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Mean hyperfine fields
at °’Fe in dilute iron-based alloys
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Jan Chojcan

studied by Mossbauer spectroscopy

Abstract. The room temperature Mossbauer spectra of >’Fe were measured for numerous dilute iron-based alloys
Fe, .D, (D = Al, Co, Cr, Mn, Mo, Ni, Os, Pt, Re, Ru, Ta, Ti, V, W, Zn), annealed at 1270 K for 2 h before the
measurements. The spectra were analyzed using the Hesse-Riibartsch method in order to determine the mean
hyperfine magnetic field <B> at the >’Fe nuclei as a function of concentration x of the minority component of
the alloy. As the binary alloys are one-faze solid solutions of an element D in iron, a linear relationship between
<B> and x is observed. The result supports the suggestion that Mossbauer spectroscopy is a useful tool for the

study of dissolution of different elements in iron.
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Introduction

Impurity atoms, in iron, have significant influence
on the hyperfine field B at iron nuclei located in the
vicinity of the atoms because they modify electron
spin and charge densities at the iron nuclei. This
phenomenon is easily observed by ’Fe Mossbauer
spectroscopy (MS). However, comparison of data
obtained by researchers revealed large discrepan-
cies in values of some parameters derived from the
Moéssbauer spectra for the same iron systems, such
as changes of B at ’Fe with one impurity atom in
the first (AB,) and the second coordination shells
(AB,) of the Mossbauer probe as well as the mean
hyperfine field <B> [1-8]. This situation could be
explained by different analysis methods of Moss-
bauer spectra and different procedures of sample
preparation applied by various authors. In particular,
many of the previous Mossbauer experiments were
performed on non-annealed samples [1-3, 5-8]. In
view of the fact that frozen-in structural defects (like
vacancies for example) existing in as-obtained or
mechanically treated ingots could have additional,
not-well-determined influence on hyperfine interac-
tions [9], it seems obvious that results obtained by
different research studies on corresponding alloys
can be compared (similar) only in cases in which
well-defined, homogenized and relaxed alloys after a
proper annealing process are used. Taking the above
discussion into account, we decided to return to the
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MS measurements concerning hyperfine interac-
tions of iron nuclei in dilute iron-based alloys Fe-D
(D = Al, Co, Cr, Mn, Mo, Ni, Os, Pt, Re, Ru, Ta, Ti,
V, W, Zn) and collect in one place only those of our
results that were obtained for the annealed samples
of the aforementioned alloys.

Experimental details

The samples of Fe, ,D, alloys were melted in an arc
furnace under an argon atmosphere and quickly
cooled down to the room temperature. The weight
losses during the melting process were less than 1%;
hence, the compositions of the obtained ingots were
close to the nominal ones. The resulting ingots were
cold-rolled to the final thickness of about 0.04 mm
and thereafter the foils were annealed in the vacuum
at 1270 K for 2 h. After that, they were slowly cooled
to room temperature for 6 h.

The room temperature measurements of the >’Fe
Mossbauer spectra were performed in transmis-
sion geometry by means of a constant-acceleration
POLON spectrometer of standard design, using
a %Co-in-Rh standard source with a full width at
half maximum (FWHM) of 0.24 mm/s. Some of
the obtained spectra are presented in Figs. 1 and 2.

The Mossbauer spectra analysis based on the
Hesse-Riibartsch method [10] was made in order
to determine the mean hyperfine field <B> at *’Fe
nuclei for the Fe, D, alloys as a function of impu-
rity concentration x of the element D. Four of the
probability distributions of the hyperfine field p(B)
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Fig. 2. The >"Fe Mossbauer spectra for the annealed
Fey05Do 05 alloys measured at room temperature.
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Fig. 1. The Fe Mossbauer spectra for the annealed p(B) obtained by the Hesse-Riibartsch analysis of the

Fey 05Dy 05 alloys measured at room temperature.

Maossbauer spectra for different iron alloys.



Mean hyperfine fields at 5’Fe in dilute iron-based alloys studied by Mossbauer spectroscopy 41

35

34

33

=,

A

o

Va2

31

30 — T T T
000 002 004 006 008 0.0

X

Fig. 4. The mean hyperfine fields <B> at *’Fe in Fe, ,D,
alloys. Solid lines represent values of linear functions
<B> = Ax + By fitted to the experimental data on <B>.

obtained by the Hesse—Riibartsch method for vari-
ous Fe-D alloys are presented in Fig. 3.

Results

It was found that in the case of binary, iron-based
alloys with Al, Co, Cr, Mn, Mo, Ni, Os, Pt, Re, V or
Zn as a solute, the mean hyperfine magnetic field
<B> changes linearly with concentration x of the
impurity (Fig. 4). In other words, the relationship
between <B> and x can be written in the following
way: <B> = Ax + B,, where A parameter could be
interpreted as a total change of the mean hyperfine
field due to the corresponding change of the impurity
concentration d<B>/dx. The observed proportion
of <B> to «x for all studied alloys mentioned earlier
speaks in favor of the suggestion that the alloys are
one-phase solid solutions of the elements under
consideration in iron, and these elements dissolve
in iron quite well.

In the case of iron systems with Ru, Ta, Ti and
W impurities, the dependence of <B> on impurity
concentration x is more complicated. For very di-
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Fig. 5. The mean hyperfine fields <B> at *’Fe in Fe, ,D,
alloys. Dotted lines represent linear function <B> = Ax
+ B, fitted to the experimental data on <B> for very
diluted alloys.

luted Fe-Ru, Fe-Ta, Fe-Ti and Fe-W alloys, the deter-
mined <B> values decrease linearly with x (Fig. 5).
However, in a higher concentration region (for more
concentrated systems), <B> tends to increase in a
nonlinear way. This fact could be associated with
the limited solubility of Ru, Ta, Ti and W in iron
[11]. Consequently, the alloys concentrated enough
are multiphase, and the solid solution of impurity
elements in iron is not the only phase forming the
alloys. The concentration x of these alloys is different
from the concentration of impurity elements in iron
solid solutions as they are components of the alloys.

The estimated values of the d<B>/dx and B,
parameters are listed in Tables 1 and 2. Data col-
lected from Ref. [12] are added for comparison.
The differences between d <B>/dx values obtained
in this work and in Ref. [12] could be attributed to
the fact that most of the data collected in Ref. [12]
concerned non-annealed samples. This confirms our
predictions that the presence of frozen-in structural
defects in as-obtained or mechanically treated ingots
has additional, not-well-determined influence on
hyperfine interactions [9].

Table 1. The d<B>/dx and B, parameters obtained for a part of the studied binary iron-based systems. Data from

Ref. [12] are added for comparison

Impurity B, d<B>/dx d<B>/dx
[T] [T/at.%)] [T/at.%] [12]
Al 32.937(61) —0.263(17) —0.209
Co 32.863(15) 0.1728(26) 0.120
Cr 32.801(90) -0.2368(24) -0.278
Mn 32.751(49) -0.183(10) -0.150
Mo 32.744(99) -0.391(33) -0.383
Ni 32.960(32) 0.111(11) 0.160
Os 32.873(33) -0.255(11) -0.254
Pt 32.934(20) 0.2489(66) 0.211
Re 32.767(78) ~0.368(26) -0.373
\Y% 32.945(48) -0.2679(74) -0.308
7n 32.891(30) -0.051(11) -0.194
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Table 2. The d<B>/dx and B, parameters, obtained for very diluted Fe-Ru, Fe-Ta, Fe-Ti and Fe-W alloys. Data from

Ref. [12] are added for comparison

Impurity B, d<B>/dx d<B>/dx
[T] [T/at.%] [T/at.%] [12]
Ru 32.961(29) -0.117(12) -0.104
Ta 32.912(10) -0.0771(53) -
Ti 32.860(69) -0.267(28) -0.225
W 32.856(84) —0.463(63) —-0.391

Conclusions

The results, for the 5’Fe MS estimation of the mean
magnetic hyperfine field at ’Fe nuclei in binary iron-
-based alloys Fe, D, with more than a dozen differ-
ent minority elements D of the alloys, show that the
field is simply proportional to concentration x of the
D elements when the alloys are properly annealed,
one-phase solid solutions. At the same time, the
proportional constant depends on the kind of the
solute D and can be helpful in the identification of
the solute. On the other hand, a linear relationship
between the magnetic field and concentration of the
minority elements in the binary iron-based alloys is
not observed when the alloys are multiphase sys-
tems. Such a situation exists in our case for some
iron systems with Ru, Ta, Ti and W. This fact can
be used for simple determination of the limits of
solubility of unlike elements in iron.
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