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Abstract

The in#uence of applied tensile stresses (16}45MPa) during Joule-heating thermal treatments on samples of nominal
composition Co

66
Fe

4
Mo

2
Si

16
B
12

is reported. The in#uence of high axial stresses (0}1000MPa, applied during
measurements) on the coercive "eld was also investigated. The coercive "eld exhibited a maximum as a function of
measuring stress. Very low values of the saturation magnetostriction constant have been obtained as a function of
annealing stress. ( 2000 Elsevier Science B.V. All rights reserved.
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Structural relaxation mechanisms and the induced
anisotropy that take place during Joule heating allow
to change the magnetization process in Co-rich
amorphous alloys [1,2]. These changes permit to
obtain good candidates for technological applications
such as high-power pulse transformers and tape-head
recording applications, arising from the fact that
large magnetic anisotropies may be induced by heat
treatments at relatively low temperature. In this paper,
the in#uence of Joule heating thermal treatments
under longitudinal applied tensile stresses in samples
of nominal composition Co

66
Fe

4
Mo

2
Si

16
B
12

is re-
ported. The in#uence of high axial stresses (0}1000MPa,
applied during measurements) on the coercive "eld was
also investigated.

Ribbon-shaped samples (10 cm long 1.5mm wide and
20lm thick) of nominal composition
Co

66
Fe

4
Mo

2
Si

16
B
12

, kindly supplied by Vacuum-

schmelze GmbH, Germany, were submitted to Joule-
heating thermal treatments (1.55A 5min time and cur-
rent density 0.1A/mm2) under applied tensile stresses in
the range 16}45MPa. After heat treatment X-ray di!rac-
tion and TEM studies were made showing that the
microstructure of the samples was formed by nanocrys-
talline grains of Co (12 nm) embedded in an amorphous
residual matrix. Magnetic measurements under applied
tensile stresses in the range 0}1000MPa were carried out
with a conventional hysteresis loop tracer to study the
variation of the coercive "eld, H

#
, and saturation mag-

netostriction constant, j
S
, with the thermal treatment

parameters. The saturation magnetostriction constant
was obtained directly from the measurement of the an-
isotropy "eld of the hysteresis loops. Fig. 1 shows the
behaviour of the coercive "eld as a function of tensile
stress during the measurement for the studied samples.
The tensile stress during the heat treatment appears as an
additional parameter. Except for the sample submitted to
the lowest stress during the Joule heating (16 MPa), the
coercive "eld, H

#
exhibits a maximum for all the other

samples. As the annealing stress increases, the value of
the maximum increases and the measuring stress at
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Fig. 1. Coercive "eld variation for the studied samples. The
legend shows the annealing tensile stress for the samples.

Fig. 2. Evolution of the anisotropy "eld for the studied samples.
The legend shows the annealing tensile stress for the samples.

Fig. 3. Saturation magnetostriction behaviour for the annealing
applied stress in the studied samples.

which the maximum appears decreases. The increasing
behaviour of the coercive "eld for the low tensile stress
section (before the maximum is reached) can be ascribed
to the overcome of the internal stresses due to the anneal-
ing process by the applied stress during the measurement,
as reported elsewhere [2]. In contrast, the decreasing
behaviour as high tensile stresses are applied (to the
right-hand side of the maxima), can be related to the
polarization change of the residual amorphous matrix,
which a!ects the magnetoelastic coupling with the crys-
tallites [3]. The results of the anisotropy "eld with the
applied stresses are shown in Fig. 2. It can be observed

that this parameter shows a linear behaviour, and also
a change of its slope for the sample treated at 1.55A
5min with an applied tensile stress of 36MPa. In agree-
ment with the coercive "eld results presented above, this
change of the slope can be related with the polarization
change of the residual amorphous matrix, leading to
a change in the tensile back stresses exerted by the
amorphous matrix over the nanocrystallites as it can be
seen by comparing of the samples treated with applied
stresses of 45 and 42 MPa as an example. In turn, these
back stresses modify the magnetization process of the
sample [3].

Fig. 3 shows the results concerning the behaviour of
the saturation magnetostriction constant as a function of
the applied stress during annealing. One can observe
a change of sign of this parameter for the high-stress
section. It is also observed that it is possible to obtain
very low values of the saturation magnetostriction for
this composition (!1.1]10~8 for the sample annealed
under 33 MPa and 1.8]10~8 for the sample annealed at
45MPa) by modifying the tensile stress applied during
annealing. This technique can therefore lead to good
candidates for technological applications where a very
low magnetostriction constant (either positive or nega-
tive) is required.

Concluding results of the variation of the coercive
"eld, anisotropy "eld and saturation magnetostriction
constant of Joule heating, under applied tensile stresses,
of samples (nominal composition Co

66
Fe

4
Mo

2
Si

16
B
12

)
have been reported. It has been shown that the coercive
"eld goes through a maximum as applied stresses during
measurement increase. Also, a change of the slope
in the anisotropy "eld has been found. This behaviour
could be associated to polarization change in the
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amorphous residual matrix which a!ects the mag-
netoelastic coupling of the nanocrystals in the sample.
A change of sign in the saturation magnetostriction has
been reported resulting in very low values of this para-
meter which permits to obtain good candidates for future
technological applications where a low magnetostriction
value is critical.

References

[1] J. Swierczek, S. Szymura, J. Zbroszcyk, A. Siemko, Physica
B 161 (1989) 232.

[2] J. Zbroszcyk, W. Ciurcynska, B. Wyslocki, S. Szymura, J.
Swierczek, Y. Yamashiro, K. Narita, J. Magn. Magn. Mater.
112 (1992) 341.

[3] G. Herzer, IEEE Trans. Magn. 33 (6) (1994) 4800.

318 P. Garcn&a-Tello et al. / Journal of Magnetism and Magnetic Materials 215}216 (2000) 316}318


