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The effect of thermal treatments (by the Joule heating and conventional
annealing) on the coercivity and saturation magnetostriction constant in
the amorphous and nanocrystalline CoggFesMo2Si16B12 alloy is reported.
It is noticeable the near insensibility to the external stress of coercive field
and anisotropy field (leading to extremely low value of magnetostriction
1.5 x 107%) achieved after the Joule heating by two steps (first one to relax
the internal stresses and the second one to develop a fine nanocrystalline
structure). ’

PACS numbers: 75.50.Kj, 75.30.Gw, 75.80.4+q

1. Introduction

Amorphous Co-based alloys are generally nearly zero-magnetostrictive ma-
terials. This feature implies their use for technological applications as main compo-
nents of sensors or transducers due to their magnetic properties present normally
a high sensitivity to structural defects. These structural defects act like sources of
compressive or tensile internal stresses influencing the domain structure and indi-
rectly the magnetization process [1]. For this reason it is possible to improve the
soft magnetic properties and the saturation magnetostriction (As) of these alloys
by heat treatment, in order to obtain good candidates for technical applications [2].

In this work we present significant results of the effect of the Joule heating
on the coercive field (H.) and A in amorphous and nanocrystalline samples of
nominal composition CoggFesM0,Si16B12 (trademark VITROVAC 6025). Data of
As in conventional annealed samples are also reported.

2. Results and discussion

Ribbon shape samples (10 cm long 5 mm wide and 20 pm thick) of nominal
composition CogsFeqMo02Si;6B1; kindly supplied by Vacuumschmelze GmbH, Ger-
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many, were submitted to Joule-heating thermal treatments (intensities of 1.20 and
1.55 A at different times of duration) which give rise to structural relaxation pro-
cess (1.20 A) and the induction of the nanocrystallization process (1.55 A) as was
evidenced by X-ray diffraction and transmission electron microscopy (TEM) stud-
ies. Moreover, one sample was submitted to a treatment of two steps (1.20+1.55 A,
the first one is called preannealing). The TEM micrographs of the samples treated
at 1.20 A evidenced absence of crystalline phases, while those of the samples
treated at 1.55 A were of nanocrystalline nature, showing that the microstructure
of the samples was formed by nanocrystalline grains of Co (12 nm) embedded in
an amorphous residual matrix.
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Fig. 1. Variation of the coercive field with the applied tensile stress for the studied
samples. )

Magnetic measurements under applied tensile stresses in the range 300 to
700 MPa were carried out with a conventional hysteresis loop tracer which allows
to evaluate the variation of the coercive field, H,, and saturation magnetostric-
tion constant, Ag, with the thermal treatment parameters. The saturation magne-
tostriction constant was determined using two methods: first one from the stress
dependence of the anisotropy field (hysteresis loop) and the second, by using the
strain modulated ferromagnetic resonance (SMFMR) technique. It is possible to
make comparison between the preannealed sample and other samples which have
not been preannealed.

Figure 1 shows the variation of the coercive field for the studied samples with
the applied tensile stress. It is possible to observe in Fig. 1 a linear behaviour of the
coercive field in all the samples excepting that one treated at 1.55 A for 5 min. One
can also observe a significant reduction of the coercive field values in some of the
samples with respect to the as quenched ones. This reduction of the coercive field
values (in the sample treated at 1.2 A 30 min) could be ascribed to the internal
stress relaxation such' as has been widely reported in metallic glasses [3]. The
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Fig. 2.
samples.

Variation of the anisotropy field with the applied tensile stress for the studied

increase in the coercive field in the sample treated at 1.55 A 5 min could be related
to the hardening connected to a nucleation process before the nanocrystallization
process is completed as it has been reported by other authors [4]. Sample treated
at 1.20 + 1.55 A was nanocrystalline with softening magnetic character owing the
magnetic coupling between the small crystallites.

Figure 2 shows the variation of the anisotropy field with the applied tensile
stresses for the Joule heated samples. A linear behaviour in all the samples was
obtained. One must point out the extreme insensibility of the anisotropy field to
the external tensile stress for the preannealed samples (1.2 A 30 min + 1.55 A
5 min and 1.2 A 30 min), leading to very small values for As. From these linear
dependencies, the saturation magnetostriction constant can be evaluated. Results
of )As are presented in Table I.

In Table IT we present results of As for furnace annealing samples obtained by
the SMFMR technique. As can be seen in this table, no remarkable differences were

" TABLE I

Results of the saturation magnetostrictioh for the Joule
heated samples.

Annealing temperature Saturation
and time magnetostriction
As quenched - —0.87 x 10~7
1.55 A 5 min -2.30 x 1077
1.2 A 30 min —-0.39 x 10~7
1.2 A 30 min + 1.55 A 5 min —-0.15 x 1077
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TABLE 11

Results of the saturation magnetostriction
for the furnace annealed samples.

Annealing temperature Saturation
and time magnetostriction
As quenched —0.84 x 10~7
370°C1h —-0.90 x 10~7
375°C 30 min —0.20 x 107
375°C 1h —0.30 x 10-7
375°C 2h —0.49 x 10-7
375°C 5 h —0.30 x 10~7
400°C 30 min —-0.25 x 107 -
400°C 2 h —0.33 x 10~7
500°C 30 min —2.60 x 10~7
500°C 1 h —1.90 x 10~7

found in the as quenched values for the two kinds of measurements. Nevertheless,
it is possible to obtain lower values for the saturation magnetostriction constant
for the Joule heated samples (3.89 x 10~3 for the one treated at 1.2 A 30 min) than
the values obtained in the samples treated by conventional furnace annealing. It is
also interesting to realize that the Joule heating technique permits to obtain these
low values in a very short interval of time.

3. Conclusions

It has been shown that the Joule-heating preannealing effect permits to ob-
tain very low values for the coercivity field and saturation magnetostriction con-
stant in samples of nominal composition CogeFesM02Si16B12. These low values
could be ascribed to the internal stress relaxation which permits a better magnetic
coupling between the nanocrystallites and also averaging of the magnetocrystalline
anisotropy. The Joule heating has also been proved to be a better technique than
the conventional furnace annealing to obtain good candidates for future technolog-
ical applications (i.e. very low values of the saturation magnetostriction constant)
because it is possible to achieve the crystallization temperature of the samples in
a very small interval of time.
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