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MAGNETIC AFTEREFFECTS IN
(Co,_,Fe,)s8i15B;p METALLIC GLASSES

VOJTANIK, P.V), DEGRO, 1.1, Kosice; NIELSEN, 0.V.2), Lyngby

The paper deals with the influence of the magnetostriction A, on the quan-
tity (RM A) of reversible magnetic aftereffect (M AE) in the (Co1-zFez)75Si1sB1o
metallic glasses system. The RMA slightly increases with the |Asl- The mi-
cromechanisms of the (MAE) and of the changes of magnetic properties due to
low-temperature annealing of Co-rich and Fe-rich alloys are discussed. It was found
that the annealing at T = 150 °C/3h causes the most significant changes of AC sus-
ceptibility x39, coercive force H., MAE and perminvar critical field H¢ g in Co-rich
alloys with near-zero A,. .

I. INTRODUCTION

The behaviour stability of amorphous ferromagnets is an important criterion
of their applicability in technical utilization. ‘Magnetic relaxation of amorphous
structure is a factor which influences this stability [1-3]. Magnetic relaxation can
be characterized as a sort of rearrangement of uniaxial two-level atomic units with
respect to the direction of local magnetization.

On the other hand, the authors of [4] explain the M AE in amorphous alloys by a
magnetoelastic interaction between magnetization and shear-stresses fluctuations.

Almost all soft magnetic metallic glasses applicable in technique contain Co
and/or Fe as their basic elements. Qur (Co1—zFe;)7581;5B g system is intensively
studied because of its wide range of magnetostriction in.dependence on the Fe
content. Its magnetostriction approaches near-zero value for = = 0.06 [8).

The aim of this work is to show influences of the magnetostriction A, on
the MAE and of the low-temperature annealing on the MAE, the coercivity
H., the AC susceptibility x3o and the perminvar critical field Hcg [6] of the
(Coy_=Fe;)755i15B19 amorphous system with z = Fe/Fe + Co = 0, 0.06, 0.12, 0.5,
0.79, 1.

II. EXPERIMENT

The CoFeSiB glassy alloys were prepared by the melt-spinning technique under
the same technological conditions in the TUD, Lyngby: The samples had a form
of 10 cm long and 0.5 mm wide straight ribbons.
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The AC susceptibility was measured by a mutual-inductance bridge at the fre-
quency of f = 1.5kHz and at various intensities of the measuring field. To de-
termine the initial susceptibility values the measuring magnetic field intensity of
H = 25mA m™" was used. The specimens were demagnetized by the AC magnetic
field of the 50 Hz frequency and of the first amplitude of H = 2kA m™!, continu-
ously decreased to zero within 3s. The MAE (disaccommodation) is represented
by a relative change of reluctivity

Ar  r(ty) —r(t1) RMA
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measured between two fixed times t; and ?; after demagnetization (in our case
t; = 30s, ¢z = 30min), I, saturated magnetization. The perminvar critical field
Hcp was determined from dependences of the AC susceptibilities on measuring
magnetic field amplitude as the critical fields for the irreversible susceptibility
beginnigs [6] after a 30 min long stabilization. During stabilization the measuring
field was switched off. The coercive field was measured by the pull-down method
in an arrangement with an electronic fluxmeter.

III. RESULTS AND DISCUSSION

Magnetic relaxation causes an increase of the domain structure stability and a
decrease of the domain walls mobility. This fact is manifested by a characteristic
time decay of susceptibility in a certain interval of temperatures and by an increase
of critical magnetic field intensity H¢g required for stimulation of the irreversible
movement of domain walls. The time development of the MAE is well illustrated by
dependences of the inversed susceptibility, i.e., reluctivity. The time dependences
of reluctivity measured at room temperature showed, in our case, a good agreement
with log-time kinetics [1] almost in all of the (Co;_Fe; )75Si15B1o specimens. Here
the M AE of reversible type was prevailing. It was manifested by the same value
of reluctivity after repeated demagnetization of a specimen.

Our set of specimens is characterized by a wide range of magnetostrictions.
We have found (see Fig. 1) that RMA ="I, - DA as a quantity of the initial
(reversible) reluctivity M AE (1) increases with an increasing absolute value of
the magnetostriction of individual specimens, similarly as in [4]. The mathematical
description of the RM A dependence on the magnetostriction looks similarly like
in the case of the M AE of irreversible susceptibility [4, 6, 7]. In our case in the
first aproximation the power dependence of reversible M AE on magnetostriction
RMA=a-|\[" (a=06T,b=0.2) could be valid.

Subsequently, an influence of the domain structure stabilization during 30 min
at the elevated temperature T = 150°C on the M AE and the perminvar critical
fields Hcg in amorphous alloys with different Fe content z was investigated. As it
is seen in Fig. 2, both Ar/r and Hcg behave very similarly. At low z-values they
slowly increase. It might be caused by the increase of the Co-based atomic couples
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Fig. 1. Dependence of magnetic aftereffect on magnetostriction of the (Co1_:Fez)75Si15B;o
amorphous alloys RMA = f()s) measured at room temperature.
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Fig. 2. Dependence of the M AE Ar/r and the critical field Hc g on Fe content z measured at
T =150°C

concentration. At z = 0.12 they reach their maximum and with the subsequent
increase of the Fe content the intensities of the M AFE and Hcpg decrease. It can
be connected with the increase of the magnetic relaxation times [1] as well as with
the decrease of Co-based pairs and cluster concentrations. They contribute to the
induced anisotropy and also to the stabilization of the domain structure much
more than Fe-based pairs and clusters [8).

Magnetic materials annealing is, as a rule, accompanied by many complicated
atomic processes that often influence their properties in a contradictory way.
These processes may have both reversible and irreversible character concerning
the temperature character. The results of our investigations of the influence of
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Table 1
Influence of low temperature annealing at T = 150 °C/3h on relative changes of the AC suscep-
tibility x3o, coercive force H., MAE DA = Ar[r and perminvar critical field Hc g measured at
room temperature before and after annealing

Composition Axso/xs0 | AHc/He | DA2/DAy | AHcp/Hcg
(%) (%) (%) (%)
Fe75Si5Bio +1.1 +428.3 0.91 -18.7
(Co.21Fe 79)75Si15B1o +4.2 +31.2 0.97 -133
(Co.sFe 5)75Si15B10 -6.7 +2.5 0.85 2.7
(Co.ssFe 12)75Si15B10 -42.6 +14.0 0.50 .25.5
(Co.94Fe 06 )75Si15B1o -48.4 +314.0 0.51 .56.3
Co75SissBio -45.2 +44.4 0.43 -29.0

low-temperature annealing at T = 150 °C for 3 h on the initial susceptibility (xso),
on the coercive force (H.), on the MAE(DA) and on the perminvar critical field
(Hcr) are presented in Tab. 1. Individual measurements before and after an-
nealing without magnetic field have been performed at room temperature. The
low-temperature annealing causes a change of all the mentioned properties. As it
is seen in Tab. 1 the relative magnitude of these changes depends on the Fe content
in CoFeSiB alloys.

By a sign of the relative change of initial susceptibility caused by annealing one
can detect the result of a competition at least of two basic annealing mechanisms.
These are the magnetic relaxation of atom pairs and the recombination of n— and
p— defects [9]. The magnetic relaxation produces the local atom-pair-ordering in-
duced anisotropy and the lower domain walls mobility, which is reflected in lower
susceptibility. The n—p recombination produces the homogenization of amorphous
structure and the release of the local internal-stress-induced anisotropy, which is
reflected in a higher susceptibility. In Co-rich alloys the susceptibility x 3¢ decreases
(Tab. 1) and the dominant atomic process of annealing seems to be the magnetic
relaxation. In Fe-rich alloys the susceptibility xsp increases. That indicates the
dominant processes of annealing are the n-p recombinations. It is remarkable that
there are no extreme xag changes at margine concentrations of Co and Fe, respec-
tively.

Changes of both the coercive field H. and the critical field Hcg are caused by
changes in distribution functions of the domain walls pinning fields due to low-
temperature annealing. The increase of the amorphous alloys coercivity (Tab. 1)
reflects the shift of the pinning fields maximum to higher values owing to the deep-
ening of the domain walls potentials caused by magnetic relaxation. The decrease
of the critical fields Hc g might be connected with partial shifts of pinning fields
to lower values. This is in agreement with the conception of internal stress release
at low-temperature annealing [10]. .

As seen in Tab. 1, the low-temperature annealing causes the decrease of the
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MAFE amplitude, DA, in every AOoTsm.muvdm:me composition. The higher the
Co content, the larger the DA change. This could be connected with the more
significant mobility decreasing of Co-based-atom pairs caused by the free volume
homogenizing. Amorphous alloys near extreme Co or Fe concentrations need a
more detailed study.

IV. CONCLUSIONS

1. Reversible M AE in (Coy_ Fe:)755115B19 seems to be increased with magneto-
striction.

2. At the 150°C temperature the MAE and the perminvar effect, as manifesta-
tions of magnetic relaxations, are more apparent in Co-rich alloys. They decrease
with the Fe content increase. These indicate that the influence of Co-based atom
pairs ordering on the domain walls mobility is higher than the influence of Fe-
based pairs ordering.

3. The low-temperature annealing at 150°C/3h causes the decrease of the MAE
and of the perminvar critical fields, as well as the increase of the coercive field
which are more apparent for a higher Co content. The above mentioned annealing
causes initial susceptibility decreasing in a Co-rich alloy and its increasing in Fe-
rich alloys.

4. Two different annealing processes with different micromechanisms take parts
in CoFeSiB amorphous alloys. The dominant influence of annealing on magnetic
properties is changed by the Fe content in amorphous alloys. The higher the Fe
content, the lower the influence of low-temperature annealing. In Co-rich alloys the
magnetic relaxation seems to be the main low-temperature annealing micromech-
anism. In Fe-rich alloys the dominant micromechanism of annealing is the recom-
bination of n- and p- defects of amorphous structure. The extremal influence of
annealing on magnetic properties does not always correspond with the extreme
Co and Fe content in AOoTnm_ouvqmm:uwS amorphous alloys.
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MATHUTHOE NOCJIENAENCTBUE B METAJNINIMYECKNX
CTEKJIAX (Co,;_.Fe;)7;Si15B10

IIpusenens PE3YJNbTATH MUCCHeAOBaHUN BAMAHUA MAarHUTOCTDUKIMH )\, Ha
BeanuMHy (RMA) o6paTMoro MarHMTHOrO nociesecTena (MAE) B cucreme
METaJIJIMYECKUX CTEKOJ (Co1—zFez)75Si15B1g O6parimoe marHuTHOE nociuenei-
CTBHE caabo pacrer ¢ [A,]. O6cyxuarorca MUKPpOMEXaHU3Mbl MArHUTHOLO MOC-
NenefcTBMA M U3MEHEHUA MarHUTHBIX CBOMCTB npu HU3KOTEeMNIEPATY PHOM OT-
Kure cnnapos Co # Fe. OnpeneneHo, 4To oTxUr npu 150°C/3 4 npuBoaMT K
SHaUMUTEJbHBIM U3MEHEHUAM MarHUTHOM BOCNPUHMYMBOCTH NMEPEMEHHOI'O TOKa
X30, KODPUMTUBHOMN CHMJIEI H., MAarHUTHOrO HOCHeRecTBIA DA ¥ nepMuMHBapHOro
KPHTHYECKOro 1o Hep B.ciijlaBax GoraTeix Ha Co As GAM3KUMHU HYJIO.
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