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Abstract

Nanocrystallization of Co,Fegs Nb;By (x = 17, 25, 33) alloys has been studied. Crystallization of specimens starts
above 450°C. After annealing of specimens in the range 500-700°C, apart from amorphous component and BCC Fe-Co
alloy, a non-magnetic component also appears, which is attributed to (Fe;_,Co,),Nb phase with a relative area of
about 14%. Decrease of quadrupole splitting with annealing temperature indicates some possible ordering of the non-

magnetic phase.
© 2002 Elsevier Science B.V. All rights reserved.
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Fe-based nanocrystalline alloys produced by devitri-
fication of amorphous ribbons exhibit excellent soft
magnetic properties. From a number of studies, it is well
accepted that the presence of Nb in the parent
amorphous alloy causes inhibition of grain growth
resulting in the nanocrystalline structure [1,2]. In these
materials, contrary to conventional granular materials,
the matrix is magnetic and its properties can be changed
either by increasing the annealing temperature or by
modifying chemical composition of the parent alloy. It is
well known that by partial substitution of Fe by Co the
saturation magnetization of Fe-based alloys can be
increased [3] and changes in structural and magnetic
properties can be accomplished. Magnetic properties,
general crystallization behavior and magnetomechanical
properties of Co,Feg, Nb;By have been studied pre-
viously [4-6]; the objective of the present work is to get
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additional structural and magnetic information about
nanocrystalline Co.Fegs_ NbsBg (x =17, 25, 33at%)
alloys from Mgssbauer spectroscopy, as it is sensitive to
Fe only and gives specific information about Fe sites.

Ribbons of nominal composition Co,Fegs_ Nb-Bg
(x =17, 25 and 33), 10 mm wide and about 20 um thick,
prepared by planar flow casting method, were obtained
from Slovak Academy of Sciences, Bratislava. DSC
measurements were done at a heating rate of 20 K/min.
Transmission Mdssbauer spectra were recorded at room
temperature in a constant acceleration mode, using
3Co:Rh source. Mdssbauer spectra were fitted with
either a distribution of hyperfine fields or overlapping of
amorphous and crystalline components. XRD measure-
ments were done using Cu-K,, radiation. Samples were
annealed in Ar atmosphere isochronally for 1h in the
temperature range 350-700°C to obtain various stages
of crystallization.

The first crystallization temperatures obtained from
DSC measurements for x = 17, 25 and 33 are, respec-
tively, 500°C, 487°C and 478°C, indicating that with
increase in Co content, crystallization temperature
decreases. Thus, increase in Co content reduces the
stability of the alloy. Fig. 1 shows the variation of
Scherrer’s crystallite size with annealing temperature.
Perusal of Fig. 1 shows that crystallite size varies almost
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Fig. 1. Dependence of crystallite sizes of Co,Fegs_ Nb;By for
x =17, 25 and 33 with annealing temperature.

linearly with annealing temperature up to 650°C and
increases sharply after annealing at 700°C. Annealing at
700°C, the second step of crystallization starts, evi-
denced by additional crystalline peaks in XRD, dete-
riorating the soft magnetic properties [4].

Fig. 2(a) shows the representative Mossbauer spectra
of Co,Fegs_ Nb;By (x = 17) as a function of annealing
temperature. Crystallization of the specimens starts at
450°C and Mossbauer spectrum consists of a crystalline
(BCC-Fe-Co alloy) and an amorphous component.
After annealing at higher temperatures apart from a
magnetic crystalline component and an amorphous
component, an additional doublet also appears which
constitutes about 14% of the total area. The fact that
this additional component is non-magnetic, suggests
that it should be rich in Nb. Appearance of this
additional phase has been evidenced in earlier studies
also [7,8]. The quadrupole splitting (QS) of this non-
magnetic phase decreases with increase in annealing
temperature (Fig. 2b), which may be either due to a
change in the composition or due to a possible ordering
of the structure.

Fig. 3 shows the phase diagram of Fe-Nb [9]. Perusal
of the phase diagram suggests that the non-magnetic
component can be either (Fe, ,Co,)Nb (u-phase) or
(Fe;_Co,),Nb (e-phase). From the fitting of M-
Ossbauer spectra one can find that the area of quadru-
pole doublet is 14% of the total area. That means 14%
of Fe atoms in the sample are in the non-magnetic phase
since in a sample, say with x = 17, out of 100 atoms of
the sample 67 atoms are of Fe while 7 atoms are of Nb
and 14% of these 67 Fe atoms, i.e. about 9.4 atoms are
in non-magnetic phase. If one assumes that Fe and Co
atoms go into the non-magnetic phase in the same ratio
as the parent amorphous phase, then the non-magnetic
phase will contain about 2.4 atoms of Co. Thus, if one
further assumes that all the Nb goes into non-magnetic
phase only (which is rather unlikely, as at least a part of
Nb will remain in the amorphous phase), the ratio of
TM:NDb will be 11.8:7 i.e. 63%:37%. From the phase
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Fig. 2. (a) Representative Mossbauer spectra of samples

(x = 17) after annealing at different temperatures; (b) variation

of quadrupole splitting of the non-magnetic component with
annealing temperature.

diagram of Fe-Nb one can see that the Fe-Nb phase
exists over a narrow composition range 47-49% of Nb,
therefore it is unlikely that the non-magnetic phase is
(Fe;_.Co,)Nb. From the calculated stoichiometry 63:37
this phase is most likely (Fe;_,Co,),Nb, which exists
over a much wider composition range, 27-39% of Nb.

Fig. 4 shows the variation of average hyperfine field,
{Heryst », of crystalline phase with annealing tempera-
ture. In case of the sample with x =33, {(Heryg)
remains almost constant, while in samples with x = 17
and 25 it increases slightly with annealing temperature.
This variation in the hyperfine field with annealing
temperature may be attributed to a variation in the
composition of the alloy [10]. In the as-quenched
amorphous alloy, the average hyperfine field, (H ),
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Fig. 3. Phase diagram of the Fe—Nb system showing formation
of various phases of Fe and Nb.

37.0
—aA—x=17
s5f 0T X
= —a— x=33 °
~ /.7<A
33601 s 7.4$/¢
e
\%
355
— ]
- -\-/.\./
35.0 : :

500 600 700
Annealing Temp. (°C)

Fig. 4. Variation of average hyperfine field ‘{Hcys )  of
crystalline phase with annealing temperature.

goes on increasing with increasing Co concentration
((H) =23.5,25.6 and 26.2T for x =17, 25 and 33,
respectively), while ‘J;° shows an increase and then

decreases (J; = 1.26, 1.32 and 1.31T for x = 17, 25 and
33, respectively) [4]. This different behavior of { H)» and
Js may be attributed to the fact that while M&ssbauer
spectroscopy looks selectively at Fe atoms, in ‘Jg’
contribution from both Fe and Co atoms is present.

In  conclusion, nanocrystallization of Co,.
Fegq Nb;By (x = 17, 25, 33) alloys has been studied.
Annealing in the range 500-700°C, apart from amor-
phous component and BCC Fe-Co alloy, a non-
magnetic component also appears which is attributed
to the (Fe;_.Co,),Nb phase. Average hyperfine field,
(Heryst y, of crystalline phase varies with annealing
temperature, which may be attributed to a variation in
the composition of the alloy.
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