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Abstract. Mössbauer powder diffractometry was used to
study partially-ordered 57Fe3Al. Multiple diffraction pat-
terns were measured at Doppler velocities across all nuclear
resonances in the sample. The superlattice diffractions were
analyzed to provide data on the long-range order of Fe
atoms having different numbers of Al neighbors. Compar-
ing experimental data to calculations showed that Fe atoms
having three Al atoms as first-nearest neighbors (1nn) have
simple cubic long-range order, similar to that of Fe atoms
with four Al 1nn. The simple cubic periodicity of Fe atoms
with three Al 1nn was significantly lower than expected for
homogeneous antisite disorder, however. Monte-Carlo si-
mulations and transmission electron microscopy suggest
that a significant fraction of aperiodic Fe atoms with three
Al 1nn are near antiphase domain boundaries.

Introduction

Mössbauer diffractometry combines the capability of
Mössbauer spectrometry to distinguish local chemical en-
vironments with the capability of diffractometry to meas-
ure long-range order (LRO) in materials. The spectrometry
of hyperfine interactions, similar to that used in Mössbauer
spectrometry, can emphasize scattering from 57Fe atoms in
specific chemical environments. With this chemical selec-
tivity, the spatial periodicities of 57Fe atoms in different
chemical environments can be determined from the energy-
dependence of the nuclear Bragg diffractions. The mea-
surements are enabled by developments in both the
theory and practice of Mössbauer powder diffractome-
try, many of which occurred in the past decade [1–10].

At high temperatures, Fe3Al has the bcc structure, and
develops simple cubic (sc) order with the B2 structure at
temperatures below 800 �C. Below 550 �C the equilibrium
structure is the D03 structure, where Al atoms occupy one
of four face-centered cubic (fcc) sublattices of the D03

structure (we denote this Al-rich sublattice as d). By rapid
quenching, Fe3Al can be prepared as a non-equilibrium,

disordered solid solution. Subsequent annealing at low tem-
peratures produces a number of peculiarities, such as the
formation of the B32 structure, which may be a kinetic tran-
sient [11–13], or perhaps driven by magnetic interactions in
sub-stoichiometric zones [14]. During annealing, conven-
tional Mössbauer spectrometry is capable of measuring the
defect environments in partially ordered Fe3Al. It can quan-
tify the fractions of Fe atoms with different numbers of Al
first-nearest neighbors [15–17]. Iron atoms in these defect
environments may have spatial periodicities, however, per-
haps like Fe atoms in the B2, B32, or D03 structures.

The first direct measurements of spatial periodicities of
defect environments in a material were performed recently
[10]. Mössbauer diffraction patterns were measured over
the full Mössbauer energy spectrum of an alloy of
57Fe3Al, making it possible to quantify the unknown spa-
tial periodicity of 57Fe atoms with (3) and (5) Al 1nn
atoms. [The notation ‘‘(n) Al 1nn” denotes a chemical en-
vironment where a 57Fe atom has n Al atoms as first-near-
est-neighbors.] It was found that the Fe atoms in these
defect environments have some sc periodicity. The data
were further analyzed to obtain the occupancies of the
four sublattices of the D03 structure, with no assumptions
that would select B2 over B32 chemical order. No evi-
dence for B32 order was found for any chemical environ-
ments.

The prior analysis of these data [10] showed a signifi-
cant discrepancy between the measured and calculated
simple-cubic long-range order parameter for 57Fe atoms in
the (3) Al 1nn environment. With further Monte-Carlo si-
mulations and transmission electron microscopy study of
the alloy structure, explored in the present work, it was
possible to show that the discrepancy between the calcu-
lated and measured chemical environments likely origi-
nates with a non-random point defect population at anti-
phase domain boundaries in the crystals.

Materials and experimental procedures

The sample of 57Fe3Al was prepared from 57Fe of 95%
isotopic enrichment and 99.99% chemical purity, and Al
metal of 99.999% chemical purity. These metals were pro-
cessed by arc-melting, splat-quenching and cold-rolling,
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followed by an annealing for 100 h at 450 �C to develop
D03 chemical order [7]. Conventional X-ray powder dif-
fractometry was used to confirm a high degree of D03

LRO in the sample. For the transmission electron micro-
scopy (TEM) measurements, a new sample of Fe3Al was
prepared following the heat treatment schedule used for
the sample of 57Fe3Al. (The sample was not given an initi-
al cold-rolling, however.) Disks of 3 mm diameter were
punched from the foil, and thinned to electron transpar-
ency by twin-jet electropolishing. The electrolyte was 20%
perchloric acid in 80% methanol, cooled to �35 �C.

The Mössbauer powder diffractometer consisted of a
Bruker X-1000 Xe-filled area detector, a GE XRD-5 go-
niometer, a 57Co (Rh) radioactive source, a Wissel Dop-
pler drive system with laser interferometer velocity cali-
brator, and a control computer. This instrument was
described recently [8, 10, 18]. All Mössbauer diffraction
patterns were normalized to incident flux, with units of
counts/sr/(mCi � hour).

In iron alloys containing up to nearly 30% aluminum,
conventional Mössbauer energy spectra comprise sets of
partially-overlapping sextets of absorption peaks. To a
good approximation, each sextet has the same pattern of
splitting, but a unique width for its splitting, depending on
the number, n, of Al atoms in the 1nn shell of the 57Fe
atom [13]. The amount of splitting is directly proportional
to the hyperfine magnetic field at the 57Fe atom, as is well
known. For Fe–Al alloys, the HMF for Fe with (0)
Al 1nn is approximately 310 kG, and that of Fe with (4)
Al 1nn is approximately 215 kG. A perfect D03 structure
has two types of 1nn environments for Fe atoms – two-
thirds of the Fe atoms have (4) Al 1nn atoms, and the
other one-third have (0) Al 1nn atoms. Figure 1 shows
that these latter Fe atoms are arranged as an fcc structure
with a unit cell edge of twice the edge length of the bcc
cube (g sublattice). Note also from Fig. 1 that the Fe
atoms having a (4) Al 1nn environment are arranged as a
simple cubic (sc) structure. Experimental confirmation of
this structural fact was published previously when Möss-
bauer diffraction patterns were measured by tuning the in-
cident photons to nuclear resonances of 57Fe atoms in (0)
and (4) Al 1nn environments [5].

Other first-nearest-neighbor chemical environments ex-
ist for 57Fe in an Fe3Al alloy with imperfect chemical or-
der. These occur with other values of HMF. In our sam-
ple, the most prominent defect environment for 57Fe is the

(3) Al 1nn environment, for which the HMF is approxi-
mately 255 kG. The (3) Al 1nn environment is a defect
environment. It is characteristic of neither the D03 nor the
B2 structures.

Measured Mössbauer diffraction intensities

Intensities of fundamental bcc diffractions

Mössbauer diffraction intensities are presented in Fig. 2.
The intensities of the fundamental diffraction peaks are

I ¼ FAlðeÞ cAl þ
P8

n¼0
FðnÞðeÞ cðnÞ

����
����
2

; ð1Þ

where FAlðeÞ and FðnÞðeÞ denote the scattering factors for
Al atoms and Fe atoms with ðnÞ Al 1nn, respectively, and
vary with the Doppler shift energy, e. The intensities of
the fundamental diffraction peaks do not depend on the
long-range chemical order (LRO) on the bcc lattice, but
they do depend on the short-range order (SRO) of the lo-
cal chemical environments of 57Fe because the energy
spectrum (intensity versus e) of the nuclear scattering am-
plitude, FðnÞðeÞ, depends on SRO. Expressions for the
form factor for nuclear resonant scattering, including po-
larization effects, FðnÞðeÞ, were given previously [10].
Analysis of the energy spectra of the bcc fundamental dif-
fractions gave probabilities for 57Fe atoms having different
numbers, n, of Al atoms in their 1nn shells (see Table 1).
A similar analysis was performed on a conventional con-
version electron Mössbauer spectrum (CEMS) from the
sample.
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Fig. 1. The D03 structure and its four fcc sublattice with lattice para-
meter equal to 2a0. For Fe3Al, Al atoms occupy the d sublattice,
while Fe atoms occupy the other three fcc sublattices. Fe atoms in a
and b sublattices have 4 Fe 1nn atoms and 4 Al 1nn atoms, while Fe
atoms in g sublattice have 8 Fe 1nn atoms. Note that the combination
of a and b sublattices forms a sc structure with lattice parameter a0.
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Fig. 2. Mössbauer diffraction patterns from 57Fe3Al, taken at 89 velo-
cities arranged vertically. Data were normalized by incident flux, and
background was subtracted. Range for each pixel is from �200
counts (black) to þ850 counts (white).
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Order parameters and superlattice diffractions

For the D03 structure there are two types of superlattice
diffractions: (100)-type for sc periodicities and ð1=2

1=2
1=2Þ-

type for fcc periodicities. The scattering factors for these
diffractions include a phase factor for each of the four fcc
sublattices of the D03 structure as listed in Table 2. For
Mössbauer diffraction we define order parameters for each
chemical environment (n) in terms of the concentration of
the chemical environment on each sublattice. For example
the concentration of a chemical environment ðnÞ on the a
sublattice is c

ðnÞ
a . The two types of LRO parameters are

hðnÞsc ¼
cðnÞa þ cðnÞb � cðnÞg � cðnÞd

cðnÞ
; ð2Þ

and

h
ðnÞ
fcc ¼

c
ðnÞ
a � c

ðnÞ
b þ i ðcðnÞg � c

ðnÞ
d Þ

cðnÞ
: ð3Þ

The quantity h
ðnÞ
sc is a measure of the B2 order between

two sc sublattices (dþ g vs. aþ b), while the real and
imaginary parts of hðnÞfcc are measures of order between two
pairs of fcc sublattices (d vs. g and a vs. b). Parameters
h
ðnÞ
sc and h

ðnÞ
fcc combined with the total concentration cðnÞ

give all information about the sublattice occupancy of the
chemical environment (or atomic species), ðnÞ,
fcðnÞa ; c

ðnÞ
b ; c

ðnÞ
g ; c

ðnÞ
d g, from which the diffraction intensities

can be calculated [10].

Simple cubic periodicities

Using the HMF distribution obtained from fundamental
diffraction peaks, the superlattice diffraction energy spec-
tra were fitted using h

ðnÞ
sc and h

ðnÞ
fcc as adjustable parameters

[10].
Figure 3 presents the experimental data and calculated

energy spectra of superlattice diffraction peaks (300) and
ð5=2

3=2
3=2Þ. Order parameters providing the best fit are

listed in Table 3. The error bars were estimated from the
covariance matrix. To show the sensitivity of the diffrac-
tion energy spectra to the order parameters h

ðnÞ
sc , various

simulated energy spectra of superlattice diffractions are
presented in Fig. 4. The energy spectrum of the (300) dif-
fraction is very sensitive to the B2 order of Fe atoms with

(0) or (4) Al 1nn. From these fits, we find that the (0) and
(4) Al 1nn environments have B2 order parameters of
nearly 1.0. The (3) Al chemical environments have a B2
order of hð3Þsc ¼ 0:6.

Monte-Carlo simulations of diffraction intensities

Simulations of alloys and diffractions

A set of bcc alloys with two atom types in a 3 : 1 ratio were
constructed on a computer, usually in states of chemical dis-
order. A vacancy mechanism of diffusion was implemented
with a Monte-Carlo algorithm that allowed a vacancy to ex-
change sites with atoms in its 1nn shell [19–20]. The ex-
change probability was set by activated-state rate theory,
being less probable for atoms having an energetically-fa-
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Table 1. First-nearest-neighbor chemical environments in partially-or-
dered Fe3Al.

(0,1) Al (2) Al (3) Al (4) Al (5) Al

CEMS spectra 0.290 0.116 0.138 0.388 0.025

Mössbauer
diffraction spectra

0.248 0.132 0.110 0.373 0.083

Table 2. Phase factors for the four fcc sublattices in the D03 structure
for (100)-type and ð1=2

1=2
1=2Þ-type diffractions.

a g b d

(100) 1 �1 1 �1

ð1=2
1=2

1=2Þ 1 i �1 � i
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Fig. 3. Full energy spectra of (300) and ð5=2
3=2

3=2Þ diffraction intensi-
ties from Fe3Al, including kinematical theory calculations and experi-
mental data.
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Fig. 4. Sensitivity of simulated energy spectra of (300) diffraction
peak to variations of LRO parameter h

ðnÞ
sc for (a) Fe atoms with (0)

Al 1nn, (b) Fe atoms with (4) Al 1nn, and (c) Fe atoms with (3) Al
1nn. The thick lines are the best fit to experimental data with
h
ð0Þ
sc ¼ �0:98, h

ð4Þ
sc ¼ 1:0 and h

ð3Þ
sc ¼ 0:59. Some lines are invisible

due to overlap with curves of the best fit: the thin line with
h
ð0Þ
sc ¼ �1:0 in (a), and the dotted line with h

ð4Þ
sc ¼ 1:0 in (b).
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vorable set of neighbors. Various choices of chemical in-
teractions between 1nn and 2nn pairs of atoms were used
in the simulations. The simulations were stopped when the
alloy possessed the 1nn chemical environments of Table 1,
and had a high degree of D03 LRO, consistent with the
conventional X-ray diffraction pattern.

Within each simulated alloy, we identified all Fe atoms
having different numbers of 1nn Al atoms. For example,
we found the coordinates, f~rr3g, of all Fe atoms with the
(3) Al 1nn environment. We set the scattering factor of
these Fe atoms to 1, all others to zero, and calculated the
scattered wave

w3ðD~kkÞ ¼
P
~rr3

ei D
~kk �~rr3 : ð4Þ

We obtained the diffracted intensity from the Fe atoms
with this (3) Al 1nn environment as I3ðD~kkÞ ¼ jw3ðD~kkÞj

2.
The same procedure was used for the diffracted intensities
of other chemical environments, the (0) and (4) Al 1nn
environments, I0 and I4, for example. As expected from
the arrangements of these two Fe sites in Fig. 1, the inten-
sity I0 showed a family of ð1=2

1=2
1=2Þ diffraction peaks

plus the (100) family, whereas I4 showed only the (100)
family. Interestingly, the calculated intensity I3 showed the
(100) family of diffractions, and their intensities were
strong. For example, the simulated intensity of Eq. (7),
normalized to the number of Fe atoms having the (3)
Al 1nn environment, was much larger than the B2 LRO
parameter of 0.59 found for Fe atoms in the (3) Al 1nn
environment (Table 3). Simulations were performed with a
range of ratios for 1nn and 2nn interatomic interactions
that produce D03 chemical order, and these potentials pro-
vided an average of 0.94 for h

ð3Þ
sc . The discrepancy be-

tween 0.59 and 0.94 is well outside the experimental error.
A second type of computer simulation was performed

to generate ‘‘homogeneous disorder”. The simulation be-
gan with a structure having perfect D03 order. Random
interchanges of Al atoms off the d-sublattice were then
performed until each Al atom was swapped for an Fe
atom.

The (3) Al 1nn defect environment

Homogeneous disorder

The chemical environment of Fe atoms with (3) Al 1nn is
a defect environment, so its large B2 LRO parameter may
seem surprising. Defect environments, originating with
antisite atoms on a D03 sublattice, are expected to have
some periodicity, however. The simplest creation of anti-

site defects is by randomly exchanging atoms in an initi-
ally-ordered D03 structure, a model we term ‘‘homoge-
neous disorder”. For homogeneous disorder, when an
antisite Fe atom is on the d-sublattice, its neighboring Fe
atoms with (4) Al 1nn will be transformed to Fe atoms
with (3) Al 1nn. The transformation is efficient because
one antisite Fe atom can produce 8 Fe atoms with (3) Al
1nn, if no other antisite defects are nearby. At low concen-
trations, these Fe atoms with (3) Al 1nn have exactly the
same LRO as Fe atoms with (4) Al 1nn. For a D03-or-
dered domain with few defect atoms, the B2 LRO para-
meter for Fe atoms with (3) Al 1nn is, therefore, hð3Þsc ’ 1.

The SRO and LRO parameters for different amounts of
homogeneous disorder were obtained from simulations, and
are presented in Figs. 5 and 6. Figure 5 shows that for the
near-perfect D03 structure (near 0% antisite defects), the Fe
atoms have primarily 0 and 4 Al atoms in their 1nn shells.
The fractions of these environments decrease with increas-
ing numbers of antisite defects. The state of full disorder, a
random solid solution of Fe-25 at.% Al, exists when the
antisite defect concentration is 0.75 (beyond this there is
some D03 order with Fe atoms on the Al sublattice). At the
antisite defect concentration of 0.75, the probabilities for Fe
atoms having n Al neighbors are equal to the binomial prob-
ability, pð8; n; 0:25Þ ¼ f8! ½ð8 � nÞ! n!��1g 0:25n 0:75ð1�nÞ.
At this antisite defect concentration of 0.75, all LRO para-
meters are zero.

It is straightforward to test if the experimental measure-
ments are consistent with the homogeneous disorder of
Figs. 5 and 6. With an experimental SRO of approximately
0.13 for the (3) Al 1nn chemical environments, Fig. 5 shows
that the concentration of antisite defects is approximately
0.07. Figure 6 shows that for an antisite defect of 0.07, the
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57Fe environment h
ðnÞ
sc Im ½hðnÞfcc � Re ½hðnÞfcc � cðnÞ

(0) Al 1nn �0:98 � 0:01 0:98 � 0:25 �0:00 � 0:31 0:16 � 0:01

(1) Al 1nn �0:81 � 0:45 0:51 � 0:80 �0:09 � 0:70 0:03 � 0:01

(2) Al 1nn �0:35 � 0:13 0:61 � 0:45 �0:29 � 0:55 0:10 � 0:01

(3) Al 1nn 0:59 � 0:05 �0:20 � 0:45 �0:18 � 0:44 0:09 � 0:01

(4) Al 1nn 1:00 � 0:01 0:00 � 0:01 0:02 � 0:27 0:28 � 0:01

(5) Al 1nn 0:87 � 0:10 �0:07 � 0:70 0:93 � 1:18 0:06 � 0:01

Al atom �0:70 � 0:20 �0:80 � 0:30 �0:01 � 0:35 0.25

Fig. 5. Short-range order with random antisite defects, obtained from
simulations of homogeneous disorder. The axis pðnÞ is the fraction of
57Fe atoms having the number n Al atoms in their 1nn shell. Labels
denote numbers, (n), of Al 1nn atoms about 57Fe atoms.

Table 3. Measured LRO Parameters for pro-
minent chemical environments of Fe and Al.
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(3) Al 1nn chemical environments have a high B2 LRO
parameter, nearly 1.0. Figures 5 and 6, based on a homoge-
neous random distribution of antisite atoms, predict that the
B2 LRO of (3) Al 1nn chemical environments should be
much higher than our experimental results.

Effects of antiphase boundaries

We seek to understand why the LRO of (3) Al 1nn envi-
ronments measured by Mössbauer diffractometry is 0.59,
rather than nearly 1.0. One possibility is suggested by a
Monte-Carlo simulation of ordering kinetics presented in
Fig. 7. This figure shows that the LRO of (3) Al 1nn che-
mical environments undergoes a sharp increase at Monte-
Carlo step number 10,000, well after the (0) and (4) Al
1nn environments have developed order. Graphical dis-
plays of the atom arrangements at this late stage of the
simulation showed the disappearance of the antiphase
boundaries. It therefore seems that the (3) Al 1nn chemi-
cal environments in the neighborhood of an antiphase
boundary have smaller LRO than those in other regions.

Since the four variants of the D03 structure are deter-
mined by the position of the Al sublattice, an antiphase
boundary (APB) can be characterized by the displacement
of the Al sublattices across the APB. Antiphase bound-
aries are either B2-type, for which the displacement vector
is a0

�
1=2

1=2
1=2

�
, or D03-type, for which it is a0h100i [21].

The plane of the APB is also specified, e.g., (hkl).

An APB alters chemical environments by shifting pairs
of atoms across the boundary. Only atoms in pairs whose
bonds are cut by the APB can have changes to their che-
mical environments. A D03-type APB changes only 2nn
bonds [21]. Second neighbors cause only weak effects on
the 57Fe hyperfine magnetic field, so we can neglect D03-
type APBs. We concern ourselves only with B2-type
APBs, an example of which is presented in Fig. 8. The
central Fe atom in Fig. 8a has 4 Al and 4 Fe atom neigh-
bors. The B2-type APB on the (100) plane in Fig. 8b
brings four Fe atoms to the left of the APB (these four Fe
atoms were originally on the a and b sublattices). This
particular APB transforms a (4) Al 1nn chemical environ-
ment to a (2) Al 1nn chemical environment. Similarly, an
Fe atom having a (0) Al 1nn environment will also be
transformed to a (2) Al 1nn environment. (These facts
were confirmed by computer constructions of several B2-
type APBs.) Similar analysis and computer constructions
of B2-type APBs on (111) and (110) planes showed the
formation of (1) and (3) Al 1nn chemical environments on
the boundary. None of these Fe atoms had fcc or sc spa-
tial periodicities. With further thought one concludes that
B2-type APBs on planes other than (100), (110) and (111)
will induce combinations of (1), (2) and (3) Al 1nn chemi-
cal environments.

In summary, B2-type APBs can produce Fe atoms with
(1), (2) or (3) Al 1nn environments, depending on the ori-
entation of the boundary. The Fe atoms whose bonds are
modified by the APB could be on any sublattice except
the Al sublattice. These defect environments are almost
evenly distributed over all four fcc sublattices, and have
neither fcc-type nor sc-type LRO.

We understand the LRO parameter h
ð3Þ
sc ’ 0:6 for (3)

Al 1nn environments as follows. For homogeneous disor-
der of a few random antisite defects, the Fe atoms with
(3) Al 1nn are highly ordered. On the other hand, an anti-
phase boundary produces (3) Al 1nn chemical environ-
ments on all sublattices. Together these two mechanisms
can produce various states of LRO for (3) Al 1nn chemi-
cal environments, with order parameters h

ð3Þ
sc ranging from

0 to 1.
The APBs are responsible for a fraction of iron atoms

having the (3) Al 1nn environment, f APB
3 :

f APB
3 ¼

� 6a0

l 0:75
j
�
¼ 8ja0l�1 ; ð5Þ
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Fig. 6. Long-range order with random antisite defects, obtained from
simulations of homogeneous disorder. The LRO parameter, hsc, was
obtained from Eq. 4 as explained in text. Labels denote numbers, (n),
of Al 1nn atoms about 57Fe atoms.

Fig. 7. Development of B2 LRO of the different Al neighborhoods of
57Fe, calculated by Monte-Carlo simulation. Labels denote numbers,
(n), of Al 1nn atoms about 57Fe atoms.

Fig. 8. Geometry of a B2-type APB on a (100) plane. The Fe atoms
are represented by bigger spheres and Al atoms are smaller. (a) A
structure without APB. The Fe atom at the center has 4 Al and 4 Fe
1nns. (b) A B2-type APB is inserted between the central Fe atom
and the 4 atoms on the left.

a� b�
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where the factor of 6 is an approximation to scale the
number of atom sites at the domain boundary to the num-
ber of sites in the domains (a cubical domain has 6 sur-
faces). The factor 0.75 is the fraction of all atoms that are
Fe. The lattice constant is a0, and is 0.289 nm. The do-
main size is l, and l�1 is the averaged inverse-domain-size.
The fraction of (110) and (111)-direction APBs in all
APBs is j, which is expected to be on the order of 0.51,
because there is no preference in the directions of APBs
[21].

From Table 1, the fraction of all Fe atoms having the
(3) Al 1nn chemical environments is 0.14, so the homo-
geneous disorder is responsible for a fraction of iron
atoms having the (3) Al 1nn environment equal to
f HD
3 ¼ 0:14 � f APB

3 . The total B2 LRO of 0.6 can be esti-
mated as 0:6 ¼ ½ð0:14 � f APB

3 Þ � 0:9 þ f APB
3 � 0:0�=0:14,

which provides f APB
3 ¼ 0:05, and hence a fraction

f HD
3 ¼ 0:09 from homogeneous disorder. Substituting this
f APB
3 into Eq. 5 provides l�1 ¼ ½23 nm��1. This is close to

what we estimate from the broadenings of the superlattice
X-ray diffractions, although these measurements are not so
accurate for domains of this size.

Transmission electron microscopy study
of antiphase domain boundaries

The dark-field imaging technique of transmission electron
microscopy is especially well-suited for determining the
sizes of domains in ordered alloys. The interest here is in
identifying the sizes of B2-type domains, since these are
capable of producing aperiodic defect environments for Fe
atoms with (3) Al 1nn.

Figure 9 shows a bright-field image and two dark field
images, taken with a superlattice (100) diffraction and a
fundamental (200) diffraction. The diffraction conditions
used for these images are shown in Fig. 10. It is signifi-
cant that the rounded dark lines are visible for the (100)
dark-field image, but not for the (200) dark-field image.

This shows that the curved lines in Fig. 9b are from anti-
phase domain boundaries [21]. Some domain boundary
contrast is expected in the bright field image, owing to the
modest intensity of the (001) diffraction in Fig. 10b. The
average size of the domains was determined by drawing
lines at random through the image of Fig. 9b, and collect-
ing a histogram of line segments between boundaries. As-
suming the sample to be thin compared to the size of the
domains, the average length of a line segment is properly
volume-averaged for use as l�1 in Eq. 5. From images
such as Fig. 9b we obtained l�1 ¼ ½46 nm��1. This is of
the right order, but approximately half as large as needed
to account for all aperiodic Fe atoms having the (3) Al
1nn environment. This suggests the presence of other
sources of disordered Fe environments, but there are un-
certainties from the approximations in our analysis, and
perhaps differences in the samples.

Conclusions

A Mössbauer powder diffractometer was used to measure
energy spectra of the nuclear and electronic Bragg diffrac-
tions from a partially-ordered sample of 57Fe3Al. Analysis
of the data showed, for example, that Fe atoms with (0) and
(4) Al 1nn environments have the expected spatial LRO of
the D03 structure. More importantly, the present research
provided information on the periodicity of defect environ-
ments of Fe atoms, i.e., the periodicities of Fe atoms having
three Al atoms in their first-nearest-neighbor shell.

Spatial periodicities of defect environments in 57Fe3Al 177

1 This is a conservative estimate. Actually, there are 6 kinds of
(100) planes, but 12 of (110) and 8 of (111). If these are the only
planes, and exist with equal probabilities, then j ¼ 20

26.

Fig. 9. TEM images of B2-type APBs in ordered Fe3Al: (a) bright-field image, (b) axial dark-field image using a (100) superlattice diffraction,
(c) axial dark-field image using a (200) diffraction.

Fig. 10. Diffraction patterns showing the conditions used for the
bright-field and dark-field images of Fig. 9. (a) (100) zone axis used,
(b) actual tilt used for imaging.

Brought to you by | California Institute of Technology
Authenticated

Download Date | 8/2/18 7:51 PM



It was found that Fe atoms with the (3) Al 1nn envi-
ronment have a sc LRO parameter of 0.6. Some Fe atoms
in the (3) Al 1nn environment are probably neighbors of
antisite Fe atoms on the d sites of the D03 structure (the
Al-rich sublattice is denoted d). A random distribution of
Fe atoms on the d-sublattice provides a large sc order
parameter of nearly 1.0, however. Antiphase domain
boundaries are another source of Fe atoms with the (3) Al
1nn environment, and simulations indicate that these Fe
atoms have no LRO. A mix of Fe atoms adjacent to
APBs, plus other Fe atoms distributed on the d-sublattice,
can account for the measured periodicity of the Fe atoms
in the (3) Al 1nn environment. Transmission electron mi-
croscopy measurements of domain size indicate that this
source of disorder at APBs is important, but additional
sources are possible.
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