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Abstract. The Fe-based multicomponent amorphous alloys (also referred to as metallic glasses) are known to
exhibit soft magnetic properties and, it makes them important for many technological applications. However,
metallic glasses are in a thermodynamically metastable state and in case of high temperature operating condi-
tions, the thermally activated crystallization would be detrimental to their magnetic properties. The study of
crystallization kinetics of metallic glasses gives useful insight about its thermal stability. In the present work,
crystallization study of Feg;Co,3B14Si; (2605CO) metallic glass has been carried out using differential scan-
ning calorimetry (DSC) technique. Mdssbauer study has also been undertaken to know the phases formed
during the crystallization process. The alloy shows two-stage crystallization. The activation energy has been
derived using the Kissinger method. It is found to be equal to 220 kJ/mol and 349 kJ/mol for the first and
second crystallization peaks, respectively. The Mossbauer study indicates the formation of o~(Fe, Co) and

(Fe, Co);B phases in the alloy.
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1. Introduction

Metallic glasses of magnetic nature produced by rapid
quenching of melt of iron based transition-metal-metalloid
systems, have been of scientific and technological interest
in the recent past (Cantor 1978). Even though these me-
tallic glasses lack long-range crystalline order, they show
ferromagnetic properties (Gubnov 1960). They represent
a metastable state and tend to show structural relaxation
with time which gets accelerated at higher temperature. At
high enough temperatures, they crystallize irreversibly in a
more stable state. Fundamental interest in multicomponent
alloys has been revived due to nano-structure formation in
these amorphous alloys, which consequently led to better
magnetic performance (Yoshizawa 1988).

The kinetics of crystallization plays an important role
in physics, chemistry, ceramic and metallurgical sciences.
Thermal analysis methods, including DSC, are exten-
sively used for studying kinetics of chemical reactions
(Piloyan et al 1966; Tanabe and Otsuka 1977) and cry-
stallization of glasses (Matusita and Sakka 1979; Dos
Santos and Dos Santos 2001; Pratap et al 2001) since
they are easy to be carried out and are quite sensitive
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(Kelton 1993). The determination of basic data on cry-
stallization Kkinetics is important in establishing the
mechanism of crystal nucleation and growth.

In the present paper, we report the study of crystalliza-
tion behaviour using DSC and Mossbauer spectroscopy in
the metallic glass 2605CO. The DSC is utilized to deter-
mine the activation energy of crystallization and associated
frequency factor of the sample. The Mdssbauer spectro-
scopy is an excellent tool (Greneche 1998) to investigate
metallic glasses because it can select resonating nuclei of
particular species, and probe the nature of their immedi-
ate surroundings (Gonser and Preston 1983). Besides,
annealing treatments (occasionally in an external field
under controlled atmosphere) may be applied to as-
quenched metallic glasses to improve their soft magnetic
properties. Annealing stabilizes the magnetic properties,
reduces the thermal stresses, removes local homogenei-
ties and controls magnetic anisotropies. Therefore, the
efficiency of thermal treatments can be easily checked
(Greneche 1998) by Mdssbauer experiments.

2. Experimental

Specimens of amorphous Fes;Co15B14Si; (2605CO) rib-
bons, prepared by single roller melt spinning technique
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were procured from Allied Corporation, USA. The amor-
phous nature of ribbons was confirmed by X-ray diffrac-
tion (XRD) and transmission electron microscopy (TEM).
The as-quenched samples of Fegs;Co15B14Si; ribbons were
heated in DSC (DSC-50, Shimadzu, Japan) at four linear
heating rates (4, 8 10 and 16 deg/min) from room tem-
perature to 720 K in air. The DSC scans were recorded by
a thermal analyzer (TA-50 WSI, Shimadzu, Japan) inter-
faced to a computer. The detection sensitivity of the
instrument is ~10 uW.

The as-received samples of 2605CO were evacuated in
quartz ampoules to 107 torr and then sealed under
vacuum and annealed at 400°C and 500°C for about 3 h.
Mossbauer spectra of all the samples (as-received,
annealed at 400°C and 500°C) were recorded using a con-
stant acceleration spectrometer, whose line width is
0-28 mm/s. The source used was Co’’ in an Rh matrix.
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Figure 2. Kissinger plot, In (a/TIZD) vs 1000/T,, for first and
second peaks.
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3. Results and discussion

3.1 Determination of activation energy using
Kissinger method

The DSC curves of as-quenched samples at four heating
rates give two-stage crystallization events as shown in
figure 1. The activation energy for crystallization of an
amorphous alloy under a linear heating rate can be esti-
mated using Kissinger’s peak shift method (Kissinger
1957), which relates the peak temperature, 7;,, with heat-
ing rate () through the equation

o E, AR
Inj —|=- + In| — |,
T, RT, E,
Table 1. Values of activation energy and the frequency factor
for the two crystallization peaks.
Crystallization peak E. (kJ/mol) A6
First 220 175 % 10"
Second 349 34 x 10%

Counts x 10°

Counts x 10°

Counts x 10°

" t '
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Velocity (mm/s)
Figure 3. Mossbauer spectra: (a) as-received sample, (b) a

sample annealed at 400°C for 3 h and (c) a sample annealed at
500°C for 3 h.
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where F; is the activation energy for crystallization, 7,
the peak temperature and 4 the frequency factor. Figure 2
shows the graph of In («/T;) vs 1000/7, which is a
straight line with a slope (-E./R) and an intercept of In
(AR/E;). The activation energy and the frequency factor
for the first and second crystallization peaks are given in
table 1. These activation energy values obtained for first
and second events are close to the values reported for a
sample of the same multicomponent alloy with a slightly
different composition (FessCo15B1Si;), being 260 and
394-9 kJ/mol, respectively (Baro ef al 1991).

3.2 Mossbauer study

In case of as received samples, the least square fitted
spectra showed (figure 3(a)) three magnetic sextets with
hyperfine magnetic fields (HMF) of 300 KOe, 270 KOe
and 230 KOe. These three sites correspond to (Fe, Co)sf3
phase formation into the matrix. However, on annealing
the samples to 400°C for 3 h only two magnetic sites with
sextets of 360 KOe and 230 KOe were observed (figure
3(b)). The site with 360 KOe here shows that there is
a-(Fe—Co) phase formation. The site population of this
phase was found to be 41-8% with respect to 58:2% of
(Fe, Co);p phase. On further annealing to 500°C for 3 h
there was no change in fields (360 KOe and 230 KOe),
but the population of «a-(Fe, Co) phase increased to
58:2% at the cost of (Fe, Co);/ (41-8%) phase (figure
3(0)).

XRD studies (Baro ef al 1991) of crystallized samples
of slightly different composition i.e. FessCo13B16Si1;, too
exhibits main peaks corresponding to a-(Fe, Co). How-
ever, in their XRD results, the final products of crystalli-
zation are bcc a-(Fe, Co) and orthorhombic (Fe, Co)sB.
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4. Conclusions

The Fe-based multicomponent amorphous alloy (Fes,Co;s
B,,4Si1;) exhibits two-stage crystallization. The activation
energy values evaluated for the two stages are consistent
with the reported data for a similar alloy with slightly
different composition (FessCo15B16Si;). The Mossbauer
study of the as-received sample and the specimens annealed
at 400°C and 500°C, on analysis, provide the precipitat-
ing phases (a-(Fe—Co)) and ((Fe—Co);/). Similar phase
precipitations have been reported (Bhatnagar et a/ 1985)
in earlier crystallization studies of the present system.
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