burgers vector analysis comes from two observations. First,

he PM loop is in contrast with g = [1 1 0] (Fig. 4a) while it is invisible
hen g = [1 −1 0] (Fig. 4b). Taking into account all possible Burg-

rs vectors for the B2 structure, only b = a[1 1 1], b = a[1 1 −1] or
= a[1 1 0] may fulfil both contrast conditions. Second, searching
mong these dislocations, those that may glide on the (1 1 −2) loop
abit plane, gives the sought Burgers vector as being parallel to
1 1 1].

Let us recall that this kind of analysis is only valid for the
etermination of the Burgers vector direction, but not its absolute

alue; in the analysed case, it is therefore impossible to distinguish
etween a partial a/2[1 1 1] dislocation and an a[1 1 1] superdisloca-
ion. Yet, the continuous and easy glide of the observed dislocation
oops is a major argument to consider that superdislocations are
bserved. Their very probable dissociation, with a partial distance
(a) [1 1 −2] zone axis, multi-wave image. (b) [0 0 1] zone axis, g = 1 1 0. (c) [1 1 −2]
ints) on the dislocation loop.

of about 9 nm [19,24], is too small to be observed here due to the
use of the bright field technique and the lack of sufficient camera
resolution.

Finally, the PM loop has been shown as being a b = a[1 1 1]
superdislocation (very probably dissociated in its glide plane) glid-
ing in the (1 1 −2) plane. Its A′ and B′ segments have edge and screw
character, respectively.

4.2. Analysis of the “fork-shaped” configuration observed in situ

The in situ observed anisotropic loops (Fig. 3) are “geometri-
cally” similar to those analysed in postmortem conditions (Fig. 4;
the “PM” loop). Even without a complete analysis of the former,
the risk that they do not represent 〈1 1 1〉 superdislocations seems
unlikely, as it was deduced from their movement (Section 3). In
fact: (i) their continuous glide indicates their “perfect” character
(i.e. it cannot be partial dislocations); (ii) their glide on {1 1 0}
has been excluded, while that on {1 1 2} is possible (i.e. it is not
a 〈1 0 0〉 dislocation). Therefore, in the following, it will be consid-
ered that the origin of both kinds of loops is the same. R and S
segments are therefore a〈1 1 1〉 superdislocations gliding on two
different {1 1 2} planes that intersect along the [−1 1 0] direction.
The only {1 1 2} planes fulfilling this condition are (1 1 2) and
(1 1 −2).

On the basis of the above elements, it is possible to identify the
Burgers vectors of the individual dislocations involved in a “fork-
shaped” configuration. Let us arbitrary decide that the R segment
glides on (1 1 −2) (the opposite assumption should be equivalent

to a symmetry with respect to the foil plane): its Burgers vector
has to be bR = ±a[1 1 1]. The T segment is parallel to the common
direction [−1 1 0] of both the glide planes involved. Therefore, the
S segment is an a〈1 1 1〉 dislocation gliding on the (1 1 2) plane, and
its Burgers vector is bS = ±a[1 1 − 1].
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Table 3
Schmid factor Fs values for different possible slip systems. Glide on {1 1 0} or {1 1 2}
planes is considered. Tensile axis parallel to the [1 1 0] direction.

Dislocation Burgers vector Slip plane Fs

R [−1 −1 −1] (1 −1 0) 0
R [−1 −1 −1] (1 0 −1) −0.41
R [−1 −1 −1] (0 1 −1) −0.41
R [−1 −1 −1] (1 −2 1) 0.24
R [−1 −1 −1] (−2 1 1) 0.24
R [−1 −1 −1] (1 1 −2) −0.47
S [−1 −1 1] (1 −1 0) 0
S [−1 −1 1] (0 1 1) −0.41
S [−1 −1 1] (1 0 1) −0.41
S [−1 −1 1] (1 1 2) −0.47
80 A. Fraczkiewicz et al. / Journal of All

Now, it is necessary to determine the signs of R and S Burg-
rs vectors in the coordinate system defined in Fig. 2. The Burgers
ector of the T segment is:

T = bR + bS

nd depends on the signs of the involved bR and bS vectors. The
eformation has been performed in tension along the [1 1 0] axis.
nowing the sense of motion for both R and S dislocations from the
ecorded video sequence, and using the Peach–Köehler equation, it
s easy to determine the signs of all Burgers vectors. With the line
irections chosen in Fig. 2, one obtains:

R = a[1 1 1], bS = a[−1 − 1 1], and bT = a[0 0 2]

hus, the T segment should be an edge dislocation with b = a[0 0 2]
hat may slip only in the (1 1 0) plane. This [0 0 2] (1 1 0) system has
zero Schmid factor in the present in situ experiment. This is one
f the possible reasons why this segment does not move here.

Finally, let us note that this analysis is probably only correct from
“macroscopic” point of view. In fact, the interacting superdisloca-

ions are dissociated and their reactions have to be considered as
sum of two separate reactions. First, two leading partials react to
ive a first [0 0 1] dislocation. Then, under certain conditions, a sec-
nd analogous reaction between trailing partials may take place. A
ore complete analysis of the possible reactions and the resulting

ore structures of these dislocation configurations (called “〈0 0 1〉
unctions”) will be given in Section 5.3.

. Discussion

.1. On the geometry of 〈0 0 1〉 junctions

As shown above, the observed “fork-shaped” configurations
esult from a reaction between two different a〈1 1 1〉 superdislo-
ations, gliding on different {1 1 2} planes:

omewhat similar configurations have been previously observed
n deformed FeAl by other groups, always in postmortem studies
5,25], as summarized in Table 2. Munroe and Baker [25] have
tudied different binary, boron-free Fe–Al alloys, with Al content

etween 34 and 45 at.%. Their postmortem observations of dislo-
ation configurations after room temperature compression show
nteractions of 〈1 1 1〉 dislocations, gliding on {1 1 0} planes, react-
ng into an a〈0 0 2〉 dislocation, that may dissociate by glide into a
air of identical ordinary edge 〈0 0 1〉 dislocations. The a〈0 0 2〉 dis-

Table 2
Different observations of 〈1 1 1〉 reactions in B2-ordered
S [−1 −1 1] (−1 2 1) −0.24
S [−1 −1 1] (2 −1 1) −0.24

The bold values correspond to the highest values of Schmid factor.

location is aligned along another 〈0 0 1〉 direction that belongs to the
same {1 0 0} plane, and so, characterised by a {1 0 0} glide plane, as
shown on Fig. 5a.

The observations by Morris and Morris [5], also performed in a
binary, B-free Fe–40Al alloy, but deformed at 500 ◦C, are in good
agreement with [25]. Still, the determination of the glide planes of
reacting 〈1 1 1〉 dislocations remains uncertain. Finally, using crys-
tallographic considerations, the authors conclude that {1 1 0} glide
planes are more probable than {1 1 2} ones, which should lead to
the same configuration as observed by Munroe and Baker [25].

Our present observations unambiguously lead to a somewhat
different reaction, resulting from the fact that 〈1 1 1〉 superdisloca-
tions glide in the present case on {1 1 2} planes and not on {1 1 0}
ones. As a consequence, the line direction of the resulting a〈2 0 0〉
dislocation is of 〈1 1 0〉 type (Fig. 5b).

This difference may come from at least one of the several pos-
sible reasons, namely: (i) the orientation of the tensile axis in the
present work may favour {1 1 2} slip systems, (ii) the present obser-
vation was performed at a higher temperature, and (iii) the studied
alloy was doped with boron and alloyed with nickel. The possible
effects of all these factors are discussed below.

5.2. {1 1 0} or {1 1 2} nature of superdislocation slip planes

It is commonly agreed that superdislocation glide in B2–FeAl
mostly occurs on {1 1 0} planes, while {1 1 2} glide remains anec-

dotic, at least at low temperatures. However, specific orientations
of the tensile axis may modify the active slip systems. In our
case, superdislocation glide on {1 1 2} slip planes is consistent with
Schmid factors computed for all possible slip systems (Table 3). Yet,
the highest Schmid factor values obtained for {1 1 2}planes are only

FeAl.
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Fig. 5. Schematic illustration of the formation of a〈0 0 2〉 d

lightly larger than that for a set of {1 1 0} planes, and {1 1 0} glide
annot be excluded on the basis of Schmid factors alone.

It seems reasonable to consider that the activation of {1 1 2}
lip in the present case may also be due to both test tempera-
ure and intrinsic properties of the studied material, and not just
o sample orientation. Especially, {1 1 2} glide of superdislocations
n FeAl is favoured at high temperatures [5]. A recent work [26]
eems to indicate that at room temperature, boron addition pro-
otes {1 1 2} glide of superdislocations. Our observation of {1 1 2}

lide is in agreement with these two results, and is therefore prob-
bly still valid for other crystal orientations and for polycrystalline
lloys. Finally, nickel addition increases the APB energy and con-
equently, decreases the dissociation distance between a/2〈1 1 1〉
uperpartials [10,15]. In agreement with the estimates by Munroe
nd Baker [25], the formation of 〈1 0 0〉 junctions is energetically
ore favourable for lower superpartials distances, nickel in FeAl

hould really promote this kind of dislocation reactions.

.3. Core structure of 〈0 0 1〉 junctions

The formation of an a〈0 0 2〉 dislocation as described in Section
.1 is only a “macroscopic” approach of the possible reaction. Yet,

t seems unlikely in terms of line energy. Considering the dissocia-
ion of superdislocations into superpartials allows a more detailed
nd acceptable analysis of their reactions. We are sure that a reac-
ion between both leading partials takes place, giving an a〈0 0 1〉
rdinary dislocation at the apex of intersecting slip planes (Fig. 5b),
ccording to:
a

2
[1 1 1] + a

2
[−1 − 1 1] = a[0 0 1] (a)

he mobility of the resulting dislocation is low, as it can only
eave the intersection of slip planes by a (1 1 0) glide (improbable
tions. (a) Munroe and Baker work [25]; (b) present work.

when considering its repulsive interactions with trailing a/2〈1 1 1〉
superpartials), or climb. However, a new reaction between both
trailing partials, analogous to (a), seems improbable, since the
interaction between the newly formed a[0 0 1] dislocation and the
trailing a/2〈1 1 1〉 superpartials is repulsive. Finally, the structure
of the complete [0 0 2] junction is likely to consist of an inversed-
V-shaped non-planar core, with the a[0 0 1] dislocation sitting at
the apex, and separated from the two trailing a〈1 1 1〉 partials by
APB ribbons (Fig. 5b). This configuration is somewhat similar to the
well-known Lomer–Cottrell barrier in the FCC structure [27], where
stacking fault ribbons are replaced by APB ones. This configuration
is therefore probably sessile.

Such a scenario may be another reason why T does not move in
Fig. 3, t = 81 s to t = 110 s.

5.4. Possible role of 〈0 0 1〉 junctions on mechanical properties of
FeAl

It is obvious that the mobility of 〈0 0 1〉 junctions with an
inversed-V-shaped non-planar core structure is low. Now, let us
consider the different possibilities of modification of this complex
core structure.

The first a[0 0 1] dislocation, formed by a reaction of both lead-
ing superpartials, can only glide in the (1 1 0) plane. Its motion is
difficult due to the repulsive interactions with the trailing super-
partials; moreover, this kind of movement, if it exists, should be

observed in the experiment as a lateral movement of the T seg-
ment. No similar movement was observed in this study; the only
“movement” of the T segment that was observed is accompanied
by the slow vanishing of its contrast, suggesting a motion towards
the surface, probably due to image forces.
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If the glide is prevented, the only opportunity to obtain a dislo-
ation motion is via its climb. For the studied a[0 0 1] dislocation,
t would make it leave its glide plane, and follow the [1 1 0] direc-
ion. In these conditions, the reaction of both trailing superpartials
ecomes possible: finally, a “pile-up” of two similar a[0 0 1] edge
islocations, gliding in parallel (1 1 0) planes, is formed. This is a
lassic, stable configuration of edge dislocations. At a larger scale,
t is analogous to the Burgers model of low angle grain boundary.
nder an external stress such a configuration of edge dislocations

s mobile, gliding in parallel slip planes. The situation is more com-
licated in the studied case: both [0 0 1] dislocations are not free;
hey belong to a complex configuration containing two reacting
〈1 1 1〉 superdislocations. That is why the whole configuration of
he 〈0 0 1〉 junction remains sessile. Yet, if both reacted 〈1 0 0〉 seg-

ents are long enough, their independent glide in their glide planes
ecomes probable.

Now, the effects of temperature on the structure and behaviour
f 〈0 0 1〉 junctions have to be contemplated. At low or intermedi-
te temperatures, sessile, straight a〈0 0 1〉 dislocations lying in slip
lanes of superdislocations may be responsible for pile-up induced
tress concentrations and for possible brittle cleavage, as suggested
y Munroe and Baker [25].

At higher temperatures, the climb effect can become signifi-
ant, especially in FeAl, in which high concentrations of thermal
acancies may be easily attained. Therefore, it may be reasonably
xpected that 〈0 0 2〉 dislocations become mobile. Thermal activa-
ion may indeed allow local recombination of the core, that may
hen extend sideways under stress, as kink pairs do on screw dislo-
ations in bcc metals for instance. However, in contrast with the bcc
ase, the recombined segment would be unstable and thus immedi-
tely decompose into two identical (and hence repulsive) ordinary
0 0 1〉 dislocations without any APB between them, that would be
ree of gliding in their common {1 1 0} slip plane.

Let us note that intersections at high temperatures of pre-
xisting 〈1 1 1〉 superdislocations would allow a large scale
roduction of 〈0 0 1〉 ordinary dislocations. This last suggestion may
ccount for the change in slip direction above the YSA peak tem-
erature.

. Conclusions

. “Fork-shaped” dislocation configurations, observed during in situ
straining TEM experiments at 600 ◦C in an FeAl alloy contain-
ing boron and nickel result from a reaction of two different
a〈1 1 1〉 superdislocations gliding on crossing {1 1 2} planes. This
reaction leads to a 〈0 0 1〉 junction, formed by a pair of a 〈0 0 1〉
dislocations (Fig. 2), following a scheme of type:

a[1 1 1] + a[−1 − 1 1] → a[0 0 2]
. Some similar configurations have been previously observed
[5,16] in binary FeAl in postmortem analyses. However, impor-
tant differences have been found in the crystallographic
characteristics of involved dislocations. In particular, in this

[

[
[
[

d Compounds 499 (2010) 176–182

work, the reacting dislocations have been shown to glide on
{1 1 2} planes, which are less common than the standard {1 1 0}
ones, previously observed. Both the specific thin foil orientation
and experimental conditions (presence of boron in the stud-
ied alloy and/or the high testing temperature) may explain this
effect.

3. Even if all individual dislocations involved are glissile, the com-
plex geometry of the 〈0 0 1〉 junction gives it a sessile character.
Thus, this kind of junction may play a locking role for dislocation
movement in FeAl. In particular, following a previous idea by
Munroe and Baker [25], the presence of these kinds of junctions
may be involved in the room temperature cleavage brittle frac-
ture of FeAl. Their possible role for the yield strength anomaly
still remains to be defined.
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