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Abstract

Based on previous photoemission findings, the influence of newly observed
aluminum surface segregation at the low (110), (100) and (111) index surfaces
of the A2 body-centered Fe0.85Al0.15 random alloy is explored. Scanning Tun-
neling Microscopy, Low-Energy Electron Diffraction and Grazing-Incidence
X-Ray Diffraction are combined to explore surface structures and topogra-
phies. The formation of a surface composition close to the B2 Fe0.5Al0.5
occurs with the appearance of (i) a long-range pseudo-hexagonal incommen-
surate superstructure with a periodicity of ∼ 18 Å on the (110) surface, (ii)
a (1× 1) termination on the (100) surface and (iii) a intense vicinal faceting
of the (111) surface in the form of triangular pits.

Keywords: segregation, body-centered cubic alloy, FeAl

1. Introduction

Beyond their fundamental interest as transition metal aluminides, bi-
nary FeAl alloys are often used as model systems to mimic the behav-
ior of Al-alloyed steels [1, 2]. Al-alloyed iron and steel combine high me-
chanical strength with good resistance to corrosion and relatively low den-
sity [3, 4, 5, 2]. Taking advantage of these properties, the steel industry
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develops Al-alloyed grades to lighten sheets while increasing their elastic-
ity limit and stiffness (elasticity limit/density ratio). These so-called Ad-
vanced High-Strength Steels (AHSS), that allow weight reduction of cars,
are among the means used by the automotive industry to face the global
challenge of CO2 emission decrease. However, a drawback of alloying steel
with highly electropositive elements such as aluminum is the tendency of
these to segregate and to form a surface oxide film, which then degrades the
quality of the zinc-based anticorrosive coating during the galvanization pro-
cess [6, 7, 8, 9, 10, 11, 12].

Compared to the complexity of alloyed steel, the Fe1−xAlx binary alloy in
the form of single crystal is an ideal platform to understand the orientation
dependence of segregation. In the Fe-Al phase diagram [13, 14, 15, 16], for
increasing Al content, a body-centered cubic (bcc) random alloy phase A2 in
which sites are statistically occupied by Al and Fe appears first; it is followed
by ordered phases of type B2 (CsCl structure) and D03 (Heussler alloy), and
by a series of complex Fe-rich phases, as shortly reviewed in Ref. [17]. In a
first step toward the understanding of the alloy behavior, a previous study
focused on the orientation dependence of aluminum segregation at the sur-
face of Fe0.85Al0.15(100), (110) and (111) crystalsfor annealing temperatures
between 300 K and 1100 K [18, 17]. In that temperature range, this com-
position corresponds to the ferritic A2 solid solution that is also encountered
in industrial steel grades, which makes the Fe0.85Al0.15 alloy an appropriate
model compound for Al-alloyed steels. The novelty was the observation of a
strong aluminum segregation which starts at around 700 K before reaching
a steady state within the probed scale of photoemission. Whatever the ori-
entation, the near surface composition obtained is close to the B2 Fe0.5Al0.5
with a typical affected depth of around 25 Å, except on the (110) surface for
which those figures are slightly different (Fe0.6Al0.4; ∼ 35 Å) [17]. Although
suspected in the diffraction study of Kottcke et al. [19] on FeAl(100) and in
the Auger measurements of Hammer et al. [20] on the open FeAl(111) surface,
such a composition gradient in the Fe1−xAlx system was never evidenced be-
fore, probably because experiments [21, 22, 23, 19, 24, 20, 25, 14, 26, 23, 27]
have focused mostly on ordered FeAl alloys with higher Al contents.

The present work aims at exploring the surface structures associated with
the Al-enriched low-index orientations (Fe0.85Al0.15(100), (110) and (111)).
If, according to a photoemission study [17], the average surface compositions
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are close to Fe0.5Al0.5, differences in bulk truncation surface atomic density
(nS(100) < nS(111) < nS(110)) are anticipated to lead to specific surface
structures. The surface reconstructions are explored by Low-Energy Elec-
tron Diffraction (LEED) and Grazing Incidence X-ray Diffraction (GIXD)
while STM is used to unravel the associated modification of surface topog-
raphy.

2. Experimental methods

Experiments were performed in an ultra-high vacuum (UHV) set-up pre-
viously described [28, 17], that involves two connected vessels equipped with
LEED (ErLEED, SPECS), STM (RT-Omicron) and XPS (Omicron EA125
under non-monochromatic excitation). STM images were acquired in con-
stant current mode with chemically etched W tips and processed with the
WsXM and Gwyddion software [29, 30, 31]. Mounted on Ta plates, the
Fe0.85Al0.15 single crystals [32] were cleaned by cycles of Ar+ sputtering fol-
lowed by electron bombardment annealing [17]. The annealing duration for
each chosen temperature range (specified later) was kept fixed (15 min) while
heating/cooling was performed as fast as possible (∼ 250 K.min−1) to quench
the resulting concentration profile. Bulk contaminants were below the de-
tection level of XPS on all surfaces. Only a transient segregation of carbon
in the form of stripes was oberved on the (110) orientation [28]. Due to the
high reactivity of aluminum, special care was taken to minimize contamina-
tion due to residual background, the Al 2p core level being a good indicator
of the associated oxidation phenomenon [18].

Complementary GIXD were performed on the UHV z-axis diffractome-
ter of the BM32 beamline at the European Synchrotron Radiation Facility
(France) [33, 34]. The (110) surface was prepared in a similar way as in the
laboratory. The X-ray energy was set at E = 18 keV (λ = 0.6888 Å ) and
the incident angle to αi = 0.14◦, a value just below the critical angle for total
external reflection (αc = 0.173◦) [35] to maximize surface sensitivity. The X-
ray beam was sagittally focused on the sample with horizontal (H = 0.4 mm)
and vertical (V = 0.3 mm) widths (Full Width at Half Maximum, FWHM),
corresponding to divergences of δH = 1 mrad and δV = 0.13 mrad, respec-
tively. The detector was a 2D MaxiPix detector (1280 × 256 pixels of size
55 µm) put at a distance of 700 mm behind a 5 mm vertical slit. The signal
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integration in the region of interest on the detector gives rise to a vertical
resolution of 0.08◦ for in-plane scans and around 1.5◦ for out-of-plane scans.
The measured lattice parameter (aB = 2.89 Å) confirmed the bulk aluminum
atomic fraction through the Vegard law [36]. In both LEED and GIXS, re-
ciprocal space coordinates (hS, kS, lS) are defined in the reciprocal surface
unit cell (a∗S,b

∗
S, c

∗
S) for which cS is normal to the surface (see Ref. [17] and

Fig. S1 of Supplementary Material).

3. Results and discussion

All three Fe0.85Al0.15 surfaces show a faint (1×1) pattern after sputtering
which poorly improves up to the threshold of Al surface segregation [18, 17].
In the temperature regime where photoemission gives an Al stationnary pro-
file [17], the (110) surface reconstructs. Conversely, the other two orientations
display (1× 1) apparent termination.

3.1. Superstructure at the Fe0.85Al0.15(110) surface

Right after sputtering and even after annealing at 673 K (not shown), the
(110) surface has a faint (1 × 1) LEED pattern but, above 873 K, the alu-
minum segregation observed by photoemission [17] parallels the appearance
of a surface reconstruction. The corresponding LEED pattern (Fig. 1a) has
a pseudo-hexagonal ”flower”-like shape around active (1× 1) reflections.

3.1.1. Commensurate/incommensurate modulations

The integrated line cuts along the [10]S and [01]S directions through the
(11)S reflection of the LEED pattern of Fig. 1- a are shown in Fig. 2. While
commensurability is verified along the [01]S direction (the superstructure in-
volving five substrate unit cells), peaks appear at hS = ±0.12,±0.56 along
the [10]S direction that is to say at a distance of ∆hS = 0.44 from the surface
Bragg peaks. Whatever the beam energy, the superstructure spots are found
only around Bragg spots. Such a convolution of reciprocal space nodes by su-
perstructure ones (that also verifies the {10}S and {01}S surface extinctions)
demonstrates that the commensurate and incommensurate superstructures
observed in direct space along the [0kS] and [hS0] directions, respectively,
stem from modulations of atomic positions and/or from the composition of
the (1 × 1) structure. It discards the existence of Moiré pattern due to a
structured overlayer on-top of the (1 × 1) substrate. Combining patterns
taken at low energy around the (00)S reflection and the superstructure spots
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Figure 1: a) LEED pattern at EK = 120 eV of a clean Fe0.85Al0.15(110) surface annealed
at 1123 K. The active and extinguished spots due to the centered rectangular surface unit
cell (hS + kS = 2n + 1) are shown as circles and squares, respectively. Red and blue
boxes correspond to line cuts shown in Fig. 2. b) Overlap between the LEED pattern at
EK = 30 eV and 120 eV with the proposed incommensurate superstructure (see text).
Inset: the grey grid stands for the nodes of the (1 × 1) rectangular unit cell (aS ,bS) of
direct space. The red dots are the nodes of the superstructure with basis vectors ar (red)
and br (green).
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around {11}S surface reflections, the superstructure was determined with the
help of the LEEDPat software [37]. The modulation can be described by the

matrix

[
4.55 0
2.27 5

]
in the rectangular centered unit cell (aS,bS). The ”unit

cell” corresponding to this modulation (ar,m = 18.6 Å, br,m = 17.2 Å with an
angle of γr,m = 57.3◦) is a hexagon squeezed along [01]S (Fig. 1-b). Now, by
convoluting all the reciprocal space substrate nodes with the LEED pattern
corresponding to this matrix, the match with the LEED pattern is perfect
(Fig. 1-b). Although the surface composition is close to Fe0.6Al0.4, the super-
structure obtained does not match at all the small scale FeAl2 reconstruction
observed at the Fe0.53Al0.47(110) surface [24, 20, 38, 39, 40].

In
te

ns
ity

 (
ar

b.
 u

ni
ts

)

1.20.80.40.0-0.4-0.8-1.2

 kS (r.l.u)

In
te

ns
ity

 (
ar

b.
 u

ni
ts

)

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

 hS (r.l.u)

a) b)

Cut along [hS1]S Cut along [-1kS]S

-0.56

-0.12 +0.12

+0.56
+0.80-0.8

Figure 2: Line cuts of the LEED pattern of Fig. 1 along a) [hS1] (red box) and b) [−1kS ]
(blue box).

The reciprocal space directions (hS, 0) and (0, kS) were scanned by GIXS
at ls = 0.075 on a clean surface annealed at 1050 K (Fig. 3-a,b). The main
reconstruction peaks appear at (hS = 1.56 − 3.56 − 5.56, 0) and (0, kS =
1.2− 1.8− 2.2− 3.8− 4.2) showing that the superstructure due to aluminum
segregation is commensurate along the [01]S but incommensurate along the
[10]S. Beyond the confirmation of the LEED findings in terms of peak po-
sitions, GIXS measurements allow the estimation of the inward extension of
the reconstructed layer. The out-of-plane scan at the position of the most
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intense superstructure peak (hS = 0, kS = 2.2) (Fig. 3-c) has a strong modu-
lation with an increasing broadening with lS. An analysis of the peak FWHM

∆lS in terms of size (∆lS,s) and strain (∆cr
cr

) (∆l2S = ∆l2S,s +
(

∆cr
cr

)2

l2, inset

of Fig. 3-c) leads to a variation of the lattice parameter of ∆cr
cr
' 0.2 and a

domain size of cS/∆lS,s ' 8 Å i.e. around 4 atomic layers. Such a thick-
ness confirms that the superstructure due to the ”hexagonal” modulation
structure extends over several layers and does not correspond to a simple
reconstructed overlayer.

3.1.2. Atomic and/or composition contrast

More has been learned on the superstructure by STM experiments. Be-
sides the already reported transient initial segregation of carbon in the form
of self-organized stripes [18, 28], annealing the (110) surface after sputtering
induces a sizable smoothing, a straightening of the step edges and an in-
crease of the average size of terraces which become mostly separated mostly
by monoatomic height (2 Å) steps, suggesting that defective areas coalesce in
some exent [28] (Fig. 4-a). Magnification at higher resolution clearly reveals
a long-range ordered hexagonal-like superstructure [28] at 2.5 V with atomic
corrugation (Fig. 4-b). The superstructure occupies the whole surface from
one terrace to the other as seen in Fig. S2 of Supplementary Material and
does not appear as different domains, which confirms the description with
only one supercell as obtained from LEED.

It is important to mention that the chemical composition of the recon-
struction and/or the presence of adsorbate on the tip strongly affect how
surface is visualized by STM. Thus, a ”network” like structure can only
be observed at 2.5 V and above, when the current tunnels though the tip-
oxide-metal heterostructure (see Fig. S3 and S4 of Supplementary Material).
”Hexagons” are laterally distorted, nevertheless Fourier analysis reveals the
presence of several periodicities (∼ 7 Å and ∼ 15 Å , Fig. 4-b). Locally a
hexagon-like structure can be observed (Fig. 5-a), where the 15 Å periodicity
corresponds to the reconstruction unit cell (Fig. 5-a,b) in agreement with the
”pseudo” hexagonal supercell found by LEED. The 7 Å distance corresponds
to the drop of local conductivity (Fig. 5-a, indicated by the blue rhomb and
Fig. 5-b). Atomic resolution of Fe0.85Al0.15(110) ”hexagons” evidences a com-
plex electronic contrast that might be related to the chemical composition
(Fig. 5-c). According to ab initio calculations [41, 42], the density of states
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Figure 3: In plane radial diffraction scans (l = 0.075) of a clean Fe0.85Al0.15(110) sur-
face annealed at 1050 K (black line) along reciprocal directions a) (hS , 0, 0.075), b)
(0, kS , 0.075). Grey lines point at peaks due to the surface reconstruction. c) Out-of-
plane lS scan on the reconstruction peak (hS = 0, kS = 2.2). The inset shows the peak
width analysis.
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Figure 4: STM images (Ub = 2.5 V, It = 0.05 nA) of Fe0.85Al0.15(110) surface annealed at
1193 K: a) Large scale image (500× 500 nm2) with a zoom (25× 25 nm2) showing carbon
stripes. b) Profile along the line shown in Fig. a. c) High resolution (35× 35 nm2) image
with Fourier analysis in inset; yellow circles highlight Fourier spots corresponding to the
15 Å periodicity. d) Apparent height histogram of Fig. a.

9



of Fe1−xAlx alloys ∼ 2 eV above the Fermi level is mainly derived from Fe.
Therefore, the dark borders of the ”hexagons” and their inner part (Fig. 5)
are probably more Al-rich.

Figure 5: High resolution STM images (Ub = 2.5 V, It = 0.05 nA) of Fe0.85Al0.15(110)
surface annealed at 1193 K a) (3.75 × 3.75) nm2 and b) (2.4 × 2.4) nm2. Black and red
lines in Fig. a are indicating profiles given in Fig. b. Black and blue rhombs highlight
two periodic structures corresponding to reconstruction unit cell and areas with a lower
density of states, respectively.

STM imaging matches also with GIXS findings. GIXS peak width anal-
ysis around integer positions both in radial and angular scans (not shown)
points at a nearly constant reciprocal broadening of ∆qA ' 0.05− 0.06 Å−1

for (hS±0.44, kS) and ∆qB ' 0.03−0.04 Å−1 for (hS±0.22, kS±0.2). The cor-
responding coherence length of 1/∆qA ' 16−20 Å and 1/∆qB ' 24−33 Å is
of the order of the modulation of the ”hexagon”. Besides those peaks that
are similar to those found in LEED, broad bumps of FWHM ∆kS ' 0.3 are
visible at (0, ks = 2.76, 4.76, 6.76) (Fig. 3-b) and also along the more complex
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(hS, hS) direction (not shown). Those are reminiscent of a complex modu-
lation of the unit cell content (position and/or composition) over a length
aS/∆kS ' 14 Å.

3.2. The Fe0.85Al0.15(100)− (1× 1) Al-rich surface

Starting from an annealing temperature of 673 K up to 1123 K, the LEED
pattern of the (100) orientation is sharp and (1 × 1) (see Fig. 6-a) without
any traces of reconstruction. Spots sharpen with temperature and (n × n)
reconstructions can be ruled out from the Bragg angle estimated from screen-
sample distance and screen size.

Figure 6: Structure of the Fe0.85Al0.15(100) surface: (a)(1 × 1) LEED patterns after an-
nealing at 973 K. Spot indexes are shown; (b) STM image after annealing at 1078 K
(200× 200 nm2, Ub = 0.9 V, It = 0.1 nA) with a zoom in insert (50× 50 nm2, Ub = 1.6 V,
It = 0.4 nA); (c) Corresponding histogram of the height of each pixel over the entire STM
image.

Upon annealing at increasing temperatures, large scale STM images show
that the Fe0.85Al0.15(100) surface smoothens (Fig. S5 of Supplementary Ma-
terial). Step edges tend to align along the compact [10]S = [001]B direction
with, however, a rather high density of kinks (Fig. 6-b). The step height
agrees perfectly with the distance between atomic planes on the (100) sur-
face [17] as shown by the histogram of Fig. 6-c where four terraces are clearly
observed with a separation of 1.45±0.07 Å. At higher magnification, the ter-
races appear flat at the atomic scale. The roughness calculated on each image
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from Ra = 1
N

∑N
j=1 | zj − z̄ | where zj is the pixel height and z̄ the average

pixel height amounts to 0.34±0.05 Å and 0.12±0.02 Å, respectively, a value
in agreement with typical metal corrugation.

The lack of reconstruction of the (1 × 1) structure during the progres-
sive annealing of the Fe0.85Al0.15(100) surface is in apparent discrepancy with
the faint c(2 × 2) LEED structure observed by other groups at 648 K [22],
700 K [14] and slightly above 700 K [27]. According to XPS, competitive
segregation of contaminants can be ruled out. The c(2 × 2) structure was
previously assigned to an ordered top layer involving equal fractions of Al and
Fe, although vacancies could not be excluded [14]. However, much sharper
c(2 × 2) LEED patterns were obtained on crystals of rather similar compo-
sition, namely Fe0.97Al0.03(100) and Fe0.70Al0.30(100) [23, 14, 27, 22]. Such a
sensitivity of the surface structure to the alloy bulk composition stems from
the fact that c(2×2) reconstructions only appear for given surface Al/Fe rela-
tive concentrations [23, 27]. Indeed, on the Fe0.85Al0.15(100) surface, the right
Fe/Al ratio can be only achieved within a narrow temperature range [23, 27],
which can explain that the c(2× 2) was not observed herein. Conversely, the
sharp (1×1) structure found on the Al-rich thick adlayer obtained by anneal-
ing above 1200 K (Fig. 6-a) is also systematically reported by other groups
after annealing Fe0.85Al0.15(100) surfaces well above 700 K [23, 14, 27, 22].

3.3. The nanometer-sized triangular-shaped pits of the Fe0.85Al0.15(111) sur-
face

For annealing temperature of 773 K up to 1273 K, the Fe0.85Al0.15(111)
orientation exhibits a (1 × 1) LEED pattern as shown in Fig. 7-a,b. No
superstructure peak has ever been found. The evolution of the peak inten-
sity with beam energy with an apparent 3-fold symmetry is due to the open
structure of the (111) surface of bcc metals and to the reminiscence of the
bulk extinctions. The surface unit cell (aS,bS, cS) (as = bs = aB

√
2, cs =

aB
√

3/2) is occupied by three atoms at coordinates (0, 0, 0), (1/3, 2/3, 1/3)
and (2/3, 1/3, 2/3) leading to a structure factor with bulk extinctions when
hS + 2kS + lS = 3n + 1 and hS + 2kS + lS = 3n + 2 with n integer (or
hS + 2kS + lS = 3n + 2 and hS + 2kS + lS = 3n + 1). Therefore, for bulk
diffraction, one over three Bragg peaks is active along the (10lS) and (11lS)
rod but with an offset of ∆lS = 1 between the two types of rods. Since atoms
of the (111) surface are not coplanar and the surface is nanofaceted (see be-
low), this conclusion partially applies to LEED despite the poor penetration
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depth of electrons and the weakness of kinematic interpretation in LEED.

Figure 7: Fe0.85Al0.15(111) after annealing at 973 K: Evolution with beam energy of the
LEED pattern at a) 40 eV and b) 90 eV. c) STM image (38 × 38 nm2, Ub = −1.5 V,
It = 0.4 nA) with highlighted features: pyramidal protrusions (black and yellow triangles),
holes with an internal periodicity (blue and green triangles) and chains (green ellipses). d)
Local slope distribution τ of image c. The values for (111) vicinal surfaces of type (hkk)
with h ≤ 9 and k < h are marked.

The smoothing of the (111) surface with increasing temperature is even
more apparent than on the other two orientations. On large scale images
(500 × 500 nm2, Fig. S5 of Supplementary Material), sputtering induces
long range undulations with amplitudes of several nanometers and corre-
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lation lengths of several hundreds of nanometers. Upon annealing between
785 K and 1186 K, the roughness parameter Ra drops by an order of mag-
nitude (from 1 nm to 0.1 nm). However, at higher magnification (Fig. 7-
c), nanometer-sized triangular-shaped pits appear that are aligned along
the [10]S = [110]B and the three-fold equivalent directions. They have a
size of around 1-2 nm and are organized as shown in Fig. 7-c. This topo-
graphic appearance can be understood by the open character of (111) sur-
face of bcc metals which exhibits three different non-coplanar levels distant
by aB/2

√
3 = 0.83 Å. Height distribution histograms correspond to differ-

ent atomic planes separated by 0.72 Åas shown in Fig. S6 of Supplementary
Material. The local slopes τ of the largest protrusions found in Fig. 7-c fea-
ture nanopyramids with (111) vicinal side facets.Bcc (111) vicinal planes are
derived from an alternance of small (211) facets and steps (Fig. S7 of Supple-
mentary Material). Line cuts along three equivalent [21]S = [121]B directions
and normal to the [101]B pyramid edges (Fig. S8 of Supplementary Mate-
rial) give a local slope of 8.5◦ very close to the τ = 8.05◦ of the (433) vicinal
orientation. In a global analysis of τ on image Fig. 7-c, the three-fold sym-
metric distribution is dominated by τ values around 6− 7◦ with a very poor
contribution from flat areas. The expected angles for vicinal (hkk) surfaces
(h > k) relative to (111) are given by cos τ = h+2k√

3
√
h2+2k2

. They are shown as

grey lines in Fig. 7-d. The slope density peaks around (655), (544), (977) and
(433) orientations. The three equivalent (hkk), (khk), (kkh) form nanopyra-
mids with downhill edges along the [113]B, [131]B and [311]B directions. The
symmetric orientations corresponding to pyramids rotated by 180◦ do not
appear, likely because of a miscut of the sample.

The present findings are in line with previous observations of servere mul-
tilayer segregation on the open (111), (211) and (310) FeAl surfaces but with
the lack of any previously observed reconstructions [20]. Aluminum segrega-
tion may favor nanofacetting as it is known for other atomically rough and
non-close-packed surfaces of high surface free energy when covered with a
foreign element [43, 44]. For instance, with adsorbed oxygen or deposited
metals, bcc W(111)/Mo(111), fcc Ir(210)/Pt(210) and hc (hexagonal com-
pact) Re(1231) spontaneously rearrange above 700 K to minimise their total
surface energy by developping facets even if it involves an increase in surface
area and step/kink energy. Faceting on W(111) develops (211) facets upon
O, Pt, Pd adsorption [45, 44, 43]. On such bcc (111) surfaces, one physical
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monolayer of foreign element is required; it corresponds to three atomic (111)
planes; more material leads to islanding or alloying. Most of the time the
facets formed are more close-packed than the initial ones and facetting keeps
the symmetry of the initial surface (C3v in the case of Fe0.85Al0.15(111)). The
facetting driving force is thermodynamic, namely a reduced surface energy of
the covered vicinal surface compared to the flat surface. According to calcu-
lations [46], this is already verified in the case of bare iron; the extended (211)

surface has a lower energy than the open (111) surface (E
(111)
Fe = 2.73 J.m−2;

E
(211)
Fe = 2.59 J.m−2). But faceting is also controlled by step and kink en-

ergies, entropy, kinetics and mass transport. In our case, nano-facetting is
observed upon aluminum segregation like in the case of sulfur on Fe(111) [47]
and seems homogeneous since nanopyramids do not coexist with the planar
surface (Fig. 7-b). Usually, faceting by an adsorbate is limited to a given tem-
perature window before the onset of desorption of the foreign element; above
that temperature the surface flattens again. However in the present case,
segregation of aluminum provides an infinite reservoir; despite the increase
of temperature, the Fe0.85Al0.15(111) surface smoothens but never flattens.
Finally, at the opposite of metal covered W(111), not only (211) facets are
observed on Fe0.85Al0.15(111)) but also (111) vicinals maybe because of the
complex interplay between segregation, surface alloy formation and faceting.

At last, few areas appear locally flat at the atomic scale with an hexago-
nal periodicity (green triangle in the bottom-left corner of Fig. 7 and Fig. S9
of Supplementary Material along bulk directions of ∼ 8 Å which is the dou-
ble of the surface lattice parameter (aS = 4.01 Å). A likely hypothesis is
local ordering of the segregated aluminum atoms in a B2-CsCl structure in
agreement with the Fe0.5Al0.5 surface composition found in XPS. Indeed on
the FeAl(111), the surface lattice spacing is 7.35 Å.

4. Conclusion

As seen by photoemission [17], annealing induces an enrichment of the
subsurface of the Fe0.85Al0.15 bcc random alloy over a typical length scale
of 2.5-3 nm with a surface composition close to Fe0.5Al0.5 for the (100) and
(111) orientations and close to Fe0.6Al0.4 for the (110). The orientation depen-
dence of the surface structures was scrutinized by LEED, STM and GIXD.
The segregation of aluminum is accompanied by (i) the appearance of a non-
commensurate complex long-range structural/chemical superstructure with
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a pseudo-hexagonal unit cell of ∼ 18 Å on the (110) surface extending ap-
proximately over 4 atomic planes, (ii) a (1 × 1) termination on the (100)
surface and (iii) an intense faceting in the form of triangular pits having
vicinal (111) side facets for the (111) orientation. The faceting of the (111)
surface is assigned to the open character of the bcc (111) orientation and to
the lower surface energy of (211) facets from which are derived the (111) vic-
inal planes. Further work is required to elucidate the complex (110) Al-rich
superstructure.
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