acta phys. slov. 35 (1985), No. 4—5

SOME MAGNETIC PROPERTIES AND MAGNETIC
AFTER-EFFECT IN AMORPHOUS FegT:B,; ALLOYSY)

L. POTOCKY?), P. VOJTANIK?), Kosice
E. KISDI-KOSZGOY), A. LOVAS?), Budapest

In the paper presented the coercive force, the initial susceptibility, the critical field of
the perminvar effect and the magnetic after-effect in the quasi-binary FewT+B,, (T =Fe,
V, Cr, Mn, Co, W. Pt) alloys have been investigated. The obtained results are explained
in relation to the mechanism of the coercive force and to the mobility of the domain walls
in the amorphous soft magnetic materials. The magnetic after-effect in the given alloys is
discussed in relation to the free volume.

HEKOTOPBIE MATHHUTHBIE CBOVICTBA M MATHHTHOE NOCAEREMCTBME
B AMOP®HBIX CHIABAX FeuwTsB,,

B pa6ote apuBORSTCR pesynbTaThI MCCHEROBaHMiL KOIPUMTHBHON CHIIbI, HAYATLHOM
MarHUTHON BOCTIDHMMYHBOCTH, KPHTHHECKOTO MOJS NEPMHHBApHOTO 3chpekTa M Mar-
HHTHOTO NOCTeAeiCTBUA B KBA3HOHHAPHDBIX aMOpdHbIX cnnaBax THIA FewTiB,, (T=Ege,
V, Cr, Mn, Co, W, Pt). Honyuenusie pe3ynsTaThl OOBACHEHB! Ha OCHOBE MeXaHW3Ma
KOIPUMTUBHON CHINBLI M NOJBHKHOCTU TPAHML [OMEHA B AMOP(MHBIX MATKHX MATCHHTO
Matepuanax. OBCyXRaeTcs MarHMTHOE MOCNEACHCTRHE B AaHHLIX CIIABaX Ha OCHOBE
csoboftHoro o6nema.,

1. INTRODUCTION

The practical applications of the amorphous ferromagnets are determined by the
stability of their magnetic properties. Therefore it is topical to investigate how to
obtain the time and temperature stability of the magnetic parameters of these
materials. It was shown in [1—4] that many magnetic properties of the Fe-B
amorphous alloys vary by the substitution of iron by a relatively small amount of
the transition metal. With regard to this we studied the initial magnetic suscep-
tibility, the coercive force, the critical field of the perminvar effect and the
temperature — time dependence of the magnetic reluctance of the quasi-binary
iron — transition metal — boron amorphous alloys.
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IL SAMPLES AND EXPERIMENTAL METHOD

Experiments were made on amorphous FesoT;B.; (T =Fe, V, Cr, Mn, Co, W, Pt)
mmEEm.m prepared in the form of thin ribbons by rapid quenching from the melt.
The measurements were carried out on as-cast samples and after their annealing at
a temperature of T=0.8 T¢ (Tc = Curie temperature) for 12 hours. This treatment
.8505& to a great extent the strain-magnetostriction anisotropy in the samples
introduced during their preparation [3]. v
. Magnetic susceptibility was measured at 0.1 A/m and 970 Hz using a mutual
inductance bridge with a photoelectric temperature controller (for the tempera-
ture range 300-—450 K) and with a system for automatic demagnetization [5, 6].
The magnetic after-effect was quantitatively estimated by a relative quantity
Arfr (T)=[r(t=1800s) ~ r(t=30 $)l/r(t=30s), where r is the magnetic
reluctance (r=y"1, X = magnetic susceptibility); the reluctance was measured at
30s (rison=x3), resp. 1800s (ra~15006)=xis00) after demagnetization at
a ooﬁ.a::: temperature (T = absolute temperature). The temperature dependence
of this quantity (relaxation spectrum) gives some information on the distribution of
the activation parameters of the magnetic after-effect. The coercive force was
measured by an electronic fluxmeter.

IIL. RESULTS AND THEIR DISCUSSION

Hmv_m .H shows the obtained results. It follows from them, above all, that the
.m:cm:::_oz of iron in the Fe-B alloy by a transition metal has a significant
influence on the investigated magnetic parameters and on the magnetic after-eff-
ect. In all as-cast alloys (except for the alloy with Pt) a decrease of the coercive
.mo.qo.o (H.) in comparison with that of the binary Fe-B alloy may be observed. The
initial susceptibility (ys,) is in all cases larger and the critical field of the perminvar
effect (H,,) is in all cases lower than the corresponding values for the binary Fe-B.
The undercritical annealing produces various changes of the coercive force and of
the initial susceptibility. While in alloys with Fe and V a decrease of the coercive
force and in alloys with Fe, V and Co an increase of the initial susceptibility may be
observed, alloying by Cr, Mn, Co, W and Pt leads to an increase of the coercive
mo.:um and in alloys with Mn, W to a decrease of the initial susceptibility ; in alloys
with Cr and Pt such an annealing has no apparent influence on m:o initial
.mzmnomzcEQ. Such complicated dependences of the magnetic properties of
:on-gnos alloys on the additional transitional metal and on the undercritical
annealing result from the influence of various microphysical parameters. If we
suppose that for the coercive force in the amorphous soft ferromagnets the
irreversible displacements of the domain walls are responsible [7], then the
explanation of the coercive force may be found in the influence of the added
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transition metals and/or of the heat treatment on the ferromagnetic exchange, the
total anisotropy (including the strain-magnetostrictive anisotropy introduced into
the alloy during its preparation), the magnetic moment resp. saturation magnetic
polarization, the sample geometry (mainly for correlation between thickness and
the used parameters of preparation); of course, other factors may also play an
important role, including the state of sample surface (surface roughness), the

Table 1

Influence of annealing T.=0.8 T., t.=12 h, on coercive force H., critical field H.,, measure of
magnetic relaxations Ar/rso and initial susceptibility xso for amorphous FesoT5B,7 alloys (T=Fe, V, Cr,

Mn, Co, W, Pt)
As-cast Annealed
Femilabhe H. H., Ar/ra X30 H. H., Ar/rso X3o
[Am™'}  [Am™] [%]  [m%g™] [Am™] [Am™] (%]  [m’kg”]
T=Fe 23.7 7.7 19 0.07 13.5 0.7 11.7 0.163
A% 10 1.05 14 0.125 5.7 0.4 12.3 0.195
Cr 37 1.15 10.6 0.255 9.5 0.6 8.1 0.254
Mn 7.5 1.7 12.4 0.196 13.1 1.1 14.7 0.120
Co 12.5 55 16.9 0.105 25 1.2 6.4 0.214
w 2.2 1.7 14.1 0.229 8.5 0.6 10.1 0.157
Pt 49 6.3 10.5 0.088 78 2.8 2.8 0.089

microstructural state of the alloy including the structural and chemical in-
homogeneities, the micromagnetic properties including the anisotropy fluctuations
and others. These factors influence -in a specific way- the magnetic quantities. We
expect that the decrease of the coercive force could be connected with the increase
of the initial susceptibility and vice versa. However, such a behaviour is observed
only in as-cast samples (the alloy with Pt is an exception) ; in samples subjected to
undercritical annealing the connection between the measured initial susceptibility
and the coercive force is complicated in some cases (alloys with Cr, Co, Pt). This
may be connected with the complex influence of the microphysical parameters on
the domain structure of the alloys and its dynamics. The corresponding differences
are given by energetic disturbance connected with the formation of domain walls
and by the character of obstacles hindering the displacement of domain walls
during the sample magnetization. All this evidently depends on the type of the
added transition metal and/or on the heat treatment. It should also be noted that
the value of x», was measured 30 s after the demagnetization of the sample and so it
reflects also the corresponding magnetic after-effect. The influence of the total
anisotropy, of the' ferromagnetic exchange and of the saturation magnetic polariza-
tion on the coercive force is evident in some investigated alloys. It is known, for
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mxmms.n_m“ that the presence of Co and Pt in the given alloys apparantly increases th

O.:zn temperature and thus also the exchange constant [4] in comparison with Sm
E:m@ Feq:B;;; also the anisotropy in both as-cast and after annealing state: s
Emra.n E_. Addition of Pt causes only a little increase of the saturation ma Mﬁ._m
.no_m:Nm:oF but the addition of Co has an about ten-times larger effect om:S_.n
increase. This is manifested by substantially larger values of the coercive force mow
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Fig. 1. Time increase of magnetic reluctance in annealed FesoCrsB;; amorphous alloy. Curve
1—T=360K;2—375K;3—390 K;4—405K;5—420K;6—435- 7—450 N‘.

the FewPt;By; alloy in the as-cast state as well as after annealing and for the
FesoCosB1; alloy in the annealed state in comparison with the binary Feg.B;,. In the
FegoWsB;; as-cast alloy the presence of tungsten causes the decrease of the Q.uono?n
.monoo and the increase of the initial susceptibility ; the decrease of the coercive force
in the muuo.&om state is not accompanied by the increase of the initial susceptibility
wwooonm_:m 6 [4] such a content of tungsten decreases the exchange constant cﬁ.
Increases anisotropy [3] and significantly lowers the saturation magnetic polariza-
tion A.g\ more than 50 %). The observed significant decrease of the coercive force
resp. increase of uanaom,w::w, may be therefore regarded as :rnxﬁoonam It m_._oc_nm
be noted .Em: in all alloys the strain-magnetostriction anisotropy is Eomma which
may be significantly lowered by an underecritical annealing. On the oﬁrom hand
.roia,&ﬁ mzmw an annealing leads to changes in the character of both Emnn:.m_.
%%oaomgm:_om and the free volume and eventually to the formation of clusters.
:mmwnm M”mﬂwww | .aovoaa on the physical and chemical properties of the added

It m.o:mvim from the given results that in iron-boron alloys the influence of iron
substitution by a transitional metal on the mobility of domain walls may be
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expected and this is manifest in the magnetic after-effect. On all the annealed
samples the time dependence of the reluctance at various constant temperatures
was investigated as well. It was found that in the temperature range from
300—450 K the logarithmic time dependence of reluctivity r=r, + 7 In ¢ [5] is not
always valid (7 is the change of r between the times t, and ¢, for which In /¢, =1).
Fig. 1 shows the dependences obtained on the FeqCr;B,, samples. Fig. 2 shows the
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Fig. 2. Relaxation spectra Ar/rso(T)= Al ;ao% mWWQaMW_ =08
e

alloys (T=Fe, V, Cr, Co. Pt).

for selected amorphous FegoT3B:s

relaxation spectra for alloys with V, Cr, Co, Pt in comparison with the spectrum for
the binary FessB,; alloy. As it is seen, by the addition of the transition metal the
value of the maximum in the relaxation spectrum is changed. In almost all cases this
maximum is lower than that for the binary Fe-B. This may be connected with the
supposed decrease of the free volume in the alloy; the alloy with Cr is an exception,
showing an increase of the maximum of the relaxation spectrum. It should be also
noted that the density of the binary Fe-B alloy is not changed when the iron is
substituted by chromium [8]. It may also be supposed that depending on the added
metal the free volume will play a greater or a smaller role in the magnetic
after-effect and it should be also accepted that this after-effect is controlled also by
other mechanisms. In some cases the free volume may play a decisive role. In all
the investigated alloys (except for the alloy with Mn) the undercritical annealing is
manifested by an apparent decrease of the rate of the magnetic after-effect. This
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All this gives evidence of the complex influence of the added transition metal on
the magnetic Properties of the Fe-B amorphous alloys.
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