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ABSTRACT

The influence of holmium on the magnetic properties of amorphous iron-
holmium-boron alloys was investigated. Both the Curie temperature and the
mean magnetic moment of iron and holmium decrease with increasing holmium
content. The temperature dependence of magnetization shows a maximum at low
temperatures.

AHHOTALMA

WccnepgoBasnocb BNMsSiHAE TFOMbMUSI HA MarHUTHble CBoOliCTBa amopdHOro cnnaea
Xeneso-rofbMnii-6op. Kak Touka Kopu, TakK M CpegHUii MarHUTHbIi MOMEHT, pacuuTaH-
Hbli Ha aToOMbl Xefle3a M rofibMUsi, YMEHbllaeTCs Mo Mepe YBe/NYEeHUsl coaepxaHus
ronbvMusi. Mpu HU3KKUX TemnepaTypax HamarHM4eHHOCTb MaKCuMasibHasi .

KI1VONAT

Holmium hatasat vizsgaltuk az amorf vas-holmium-bor 6tvézet magneses
tulajdonsagaira. Mind a Curie hémérséklet, mind a vas és holmium atomokra
szamolt atlag magneses momentum csokken noévekvdé holmium tartalommal. Alacsony
homersekleteken a magnesezettség maximumot mutat.



1. INTRODUCTION

Previous investigations [1/2] have shown that the addition
of a small amount of a rare earth element to binary iron-boron
metallic glasses alters many magnetic and other physical proper-

ties.
taking

The influences of rare earth elements may be explained by

into account

the size effect of the rare earth (RE) atoms; this may
cause a disturbance of the direct exchange between iron
atoms thereby decreasing (or possibly increasing) the

Curie temperature of the Fe-RE-B amorphous alloy compared
with the binary Fe-B [3];

the high chemical affinity between RE and B atoms; this
affinity may lower the mobility of boron and thus stabil-
ize the amorphous state making the crystallization tempera-
ture higher;

the magnetic moment of RE, since, if such a moment exists,
it alters the net magnetization of the alloy;

the exchange interactions between the magnetically active
atoms. Both in crystalline and amorphous RE-TM (transition
metal) alloys the smallest iIn strength is the interaction
between localized 4f moments [3]. The strongest interac-
tion is between the 3d moments. The iInteraction between

the 4f and 3d moments in all known heavy rare earth-tran-
sition metal alloys gives an antiparallel coupling;

the single-ion anisotropy of RE - if it exists. Indeed
holmium has such an anisotropy therefore the competition
between the single-ion anisotropy and the exchange interac-
tion may result in a random noncollinear magnhetic structure
of sperimagnetic type [4]-

The aim of this work is to iInvestigate the influence of
holmium on the magnetic properties of Fe-B amorphous alloys with

respect to the giant magnetic moment (-10 pp) of Ho

3+- The ques-



tion is how the holmium influences the exchange interaction in
ternary Fe-Ho-B amorphous alloys.

2. EXPERIMENTAL

The Fe84-xHoxBI6(OEXEIO) ternary alloys were prepared from
Fe-Ho and Fe-B master alloys by electron beam melting. The amor-

phous ribbons were prepared in inert gas atmosphere by the melt
spun technique. The amorphicity of the ribbons was investigated
by X-ray diffraction; the chemical compositions were measured by
atomic absorption spectrometry.

Magnetization curves were measured by a vibrating sample
magnetometer up to 7 T at various constant temperatures between
4.2 and 300 K. At higher temperatures the magnetization as a func-
tion of temperature was determined by Forster probes in a magnetic
field of 0,5 T at a heating rate of 1,7 K/min.

3. RESULTS AND DISCUSSION

In Fig.1 we show the temperature dependence of mass magnetic
polarization, a of Fe-Ho-B in the whole temperature range of the
amorphous ferromagnetic state. For better comparison we used a
relative temperature scale. The amorphous Curie temperatures, TQ,
are given in Fig.2. On alloying holmium, the Curie temperature
decreases.

This indicates that the holmium added to Fe-B weakens the
ferromagnetic exchange between iron atoms. This decrease may be
caused by various effects: one of them is the size-effect of the
holmium atom due to the distance - dependent exchange interaction.
Furthermore, it is well known that in Fe-RE amorphous alloys the
RE has a significant influence on the electron structure of iron
atoms, viz. on their magnetic moment, Ype* It may be supposed the
UFe in the given alloys is decreased due to electron transfer from
Ho to the 3d band of iron [5], like that of boron to iron [6].- On
the other hand the great magnetic moment of Ho can induce a higher
yFe [7]- However, on adding holmium to Fe-B new iInteractions must



Figure 1
Temperature dependence
of magnetic polarization

Figure 2
Amorphous Curie temperature as a
function of holmium concentration

be taken into account too. As the Ho-Ho interaction is extremely
weak, 1t may be neglected. In contrast the Ho-Fe iInteraction 1is
much stronger and this, together with the random single-ion an-
isotropy of the holmium atom, may lead to misalignment between
iron moments.

On the basis of the simple spin wave formalism, the magneti-
zation at low temperature decreases with increasing temperature
according to

c(M = o(0)(1-BT3/2+...).

The T"”2 dependence for many amorphous alloys was verified [8,9],

but from the series of amorphous Fe84-xHoxB16 alloYs only the

binary FeQ4Bi6 f°H°ws this dependence (see Fig. 3) . The aiT"2)
curve iIn holmium containing alloys has a maximum. This maximum 1is
more remarkable in the alloys containing more Ho and on iIncreasing



r‘_
%’ FeBAHXB16
125
»-a&- ~
o
20 o _ gITTT -
*»-0%0-———0-— 0—o-__ o - Figure 3
15 Magnetization as a function
of T3/2
10 -6 == -
f* *
05
0 1000 2000 3000 4000 5000

T3/2[K3/2]

the Ho content it is shifted towards higher temperature. Because
of these maxima we cannot determine the absolute saturation mag-
netization using the conventional extrapolation of a(T) to O K
but only a(4.2,0) from the measured a(T,H ") at T=4.2 K. As
shown iIn Fig. 4 this a as a function of holmium content decreases
linearly.

Figure 4
a{4.2,0) as a function of
Ho content

In order to investigate further the temperature dependence
of magnetization we studied the role of the magnetic field in
this dependence. In Fig. 5 the a(T,H) values measured in H=5.23 T
and in H=0.025 T are given for comparison. There are great differ-
ences between these values in the case of Feg2 go 5Bi6 ax
seems that the decreasing of a towards lower temperatures is hin-



Figure 5

o{TnH) measured Iin
H=5.23 T and in
H=0.025 T as a func-
tion of temperature

dered by the higher magnetic field. In the alloys containing more
holmium these differences are lowered and the hindrance is also
less effective.

The given results suggest that the magnetic moments of hol-
mium atoms are oriented antiparallel to the iron moments. This is in
agreement with the results on many amorphous RE-Fe alloys [10].
From the measured a (4.2,0) values we determined the mean magnetic
moment Ype+Ho which is given as a function of holmium content in
Fig. 6. We give also the calculated Ypet+tHo for collinear antipar-

Figure 6

Mean magnetic moment versus
holmium content

allel oriented Ho and Fe magnetic moments using yHo=10.3yB and
Ype=2_.05yB (determined in FeQ4Bi6"" measured values are not



higher than the calculated ones. From this it follows that the
mean magnetic moment of iron has to become lower due to the alloy-
ing of Ho because the magnetic moment of holmium is practically
the same in all of its ferromagnetic alloys as in a free atom [11].
As has already been mentioned the magnetic moment of iron can
be lowered due to electron transfer from the Ho atom and it can be
raised by the induced magnetic moment caused by the great Ho moment.
In the amorphous RE-Fe alloys the electron transfer is disturbed
by chemical and structural disorder and by lower density. In view
of this, we propose, as an explanation of the results given in
Fig. 6, the existence of misalignment between the iron moments.
Moreover, it can also be imagined that the holmium moments are
randomly distributed and form together with the iron moments a non-
collinear magnetic structure of sperimagnetic type. But the direc-
tion distribution of iron moments must overcome that of holmium.
From magnetization measurements alone, it is not possible to de-
termine the quantitative contribution of both moments to the mag-
netic structure.

4. CONCLUSION

We have investigaged the influence of Ho on the temperature
dependence of magnetization in Fe-Ho-B amorphous alloys.

The Curie temperature decreases with increasing Ho content;
this may be explained by the size-effect of Ho, by i1ts influence
on the electron structure of iron and by the Ho-Fe interaction
together with the random single-ion anisotropy of holmium.

The temperature dependence of magnetization at low tempera-
tures does not follow the T?’/2 law. With decreasing temperature
the magnetization decreases; as an explanation we suggest anti-
ferromagnetic coupling between the atomic magnetic moments of Ho
and Fe with the certain contribution being due to the misalignment

of the iron moment.
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