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In this paper, we have carried out a systematic study of the exchange and anisotropy effects on magnetic behavior
of amorphous Fegyy.xHO0xBaox (0<x<17; 0<x’<4) alloys. Primary analysis of magnetization data have led to the conclusion
that the holmium magnetic structure is collinear. Exchange parameters, governing the magnetic ordering of our alloys, have
been calculated from both mean field theory and high-field magnetization analyses. Study of the magnetization using the
Chudnovsky’s real space model has allowed us to determine the overall anisotropy constant, K., from which we have
determined, separately, the anisotropy energies for the iron and the holmium sublattices. Comparison of these two parameters
to the exchange energies shows that the anisotropy to exchange ratio is small in these alloys.

INTRODUCTION

Amorphous transition-metal based alloys are
interesting from both theoretical and technical
points of view. Randomness introduces, via spin
orbit coupling, locally varying single-site
anisotropies, which affect deeply the magnetization
behavior —under applied magnetic fields.
Nevertheless, short range atomic order persists even
in the amorphous state and is shown to have a
considerable effect on the magnetic properties.
Recently, we have reported on the magnetic
behavior of amorphous iron(cobalt)-holmium-boron
alloys and have shown that the rare earth (holmium)
magpnetic structure is collinear [[L} [2]. Several works
devoted to similar alloys containing different rare
earth atoms reported on canted moment structures
even in sufficiently high fields, this behavior was
attributed to strong random anisotropy fields acting
on the different rare earth sites, preventing them
from complete alignement along the external
applied fields.

In this paper, we report on systematic
exchange and anisotopy studies on melt spun
amorphous FegoxHOxBoo alloys. Analysis of
thermal behavior of the magnetization within the
framework of the mean field model allows us to
determine the most relevant exchange interactions,
i.e, those between the transition metal atoms, Jrere,
and those between transition metal and rare earth
ones, Jrero- IN order to examine the anisotropy
effects on the magnetization behavior, we analyze
the evolution of the magnetization using
Chudnovsky’s real space model and determine the
overall anisotropy constant, K_, for the studied
compositions.

I. MEAN FIELD ANALYSIS

Mean field theory (MFT) has been shown to
be applicable to amorphous systems and was
successfully applied for analyzing the thermal

behavior of the magnetization in many amorphous
rare earth-transition metal amorphous alloysi3] [4].
The variation of the magnetic moments p; with
temperature was shown to follow a Brillouin
function depending on both the external applied
field, the different internal fields acting on the
involved subnetworks and the temperature, such as:

1 (T)= 1 (0K) B, (g:s 4 (O)H, ks T)
where g;, Ug, kg are the Landé factor, the Bohr
magneton and the Boltzmann  constant,

respectively, and H; is the molecular field acting on
the ith subnetwork:

02N,J.0

Hi:DZD_N"J"E J(M)y+g—=F J,(T)+H
O9Hs O O 9itks O

where Nj is the number of j atoms nearest
neighbors of an i atom and J;; are the exchange
integral constants. |,(0K) is the magnetic moment
of the ion i at zero temperature. Assuming that the
alloy magnetic moment can be written as:

M, =[(80 =X +X') ke, —Xfho| /200 (3)

and taking Hre= 2.06g, as reported in the literature,
we deduce for Ho, from Eq.1, the value
Mpo=10.02ug, which is in accordance with its
theoretical value corresponding to the trivalent
state. This suggests that the holmium magnetic
structure is collinear. Now, supposing this value
constant under alloying, one can determine that of
the iron magnetic moment for increasing rare earth

concentration. Values of pg. thus calculated are
listed in table 1 where a systematic decrease is
observed. A decrease of transition metal magnetic
moment as the rare earth content is increased was
also reported for several amorphous alloys with
different rare earths. Also are unknown, in Egs.1-2,
the coordination numbers, N;. In amorphous
transition metal-rare earth-metalloid amorphous
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alloys, referred to as T-R-M, local structural order
around T atoms is thought to be similar to that
existing in amorphousT-M or T-R aIons[E],
depending on whether the short range order is
dictated by the metalloid or by the rare earth,
respectively. Hence, amorphous Fegyy+xHO0xBaox
alloys can be viewed as of (Tgoix-xMaox)Rx OF
(T100-x+x'Rx)18zM20c With z=100(20/(100-x)) type
alloys, for which the different experimental
coordination numbers are taken from the

Il. ANISOTROPY STUDIES

Magnetization data indicate that the

holmium moments are collinear; this could suggest
that the ratio of anisotropy to exchange is small.
A direct method of determining the anisotropy
strengths is that of Chudnovsky and coII.[E].
Magnetization versus external applied field curves
are shown to follow inverse square root or inverse
square laws, according to whether the external field
is much smaller or much greater than an exchange
field, defined as:

H,, =2A/M,R,’ (4)

where A is the exchange constant, M, is the
saturation magnetization and R, is a characteristic

H, OH,/H,,~ (6)

where H;, is the random anisotropy field, related to
the anisotropy constant of the system, K, as:
—_ 2}<L
r MO
In figure 3 are shown the variations of the
magnetization, for each rare earth concentration, as
a function of the inverse of the square root of the
external applied field. Plotting M as a function of
H2 My, H,, can be calculated, then, He, values can
be deduced using the exchange integral values as
determined from the mean field analysis and by
taking R,=10A  [[9[1d], and by using Eq.6, one
can determine H, and subsequently K, from Eq.7.
The obtained parameters are gathered in table 2
from which it can be noticed that, for all the studied
compositions, the applied fied is much smaller than
the exchange field, this means that, in this field
regime, the magnetic state is a ferromagnetic with
wandering axes (FWA) one , moroeover, the
anisotropy field H, is always much smaller than the
exchange one, He, indicating thus that our alloys
are weak anisotropy-as compared to exchange-
systems. One can even characterize the spatial
extent of

H (")

ferromagnetic order in the alloys by determining
the ferromagnetic correlation length, Ry, given by
[8, 11]:

literature'[I6] 7. Knowing Njj, Heo(OK) and p0(0K),
the magnetization versus temperature curves can be
fitted to the set of coupled Brillouin functions of
Eq.2 and the exchange integrals Jre.re and Jee.po Can
be evaluated, for each composition. Typical
magnetization curves are shown in Fig.1, which
show the good agreement between the calculated
and the experimental magnetizations.

spatial correlation length describing the correlation
of the easy axis directions. Due to the high Curie
temperatures of our alloys, the exchange field H, is
often too high to be reached by the external field. In
this regime, magnetization varies as:

M(H):Mo—“l”—;% ©)

where Hg is the field above which the square root
law should apply. Hs is related to both exchange
and random anisotropy fields, He, and H,
respectively, as:

R, = %(A/ K.JFR™®  ®

Values of R; thus obtained are listed in the last
column of table 2 where it can be seen the
destroying effect of Ho on the magnetic order (note
that A diminishes as well), at least for Ho
concentrations below the compensation one.
In Refs. [13{13], it is. suggested that, in both
crystalline and amorphous intermetallics, the
overall anisotropy constant is an effective one,
related to the individual anisotropy constants, Kg
and Ky, and the intersublattice exchange coupling
coefficient, ngy, via:
K, +K. + 2K K,

n.M_.M

— RT R T (9)
2 (KM2+K.M.°
1 + ( R T T R )

N M M_M?
for systems with sublattice anisotropies much
smaller than the intersublattice exchange coupling.
In the above expression, Kz and K are the
anisotropy constants of the rare earth and the
transition-metal subnetworks and Mg and M+ their
magnetizations, respectively.
In order to determine the anisotropy constants,
separately, expression (9) can be used in two ways,
either by simulating, at low temperature, the
variation of K, as a function of the rare earth
composition, taking Kgr and K; as fitting
parameters, or by adjusting, for each composition,
the temperature variation of K, determined from
M(H) curves at different temperatures, to the
expression (9) where K; and M; (i = Fe, Ho) are
made temperature dependant, and by assuming the
anisotropy constant K;to vary as:

eff
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Ki(T) = Ki(o)(Mi(T)/Mi(OK))3 (10)
In the following, we adopt the latter method. The
ngr parameter can be evaluated either from the
high-field magnetization curves or by using the
exchange integrals deduced from molecular field
analysis [1, . Figure 3 illustrates un exemple of
such an adjusement and the anisotropy constants
Ki(=K;(0K)), determined in this way, are listed,
together with K, in table 3.

Rare earth sites are subject to competing
interactions, issuing from both the exchange field,
exerted by the neighboring transition metal sites,
and the single site random anisotropy, preventing
rare earth moments from complete alignment.
Comparison of these interaction forces may give
insight into the magnetic order in the rare earth
sublattice. The exchange energy of a rare earth site
can be written as:

Eo = 3 231 SgSy (11)

where the sum extends to the neighboring transition
metal sites of a rare earth site, and the anisotropy
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Figure Erreur! Document principal seulement.: Temperature variation of magnetic moments in Fe;;4,H076B1g
(left figure) and Feg7 6HO16.2B16.3 (right figure) alloys. Solid circles: experimental data.
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Figure 2: Variation of the magnetization as a function of H™? of the Fe-Ho-B alloys for different concentrations
in rare earth (at T=0K).



. KAALA

, 0. EL MARRAKECHI*, H. LASSRI® AND S. SAYOURI

80

16 I I ' I | |
I i 1.6 -
N lJFe =4 = i
3 1.2 |- - # .
E | i g’ 12 F - Fe -
£ E o8| M -
o _ g
E 2 I T
(2] -1 (o))
© ©
p i =
0.0 1 1 " 1 & L ==
0 150 300 450 0 150 300 450
Temperature(K) Temperature(K)
1@
. e

g 12 b 4
g
=
E
B
=

1] 130

o0

30

Temperature] k)

Figure 3: Variation of the anisotropy constant K, as a function of the temperature for the Fe,;Ho,B1o alloy
(Solid circles represent K, determined from M(H) curves for each temperature using Chudnovsky’s theory. Line

represents K, calculated using Eq. 9-10 with Kg=0.1 10°Jm™ and K1=1.4 10° Jm*.

Alloy Uee (#0.051)  Jrere(1040)  Jrero(10%2))  Jhono(10220) T EP(45K)
FessH04B1s 2.0 5.8 1.3 0.34 600
Fezs.4H07 6B1o 1.92 5.66 1.08 0.27 520
Fezs4H010B1ss 1.87 4.7 1.14 0.20 490
Fegs.sHO137B1s 1.83 4.69 1.17 0.18 430
Fesr.6H016.2B163 1.83 4.14 1.22 0.11 380

Table Erreur! Document principal seulement.: Magnetic parameters of amorphous Fegyy.xHOxBaox alloys

obtained from MFT analysis. T, is the experimental Curie temperature

>

M,(uem.g™)

A(10).mh

Hex(T)

H

«(T)

K (10°J.m™)

Re (A)

4

128.7

2.96

3.51

1.55

271
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8 66.9 2.42 10.38 6.39 1.53
10 39.5 2.13 15.45 10.1 139
14 12.8 1.81 40.61 29.5 1.33
16 34.6 1.6 13.12 9.2 111

197
175
141
154

Table 2: Ho concentration dependencies of anisotropy parameters of Fe-Ho-B amorphous alloys.

Alloy K, (10°3/m?) Kr (10%J/m°) Kr(10%J/m®) Dr/Eg"
F978H04Blg 1.47 1.4 0.1 0.003

FE73_4H07,6519 1.26 1.13 0.32 0.0084
FE73_4H010816,6 1.35 14 0.41 0.0089

Table 3: Some of the anisotropy parameters (at T=0K) relevant of amorphous Feg,.y.xH0xB2.x alloys
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