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Measurements of hyperfine fields have been performed on ordered and disordered Fe;Al alloys and
disordered Fe;_, Cr, Al alloys for 0<x <1 with use of a >’Fe Mdssbauer technique. The Curie tempera-
tures of all the samples were measured with use of the zero-velocity thermal-scan method. The Curie
temperature decreases linearly with increasing chromium concentration. Mdssbauer spectra of the sam-
ples show the presence of a paramagnetic peak coexisting with the hyperfine structure for x =20.5. The
spectra fitted with a hyperfine-field distribution show the presence of two hyperfine-field components.
The lower of these in disordered Fe;Al is assigned to have 5 nearest-neighbor Al atoms and the higher-
field one to have 2—3 nearest-neighbor Al atoms. A systematic replacement of Fe with Cr shows a linear
decrease with increasing Cr concentration for both field components. The change in the lower field is
only 65 kOe while that in the higher one is 120 kOe over the entire Cr-concentration range. The rapid
decrease in the high-field component with increasing Cr concentration points to the fact that despite the
considerable disorder which exists, Cr preferentially substitutes for iron at sites having 2-3 nearest-

neighbor Al atoms.

I. INTRODUCTION

Extensive theoretical as well as experimental studies
have been done in recent years to understand magnetic
and chemical interactions in solid solutions.!” These
studies have attempted to establish correlations between
different types of interactions. Many of them also exam-
ine the way and extent to which these interactions
influence phase diagrams in transition-metal alloys. This
becomes important because although the interaction en-
ergies are small, as compared to the alloy formation ener-
gy, they play a crucial role in determining the ground
state of these systems. Here, therefore, a good under-
standing of environmental effects is essential.

In particular, in magnetic systems, parameters like the
magnetic moment, Curie temperature, etc., are good indi-
cators of environmental effects. A study entailing the
measurement of these quantities can be made in two
different ways to understand such effects in an alloy. One
way is to examine any change in these quantities for a
particular concentration of the alloy at various stages of
long- and short-range ordering. Another approach to see
environmental effects is to examine the parameters of in-
terest as a function of the alloy composition or concentra-
tion at any particular state of ordering. Stoichiometric
compositions, in particular, offer the best conditions for
the latter type of studies. The chemical environment of
constituents in a stoichiometric alloy which exists in the
fully ordered state is well defined. This, therefore, facili-
tates the interpretation of measured magnetic properties
in terms of the known chemical environment. However,
in disordered systems, chemical ordering is limited to
only the short-range type. Hence careful studies making
use of a variation in stoichiometry are desirable as envi-
ronmental effects are more dominant in such systems.

Magnetic properties of iron-based transition-metal al-
loys display a rather great sensitivity to environmental
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effects. Transition-metal alloys based on Co or Ni which,
like iron, are also both transitional as well as ferromag-
netic, do not, however, show the same amount of sensi-
tivity as compared to Fe-based alloys. In iron-based
transition-metal alloys of say, the 4;B type (Fe;Al and
Fe;Si are good examples) where long-range ordering is
possible, both magnetization measurements as well as mi-
croscopic measurements through NMR, Madssbauer
effect, neutron scattering, etc., together allow the unam-
biguous assignment of distinct moment values to iron
atoms. In a perfectly long-range-ordered substance
where the sense of magnetization between sublattices is
the same, the microscopic and macroscopic measure-
ments usually agree.’ But in the limit of short-range or-
dering, the microscopic and macroscopically measured
quantities like the Curie temperature, average magnetic
moments, etc., might show considerable differences. The
Fe-Cr system is a good example of such differences.® As
iron-based transition-metal alloys show a large sensitivity
to the environment, an excellent method to probe micro-
scopic properties is to use the >’Fe Mdssbauer technique.
Fe;Al and Fe;Si are good and well-studied examples of
single-magnetic-component systems that can be studied
over a wide range of composition. In the perfectly or-
dered state, Fe;Al has typically the DO, type of structure.
Figure 1 shows a unit cell of Fe;Al ordered in this struc-
ture. It consists of four face-centered-cubic sublattices
A, B, C, and D. The iron atom occupies 4, B, and C sub-
lattices while D is occupied by Al. Iron atom at the A4
sublattice is denoted by Fe[ A] and is equivalent to that at
the site C, Fe[C]. Fe[ A4, C] therefore has four Fe and four
Al as the first-nearest neighbor. Fe[B], on the other
hand, has eight Fe as first-nearest neighbor. In Fe;Si,
which is isostructural to Fe;Al, it has been shown by
Mossbauer, spin-echo, and NMR as well as neutron-
diffraction techniques’ !° that dilute transition-metal im-
purities in Fe;Si preferentially enter one or the other of
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FIG. 1. Unit cell of the ordered Fe;Al structure.

the two inequivalent iron sites. It has been found that the
3d transition elements which are less electronegative than
Fe (e.g., Co) preferentially occupy the [ 4, C] site, whereas
elements which are more electronegative than Fe (e.g.,
Mn, V) in the periodic table preferentially occupy the [B]
site. In Fe;Al, however, no such systematic site-
preference studies have been made. The type of ordering
to be seen in Fe;Al is highly sensitive to the type of heat
treatment it has had!! and can be held at almost any de-
gree of ordering to be studied. In the present investiga-
tion, our aim has been to study the effect of replacement
of Fe with Cr progressively, starting from Fe;Al to form
the series Fe;_  Cr, Al for various Cr concentrations in
disordered alloys.

II. EXPERIMENTAL

The starting materials iron, aluminum, and chromium
used for the preparation of the alloys Fe;Al as well as the
series Fe;_,Cr,Al, for x=0.05, 0.1, 0.5, 0.8, 0.9, 0.95,
and 1.0, were of at least 99.99% purity obtained from
M/s. Spex Industries, Inc., U.S.A. These were weighed
out in the desired atomic ratio and melted together in an
arc furnace in argon atmosphere. The melting was car-
ried out five times in order to homogenize the alloys. The
weight loss during melting was less than 1%. The ingots
obtained were crushed and ground to powder. They were
then sealed into quartz ampoules evacuated to 10> Torr
and heated at 800°C for 72 h. Part of the Fe;Al sample
(sample I) as well as the Fe;_,Cr, Al were quenched to
room temperature. Another part of Fe;Al (sample II)
was cooled down to room temperature at a rate of
50°C/h.

Samples for Mossbauer-effect studies were made to
have a thickness of 10 mg/cm? of natural iron. The re-
quired quantity of the powdered sample was weighed out
and mixed thoroughly with boron nitride. They were
then packed into copper rings about 1-mm thick with an
effective sample area of 1 cm?. They were then covered
with Al foils. A standard Austin drive and controller as-
sembly were used in the flyback mode. The source used
was 25-mCi >’Co in rhodium matrix. The data were ac-
cumulated in a 512-channel multichannel analyzer
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(MCA) for approximately 3 days to obtain transmission
Mossbauer data of fairly good statistics. The velocity
was calibrated using a laser velocity calibrator. The cali-
bration and linearity were checked before and after each
sample run. The linewidth of the inner peaks of natural
iron is 0.26 mm/sec.

As the study was devoted to getting a microscopic pic-
ture of the type of interaction taking place, measurement
of the Curie temperature using the zero-velocity
Mossbauer thermal scan method has been used, as this
method gives the Curie temperature on a microscopic
level. However, this method can only be used when the
centroids of the Mdssbauer spectra are very close to the
zero-velocity channel.!? In the samples concerned this
criterion is fulfilled. Moreover, studies carried out by
Burke and Rainford!? in Fe-Cr alloys have shown that
the microscopic and macroscopic measurements of the
same quantities gave different results.!* The zero-velocity
scan method has the advantage that it does not require
the application of any external magnetic field and, as
Mossbauer spectra of some of the samples show coex-
istence of paramagnetic as well as hyperfine structures,
this method is more suitable in the present case. The
samples used were identical to the ones prepared for the
Mossbauer studies. The samples were then mounted into
a vacuum furnace evacuated to 10~° Torr. The tempera-
ture was kept fixed within +0.5 to =5°C at worst by
means of a conventional temperature controller. The
counts were collected for 0.5 min at each temperature
after allowing for a 5-min stabilization time between each
reading (i.e., temperature setting) so as to ensure the es-
tablishment of proper temperature equilibrium. Alumi-
num foils of just enough thickness to cut off the 6-keV
x rays were kept between the source and the absorber.
Counts were also taken at the beginning and end of each
run without any sample but with all other things the
same to check for any change in the counting rate. Typi-
cal plots of counts versus temperature so obtained for the
Fe;Al samples are shown in Fig. 2. The temperature for
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FIG. 2. Zero-velocity Mdssbauer thermal scan for (a) Fe;Al
(quenched), (b) Fe;Al (annealed), (c) and (d) Fe;_,Cr, Al alloy,
x =0.10 and x =0.90, respectively.
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the sharpest dip in the count rate has been taken as the
transition temperature.

III. RESULTS AND DISCUSSION

A. Analysis

The samples of Fe;Al both quenched and annealed
were analyzed using the Meerwal program!> which fits
for sets of Lorentzians. These Lorentzians were fitted for
two sets of sextets. The criterion considered for a good fit
was a minimum y? with convergence on increasing the
number of iterations. The values of the magnetic
hyperfine fields so obtained for the quenched sample were
289 and 259 kOe. The width of the sextets which gave
the best fit with this method was found to be 0.79
mm/sec. The values of both fields and widths were found
to be unacceptable. In the case of the annealed sample of
Fe;Al, the values of the magnetic hyperfine fields were
288 and 210 kOe. Although the field values are more or
less suitable, widths in this case too were too much (0.58
mm/sec). The width of iron peaks is 0.26 mm/sec. The
widths of both the Fe;Al samples fitted by the Meerwal
method indicated the presence of a distribution in the
hyperfine fields. All the spectra were therefore fitted for a
distribution of hyperfine fields using Window’s method.!®
This method is ideally suited where the spectra are not
well resolved, particularly in the case of the spectra ob-
tained for Fe;_,Cr, Al, for x above 50% where the pres-
ence of the paramagnetic part in addition to the hyperfine
spectra complicates the spectra.

It had been pointed out by several authors!”"!° that,
while using Window’s method, it is necessary to deter-
mine the proper fitting parameters. The spectra were
fitted with the constraint that linewidth " be that corre-
sponding to a-Fe. [It was seen that y?> was minimal for
F'=T(a-Fe). Width of a-Fe was seen to be 0.26
mm/sec]. The number of cosine terms found to be most
suitable was 8. Negative oscillations in the P(H) distri-
bution do not have any physical meaning.

B. Fe;Al (quenched)

The Mossbauer spectra of the quenched Fe;Al sample
at room temperature and the hyperfine-field distribution
obtained are shown in Fig. 3. It has been pointed out by
Fultz, Gao, and Hamdeh?® that heating Fe;Al at 800°C
leads to the loss of both DO, as well as B2 long-range or-
dering. The spectrum reported by them for their
quenched sample compares rather well with that of our
own quenched sample. The hyperfine-field distribution
for this sample of Fe;Al is broad and shows the presence
of two major components [Fig. 3(b)]. One is a high-field
component (hereafter called H,) appearing around 265
kOe and the other a low-field one (hereafter called H,) at
155 kOe. Of the two, H,, i.e., corresponding to 265 kOe,
is more intense and has a width of 80 kOe while H, (at
155 kOe) has a width of 45 kOe. The fractional widths of
both components AH /H, therefore work out to be 0.3.
The average hyperfine field obtained from the hyperfine-
field distribution analysis of the Mdssbauer spectrum is a
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FIG. 3. Modssbauer spectrum (a) and hyperfine-field distribu-
tion (b) of Fe;Al (quenched) alloy at room temperature.

weighted average of the individual components and is 239
kOe for the sample. This value is comparable with the
value reported by Frackowiak?' for disordered Fe,Al
prepared by quenching from 950°C into ice brine. As
pointed out earlier, the manner of heat treatment impart-
ed to Fe;Al plays a very strong role in determining the
final parameters shown by this alloy. The values of the
average hyperfine field (H,,), widths of the components,
AH, and AH,, as well as AH /H for both the field com-
ponents are shown in Table I.

The Curie temperature of this sample (measured by
zero-velocity Mossbauer thermal scan method) is 810 K
and matches well with that reported for disordered Fe;Al
by Tuszynski, Zarek, and Popiel.?> A comparison of the
field distribution obtained for this sample with that ob-
tained by Fultz, Gao, and Hamdeh® allows the assign-
ment of the number of nearest-neighbor Al atoms associ-
ated with these sites. Accordingly, the high-field com-
ponent of 265 kOe can be attributed to a configuration
2-3 nearest-neighbor Al and that at 155 kOe having 5
nearest-neighbor Al, respectively.

The broad peaks present in the hyperfine distribution
of this sample can be understood as arising from the dis-
order present in this material. The first systematic inves-
tigation for Fe-Al alloys in the range 20-30 at. % Al was
made by Bradley and Jay.??> They found that alloys con-
taining more than 20 at. % Al form configurations based
on both the B2 as well as DO; type superlattices. The B2
structure is of the CsCl type, i.e., in which there is a com-
plete disorder between the atoms on the [B] and [D] sites.
While this does represent considerable disorder as com-
pared to the DO; type of structure, a good deal of long-
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TABLE 1. Internal magnetic fields, fractional width of the fields, and Curie temperatures for Fe;Al
The internal field components H, and H, were determined from the subpeaks in the hyperfine-field dis-

tributions.
Hav Hl H2 TC
Sample (kOe) (kOe) (kOe) AH,/H, AH,/H, (K)
Fe;Al (quenched) 239.1 155 265 0.29 0.30 810
240.0% 810°
Fe;Al (annealed) 223.3 215 290 0.20 0.14 720
211+3.3° 293.7+3.3°¢ 713¢

*Value for disordered alloy taken from Fig. 1(b) of Ref. 21.
®Value for disordered alloy taken from Fig. 1(a) of Ref. 22.
“Reported values for ordered alloy taken from Ref. 5.

range order still exists. According to Taylor and Jones,?*

B2-type pseudo-order begins to form at Al concentra-
tions below 25 at. % and the ordering occurs very rapid-
ly. The studies of Fe-Al system by Pal and Tornoczi®®
with 23-25 % Al show that a completely ordered phase
which is also ferromagnetic can be formed at 490°C. As
in the formation of our sample, the sample was never
held at temperatures conducive to ordering and was
quenched from 800 °C, disorder is frozen at room temper-
ature.

The value of AH /H being equal to 0.3 in both high-
and low-field component sites in the disordered Fe;Al
sample shows that the distribution in the number of Al
atoms around both these sites about the most probable
values of 5 and 2-3 are the same for both sites. This im-
plies that with the increase in the disorder, the probabili-
ty of an iron atom seeing more and more Al as nearest
neighbors increases leading to a shift in the correspond-
ing field components in the probability distribution
curves. In the fully ordered state, the two Fe sites have
four and zero nearest-neighbor Al, respectively. Corre-
spondingly, the value of fields at these sites is higher than
those seen in disordered Fe;Al.

From the study of Fe;Al in disordered states we con-
clude that heating at 800 °C and then quenching the sam-
ple holds the sample at almost a state of complete chemi-
cal disorder. Order is present only in the short-range
limit. Moreover, two most probable configurations for
Fe atoms exist in highly disordered Fe;Al which are one
with 5 nearest-neighbor Al and the other with 2-3
nearest-neighbor Al. The amount of disorder existing in
these sites individually is about 30% each.

C. Fe;Al (annealed)

This sample was prepared by allowing Fe;Al to cool
down to room temperature from the annealing tempera-
ture of 800 °C at the rate of 50°C/h. The presence of two
sextets was visible in the spectrum indicating the evolu-
tion of better ordering. The figures of the Mossbauer
spectrum as well as the hyperfine distribution obtained
for the sample are shown in Fig. 4. It can be seen that
the broad  distribution narrowed  considerably
(AH,/H,=0.2, AH,/H,=0.14) and showed two com-
ponents of almost equal intensity. The intensity which is
measured by the height of the distribution peaks indicates

the probability of the probe Fe (which is also a constitu-
ent here) to find itself in the presence of corresponding
hyperfine fields. Equal intensities, therefore, indicate the
equal probability for the Fe to find itself at fields which
are 285 and 210 kOe, respectively, in this sample. The
values of hyperfine field observed in our sample are close
to those reported by Grandjean and Gerard®® and
Stearns.?” The small difference in the values of hyperfine
fields in our sample compared to earlier studies can be at-
tributed to the fact that the observed values are strongly
dependent on the temperature treatment.

The decrease in the value of the higher-field com-
ponent from 285 kOe (in the annealed sample) to 265 kOe
(in the quenched one) over a change in the ordering, i.e.,
from a fully ordered to nearly fully disordered state can
be understood in terms of the number of nearest-neighbor
Al atoms seen by Fe in Fe;Al. The hyperfine fields in
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FIG. 4. Mdssbauer spectrum (a) and hyperfine-field distribu-
tion (b) of Fe;Al (annealed) alloy at room temperature.
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Fe;Al alloys are particularly sensitive to the nearest-
neighbor configurations. Neutron-diffraction studies of
ordered Fe;Al show that magnetic moments at Fe at the
two sublattices, i.e., Fe[ 4, C] and Fe[B] are substantially
different. Their values were worked out to be
1.461+0.1up at Fe[A4,C] and 2.14%0.1uy at Fe[B] sites,
respectively, by Stearns?’ as well as Ono, Ishikawa, and
Ito.?® Both have carried Mdssbauer studies on well-
ordered Fe;Al. In the DO; type of structure which is the
configuration for the perfectly long-range-ordered form
of this alloy, the iron atom at B site, i.e., Fe[B] has eight
Fe atoms as nearest neighbors, i.e., the iron at this site
has no Al atoms at the nearest-neighbor site. The envi-
ronment that Fe[B], therefore, finds itself in is nearly
identical to that of Fe in pure iron. So the field observed
at this site will be close to the 330 kOe observed in pure
iron (in fact, in the fully ordered state it is about 300
kOe). The field is still not equal to that of pure iron be-
cause of the presence of Al as second-nearest neighbors,
which reduces the overall field at the Fe[B] site. The
lower-field component is associated with the Fe in the
[ 4,C] site. Fe[A4,C] has four Fe and four Al as first-
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FIG. 5. Mossbauer spectra of Fe;_,Cr,Al alloys at room
temperature.
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nearest neighbors and the 3d shells of the [ 4, C]-type iron
atoms are preferably occupied by electrons from the less
electronegative aluminum atoms. The aluminum atoms
themselves do not carry any magnetic moments. This
leads to a state where there are not enough electrons with
uncompensated spins leading to a magnetic interaction.
The effect is that the magnetic moment of Fe[ 4, C] is de-
creased, leading to a decrease in the hyperfine field at this
site as compared to that present in pure Fe.

D. Fe;_,Cr, Al alloys

The Mossbauer spectra and the hyperfine-field distribu-
tion for the series Fe;_,Cr, Al for x ranging from O to
1.0 taken at room temperature are shown in Figs. 5 and
6, respectively. As can be observed from the Mossbauer
spectra with increase in the concentration of chromium,
the overall spread in the Mdssbauer envelope becomes
smaller, indicating an overall decrease in the magnetic
hyperfine field. The 50% Cr sample shows the beginning
of the development of a zero hyperfine, i.e., a paramag-
netic peak along with the hyperfine structure. The spec-
trum for the composition Fe,CrAl, i.e., x =1.0, shows
mainly a paramagnetic peak with very small hyperfine
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FIG. 6. Hyperfine-field distributions of Fe;_, Cr, Al alloys.
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FIG. 7. Variation of Curie temperature with chromium con-
centration for Fe;_,Cr, Al alloys.

fields. The variation of Curie temperature with chromi-
um concentration is linear and is shown in Fig. 7.

The Mossbauer spectra have been recorded at room
temperature which for all the samples lies well below
their Curie temperatures. Fitting for the experimental
data was done by Window’s'® method of fitting for a dis-
tribution in the hyperfine fields.

The Mossbauer spectra show that these materials have
formed disordered systems. However, the substitution of
iron by chromium shows some interesting results.

On examining the P(H) curves plotted for each of
these spectra, keeping the parameters the same as in the
fitting procedure described earlier, it can be seen that the
high-field peak steadily decreases in intensity and also
goes on shifting to lower values of field (Table II). The
lower peak instead grows in such a way that the change
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TABLE II. Internal magnetic fields, fractional width of the
fields, and Curie temperatures for the Fe;_,Cr, Al system for

x=0-1.0.
Cr content H,, H, H, Tc
(at. %) (kOe) (kOe) (kOe) AH,/H, AH,/H, (K)
0 239.1 155 265 0.29 0.30 810
5 235.8 140 265 0.45 0.34 760
10 233.0 150 265 0.33 0.24 710
50 194.1 135 215 0.48 0.26 620
80 144.0 120 170 0.58 0.50 390
90 138.0 120 160 0.33 0.56 370
95 101.0 110 145 0.82 0.55 350
100 80.0 90 145 1.00 0.43 348

with ratio of intensities (height of peak in the probability
distribution) of the lower-field peak H; to that of the
higher-field one H,, with the concentration of Cr goes on
increasing as shown in Fig. 8(a).

Figure 8(b) shows the change in the values of each of
the two components with increasing concentration of Cr.
The change shown by both fields is linear with concentra-
tion of Cr. As can be seen, over the range considered, the
value of the lower field remains almost constant as com-
pared to the change of the higher-field peak. The total
shift, i.e., the change in the hyperfine field over the entire
concentration range of 0—100 % in chromium, is only 65
kOe. The shift in the higher peak is faster with the
change in field from O to 100% in Cr seen to be 120 kOe.
This implies a slope twice as steep as that for H,. The
average hyperfine-field (Fig. 9) variation with concentra-
tion of Cr is seen to be nonlinear because of the appear-
ance of the paramagnetic portion in the distribution. The
spread in the field distribution is in general seen to in-
crease with concentration.

As pointed out earlier, in Fe;Al, the hyperfine field at
iron is very sensitive to local or neighboring environment.
Naturally, as compared to a completely ordered system,
where 1 iron, Fe[B], is surrounded by 8 iron and the oth-
er, Fe[ A,C], by 4 each of iron, i.e., in terms of Al corre-
sponding to O nearest neighbor and 4 nearest neighbor,

FIG. 8. Variation of (a) ratio of probabili-
ties of hyperfine-field components and (b)
hyperfine-field components with chromium
| concentration for Fe;_, Cr, Al alloys.
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FIG. 9. Variation of average hyperfine field with chromium
concentration for Fe;_, Cr, Al alloys.

the higher peak corresponds to what would have been the
Fe[B] site, in the fully ordered structure, and the lower
one the Fe[ 4, C] site. The peak in the hyperfine-field dis-
tribution at H, in Fe;_,Cr,Al is shifted to the left, i.e.,
towards lower field compared to ordered Fe;Al. This site
in Fe;Al can be associated with 2—3 nearest-neighbor Al
as seen in the preceding section. Since the heat treatment
has remained the same and replacement of only Fe and
not Al has been effected, this field can still be associated
as having 2-3 nearest-neighbor Al. In simple terms, the
magnetic moment being felt by iron in this site has been
diluted by the presence of Al atoms as nearest neighbors,
as Al being nonmagnetic does not contribute to the mag-
netic field. But as seen, there is a systematic decrease in
this (higher) hyperfine field with the increase in the Cr
content. In addition, the ratio of intensities of the proba-
bility distributions between the lower field and the higher
one shows a steady and nearly linear increase tending to
level off at a concentration of 90%. This clearly shows
that although the alloys are disordered, there is a clear
site preference for the substituted chromium. The
chromium mostly goes into that site which has fewer Al
as nearest neighbors. This accounts for the steep de-
crease in the magnetic field in the iron which has the
higher magnetic moment and the very small slope of the
field versus concentration curve of the lower-field Fe.
The appearance of a paramagnetic part coexisting with
the hyperfine distribution has been observed in Fe-Cr al-
loys which, like the present samples, are chemically
homogeneous. This has also been observed in
Fe;_,V,Al alloys and can be explained as arising due to
the presence of clusters. Clusters screen the Fe atom
from the neighboring influences and so those Fe atoms
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which have clusters do not feel the magnetic hyperfine
field giving rise to a paramagnetic peak in the spectrum.

A change in the hyperfine field means a change in the
spin density. Many authors,?*” 3 in trying to explain the
value of the hyperfine field at Fe nuclei in metallic iron,
give a relation between the change of the field and the
corresponding change of the number of polarized elec-
trons.?> As there exist a lost of discrepancies in these re-
ported values of the actual estimation in the number of
electrons to effect a change in the field, no attempt has
been made to calculate the number.

Tuszynski, Zarek, and Popiel*? studied the magnetic
properties of chemically disordered Fe;_ ,V, Al alloys.
They found that the variation of the Curie temperature
with concentration was nearly linear. It was also seen
that the variation of the average magnetic moment also
followed the same pattern. From this they concluded
that the V atoms do not have local magnetic moment.
The Mossbauer spectra showed the coexistence of a single
line with the hyperfine structure which led to the con-
clusion that an increase in the substitution of Fe by V led
to magnetic disordering borne out by a broadening in the
hyperfine distribution as well as a shift towards lower
fields. Despite the chemical homogeneity, the authors
concluded that magnetic clusters were present in this sys-
tem even in fully ordered alloys as indicated by the
Mossbauer spectra showing the coexistence of paramag-
netic as well as hyperfine structures (i.e., magnetically
disordered despite being chemically ordered). The sys-
tem Fe;_,Cr, Al also showed similar behavior with the
increase in the substitution of Fe by Cr atoms. However,
Cr couples antiferromagnetically with Fe or in general
the direction of magnetization of the alloy, Fe being the
only magnetic atom present, whereas V enters strictly as
another nonmagnetic atom. This along with the cluster-
ing (of most probably Cr atoms) accounts for the non-
linearity seen in the average hyperfine field of this series
of alloys.

Substitution of Fe in Fe;Si with transition metals has
been studied in detail by Niculescu et al.>* and Stearns.?’
Fe;Si is isostructural to Fe;Al and allows the systematic
substitution of various elements. An outcome of these
studies is the systematic site preference on substitution
with transition elements as already mentioned. Just as in
the case of Cr substitution or substituting with Mn,
changes in the hyperfine field were observed which were
accounted for by taking into consideration the fact that
Mn couples antiferromagnetically with Fe or the general
direction of alloy magnetization. V substitution, on the
other hand, did not show any such effect. Their attempt
to make Fe;_ ,Cr,Si series was hampered because of the
fact that some of the samples tended to be off-
stoichiometric and no NMR signal for Cr was observed.
The observed change in the hyperfine fields was explained
in terms of change in the conduction-electron polariza-
tion terms, i.e., again in terms of the change in the num-
ber of polarized 4s-like electrons.

In conclusion, we see that it is possible to induce Fe;Al
at nearly disordered state by quenching the sample from
800°C. On systematically substituting iron by chromium
in Fe;Al stoichiometrically, to form a series such as
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Fe;_, Cr, Al it is observed that even though these alloys
are disordered, some sort of short-range ordering exists.
Though being disordered, the substituted Cr has an al-
most definite site preference to replace Fe atoms at [ 4, C]
sites. Magnetic disordering increases with increasing Cr
concentration through the formation of clusters.
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