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Stress level in Finemet materials studied by impedanciometry
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In this work, a study of the stress relief in Finemet ribbons,g Eéu;Nb;Sii ¢ Be, as a function of

the annealing temperature is presented. The as melt-spun samples are amorphous and become
partially crystallized after annealing at appropriate temperatures. For tempefBfd80 °C the
samples are nanocrystalline, with a microstructure composed-bBg, _,Si, (x~0.2) crystallites

(10 nm average diamejeembedded in an amorphous matrix. Nanocrystallization, associated with
stress relief effects, improves the soft magnetic properties of this kind of material. The stress level
was quantified using magnetorestrictiomeasured by SAMR magnetoelastic anisotropy, and
domain wall energy data obtained from impedance spectra measurements. A reduction of the
internal stress from 15 to 0.2 MPa was verified when comparing the as-cast to the sample annealed
at 580 °C. Improvement of the magnetic softness of the samples was also followed by the increase
of the domain wall and magnetization rotation contributions to the overall effective permeability.

© 2002 American Institute of Physic§DOI: 10.1063/1.1453948

The nanocrystalline iron-based &#eCu;NbsSi; 5 Bg al- The samples, ribbons with ®®2.5x0.034 mni, were
loys (Fineme} are well known for their excellent soft mag- annealed in vacuum at temperatufg,) of 100, 480, and
netic propertie$,such as low coercivityH,), high effective 580 °C durirg 1 h inorder to reduce the internal stress level
permeability (), and small saturation magnetorestriction and to promote structural modifications discussed above. In
(Ns). Produced by melt spinning, the as-cast samples arkig. 1, the evolution oMg and\g as a function ofT, are
amorphous, evolving to a nanocrystalline phase under theshown. As seen from this figure, whil g maintains roughly
mal treatment at proper temperatufédg~580°Q. The ab- the as-cast value, &, is increased)g is strongly reduced
sence of long-range structural order and crystalline aniscand changes its signal for the sample annealed at 580 °C. The
tropy partially explain the soft magnetic properties of thesetotal A ¢ measured for each sample is the weighted average
samples in the amorphous phase. On the other hand, tivalue between2™and\{¥* of the amorphous and nanocrys-
nanocrystalline samples are composed of ferromagnetitalline volume fractions, respectivelyfor these samples the
a-FeSi nanocrystals embedded in an amorphous matrix gimorphous phase has positive magnetostriction, while it is
FeSiB. Grain sizdtypical diameter 10—15 njrand relative  negative for thea-FeSi nanocrystals. Annealing induces the
composition are dependent on the annealing temperature aggowth of the crystallized portion of the samplthe FeSi
time. Despite the magnetocrystalline anisotropy on the FeSirystalg, thus the samples having their tota) value modi-
nanocrystals, the grains are randomly oriented in such a waljed as shown in Fig. 1.
that the main contribution to the magnetic anisotropy arises
from the magnetoelastic energy. Substantial stresses arise
during the melt-spinning process. These stresses are nonuni-
form, leading to a local magnetoelastic energy. The associ-

. : ] —0—4 112
ated average anisotropy constant can be conveniently treated i s
45 A M
asK,=30\4/2, whereo and\ 4 are the average values of the lo s
local stress level and saturation magnetostriction over the <& ~o0 410
considered volume. This anisotropy can be partially removed 301 a A =
by annealing. I A N o
The main idea of this work is to quantify the internal <" 154 -— Jog =
stress relief, after thermal treatment, by measuingand ]
determiningK, . This last parameter was measured through 0 @)
the domain wall energyZX), by using a method described in ————— Ul 106
a previous work based on the knowledge @fpyy, the do- . 150 300 450 600

main wall (DW) contribution to the effective permeability. T

A

dAuthor to whom correspondence should be addressed; electronic maiFIG. 1. Evolution ofM¢ and\¢ as a function of annealing temperature for
carara@pdgfis.ccne.ufsm.br the Fe3CuyNb;Siig B Samples.
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wall thickness(A; inse) evolution as a function of » .
The DW energy limits the DW distortion when a mag-
04 ] netic field (H) is applied to a magnetic sample. Also, the

100 1k 10k 100k 1M 10M same field dislocates the DWs proportionally to the perme-
ability and the field x(t) = upwH(t)a/Mg, wherea is the
Frequency (Hz) average domain width. Agp, can be easily obtained from
FIG. 2. Frequency spectra of the permeability for,z€uNb;SiiqBg the ,u(f) SpeCtra, itis pOSSibIe to determine the critical field
samples as derived from impedance measurements. At the}lonly  associated to the critical wall displaceméxy) where it be-
curves for the annealed samples at 480 and 580 °C are presented. comes unstable, meaning that adjacent domains with parallel
magnetization collapse, saturating the sanifBy. working
with the impedance technigdehe magnetic field associated
The transverse permeability) is also strongly affected to the probe current is considered FQ distort the DW. There-
by T, due to its effect on both internal stress level and strucforé = can be obtained fromgthg critical curreintwhich is
tural modifications. In Fig. 2u(f), as derived from imped- related to by I.=23w/Mb,” with w and 2 representing
ance measuremefiis presented. The solid lines in the figure the sample’s width and thickness, respectively. In Fig. 3, the
are fits made with a Debye-type dispersion relation for thefavolutlon of> W|t_h the annealmg temperature is presented. It
DW motion* From this kind of procedure it is possible to IS clear from this figure thab is strongly reduced a3,
separateupy and u,q;, the contributions from the DW mo- Increases. As it is well knpwn, for a material having uniaxial
tion and the rotation to the effective permeability, respec-2nisotropy,K,, the domain wall thicknes€A,) and > are
tively. related by= =4 AK,=4AK, .*° Considering the exchange
Comparing theu values obtained for the annealed to the ParameteA~10"° erg/cm,” K, andA, were determined as
as-cast samples, it can be seen that while the samples withfunction of annealing temperatufgee Fig. 3. In order to
T,= 100 °C present almost no modifications on the value ofompare the obtained anisotropy data with results from the
w, TA=480°C have its permeability value raised+@000 literature, the closed square in Fig. 3 correspond toKpe
mo (TA=480°0 and~16 000, (To=580°0. It can also
be seen from Fig. 2 that boflapy and i,y have their values
enhanced by the annealing process. Thunfior the sample 16 T . T . T
annealed at 580 °C displays two peaks in the permeability o
spectrum, as shown in Fig. 2. This feature is associated with
the presence of two sets of domains: main stripe domains
with average width of 30Qum, in a transverse orientation
with respect to the sample length, and regions with second-
ary domains about 2Qm wide, structured in a maze pattern.
This type of domain structure has been previously observed
in Finemet materials, as described in Ref. 5. The other
samples probably do present this kind of domain structure,
but the lowu value impedes the identification of the domain 0 O-—0
families. The average domain width were obtained from the
u(f) spectra by fitting through a function that takes into
accountupy, its corresponding relaxation frequency, and A
the sample thickness, using the domain width as the fittingg_ 4. internal stress level as a functionTof for the Fe, CU;Nb;Sirg Be
parametef:’ samples.
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determined by Yoshizawa and Yammudhior a similar na@o Aperfeioamento de Pessoal de Vi Superior-
sample. It can be observed from this figure thgtincreases CAPES and Fund@o de Amparo aPesquisa do Estado do
as function ofT,, accompanying the wall energy decrease.Rio Grande do Sul-FAPERGS.
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