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X-ray diffraction study of atomic long-range
order of Fe—Al alloy
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Temperature dependence of nonequilibrium values of Fe—Al alloy long-range order
parameter has been studied using X-ray diffraction by comparing the integrated intensity
of superstructure reflection and fundamental one at small Bragg angles. An additional
atomic occupancy of corresponding sublattice sites has been shown to occur as the anneal-
ing temperature increases. A partial disordering of the alloy was provided by mechanical
polishing with diamond paste; it was manifested itself as a decreasing of superstructure
reflection intensities. Such behavior of the long-range order parameter of Fe-50 at. % Al
alloy shows that the second order phase transformations are typical of that alloy.

PeuTrenorpaduuecky mccjIeJ0OBaHA TeMIepaTypHas 3aBHCHMOCTL HEPABHOBECHLIX 3HAUE-
HUl mapaMeTpa TaJiLHEro aTOMHOro mopaaka cmaasa Fe-50 at.% Al mo ormomenwnio mnrer-
PaJbLHLIX WHTEHCUBHOCTEH HAACTPYKTYPHOTO K CTPYKTYPHOMY OTPaKeHHM HA MajJbIX Oper-
ropekux yraax. O6HapyseHo, UTO ¢ MOBLIMIEHNEM TeMIEPATYPhl OTHKIUTa MPOUCXOLUT JOIOJI-
HUTeJILHOE 3aloJHeHIe ATOMAMHU Y3J0B  CBOMX NOApeleToK . YacTUUHO pasylnopsgoueHHoe
COCTOAHNE OLLIO MAOCTUTHYTO MeXaHWUeCKUM II0JMPOBAHNEM CILIaBa, 4TO HabJI0JaloCh IIO
YMEHDLIITeHNI0 MHTEHCHBHOCTEH HAACTPYKTYPHBLIX pediexcoB. Takoe IoBefeHMre IapaMeTpa
JaJIbHEro MOPALKA CBUAETENLCTBYET O TOM, 4uTo nas ciiaBa Fe-50 ar.% Al xapaxkTepHbl
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Aluminides of the 3d transition metals
(Fe, Co, Ni) exist within a wide concentra-
tion range. High corrosion and temperature
stability, as well as interesting magnetic
properties make it possible to use those al-
loys as high-temperature structural materi-
als and soft magnetic ones. The crystal
structure of B2 (CsCl) type is one of the
simplest and most investigated ordered
structures. The equiatomic alloy FeAl (B-phase)
is crystallized in this structure. The phase
diagram of Fe—Al system is shown in Fig. 1.
The point of the order-disorder transition
lies above the melting point and is situated
near 1723°C. This alloy belongs to systems
where second order phase transformations
are characteristic due to monotonous
change of the long-range order parameter to
the Kurnakov point.

A number of works deal with the crystal
structure, atomic ordering, and other physi-
cal properties of equiatomic FeAl alloy. The
character of the above described properties
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for Fe-50 % Al alloy was theoretically stud-
ied in [1]. Various trends of atomic order-
ing in paramagnetic and ferromagnetic
states of stoichiometric Fe—Al alloys were
studied using the generalized perturbation
theory of density functional (linear "muf-
fin-tin" orbitals), that is described in [2]. In
[3], specific resistance, thermal capacity,
magnetic properties of B-phase of Fe—Al sys-
tem were studied for alloys containing 30 to
52 at. % of Al. It is possible to conclude
from results of these experiments that the
atomic ordering influences the physical
properties of that alloy and vice versa. It
was found that at short-range ordering of
the Fe—Al alloy, there is a characteristic dip
in the curve of energy dependence of elec-
tronic states density which results in an
energy gap occurrence as a long-range or-
dering is established [4—5]. But the energy
band splitting and changes in electronic
properties of Fe—Al alloy caused by that
split at long-range ordering are not studied
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Fig. 1. Phase diagram of Fe—Al system.

sufficiently in experiment. In this connec-
tion, this work is devoted to the variation
of the long-range order parameter (obtained
by heat treatment and mechanical polishing)
for Fe-50 % Al alloy.

The samples of Fe-50 at.% Al alloy were
melted in a melting-pot furnace under
argon atmosphere at 1200°C during 24 h.
Since Fe and Al differ in physical proper-
ties, the ingots were ground and then re-
melted once again in the melting-pot fur-
nace during 12 h for homogenization. For
X-ray measurements, thin specimens
(10x10x1 mm3) were machined and then
polished. The stoichiometry of Fe—Al alloy
was checked by fluorescent analysis which
has shown the composition 50.09 at. % Fe
and 49.91 at. % Al. An X-ray diffractome-
ter DRON-3 with monochromatic emission
of a cobalt tube (A =1.79 A) was used for
experiments. The X-ray patterns were
scanned at small angles to study the long-
range order under reduced various angle-de-
pendent factors. Then, the integrated inten-
sity of fundamental and superstructure re-
flections were compared. The determination
procedure of the long-range order parame-
ter is described in [6—8]. The necessary refer-
ence data were taken from [6, 9]. The main
formula used for the long-range order pa-
rameter calculation was taken from work [8]:

I, (LP); ¢2M, s fe = fal™n?
Iy (LP); e72M; Py dlepfa) + creflFel®’

where (LP) the Lorentz polarization factor;
e 2M the Debye-Waller factor; fres fap the
atomic scattering factors of Fe and Al; cp,
CFe» the concentrations of alloy components;
17, the long-range order parameter; I, I,
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Fig. 2. Dependence of long-range order pa-
rameter on the annealing temperature of
Fe—Al alloy.

the superstructure and fundamental reflec-
tion intensity, respectively, p-the repeat-
ability factor.

It was of interest to investigate the or-
dering change depending on the system in-
ternal state, therefore, the alloy was an-
nealed at 300, 400, 500, and 650°C for
three hours each time followed by slow cool-
ing down to room temperature with the pur-
pose to attain a high ordering extent. The
recrystallization temperature of the alloy is
about 700°C, therefore, to avoid the result
distortion (growth of a single crystal), it is
just the above heat treatment regime that
was chosen. Since the Fe—Al (50 at. % Al)
alloy is brittle, it was hard to quench the
ingot without fracture of the sample. That
is why the oscillation of the long-range
order extent was examined depending on
mechanic and heat treatment of the sample
(nonequilibrium values of the long-range
order parameter).

One of the methods providing a partial
reducing of atomic ordering is ball milling.
In our case, it is mechanical polishing with
diamond paste (removing approximately
several tens of micrometers from the sur-
face), because this alloy remains a high-or-
dered up to melting point. For the alloy
under study, the layer involved in forma-
tion of the X-ray diffraction picture is ap-
proximately 20 um thick, therefore, in our
opinion, it is the partially disordered region
that is investigated. Temperature depend-
ence of a long-range order parameter is
shown in Fig. 2 (for the disordered state,
that parameter was found to be n = 0.74).

It is seen that thermomechanical treat-
ments of the alloy influence insignificantly
the numerical value of long-range order pa-
rameter. The annealing promotes a gradual
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filling of sites in two sublattice by "own
atoms "resulting in increasing intensity of
superstructure reflection. The reduction of
the long-range ordering extent at mechani-
cal polishing is caused by generation of an-
tiphase boundaries in near-surface layers
due to mechanical stresses as well as by
point defects arising along the superdisloca-
tion shear zone. The distortion of correct
bonds along antiphase boundaries is ex-
tended over several atomic planes. All these
considerations can explain the nature of the
reduction of the long-range order parameter
in Fe-50 at.% Al alloy.

To conclude, the behavior of a long-range
order parameter by X-ray diffraction
method for Fe-50 at. % Al alloy in different
states was experimentally studied. The
long-range order extent increases with the
annealing temperature (at constant anneal-
ing duration) and has the following values:
0.82 (3800°C), 0.86 (400°C), 0.88 (500°C),
and 0.89 (650°C). For the partially disor-
dered alloy, the value n = 0.74 has been ob-
tained. The observed changes in the long-
range order parameter of the studied equia-
tomic alloy can be explained by studying its
other physical properties (heat capacity,

electric resistance, magnetization). Those
changes agree well with theoretical elec-
tronic structure researches of the Fe-
50 at.% Al alloy.
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H.Heinrich,

Pentrenorpagiune mociaiasKkeHHSA
ATOMHOTO JaJIeKoro mopaaky B ciasi Fe—Al

C.I1.Peneyvruii, P.O.Apemko

Penrrenorpadiuno pocnigikeHo TeMIepaTypHY 3ajleKHICTh HepPiBHOBAXKHUX 3HAUYEHDb
napaMerpa aTOMHOI'O JaJieKoro mopajgky cmiaapy Fe-50 ar.% Al uepes BigHomlenHsa iHTerpa-
JBHUX IHTEHCHBHOCTEH HAJACTPYKTYPHOTO OO0 CTPYKTYPHOro BimbuTTiBs Ha Maaux Operri-
BCBKUX KyTax. BusBieHo, 110 i3 3pocTaHHAM TeMIlepaTyp Bigmaay BinOyBaeTbcd IOZATKOBE
3allOBHEHHS aTOMAaMM C€BOIiX ByaaiB" y rparni cmnasy. YacTKOBE PO3SBIOPALKYBAHHS CILIABY
OyJI0 MOCATrHYTO MEXaHIUHMM IIOJipyBaHHSAM, I[0 CIOCTEpirajocda uepes SMEHIIEHHS iHTEeHCU-
BHOCTell HagcTpyKTypHux peduaercis. Taka moeeminka mnmapamerpa IajJeKOro IOPAIKY
c¢BimumTh 1po Te, 1o B ciasi Fe-50 ar.% Al BizGyBatorscs (asoBi mepexogu aApyroro pomay.
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