
PHYSICAL REVIEW B VOLUME 46, NUMBER 6 1 AUGUST 1992-II
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One of the more striking features of nearly nonmagnetostrictive amorphous alloys is that their satura-

tion magnetostriction A, decreases with the applied tensile stress at a rate of 10 ' MPa '. In the com-

parison of different models developed to account for this phenomenon, the experimental analysis of the

dependence of the stress derivative of magnetostriction A on the thermal history of the samples has a
singular significance. In particular, it is of great importance to determine whether A changes after an-

nealing. The experiments presented in this work deal with the magnetostriction behavior in a sample of
composition (Coo 95Fep 5)8pSi]OB]o annealed at constant temperature for different annealing times„under
applied stress. The measurements of the magnetostriction as well as its stress dependence, which were

carried out by different experimental techniques, confirm that the absolute value of A decreases as the
structural relaxation takes place.

INTRODUCTION

Different microscopic mechanisms have been invoked
to explain the origin of the stress dependence of the mag-
netostriction of low magnetostrictive metallic glasses. As
is well known the experimental magnetostriction, A, '"~',

behaves as

A,
'"~'= l,(0)—A tr

where A,(0) is the experimental value of A, at zero applied
stress, o. is the applied tensile stress and A is a coefficient
that ranges from 1X10 ' to 6X10 ' MPa ' for the
experiments reported. '

The stress dependence of A, has recently been invoked
by O'Handley et al. as cause of the deviation of the sur-
face magnetostriction value with respect to the bulk
value. Moreover, a deeper understanding of the
phenomenon at microscopic scale should be quite useful
in order to improve the possibilities of using magnetos-

triction measurements as a microstructural probe.
The microscopic model of Furthmuller et al. corre-

lates A with the second strain derivative of the local an-
isotropy coefficients which are determined by the local
symmetry and chemistry. Therefore only those thermal
treatments which produce irreversible phase transforma-
tions in the local symmetry of the amorphous structure
are expected to affect the subsequent value of A. It is to
be noted that different experimental hints of such type of
transformations have been observed and reported for
Co-rich metallic glasses. *

However, the model developed by Szymczak et al. de-
scribes the stress dependence of A, as a consequence of the
bond orientational anisotropy induced by the stress.
Therefore, in the framework of Szymczak's model,
thermally activated processes must be involved in the
mechanism giving rise to the stress dependence of A, .
Moreover, it is expected that the action of the tensile
stress at room temperature should be drastically affected
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by the strength and orientation of any bond anisotropy
induced previously at higher temperature.

Hernando et al. and Vazquez et al. have shown that
fluctuations of the local anisotropy and therefore of the
local magnetostriction, which is the strain derivative of
the local anisotropy, would lead to an experimental be-
havior of the macroscopic A, as that expressed by (1). In
particular they found A to be a proportional to the mean
square deviation of the local magnetostriction distribu-
tion. Therefore, in this last model, the influence of the
thermal treatments on the local magnetostriction fluctua-
tions should be reflected in a similar influence on the
stress derivative A.

In a recent work Herzer' did not find any variation of
A larger than the experimental accuracy (=0.4X10
MPa ') after annealing several samples of different com-
positions. According to his conclusions, this result is in
line with the Furthmiiller model and seems to contradict
the Szymzcak model at least in the sense that the stress
dependence should involve thermally activated process.

It is well known that magnetic anisotropies can be in-
duced in amorphous samples by applying suitable
thermal treatments. Such anisotropies exhibit longitudi-
nal as well as transverse easy axis according to the polar-
izing effect (magnetic field, tensile stress, or combination
of both) applied during the annealing process. The
strength of the anisotropy is a complex but well-studied
function of the annealing temperature and time and of
strength of the polarizing effect. " The possibility of in-
ducing macroscopic anisotropies provides a suitable
probe to inquire about the origin of A.

In this work we report experimental results obtained
by measuring the change of A after applying different
thermal treatments during which anisotropy is induced.
In particular we have tried to check (i) the existence of
changes in A, (ii) the influence of the orientation of the
magnetization easy axis on the behavior of A, and (iii) the
kinetics of the possible changes of A in comparison with
the kinetics of the induced anisotropy and magnetostric-
tion evolution.

EXPERIMENTAL

An amorphous ribbon of composition
(Cop 95Fep p5)spSi&pB~p was obtained by melt spinning
technique. Figure 1 shows the temperature dependence
of the spontaneous magnetization. It can be seen that the
Curie point of the amorphous state is higher than the
crystallization temperature which is 400 C.

First, two samples were annealed at 370'C during 10
min under a longitudinal and a transverse saturating
magnetic field, respectively. ' After cooling down a mac-
roscopic anisotropy with longitudinal and transverse easy
axes were, respectively, observed.

A quite important observation was related to the re-
sults of these thermal treatments. The value of A in the
sample as quenched, obtained by using the inverse sus-
ceptibility method, ISM, ' was ( 3.7+0.6) X 10
MPa . After inducing, by means of the longitudinal
field annealing, a longitudinal anisotropy the value of A
changed to (1.0+0.6) X 10 ' but for the sample exhibit-
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FIG. 1. Spontaneous magnetization as a function of the tem-
perature. Measurements were performed up to temperatures
below the crystallization point which, for this composition, is
lower than the Curie point of the amorphous state.

ing a transverse easy axis, after transverse field annealing,
A took nearly the same value, (1.1+0.6) X 10 ' MPa
Both values were also obtained by ISM.

These results confirm that A changes by annealing and
furthermore that this change is independent of the orien-
tation of the easy axis within the experimental error.

Subsequently a sample was annealed under tensile
stress of 800 Mpa, at the same temperature of 370'C dur-
ing different annealing times ranging from 60 to 2700 sec.
The behavior of the transverse induced anisotropy
strength, K, induced during the stress annealing as well
as that of A,(0) and A was monitored after every treat-
ment. The measurements were performed by using both
ISM and the constant magnetization procedure, CMM,
the latter method was used for five different values of the
magnetization.

In Fig. 2 the changes of E, A, (0), and A as a function of
the annealing time are plotted. The observation of these
curves point out the following remarkable points: (i) the
kinetics of A,(0) and A are rather similar and faster than
the kinetics of the induced anisotropy, (ii) the values of A

fluctuate with amplitude larger than expected from the
experimental error along the ribbon length and also
change with the experimental method but its relative
change after annealing is insensitive to these aspects and
reaches a value close to 50%%uo in all cases, and (iii) A de-
creases as the structural relaxation proceeds.

DISCUSSION

The results reported so far indicate that the direction
of the macroscopic easy axis does not affect the value of
A. Therefore it seems unlikely that anisotropic bond re-
orientation can account, only by itself, for the stress
dependence of magnetostriction. The origin of the in-
duced anisotropy in Co-rich amorphous ferromagnets has
been widely accepted to be due to the appearance of a
phase characterized by a remarkably anisotro pic
structural units. ' ' Therefore the disordered as-
quenched state evolves during the structural relaxation
toward the configuration of equilibrium which at low
temperature is characterized by the anisotropic short-
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FIG. 2. Results obtained after annealing under tensile stress of 800 MPa at 370'C for different annealing times. (a) The strength of
the induced transverse anisotropy as a function of the annealing time for two samples of the same batch. The measurements were
performed by ISC and by CMM. (b) Magnetostriction at zero stress, A,(0) as a function of the annealing time. Measurements were
also performed by ISM and CMM. (c) Stress derivative of the magnetostriction A as a function of the annealing time.

range order. But to get a macroscopic anisotropy a po-
larizing effect must act during the formation process of
the anisotropic phase. According to this picture the ex-
periments reported in Fig. 2 show that the behavior of A
seems to be related closely to the formation of the local
anisotropic structural units rather than to the macro-
scopic orientation of such units. Since the formation of

the anisotropic structural units leads to a change in the
local symmetry but also to a possible decrease of the
structural fluctuations, the variation of A could be ex-
plained by both the Furthmiiller as well as the fluctua-
tions model. Further experiments based on the results re-
ported in this work are expected to elucidate the actual
controversy.
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