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In the present paper the magnetic permeability, magnetic after-effectsAu/u, saturation magnetizationpoMs,
Curie temperature T¢, primary crystallization temperature Tyx; and magnetostriction coefficientsi were
examined for a group of amorphous alloysi.e. FegSisB14 and FesXSigB14 (X = Mos, M0, Mn , 5, M0, 5C0; 5).
It was shown that these alloying additions cause aecrease of the Curie temperature, saturation
magnetization, magnetic permeability, magnetic afteeffects and magnetostriction coefficients, and an
increase of the primary crystallization temperaturewith respect to Fg,SigB14. The observed decrease of both
magnetostriction coefficients — saturation magnetdsction and volume magnetostriction, is correlatedwith

the decrease of the Curie temperature. Cobalt and amganese atoms influence the crystallization
temperature in the same way as molybdenum, which raes that the diffusion processes responsible for
crystallization are not enough sensitive to this kid of alloying addition.
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Introduction

Iron-based amorphous alloys obtained by melt
spinning technique in the form of thin ribbons, are
very interesting soft magnetic materials. Many
properties of these materials are superior to ttodse
conventional materials with the same chemical
composition1]. For example, fofinemet(Fe-X-Si-B-

Cu, where X are alloying additions) amé&noperm
(Fe-X-B, Fe-X-B-Cu) type alloys, the magnetic
permeability in weak magnetic fields can be of the
order of 16 and the coercive field below 1 A/m. The
nanoperm alloys show higher values of saturation
magnetization (1-1.5T) and relatively low Curie
temperatures (300-400 K). A partial substitutiorCaf
atoms for Fe (the so-callebitperm type alloys —
Fe-Co-X-B-Cu) causes an increase of the Curie
temperature (>600 K) and saturation magnetization.
Unfortunately, it also causes a decrease of the
magnetic permeability.

It is already known that the magnetostriction
coefficients of amorphous alloys based on iron are
higher than for nickel- or cobalt-based allg9s3]. In
general, the magnetic properties strongly depend on
the chemical composition of this kind of alloy. BEve
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small amounts of alloying additions can drastically
change the magnetic properties, the course of the
structural relaxation and crystallization processes
Therefore the aim of the present paper was to study
the influence of alloying additions Mo, MoMn, and
MoCo to amorphous alloys FeXSiB on the magnetic
properties — magnetostriction, magnetic permegbilit
magnetic after-effects, saturation magnetizatiam;eC
temperature, and also the crystallization tempegatu
as crystallization (nanocrystallization)  strongly
influences the magnetic properties. In the present
paper the crystallization phenomenon itself was not
examined because for this kind of amorphous alloy i
is well established that the primary crystallizatio
(nanocrystallization) leads to the formation of help
iron nanograins embedded in the amorphous matrix
(for details se4,5]).

Experimental procedure and results
Experiments were carried out for amorphous alloys
FesSieBia, FesM0sSieB1s, FesM0,5C0, sSisB14 and

Fe;sMo, sMn, sSigB14, Obtained by the melt spinning
technique (rapid cooling from the liquid phase with
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cooling rates of the order of 18/s) in the form of
strips of thickness and width of about 25-30 um and

(Mo, Mn, Co) on theagnetic properties of ...

magnetization is almost zero. At higher temperature
an increase of the magnetization due to the foomnati

8-10 mm, respectively. For the as quenched samples of a new ferromagnetic phase (nanocrystallizatien)

the following magnetic properties were measured:
i) magnetic permeabilityy (Maxwell-Wien bridge,
frequency about 1030 Hz and magnetic field
H = 0.5 A/m), ii) magnetic after-effectsp/p (where
Ay is the difference between the magnetic
permeability determined at timet;=30s and
t, = 1800 s after demagnetization), iii) magnetizatio
in saturation pMs, the Curie temperaturdc, the
primary crystallization temperaturdy; (magnetic
balance, field 0.4T) and iv) magnetostriction
coefficientsl (infra-red magneto-dilatometer).
Magnetostriction, defined as any change in the
dimensions of a magnetic body caused by a change in
its magnetic stat¢6], was determined based on the
following expressiori6-8]:

:|_:1w+§AS

1

g

(cos2 O- (1)

where:| is the sample lengtlg is the angle between
the directions of magnetization and strain
measurement, » is the so-called volume
magnetostriction (isotropic), anik is the saturation
magnetostriction (anisotropic). The magnetostrittio
coefficientsw and s were determined by measuring
successively the strain observed with a magnetid fi
applied parallel 4) and perpendicularif) to the
direction of the strain measurement. It may beceati
that from equatioril) for ¢ = 0 one can get = 1; and
for 6 = 102, 1 = An. According to the above remarks the
saturation magnetostrictioly can be expressed by:

s =§(A” ~Ao) @)

and the volume magnetostrictian defined asAV/V
(whereV is the sample volume), is:

w=A+20; 3)

For all the examined alloys the magnetostriction
coefficients 4; and 15 were determinedversus the
magnetic field for samples ofdn length. The results
are shown inFigs.1 and2. It can be seen that in all
cases the magnetostriction coefficients increagd wi
increasing magnetic field and show saturation
behaviour (se¢9-13]). The influence of the alloying
additions on the magnetostriction is well seen.

Fig. 3 shows the saturation magnetizatipgMsg
versustemperature for the ggSigB14, FEsM05SicB14,
and FesMo,:Mn,sSigB1, alloys. In all cases the
measured magnetization decreases with increasing
temperature up to the Curie point of the amorphous
phase. Above the Curie temperature the examined
materials are in the paramagnetic state and
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observed. It is clear that an increase of the
molybdenum content causes a decrease of the
saturation magnetization and a shift of the
nanocrystallization to higher temperatures. The
replacement of 5% of iron by molybdenum atoms in
the Fg.SisB14 alloy causes a decrease 1gMs from
1570mT to 940mT.
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Fig. 1 Magnetostriction coefficient; versus
magnetic fielduoH for all the examined alloys.
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Fig. 2 Magnetostriction coefficientl; versus
magnetic fielduoH for all the examined alloys.
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Fig. 3 Saturation magnetizatiop,Ms versus
temperaturel for some of the examined alloys
(heating rate 5 K/min).
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Fig. 4 d(uoMg)/dT (see the data ofig. 3
versustemperaturel for the FgSisBi4 alloy
(heating rate 5 K/min).

The Curie temperature and the crystallization
temperatures were determined as the position of the
corresponding inflection point of thgMsg(T) curve
(minima or maxima in the d¢gMg)/dT curve). The
d(uoMg)/dT curve for the FgSigB14 alloy is shown in
Fig. 4. An increase of the molybdenum content causes
a decrease of the Curie temperature and an incofase
the primary crystallization temperature from 6640
495K and from 77X to 898K for the FgySigB14 and
FesMosSigB1, alloys, respectively. It should be
mentioned that for the E&SigB14 alloy two stages of
crystallization were observedj.e. the primary
crystallization (maximum of the dMs)/dT curve at
772K, heating rate ®/min) and the secondary
crystallization (maximum of the dfMs)/dT curve at
806K, heating rate ®/min.). For the other alloys
these two stages are apparently close to each antider
only one peak in gigMs)/dT was observed. A detailed
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examination of the crystallization phenomenon by
applying DSC and magnetic methods are discussed in
[5] (e.g.see Fig3 in [5]). The magnetic permeability

1 was determined for all the examined alloys at room
temperature in a field of 0A/m. An increase of the
molybdenum content causes a decrease of the
magnetic permeability. It was found that the
replacement of 5% of the iron by molybdenum atoms
in the Fg.SisB14 alloy causes a decrease (offrom
1500 to 600.

It may be added that it is generally acceptedithat
ferromagnetic amorphous alloys the intensity of the
magnetic after-effectdu/u is proportional to the free
volume content[4]. The highest value ofAu/u
(18.8%) was obtained for the 58isB14 alloy and the
lowest value (9.3%) for the RMo0,sMN;,sSigBiy
alloy, which indicates that the highest free volume
content is observed for the base alloy.

Discussion

The magnetic parameters of the alloys examinelan t
present paper (the Curie temperatufg primary

crystallization temperature  Tyq, saturation
magnetization poMs, magnetic permeability ,
magnetic  after-effect Ap/y,  magnetostriction

coefficients 4, Ap, saturation magnetostrictioris
(calculated according to equatid®)) and volume
magnetostriction coefficient» (calculated according
to equation(3)) are listed inrablel.

From thisTableandFigs.1 and?2 it is readily seen
that all the examined alloying additions cause a
decrease of the magnetostriction coefficients. The
replacement of 5% of iron by molybdenum in the
FesSisB14 alloy causes a decreasep{positive) and
Ao (negative) by about 24% and 80%, respectively.
It seems that such a change of the magnetostriction
with respect to the base alloy can be explained by
change of the elastic properties, caused by
molybdenum. The atomic radius of molybdenum is
larger than the atomic radius of iron (18® and
156 pm, respectively14]), which means that the Mo
atoms in the amorphous structure cause an incofase
the inter-atomic distances and consequently a deere
of Young’s modulus and the magnetoelastic energy.

The data presented irablel also shows that the
decrease of the magnetostriction coefficigitandw
in the examined alloys is correlated with the obaér
decrease of the Curie temperatiige This correlation
is demonstrated ifrigs.5 and6. It seems that such a
linear dependence can be explained as an effébeof
weakening of the magneto-elastic coupling due & th
shift of the Curie temperature closer to the
temperature of the measurements (room temperature).
Indeed, the examined alloying additions cause a
decrease of the Curie temperature and at the samae t
a weakening of the magneto-elastic coupling.

This conclusion is confirmed by the fact that the
increase of the molybdenum content in the examined
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Table 1 Curie temperaturelc, primary crystallization temperaturé;, saturation magnetizatiopoMs,
magnetic permeability;, magnetostriction coefficienty, i, saturation magnetostrictioty, and volume

magnetostriction coefficient for the examined alloys.

Alloy Tc Tx1 HoMs H Aulp A Ao As &)
K | K | [mT] [%] | [109 | [107 | (107 | [107]
FezoSicB14 664 | 772 1570 1520 18.2 14.2 -37.8 3417 -61.4
FesMosSisB14 495 | 898 940 600 13.3 10.4 -7.4 12]1 -4
FesM0,5C0, sSisB14 611 | 836 1030 690| 16.4 14 -17.2 21l6 -22.8
FesMo, sMn; sSigB14 527 | 837 1240 | 136( 9.3 13 -11.? 165 -10.6
680
5L . 660 |
640 |
30+ 620 [ 2.5at.% Co
600 [ )
& 25 < 580
. =,
= . —° 560 |
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150 2 520 2.5 at.% Mn
500 |
o 40— 1L
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Fig. 5 Saturation magnetostriction coefficient Fig. 7 Curie temperature Tc versus the

Js versusthe Curie temperatur&; for all the
examined alloys.
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T  [K]
Fig. 6 Volume magnetostriction coefficierw

versus the Curie temperatuiie. for all the
examined alloys.
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molybdenum content for some of the examined
alloys.
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Fig. 8 Crystallization temperature, Versusthe
molybdenum content for some of the examined
alloys.
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alloys also causes a decrease of the saturation References

magnetization (se€ig. 3) and magnetic permeability

in the following sequence: ESisB14, [1]
|:975M02.5|YI N2.55i6B 14, Fe&;sM0, 5C0, 5SisB 14, and
Fe;sMosSigB1a. (2]

Figs.7 and8 show the Curie temperature and the
crystallization temperature plottedversus the
molybdenum content for the examined alloys. It can [3]
be seen that cobalt causes an increase of the Curie
temperature of about 5%, and manganese causes a[4]
decrease of about 9% with respect to the expected
value for 2.5 at.% Mo. Frorig. 8 it can be seen that
both cobalt and manganese influence the
crystallization temperature in the same way as
molybdenum. It means that the diffusion processes [6]
responsible for crystallization are not enough gses
to this kind of alloying addition. [7]

Conclusions
8]

The main conclusions of the present paper can be

summarized as follows: [9]

e Alloying additions of Mo, MoMn, and MoCo to
the base alloy RgSiB14 cause a decrease of the
Curie temperature, saturation magnetization,
magnetic permeability, magnetic after-effects
and magnetostriction coefficients, and an
increase of the primary crystallization
temperature.

e The observed decrease of both magnetostriction
coefficients — saturation magnetostriction and
volume magnetostriction, is correlated with a
decrease of the Curie temperature.

e Co and Mn atoms influence the crystallization
temperature in the same way as molybdenum,
which means that the diffusion processes
responsible for crystallization are not enough
sensitive to this kind of alloying addition.
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