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The temperature dependence of magnetization is studied to obtain infor-
mation about the nature of structural and magnetic transformations in amor-
phous alloys. Low-temperature magnetization provides information on spin
waves, i.e., the law of ‘three second’ T?2 is fulfilled. The spin-wave rigidity
constant D, acharacteristic property of an amorphous ferromagnetic, is deter-
mined from these dependencies.
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Hnsonep:xkanuda indopmarii mpo xapakTep CTPYKTYPHUX i MArHETHUX IIEPETBO-
PeHb B aMOp(HUX CTOIAX MOCIiIKYEThCA TeMIepaTypHa 3aJIe’KHiCTh HaMarHi-
yeHocTu. HamarriueHicTh B 00J1acTi HUBBKUX TEMIIEPATyP Aa€ iHGopMaIriio Ipo
CIIiHOBI XBIJIi, TOOTO BUKOHYETHCA 3aKOH «TPhOX Apyrux» T°%/2, 3 mux saiex-
HOCTel BUBHAUAETHCSA KOHCTAHTA CIiH-XBUJIBOBOI JKOPCTKOCTU D, AKa € XapaK-
TEePHOIO BJIACTUBiCTIO aMOP(PHOTro hepoMarHeTnKa.
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1.INTRODUCTION

To obtain information on the nature of structural transformations oc-
curring in amorphous alloys, the temperature dependence of the satura-
tion magnetization was studied using a vibration magnetometer[1].

Unfortunately, little study of ferromagnetism amorphous systems at
low temperatures. The first steps in this direction showed that there is
the possibility of creating based on amorphous metal alloys a fundamen-
tally new storage medium with ultrahigh information density (alloys
with spin glass properties).

In order to verify the conclusions of the quantum theory on the de-
pendence of spontaneous magnetization on temperature for amorphous
alloys and to clarify the dependence of the parameter B in the ‘three-
second’ law, which characterizes the exchange energy, on the composi-
tion of the alloy with different concentrations of metalloids and on heat
treatment, an experimental investigation of the dependence of the sat-
uration magnetization was carried out for the indicated alloys on tem-
perature in the region of low temperatures.

2. MATERIALS AND METHODS

Amorphous alloys of the Co—Fe—Si—B system in the form of a strip were
obtained by rapid quenching of a liquid sample on the surface of a fast-
rotating disk, 15 mm wide, ~ 12 um thick and 10-15 m long [2].

To study the stages of crystallization and to identify intermediate
phases, we can use cyclic thermomagnetic analysis, which consists in
heating the alloys to appropriate temperatures with subsequent cool-
ing. The use of the methods of thermomagnetic analysis, in contrast to
the analysis of the change in electrophysical properties depending on
temperature, allows obtaining reliable information about the Curie
temperature Tc, temperatures of various stages of crystallization Tx
and T¢ of crystallizing phases [3].

In addition, the magnetization at low temperatures contains infor-
mation of spin waves; the decrease in magnetization at low tempera-
tures in ferromagnetic amorphous alloys in comparison with crystalline
ones is explained by thermal excitation of the long-wavelength part of
the spin wave spectrum [4, 5].

3. RESULTS AND DISCUSSION

The change in magnetization with temperature is determined by the fol-
lowing relationship [4]:

I(T) = 1,(0)1 - BT*?), 1)
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where g is the spectroscopic splitting factor or Lande factor
(g=2.0023), ug is the Bohr magneton, kg is Boltzmann’s constant, I4(0)
is saturation magnetization at temperature T=0K and in zero mag-
netic field, D is spin-wave rigidity constant, which is a characteristic
property of a ferromagnetic, both the saturation magnetization and the
Curie temperature.

If a collectivized electron with a wave vector k is excited into a state
with a wave vector k + q, and its spin changes direction to the opposite,
then it can form an electron—hole pair with an energy Ao with a hole,
which has arisen during its excitation, for which at small values of q ap-
propriate the relation #wm = Dg®?, where for a simple cubic lattice
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Fig. 1. Dependence of the relative saturation magnetization AI/I on tempera-
ture T3/2 for the alloys of the Co—Fe—Si—B system.
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D=2A8Sa?, S is the spin quantum number (equal to 1/2 for an electron
and 5/2 for the Fe®* ion—the main magnetic ion in most magnetic mate-
rials), Ais the exchangeintegral, the energy of the exchange interaction
of two spins located at a distance a (constant of the magnetic lattice)
from each other, q is the wave vector.

The value of the constant D can be determined both from the neutron
diffraction data and from the determination of the temperature depend-
ence of the saturation magnetization.

From equation (2), plotting the dependence of AI/I on T??2 we can de-
termine B, and then from equations (3) and (1) the coefficient D and the
Curie temperature Tc.

Figure 1 shows the relative change in AI/I dependent on T??2 for
amorphous alloys of the Co—Fe—Si—B system depending on the content
of metalloids. Figure 2 shows the dependences of the magnetic moment
and Curie temperature of the studied amorphous alloys Co—Fe—Si—B on
the content of metalloids.

The value of the exchange constant A can be determined within the
framework of the molecular field model (Heisenberg model) and the the-
ory of spin waves.

According to the molecular field model, the exchange constant A be-
tween magnetic atoms can be expressed by the following formula
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Fig. 2. Dependence of the magnetic moment pu and Curie temperature T¢ of
amorphous alloys of the Co—Fe—Si—B system on the concentration of metal-
loids.
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TABLE 1. Values of magnetic parameters for amorphous alloys of the iron
group.

TCa B’ D7 Aeff7 AH, Ha, A /A D/TC7
K 105K 32eV-A2 eV | eV | us [/ HeV/K

1 Cosr.46Fes.445151B2.00.512810 0.424 0.4220.02630.0271.030 0.97 5.9
2 Coss.35F€6.155914.9B2.60.450770 1.08 0.2520.02220.0360.975 0.62 3.6
3 Coss.ssFes.7Sir.85B2.60.364650 1.03 0.2940.02600.0450.737 0.61 4.5
4 CossFe;3SigsBa2 0.362620 1.05 0.2910.02700.0430.729 0.64 4.7
5 Coss.2Fes.98is.5B24 0.361600 1.07 0.2890.02770.0420.722 0.66 4.8

No.|Alloy composition| S

3k, T,

T 2288+1) )

In the model of spin waves, the effective value of the exchange con-
stant between neighbouring magnetic atoms can be obtained if we as-
sume that, in the case of amorphous alloys, the expression for the dis-
persion coefficient found for crystalline alloys with an f.c.c. lattice is
valid [5]

D= ézRfAeffs. (5)

where R; is the radius of the first coordination sphere containing z at-
oms.

The calculated values of some magnetic parameters for iron group al-
loys are shown in Table 1.

As can be seen from Table 1, the value of the magnetic moment of the
studied amorphous alloys increases with a decrease in the concentration
of metalloids. The Curie temperature T'c also increases with a decrease
in the concentration of metalloids. The change in T'¢ is explained by the
dependence of the exchange interaction on the distance between iron at-
oms: with a decrease in its ferromagnetic interaction weakens and even-
tually becomes antiferromagnetic. These structural changes are charac-
terized by high values of coordination numbers in the first coordination
sphere, which are higher than those for the b.c.c. structures. Amor-
phous structures are also characterized by large coordination numbers
in the first coordination sphere. In this respect, the most important as-
sumption may be that, the ferromagnetism, associated with iron atoms
in close-packed structures with high coordination numbers, tends to
disappear. This may be due to the enhancement of the antiferromag-
netic interaction between iron atoms. Co—Fe—Si—B alloys have a high
Curie temperature. This reflects the nature of exchange interactions
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between the magnetic moments of atoms, which are stronger between
atoms of different types than between atoms of the same type.

The change in the magnitude of the magnetic moment can be ex-
plained within the framework of the concept of the transfer of electron
charge from metalloid atoms (Si—B) to the d-band of the transition
metal. The magnetic moment with an increase in the content of metal-
loids decreases due to the fact, that the magnetic states lose their d-
character due to their participation in the bond with metalloid atoms (p—
d-hybridization).

4. CONCLUSION

As aresult of the study, it was found:

1. The law of ‘three second’ describes quite well the temperature de-
pendence of the saturation magnetization of amorphous Co—Fe—Si—B al-
loys for the all studied concentrations.

2. According to the obtained experimental results, the dependence of
the average magnetic moment per atom of the alloy on the concentration
of the metalloid was established. It was found that the dependence of the
magnetic moment on the concentration of the metalloid is linear, and
with a decrease in the concentration of the metalloid, the magnetic mo-
ment of the amorphous alloy increases.

3. The obtained experimental results were used to determine the Curie
temperature Tc and the parameters of the exchange interaction of the
investigated alloys. It is shown that amorphous Co—Fe—Si—B alloys have
a high Curie temperature and have a linear dependence of magnetic mo-
ment on the content of metalloids.
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