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a b s t r a c t

Physical and mechanical properties of Fe–Al alloys are strongly influenced by atomic ordering and point

defects. In the present work positron lifetime (LT) measurements combined with slow positron

implantation spectroscopy (SPIS) were employed for an investigation of quenched-in vacancies in

Fe–Al alloys with the Al content ranging from 18 to 49 at.%. The interpretation of positron annihilation

data was performed using ab-initio theoretical calculations of positron parameters. Quenched-in defects

were identified as Fe-vacancies. It was found that the lifetime of positrons trapped at quenched-in

defects increases with increasing Al content due to an increasing number of Al atoms surrounding the

Fe vacancies. The concentration of quenched-in vacancies strongly increases with increasing Al content

from � 10�5 in Fe82Al18 (i.e. the alloy with the lowest Al content studied) up to � 10�1 in Fe51Al49 (i.e.

the alloy with the highest Al content studied in this work).

& 2012 Elsevier B.V. All rights reserved.

1. Introduction

Good mechanical strength and excellent oxidation resistance at
elevated temperatures make Fe–Al intermetallic alloys very attrac-
tive for high temperature applications [1,2]. It is well established
that the physical and mechanical properties of Fe–Al alloys are
strongly influenced by the atomic ordering and point defects [3].

During cooling from high temperatures Fe–Al alloys with an Al
content in the range 30–50 at.% undergo ordering from the
disordered A2 phase to the partially ordered B2 structure [4,5].
Fe–Al alloys with lower Al content 22.7–30 at.% undergo also a
phase transition from the disordered A2 phase to the partially
ordered B2 phase, but ordering continues with decreasing tem-
perature and the B2 structure is transformed into the ordered D03

phase [4,5].
The structure of all Fe–Al phases is based on two interpene-

trating cubic sub-lattices as shown in Fig. 1 and denoted A and B.
In the disordered A2 phase both sub-lattices are randomly
occupied by Fe and Al atoms. In the partially ordered B2 phase
the A sub-lattice is occupied exclusively by Fe atoms, while the B
sub-lattice is randomly filled by Fe and Al. Obviously the fraction
of Al atoms in the B sub-lattice increases with increasing
Al content in the alloy. Finally in the stoichiometric Fe50Al50

alloy the B sub-lattice is occupied by Al atoms only (while the

A sub-lattice is filled exclusively by Fe atoms). This structure is
called ordered B2 phase. The complex D03 phase is based on Fe3Al
stoichiometry: the A sub-lattice is occupied by Fe atoms only and
the B sub-lattice is filled by alternating Fe and Al atoms (see
Fig. 1). Obviously a perfect D03 ordering can be realized only in
the stoichiometric Fe75Al25 alloy. However in Fe–Al alloys the D03

phase exists in a relatively wide range around the Fe75Al25

composition and deviations from the stoichiometry are compen-
sated by vacancies or antisite atoms, i.e. Fe or Al atoms located at
’’wrong’’ sub-lattice sites.

It was shown that a high concentration of vacancies formed in
Fe–Al alloys at high temperatures can be relatively easy quenched
down to room temperature [6–8]. In alloys with an Al content
close to the stoichiometric Fe50Al50 composition the concentra-
tion of quenched-in vacancies may be as high as several atomic
percent [6–8]. Theoretical investigations [9–11] performed for the
B2 phase came to the general conclusion that the enthalpy of
vacancy formation in the B sub-lattice is significantly higher than
in the A sub-lattice. Thus, thermal vacancies in the B2 phase
should be Fe-vacancies located in the A sub-lattice. This theore-
tical prediction was confirmed by coincidence Doppler broad-
ening spectroscopy [12–14].

It was convincingly demonstrated that the hardness of Fe–Al
alloys can be increased by quenched-in vacancies [7,15]. Thus, the
investigation of vacancies is very important for understanding the
physical properties of Fe–Al alloys.

Positron annihilation spectroscopy (PAS) is a non-destructive
technique with a high sensitivity to open volume defects
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e.g. vacancies, di-vacancies, vacancy clusters, etc. [16,17]. PAS
involves several experimental techniques; among them positron
lifetime (LT) spectroscopy [17] and slow positron implantation
spectroscopy (SPIS) [18] are suitable for a determination of the
vacancy concentration in Fe–Al alloys. Moreover, a proper inter-
pretation of PAS results can be performed with the aid of ab-initio

theoretical calculations [19] which enable to link experimental
data directly with theoretical models. Due to these reasons
PAS represents a unique tool for the investigation of vacancies
in Fe–Al alloys.

LT spectroscopy was employed most frequently for the investi-
gation of vacancies in Fe–Al alloys [12,14,20–23,24–30,32]. High
temperature in situ LT investigations of Fe–Al alloys enable to
determine the vacancy formation enthalpy Hv

f . Würschum et al.
[21] found that Hv

f decreases with increasing Al content. However
due to the necessity to adapt the LT spectrometer for measurements
at high temperatures the achieved time resolution is usually poorer
and also the total statistic in LT spectrum is lower than at room
temperature measurements. This allowed only for an analysis using
the mean positron lifetime [20,21,27,32]. Room temperature LT
investigations of quenched-in vacancies in Fe–Al alloys were per-
formed by many authors [12,14,22,23,25,26,28–30]. An increase in
the lifetime of positrons trapped in quenched-in vacancies with
increasing Al content was found in the majority of these works. This
was interpreted by an attractive interaction of vacancies and an
increasing fraction of so called triple defects, i.e. two Fe-vacancies
aligned in [1 0 0] direction and associated with an Fe antisite atom
[22,30]. However so far a characterization of vacancies has been
performed mostly in Fe–Al alloys with an Al content close to the
Fe50Al50 stoichiometric composition, since these alloys exhibit the
highest concentrations of vacancies. Less is known about vacancies
in Fe–Al alloys with compositions close to the Fe3Al stoichiometry.

SPIS investigations of Fe–Al alloys are absent in the literature
although this technique is very helpful for an investigation of
vacancies in these alloys because it enables to estimate the
vacancy concentration in cases when it is so high that the free
positron component cannot be resolved in LT spectra (so-called
saturated positron trapping). The ability of SPIS technique to
determine defect concentration in materials with very high
density of defects has been demonstrated by Krause-Rehberg

et al. [31] who successfully employed SPIS for determination of
dislocation density in Ni subjected to severe plastic deformation.

In this work we present PAS investigations of quenched-in
vacancies in Fe–Al alloys with an Al content in a broad range from
18 to 49 at.%. Quenched-in vacancies were investigated by LT
spectroscopy combined with SPIS. This allowed to determine the
vacancy concentration in a wide range from a few ppm up to
several at.%. Experimental results were interpreted using state-of-
art ab-initio theoretical calculations of positron observables.

2. Material and methods

Fe–Al alloys were prepared from high purity Fe (99.99%) and Al
(99.99%) by arc melting in Ti-gettered Ar atmosphere. A serie of
Fe–Al alloys with an Al concentration from 18 to 49 at.% was
prepared. As-cast alloys exhibit coarse grains with a mean
diameter of a few mm. Specimens for PAS investigations were
cut from the as-cast ingots to a size of about 10� 10� 1 mm3,
sealed in evacuated quartz ampoules and annealed at 1000 1C for
1 h. Annealing was finished by quenching of the quartz ampoules
into water of room temperature.

A 22Na2CO3 positron source with an activity of 1.2 MBq
deposited on a 2 mm thick Mylar foil was used for LT studies.
The contribution of positron annihilation in the source and
covering foils was measured in a well-annealed pure a-iron (the
bulk lifetime of 107:070:3 ps) and re-calculated for a particular
alloy according to a method suggested in Ref. [33]. The source
contribution consists of two components with lifetimes of
� 368 ps and � 1:5 ns and intensities of 5–6% and � 1%, respec-
tively. These components represent the contribution of positrons
annihilated in the source itself and in the covering foil.

A high resolution digital spectrometer [34,35] was employed
for LT investigations of the alloys studied. The detector part of the
digital LT spectrometer is equipped with two Hamamatsu H3378
photomultipliers coupled with BaF2 scintillators. Detector pulses
are sampled in real time by two ultra-fast Acqiris DC211 8 bit
digitizers at a sampling frequency of 4 GHz. The digitized pulses
are acquired by a PC and analysis of sampled waveforms is carried
out off-line by software using a new algorithm for integral
constant fraction timing [36]. The time resolution of the digital
LT spectrometer was 145 ps (full width at half maximum
(FWHM), 22Na). At least 107 annihilation events were accumu-
lated in each LT spectrum. Decomposition of LT spectra into
exponential components was performed by a maximum-like-
lihood code described in Ref. [37].

The SPIS measurements were performed using a magnetically
guided variable energy slow positron beam ‘‘SPONSOR’’ [38].
Positron energies were selected so that they covered the region
from 0.03 to 35 keV. The diameter of the beam spot was � 4 mm
for all positron energies. Energy spectra of annihilation g rays
were measured with a HPGe detector having an efficiency of
� 30% and an energy resolution (FWHM) of ð1:0670:01ÞkeV at
511 keV. The Doppler broadening of annihilation profile was
evaluated using the line shape S-parameter [16]. All S-parameters
shown in this work were normalized to the bulk S-parameter
S0 ¼ 0:5085ð5Þ measured in an Fe75Al25 alloy at a positron energy
of 35 keV. The dependence of the S-parameter on the positron
energy for each alloy was analyzed using the VEPFIT code [39].

X-ray diffraction (XRD) studies were performed on X’Pert Pro
diffractometer using Cu-Ka radiation.

3. Theoretical calculations

Theoretical calculations of the positron lifetimes were performed
within the so-called standard scheme employing the atomic

Fig. 1. The structure of the Fe–Al phases. Solid (blue) and dashed (red) lines show

the A and B sub-lattices, respectively. In the disordered A2 phase the A and B sub-

lattices are randomly occupied by Fe and Al atoms. In the partially ordered B2

phase the A sub-lattice is occupied exclusively by Fe atoms (full blue circles),

while the B sub-lattice is filled randomly with Fe and Al atoms. The complex D03

structure consists of the A sub-lattice occupied by Fe atoms only (full blue circles)

and the B sub-lattice consisting of alternating Fe (half filled blue circles) and Al

(open red circles) atoms. (For interpretation of the references to color in this figure

legend, the reader is referred to the web version of this article.)
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superposition (ATSUP) method [41,42]. The electron-positron corre-
lations were treated according to Boroński and Nieminen [43].
The lattice parameters used in these calculations were taken from
Ref. [44].

Calculations for vacancies were performed using a supercell
approach, considering 1024 atom-based supercells. Monovacan-
cies were created by removing single atoms from the supercell.
The disordered A2 and partially disordered B2 structures were
modeled by random filling of the atomic positions in both sub-
lattices and in the B sub-lattice, respectively, keeping the total
composition in the supercell equal to the alloy composition. Ten
independent calculations were performed for each concentration
and the arithmetic average of calculated positron lifetimes was
used. The variance of the positron lifetime due to atomic disorder
was estimated from the spread of calculated results.

4. Results and discussion

XRD investigations revealed that quenched alloys with an Al
concentration cAlZ30 at.% exhibit B2 structure, while those with
18rcAlr30 at.% exhibit predominantly the disordered A2 phase.
This testifies that quenching was fast enough to prevent atomic
ordering during cooling.

Fig. 2 shows positron lifetimes of exponential components
resolved in the LT spectra of quenched alloys plotted as a function
of the Al concentration cAl. LT spectra of alloys with cAlo26 at%
were decomposed into two exponential components: the short
lived component with lifetime t1 represents a contribution of free
positrons, while the longer component with lifetime t2 comes
from positrons trapped at quenched-in vacancies. The relative
intensity I2 of the contribution of positrons trapped at quenched-
in vacancies is plotted in Fig. 3 as a function of the Al content. The
intensity of positrons trapped at vacancies strongly increases with
increasing Al content. In alloys with cAlZ26 at.% vacancy con-
centration becomes so high that the free component cannot be
resolved in LT anymore (saturated trapping ) and LT spectra are
well described by a single component (still denoted by index 2)
originating from positrons trapped at vacancies. This is in reason-
able agreement with results published by de Diego et al. [22] who

observed saturated positron trapping in alloys with cAlZ25 at.%
in water-quenched samples and cAlZ30 at.% in air-quenched
samples.

One can see in Fig. 2 that the lifetime of positrons trapped at
vacancies increases with increasing Al content. The lifetime tV of
positrons trapped in vacancies in the A sub-lattice obtained from
ab-initio theoretical calculations is plotted in Fig. 2 by a dash-
dotted line. A good agreement of experimental data with the
calculated lifetime tV can be seen in alloys with Al content
cAlZ25 at.%. Note that in alloys with an Al content approaching
the stoichiometric Fe50Al50 composition the concentration of
Fe-vacancies in the A sub-lattice becomes extremely high and
an attractive interaction of these vacancies leads to the formation
of triple defects consisting of two Fe-vacancies in the A sub-lattice
aligned in the /100S direction associated with an antisite Fe
atom in the B sub-lattice [10,11]. The calculated lifetime tTD of
positrons trapped in triple defects is plotted in Fig. 2 by a dotted
line. Since the experimental lifetimes t2 for alloys with high Al
content cAl440 at.% fall somewhere between the calculated
lifetime for an Fe-vacancy (tV � 191 ps) and that for a triple
defect (tTD � 200 ps) we can conclude that quenched alloys with
high Al content contain most probably a mixture of Fe-vacancies
and triple defects.

In alloys with cAlo25 at.% the experimental lifetime t2 is
lower that the calculated lifetime tV . This is most probably due to
an inward relaxation of atoms surrounding the vacancy which
was not taken into account in theoretical calculations; for a
detailed discussion see Ref. [14]. Theoretical calculations revealed
an attractive interaction existing between an Al atom (in the B
sub-lattice) and a vacancy in the A sub-lattice [45]. This leads to a
significant inward relaxation of Al atom towards a vacancy in
alloys with low Al content where vacancies are surrounded by
one or two Al atoms only. In Fe–Al alloys with higher Al content
the number of Al atoms surrounding a vacancy increases and the
inward relaxation is canceled due to a repulsive Al–Al interaction.

To put our results into context of data existing in the literature
Fig. 4 collects all data of lifetime t2 available so far. From inspection
of Fig. 4 we can conclude that results of high temperature in situ LT
studies are in very reasonable agreement with room temperature LT
investigations of quenched samples. All data in Fig. 4 consistently
show an increase of lifetime of positrons trapped at vacancies with
increasing Al content. Theoretical calculations confirmed that the
lifetime of trapped positrons increases due to an increasing number
of Al atoms surrounding vacancies [46]. Moreover, in alloys with

Fig. 2. Positron lifetimes t1 (open circles) and t2 (filled circles) of exponential

components resolved in LT spectra of quenched alloys plotted as a function of Al

concentration cAl. The quantity tf calculated using Eq. (1) is plotted in the figure by

open triangles. The results of ab-inito theoretical calculations are plotted in the

figure as well: dashed line, bulk lifetime tB of free positrons annihilating in a

perfect (defect-free) alloy; dash-dotted line, lifetime tV of positrons trapped at

vacancies in the A sub-lattice; dotted line, lifetime tTD of positrons trapped at

triple defects.

Fig. 3. Relative intensity I2 of the component with lifetime t2 representing

positrons trapped at vacancies plotted as a function of the Al concentration cAl.
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high Al content (cAl440 at.%) the lifetime of trapped positrons
increases also due to an increasing fraction of triple defects.

If the free positron component was resolved in a LT spectrum
the quantity

tf ¼
I1

t1
þ

I2

t2

� ��1

ð1Þ

can be used to check consistency of the spectrum decomposition
with the two state simple trapping model (STM) [17]. If assump-
tions of the two state STM are fulfilled, i.e. the sample contains a
single type of homogeneously distributed positron traps, no
detrapping occurs and only thermalized positrons are trapped,
then the quantity tf equals the bulk positron lifetime tB, i.e. the
lifetime of free positrons in a perfect (defect-free) material.
The quantity tf calculated from Eq. (1) is plotted in Fig. 2 (open
triangles) together with tB obtained from theoretical calculations
(dashed line) assuming an A2 structure for alloys with cAlo30
at.% and a B2 structure for alloys with cAl430 at.% and using
lattice parameters determined by Taylor and Jones [44]. One can
see in Fig. 2 that the tf points are in good agreement with the
calculated bulk lifetime curve. This testifies that the assumptions
of the two state STM are fulfilled and the concentration of
vacancies can be calculated from the expression:

cV ¼
1

nV

I2

I1

1

tB
�

1

t2

� �
, ð2Þ

where nV is the specific positron trapping rate to vacancies. In this
work we used nV ¼ 4� 1014 s�1 reported for vacancies in Fe3Al in
Ref. [20]. The concentration of vacancies cV calculated from Eq. (2)
is plotted in Fig. 5.

The free positron component cannot be resolved in a LT
spectrum if its relative intensity I1 falls below � 5%. Using
Eq. (2) one can calculate that this happens when the concentra-
tion of vacancies exceeds 2� 10�4. Hence, cV � 2� 10�4 can be
considered as an upper limit of vacancy concentration in Fe–Al
alloys which can be determined by LT spectroscopy. In Fe–Al
samples studied in this work the saturated positron trapping at
vacancies occurs in alloys with cAlZ26 at.%.

Fig. 6 shows the dependence of the S-parameter on the energy
of incident positrons for studied Fe–Al alloys of various composi-
tion. At low energies virtually all positrons annihilate at the
surface. With increasing energy positrons penetrate deeper and

deeper into the bulk and the fraction of positrons diffusing back to
the surface decreases. All Fe–Al samples are covered with a thin
oxide layer. The contribution of positrons annihilated inside the
oxide layer can be clearly seen in Fig. 6 to be within the energy
range 0.5–2.0 keV. At higher energies (E42 keV) positrons pene-
trate into the Fe–Al bulk and with increasing energy the S-parameter
approaches the bulk value corresponding to the situation when all
positrons are annihilated inside the corresponding Fe–Al alloy. Solid
lines in Fig. 6 show fitted model curves calculated by VEPFIT
software [39] assuming two layered model consisting of (i) a thin
oxide surface layer and (ii) a bulk Fe–Al layer. The thickness of the
surface oxide layer in various alloys obtained from fitting falls into

Fig. 4. Dependence of the lifetime t2 of positrons trapped at vacancies on Al

content cAl. Full circles, this work; open circles, Ref. [24] (in situ LT measurement);

open diamonds, Ref. [20] (in situ LT measurement); open triangles (upward), Ref.

[22]; half-filled diamonds, Ref. [25]; half-filled circles, Ref. [12]; hourglass circle,

Ref. [29]; open triangles (downward), Ref. [23].

Fig. 5. Concentration of quenched-in vacancies cV in Fe–Al alloys quenched from

1000 1C. Open circles, cV determined by LT spectroscopy in this work; full circles,

cV determined by SPIS spectroscopy in this work; filled triangles, cV obtained by

extrapolation of cV determined in the temperature range 500–800 1C by LT

spectroscopy in Ref. [30]; half filled diamonds, cV calculated using vacancy

formation enthalpy and pre-exponential factor determined in the temperature

range 390–470 1C by in situ LT spectroscopy in Ref. [21]; half-filled squares, cV

determined from hardness measurements and theoretical modeling by Chang

et al. [7]; half filled circles, cV determined from XRD studies by extrapolation of cV

measured in temperature range 500–950 1C by Joardar et al. [50]; stars, cV

determined from dilatometric measurements combined with XRD [6]; hourglass

squares, cV determined from dilatometric measurements combined with XRD [51].

Fig. 6. SPIS results: dependence of the S-parameter on energy E of incident

positrons for various quenched alloys. Solid lines show model curves calculated by

the VEPFIT software [39].

J. Čı́žek et al. / Physica B 407 (2012) 2659–26642662



Author's personal copy

the range 15–50 nm. The surface oxide layer contains very high
number of defects which is testified by the extremely short positron
diffusion length of 4–6 nm. The positron diffusion length Lþ
evaluated for every Fe–Al alloy is plotted in Fig. 7. Assuming that
quenched Fe–Al alloys contain only a single type of positron traps
(quenched-in vacancies), which is confirmed by a single component
LT spectrum, the concentration of quenched-in vacancies can be
calculated from the formula [40]:

cV ¼
1

nVtB

L2
þ ,B

L2
þ

�1

 !
, ð3Þ

where Lþ ,B is the mean positron diffusion length in a perfect (defect-
free) alloy. Since Lþ ,B is not known from experiment it was
calculated from the expression:

Lþ ,B ¼
ffiffiffiffiffiffiffiffiffiffiffiffi
Dþ tB

p
, ð4Þ

where Dþ is the room temperature positron diffusion coefficient.
Experimental data for positron diffusion coefficients are scarce. For
aluminum Dþ ,Al ¼ 1:770:2 cm2 s�1 was determined by Soininen
et al. [48]. For iron only a very rough estimation Dþ ,Fe41 cm2 s�1

can be found in literature [18]. However positron diffusion coeffi-
cients can be determined from semiclassical random walk theory
[19,47]:

Dþ ¼
kT

mn
t, ð5Þ

where k is the Boltzmann constant, T is the thermodynamic
temperature, mn � 1:5m0 [18] is the effective positron mass in units
of the rest electron mass m0, and t is the relaxation time for the
scattering process taking place in the material. For metals the
acoustic longitudinal phonon scattering dominates and the relaxa-
tion time is given by the expression [47]:

tph ¼

ffiffiffiffiffiffi
8p
9

r
‘ 4 s

ðmnkTÞ3=2g
, ð6Þ

where ‘ is the reduced Planck constant, s is the velocity of sound in
the material, and g is the positron-acoustic-phonon coupling con-
stant [19]:

g¼ Edffiffiffiffiffiffiffiffi
2Rs

p , ð7Þ

where R is the mass density and Ed is the deformation potential [47].
The positron diffusion coefficients calculated using this approach for
pure Fe and Al are Dþ ,Fe ¼ 3:8 cm2 s�1 and Dþ ,Al ¼ 1:7 cm2 s�1,

respectively, which is in agreement with available experimental
data. Note that for Al we used Ed,Al ¼�6:7 eV determined experi-
mentally in Ref. [48], while for Fe we used Ed,Fe ��2=3EF (where EF

is the Fermi energy) [49].
Determination of positron diffusion coefficients Dþ for various

Fe–Al alloys requires more demanding calculations which are
beyond the scope of this work because the quantities s and Ed are
not known. However since Dþ in FeAl alloys decreases with
increasing Al content mainly due to decreasing density, in the first
approximation it can be estimated by weighted average of
positron diffusion coefficients for Fe and Al:

Dþ ¼ ð1�cAlÞDþ ,FeþcAlDþ ,Al: ð8Þ

The positron diffusion length Lþ ,B calculated from Eq. (4) is
plotted in Fig. 7 as well.

The concentration of vacancies determined using Eq. (3) is
plotted in Fig. 5. One can see in the figure that both LT and SPIS
investigations revealed a substantial increase in vacancy concentra-
tion with increasing Al content. This indicates that the vacancy
formation enthalpy decreases with increasing Al content in con-
cordance with results obtained by Würschum et al. [21]. The
concentration of vacancies at 1000 1C calculated from results of LT
investigations in Refs. [21,30] is plotted in Fig. 5 as well. Moreover,
the vacancy concentration in alloys with high Al content (cAl440
at.%) becomes so high that it can be detected using differential
dilatometry combined with XRD [6,50,51] or through microhardness
measurements combined with theoretical modelling [7]. Results of
these investigations are also shown in Fig. 5 for comparison with
PAS results. One can see in the figure that there is a very reasonable
agreement among vacancy concentrations determined using various
techniques despite uncertainties implied by necessary approxima-
tions and simplifications. The concentration of vacancies increases
with increasing Al content roughly by four orders of magnitude from
� 10�5 in an Fe82Al18 alloy up to � 10�1 in an Fe50Al50 alloy.

In cases of short positron diffusion lengths (o10 nm) the
uncertainty of this quantity determined by fitting of S(E) curves
measured on our setup falls in the range 1–2 nm. Obviously the
positron diffusion length can be reliably determined only if its
magnitude is higher than its uncertainty. Hence, the positron
diffusion length can be reliably determined by fitting of the S(E)
curve if Lþ42 nm. From Eq. (3) if follows that Lþ � 2 nm would
correspond to an extremely high concentration of vacancies of
� 0:2. Obviously such a high concentration of vacancies cannot be
reached in any real material. Thus, we can conclude that contrary
to LT spectroscopy SPIS is applicable for the determination of the
vacancy concentration in almost any practical case and there
seems to be no real upper limit for a vacancy concentration which
can by determined by this technique. On the other hand, SPIS
cannot distinguish between various kinds of defects and the
uncertainty of cV obtained by SPIS is usually larger compared to
LT measurements. For these reasons SPIS is suitable mainly for an
estimation of the vacancy concentrations in materials with a very
high density of defects where LT spectroscopy is not applicable
due to saturated positron trapping.

To check whether LT spectroscopy and SPIS gave mutually
consistent results, the vacancy concentration in a quenched
Fe75Al25 alloy was determined by both techniques. The concen-
trations of quenched-in vacancies cV ¼ ð7:070:5Þ � 10�5 and
ð571Þ � 10�5 were obtained from LT and SPIS measurements,
respectively. These values are in reasonable agreement taking
into account experimental uncertainties.

5. Conclusions

Quenched-in vacancies in Fe–Al alloys with Al concentration
from 18 to 49 at.% were investigated in the present work using LT

Fig. 7. The mean positron diffusion length Lþ in Fe–Al obtained from fitting of S(E)

curves measured by SPIS. The dashed line shows the calculated positron diffusion

length Lþ ,B in a perfect (defect-free) alloy.
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spectroscopy combined with SPIS. It was found that the lifetime
of positrons trapped in quenched-in vacancies increases with
increasing Al concentration. The concentration of quenched-in
vacancies cV was determined using LT and SPIS spectroscopy in
alloys with cV o2� 10�4 and using SPIS in alloys with cV 42�
10�4 where the concentration of vacancies is so high that the free
positron component cannot be resolved in LT spectra. It was
demonstrated that vacancy concentrations estimated by LT and
SPIS technique are mutually consistent. The concentration of
quenched-in vacancies strongly increases with increasing Al
content from 10�5 in an Fe82Al18 (i.e. the alloy with the lowest
Al content studied here) up to 10�1 in an Fe51Al49. SPIS investiga-
tions confirmed an extremely high concentration of vacancies of
several at.% estimated previously using XRD, differential dilato-
metry and microhardness in alloys with a composition approach-
ing the Fe50Al50 stoichiometry.
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(2007) 177.
[24] A. Broska, J. Wolff, M. Franz, T. Hehenkamp, Intermetallics 7 (1999) 259.
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