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Amorphous alloys of the tin-iron system have been prepared by the vapor-quenching technique.

Bulk magnetic data show typical "spin-glass-like" behavior in the low-temperature susceptibility and

in the remanent magnetization for alloys containing less than about 40 at. % of iron. A multicritical

magnetic phase diagram with paramagnetic, ferromagnetic, and spin-glass-like phases is proposed.
High-field magnetization measured up to 150 kOe strongly suggests that local anisotropy, randomly

oriented through the material, might successfully compete with exchange interactions for some of
the iron clusters.

I. INTRODUCTION

The presence of transition metals in amorphous alloys
results in magnetic behavior ranging from diamagnetism
to ferromagnetism. ' Simultaneous presence of different
magnetic interactions (ferro- and antiferromagnetism for
instance) and/or competition between exchange and local
anisotropy may result in the appearance of spin-glass-like
or cluster-glass states. Such a behavior has been mostly
observed in crystalline nonmagnetic materials containing
magnetic impurities ' interacting via the Ruderman-
Kittel-Kasuya- Yosida (RKKY) long-range mechanism.
A number of concentrated alloys containing at least two
magnetic species with different near-neighbor interactions
in a nonmagnetic host also exhibit a similar behavior,
with evidences of spin-glass (SG) ferromagnetic (FM) and
reentrant spin-glass (RSG) phases. In the description
given by a multicritical phase diagram (Fig. 5) of the sort
first predicted by Kirkpatrick and Sherrington the RSG
phase is entered via a second-order transition from the FM
phase with decreasing temperature. In fact, the existence
of such a low-temperature phase transition between FM
and SG states has been extensively questioned. " Simi-
lar behavior has been recently observed in both kinds of
amorphous systems. '

The main experimental evidences considered as typical
of a spin-glass-like phase can be summarized as follows.

(a) The temperature dependence of the magnetic suscep-
tibility shows a very-well-defined cusp in nearly-zero-field
conditions but there is no susceptibility cusp in high-field
measurements. '

(b) At low temperatures strong hysteretic properties can

be measured leading to the definition of a "blocking tem-

perature" TG. ' '
(c) Time-dependent remanence and relaxation are ob-

sei ved.

In addition to these rather well-accepted properties,
theoretical approaches have also described the SG phase.
For instance, the classical RKKY model has led to an

analytical expression of the magnetization near saturation
of the form2P —22

Hp(T)—=1-
o.

p H

with

A, kg T 2(2S+ 1)n Vp
Hp(T) = +

gPa 3gPa

[S is the spin of the magnetic impurities whose atomic
concentration is n; Vp is the amplitude of the RKKY po-
tential V, =( Vo/r )cos2kFr]. More recently, Parisi

et al. ' have proposed a mean-field theory predicting a
criticality only in the second derivative of the magnetiza-
tion which can be experimentally tested by plotting mag-
netic susceptibility versus field near the transition tern-

perature.
In disordered systems (chemically and/or topologically

as is mostly the case in amorphous alloys) various magnet-
ic inhomogeneities may be thought of, most of them hav-

ing common behavior with a spin-glass-like phase. Thus
it might be worth summing up the method of comparing
the data with other models.

A. Jaccarino-Walker and the cluster models (Ref. 25)

In the Jaccarino-Walker model of the magnetization in

concentrated binary alloys, the magnetic atom is supposed
to really bear a magnetic moment only when it has a cer-
tain minimum number np of magnetic atoms in its
nearest-neighbor shell. The model can be tested by corn-

paring data to calculated mean magnetic moments with
the formula
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N

p= g p(n)P(n),
n =no

(2)

P(n) being the probability of finding n magnetic atoms
among the N nearest neighbors of a given magnetic atom.

Near the critical composition for the onset of ferromag-
netic order in alloys, statistical magnetic clusters may be
observed. Then the magnetization will be described by

—=fP(p)p& dp .
CTO kqT

(3)

B. Random anisotropy model (Refs. 1, 26, and 27)

Strong local anisotropy may compete with exchange in-

teraction and, when randomly oriented, results in freezing
the magnetic moments in noncolinear structures. Satura-
tion, which becomes very difficult to achieve, is then ap-
proached by expressions of the form

P(p) is the probability of having clusters with p magnetic
moment and W(x) is the classical Langevin function in
the simplified case of only one kind of cluster.

composition range not too far from the critical iron con-
centration for the onset of ferromagnetic order. As the
corresponding crystalline compounds are either ferromag-
netic (Fe3Sn, Fe5Sn3, and Fe3Sn2) or antiferromagnetic
(FeSn and FeSnz), one may wonder which kind of magnet-
ic structure is able to accommodate both topological disor-
der and competition between FM and antiferromagnetic
(AF) interactions. These iron-tin amorphous alloys can be
obtained over quite a large compositional range
(0.10&x &0.72). Most of their structural and physical
properties have been measured and reported elsewhere.
In particular, it has been shown that bulk magnetization
vanishes at a critical composition x„=0.3 and that the al-

loys are typical ferromagnets down to x=0.40. This pa-
per will present a detailed analysis of the magnetic data as
measured in amorphous Fe„Sn~ „alloys with x not too
far from the 0.35—0.45 range (corresponding to AF crys-
talline compounds) over which magnetic inhomogeneities
and/or spin-glass-like states are expected.

II. EXPERIMENTS AND RESULTS

A. Samples and magnetization measurements (Ref. 34)

0.—=1-
Oo (H+Ho)

(4) Amorphous iron-tin films have been prepared by the
vapor-quenching technique in ultrahigh-vacuum condi-

A being a constant depending on the anisotropy energy
and Ho an apparent anisotropy field. Plotting
(O.o

—cr) ' vs H should then result in straight lines
whose slope and intersect with the ordinate axis would
give A and Ho values.

20.
(a)

C. Microscopic magnetic inhomogeneities

Magnetic inhomogeneities may be due to defects in the
structure or correlation effect in chemical disorder. These
various aspects have been investigated in detail. The
main consequence of microscopic disorders is a curvature
in the Arrots plots,

15.
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b
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D. Macroscopic disorder

Inhomogeneity of a magnetic alloy may arise far from
the atomic level (segregations, polycrystalline materials,
etc.). This may result in space fluctuations (Acr ) of the
magnetization O.o near the saturation condition, so that '

~ 7

, 4

( go2) 4rro po=op 1—,f
002 H

with

f(x)=— ln[(1+x )'~~+x '~2] —3
(x+x )'

Data can be easily tested to the model by plotting o —Oo

vs f(x) which would give a straight line in successful
cases.

The purpose of the present paper has been to investigate
the magnetic behavior of Fe„Sn& „amorphous alloys in a

0
0

0
50 100

T (K)

FIG. 1. Typical isofield magnetic curves obtained from vari-

ous Fe„Sn&, amorphous alloys where (a) x =0.43 and (b)

x=0.33, with an applied external field H=100 Oe. Arrows in-

dicate that o.(T) is measured with increasing or decreasing tem-

peratures. In (b) the temperature dependence of the reciprocal
susceptibility is also shown. (Hysteresis observed up to 300 K
might be an experimental artifact due to difference in heat-
transfer velocity when cooling and warming samples. )
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FIG. 2. Compositional dependence of the paramagnetic Curie
temperature in the Fe„Sn& „amorphous alloys. 0.2 0.3 0.4 0.5

tions. Bulk magnetization data have been measured using
either a Foner vibrating-sample magnetometer (up to
H=20 kOe, including low-field measurements down to
H 100 Oe) or the high-field facilities of the "Service

¹

tional des Champs Intenses" (S.N.C.I.) in Grenoble (up to
150 kOe using a classical extraction method). Magnetic
isofield o(T) and magnetic isotherm o(H) curves have
been obtained. Suitable samples have been obtained by pil-
ing up the evaporated films in a rectangular prism shape
(6X12X0.7 mm3 including substrates), and particular
care has been taken to account for demagnetizing field ef-
fects as explained in Ref. 34. In particular, it has been
checked that the maximum slope der/dH in a hysteresis
loop matches the reciprocal demagnetizing factor for
Fe,Sni „alloys containing 45 at. % iron or more.

X

FIG. 4. Tricritical magnetic phase diagram of the Fe„Snl,
amorphous system: P = paramagnetism, F = ferromagnetism,
and SG = spin-glass-like states.

B. Magnetic isofield curves

Thermomagnetic curves have been recorded as
described in detail elsewhere. Samples are first demag-
netized at room temperature and cooled down to 4.2 K
under zero external field. Then the applied magnetic field
is set to the constant value H = 100 Oe and magnetization
0(T) is measured while T is increased from 4.2 to 250 K,
then decreased from 250 to 4.2 K. Typical isofield curves
are shown in Fig. 1 for various typical alloy compositions.
Above a certain temperature, a typical paramagnetic
behavior can be observed with a linear temperature depen-
dence of the reciprocal susceptibility [see the right-hand-
side curve in Fig. 1(c)],

30

TABLE I. Transition temperatures as functions of iron con-

centrations in the amorphous Fe„Sn~ „alloys.

25.
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Qs
gl

15-

10.
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FIG. 3. Set of isofield magnetization curves recorded with
different values of the external applied field. The low-

temperature irreversible part and the susceptibility maximum are
completely suppressed with a field of about 3000 Oe.

45.6
44.5
43.2
41.3
40.7
40.4
39.2
38.4
36.9
36.2
34.9
34.0
32.9
30.4
27.5
25.6

TG (K)

15

& 4.2
18
28
29
28
29
27
25
23.5
22
19
15.8
10.3
7.5

& 4.2

Tc (K)

162
150
139
105
93
81

Q~ (K)

178
165
151
129
122
119
105
68
83
63
45
45
25
10
0

—15
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FIG. 5. Remanent magnetization measured at 4.2 K in

Fe„Sni „amorphous alloys.

—=—(T—8) .1 1

1 C

The paramagnetic Curie temperatures 8 are plotted
versus alloy composition in Fig. 2 and happen to be zero
near x=0.27. The C "constant" is not strongly composi-
tion dependent. For the sake of comparison the paramag-
netic temperature 8 has always been obtained over the
same temperature range, 100 to 300 K. When the isofield
curves reach a well-defined maxima in their temperature-
reversible part [see curve in Fig. 1(a)], it is also possible to
determine a ferromagnetic temperature T, as pictured in
Fig. 1 corresponding to a classical ferro paramagnetic
transition.

But the main feature worth reporting here is probably
the evidence of an irreversibility behavior at low tempera-
ture for the less-iron-rich alloys. Looking, for instance, at

0
0 5 10

H (koe)

FIG. 7. Isothermal magnetization curves measured at 4.2 K
in various Fe„Sn& „amorphous alloys using vibrating-sample
magnetometer (within experimental accuracy error bars are
smaller than thickness of drawing).

2015

Fig. 1(b), it is obvious that the susceptibility maximum
does not correspond to a ferro paramagnetic transition:
The high-temperature region is a temperature-reversible
paramagnetic state indeed, but the low-temperature mag-
netization is strongly dependent on the sample's initial
state. When cooled down to 4.2 K in a demagnetized state
the magnetic moments are frozen in randomly distributed
directions (o.=0). When progressively heated in an exter-
nal field of 100 Oe, these magnetic moments have more
and more tendency to align along the field (o increases)
until reaching a paramagnetic behavior (reversible Curie
law for o.). If cooled back to 4.2 K, spins are refrozen but
in a direction roughly corresponding to the maximum
magnetization to be reached in the paramagnetic state.
Then, the maximum of the magnetic susceptibility can be

In crR

T=4.2 K

5.5
6.6

2-
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-4.2K
=11.5-39.7
=76

=122
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60 40
T(K) In t (I)
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(b)

i'0
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50*

FIG. 6. (a) Temperature dependence of the remanent magnet-
h us allo after 60ization as measured in an Feo»Sno6& amorphous a y

sec. (b) Time-temperature correlation in remanent magnetiza-
tion changes. It can be seen that lnoq extrapolates linearly to
about 2.6 at T=O.

0
0

H (kQej

15 20

FIG. 8. Typical isothermal magnetization curves measured in

Feo 4&Sno» amorphous alloy at different temperatures (vibrating
sample).
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FIG. 9. Typical isothermal magnetization curves showing absence of saturation even in the high-field condition (here x=0.30).
ata measured at 7 =4.2, 10, and 20 K are almost on the same curve within error bars (extraction method is less accurate by about a

factor of 20 compared to vibrating-sample measurements).

assumed as corresponding to a blocking temperature TG
and in the following, TG will be referred to as a tempera-
ture of "spin-glass ordering" even if the observed suscepti-
bility maximum is not a true cusp. As expected from a
spin-glass material, this susceptibility maximum in iso-
field curves progressively vanishes if stronger external
fields are applied and does not exist any more if
H,„,& 3000 Oe (see Fig. 3). Also the criticality predicted
by Parisi et al. ' is observed: In a fairly low-field con-
dition a divergence occurs in the X(H) behavior when
measured near TG. Proceeding further in analysis of the
drawing data of the critical line H(T), for instance, might
be very tedious and is certainly beyond experimental accu-
racy.

Looking now at isofield magnetization curves typical of
alloys containing slightly more iron [Fig. 1(a)] it can be
seen that, as already stated, they exhibit a classical reversi-
ble transition between ferromagnetic and paramagnetic
states. However, reminiscence of some kind of "spin-glass
blocking" is also observed at a lower-temperature TG.
Such a reentrant spin-glass phase entered via a transition
from a ferromagnetic state is still a question of active con-
troversy. As far as the present paper is concerned, there is
no point in discussing that since similar experimental
behaviors are observed when the SG phase is entered via a
transition from either a paramagnetic [Fig. 1(b)] or a fer-
romagnetic phase [Fig. 1(a)]. In both cases low-
temperature irreversible behavior in 0.( T) curves is
suppressed by increasing the applied field and the Parisi
et al. ' criticality is observed. Thus it is possible to
present a multicritical phase diagram (Fig. 4) by plotting
T, and/or TG as functions of iron concentration in the
amorphous Fe„Sn] „alloys (see also Table I).

C. Hysteretic properties of the Fe Sni alloys

14-

12.

T=11K
20.7
4.2

10.
If
Ql

8. 42.5

72

92.5

for a composition corresponding to x=0.4 (Fig. 5), which
happens to be the triple point of the magnetic phase dia-
gram (Fig. 4). The reported o.~ values have been obtained
from samples previously magnetized under an applied
field of 150 kOe, which unfortunately does not mean sa-
turation in these materials. A second questionable point is
how far the composition dependence of o.~ is not simply
due to changes in TG relative to 4.2 K; a proper answer to
that question would be to determine os(0) by extrapola-
tion of crz(T) to T =0, which is not easily done with ac-
ceptable accuracy. However, that being the case, the ob-
served maximum in the ~q(4.2 K) curve (Fig. 5) is much
sharper than the one in TG (Fig. 4) and consequently must
have some significance. In alloys corresponding to the
lowest values of x (x=0.30), o~ reaches a finite max-
imum at T=O [Fig. 6(a)].

In fact, time and temperature dependences of the
remanent magnetization are strongly correlated and must
be described through a combined variable T lnt as shown

by Prejean and Souletie, ' "so that

0
500

High coercivity at low temperatures has been reported
to be an identifying feature of a spin-glass-like state. The
remanent magnetization 0.~ measured in Fe„Sn~ „amor-
phous alloys at T=4.2 K reaches a quite sharp maximum

H(Oe)

FIG. 10. In an FeQ33SnQ67 amorphous alloy the isothermal
magnetization curves are not monotonous functions of T in their
lowest-field part.
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TABLE II. Op and gp values are given versus iron concentra-

tion.

10

-250

CTQ

(emu/g Fe)
XQ

(10 emu/cm ) 8-

Fe3 Sn Fy. Sn Sat.%

Fe'

0.50
0.46
0.45
0.43
0.41
0.40
0.39
0.37
0.35
0.33
0.30
0.26

185
136
122
108
79
80
69
52
40
30
20
12

1.09
3.02
3.8
4.4
7.0
7.05
6.5
9
8.2
8.5

E 6-

4

2-

Fe3Sn2
200

I%0~
~C

~O
%0

.50

p T
oz(T, t) =mqexp — ln

Tp 7p

As shown in Fig. 6(b) the data fit the Prejean et al. time-

temperature correlation in the low-temperature range
reasonably well. The deduced relaxation time 7p 10
sec and Tp-150 K are also comparable to the usual values

observed in typical spin-glass material. ' ""' '

0
0 0.2 04 0.6 0.8 0

X

FIG. 11. Compositional dependence of the high-field suscep-

tibility (0) and of the "saturation" magnetization as determined

at 4.2 K in Fe„Sn& „amorphous alloys (k). The 0Q values for
crystalline Fe-Sn compounds are also shown (8).

D. Magnetic isothermal curves

The field dependence of isothermal magnetization mea-

sured at 4.2 K in various Fe„Sni „amorphous alloys up
to H=20 kOe is shown in Fig. 7. For the highest values

of iron concentration (x=0.45—0.50 or mare but not
shown here) saturatiori of the magnetization era is easily
reached. Then, op and the high-field susceptibility can be
extracted from the linear parts of the magnetic isothermal

curves. Changes in these isathermal curves upon tempera-
ture shifts are also monotonous as shown in Fig. 8.

When iron concentration is reduced, the following ex-
perimental features become less clear.

(i) Saturation of the magnetization cannot be achieved
even with a magnetic field as large as 150 kOe (see curves
in Fig. 9), and thus, determining harp and Xp happens to be
rather hazardous.

80.

70-

60 ~

s 50-

4O-

b
30

T =4.2K
~ T =50K
~ T =96K

20.

10-

0
0 0.5I

H (10 koe )
FIG. 12. Unsuccessfulness of a H ' RKKY approach of the saturation in an FeQ 3QSnQ 7Q amorphous alloy. The n data have been

measured up to 150 kOe. Error bars are shown.
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(ii) Isothermal magnetization is almost insensitive to
temperature changes in the low-temperature range (up to
about 20 K typically; see Fig. 9).

(iii) The magnetization is not a monotonous function of
T 111 its low-field part (Fig. 10).

'The oo and Xo values are given in Table II and plotted
versus tron concen ra iontration in Fig. 11. Because of difficu-
ties tn ac ievingh' '

saturation, the low-concentration part o
critica . Theth se curves has to be considered very critica y. eese c

hi h-concentration part of oo(x) when extrapolatelinear rg -concen
-0.35 for the=0 gives a critical concentration x„= . or eto Oo= g

Sn amor-onset of long-range magnetic order tn the Fe„SnI
phous alloys.

2.5

1.5-

III. DISCUSSION

It may be interesting to discuss the data reported &n the

ic inhomogeneities summarized in the Introduction of this

paper.
As developed in Sec. II 8, the Fe„Sn& „rpamo hous al-

loys have a lot of common experimental features with

spin-glass ma eria s.1 t
'

ls However mechanism invo ving
4

long-range RKKY interaction between isolated magnet&c

atoms is not really expectable in such concentrated topo-
logically disordered alloys. But similar interactions might
be supposed to exist between distant clusters. In fact, t is
model is easily ruled out by plotting o vs H ', according
to expression (1), one should obtain straight lines wit
temperature-dependent slopes that converge to the saine
intersect with the ordinate axis. Obviously the o(H ')
curves as deduced from high-field data and shown in Fig.
12 do not fulfill the RKKY mechanism, even within the
rather poor experimental accuracy.

05"

0 ~

0.3 04 05 0.6
X

FIG. 13. Comparison of experimental data with magnetic
del.moments values expected from a Jaccarino and Walker mo e .

A sensible approach would be to describe the onset of
magnetism in these alloys through the appearance of giant
moments due to the formation of "clusters" or favorable
statistical arrangements of magnetic atoms. Intracluster
interactions between iron atoms would be ferromagnetic
while the intercluster interactions would be of the frustrat-

70
~ ~ ~

60

6Q-
Ok

$0- c4

~ 4.2 K

10K

+ 50K
o 91.5K

50-

40-

k ~
~4I

40.~

E~e
30-"

30"

20-

10-

0
I

10
0 1 2 3 4 0 0.5

-jTT-(10 Oe/K)

of the ex erimental o(H jT) plots to the Langevin function for (a)FIG. 14. (a) Unsu~sful and (b) partially successful fits o t e experime
Feo 33Sno 67 and (b) Feo 30Sno 7o amorphous alloys.
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ed antiferromagnetic type through indirect Fe-Sn-Fe cou-
pling3 and would be responsible for the observed spin-
glass behavior. Assuming that Sn and Fe atoms are ran-
domly distributed in space and that a given iron atom has
12 nearest neighbors, it is possible to calculate an average
magnetic moment p per iron atom using expression (2) in
a Jaccarino-Walker model; p(n } is given the value 2.2p, rr if
n )no and 0 otherwise. Experimental p as deduced from
pro(x) data is compared to the calculated data in Fig. 13
for no ——5—7. The total disagreement between experi-
ments and theory strongly suggests that the structure of
Fe„Sn~, amorphous alloys cannot be described in terms
of dense random packing of hard spheres. Ho~ever, if
clusters of the Jaccarino-Walker type are then rejected,
any other kind of possible clusters must be tested in at-
tempted fits of rr vs H/T to the Langevin function [ex-
pression (3} in the Introduction]. In fact, fits of the
o(H/T) high-field data to Z functions are most general-
ly impossible [see Fig. 14(a}]with only a very partial suc-
cess in the case of low iron concentration (x=0.30) and
data restricted to temperatures above 20 K [Fig. 14(b)].
Failure of the model is not really surprising since interac-
tions between possible clusters make any attempt to
describe the magnetization by a Langevin formalism very
tedious. Therefore, clustering in the critical region cannot
be definitively ruled out.

Assuming now that the observed spin-glass behavior
might come from a fairly strong local anisotropy, random-
ly oriented through the material, and successfully compet-
ing with exchange interactions for some of the less-
favored iron atoms, this should appear in a (ere o)—
vs-8 plot of the high-field data.

As expected from Eq. (4) (see the Introduction), data
happen to fit straight lines (see Fig. 15} within error bars.
Deduced values of the apparent anisotropy field and of the
constant A increase with temperature as shown in Table
III.

In Eq. (4), Ho and v A can be written as

Hp( T)=A,crp( T)— 2D

00(T)
'

(9)

rrp(T)
'

in which A, is the mean-field theory constant and D the an-

isotropy energy constant. Then

H, X~,'(T)

0.5

04-

10K

50K

91.5K

0.1-

0
0 50

(a)

100
H(koe)

150

FIG. 15. Successful linear fits of the experimental
(0'p —0') '~r=f(H) plots for Fe,Sn, , alloys (x=0.33).

Data from Table III give Ho/VA =0.15 for alloy coin-
positions within the critical region and up to T=50 K; at
higher temperature Ho/~A decreases slightly. These re-
sults are quite consistent with oo(T) being always weak
and a decreasing function of T. As Ho increases with T
(see Table III), Eq. (9) implies that D is negative. It is
worth remembering that D is negative for easy plane of
magnetization and positive for easy axis of magnetization,
respectively.

Finally, models based on microscopic magnetic inhomo-
geneities or macroscopic disorder [Eqs. (5) and (6) in the
Introduction] have been unsuccessfully tested through Ar-
rots plots o =f(H/rr) (see Fig. 16) and rro ovs-
f (4rrrro/H} (see Fig. 17), respectively. In particular, look-
ing at the plot shown in Fig. 17, it can be clearly conclud-
ed that the studied alloys are quite well homogeneous at

TABLE III. Values of Ho and A ' for alloy compositions within the c6tical region.

0.33
VA (kOe) Hp (kOe)

0.37
t/A (kOe) Hp (kOe)

0.40
VA (kOe) Hp (kOe)

4.2
10
50

100
200

600
733

1000
1600

90
110
150
190

520

900
1860

81

126
230

720

1170
3000
7500

120

190
450
975
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FIG. 16. Typical unsuccessful linear fits (even within error bars) of the experimental Arrots plots o. (H /o ) for Fe„Sn
&

„amo
phous alloys (here x =0.40).

3A

b

tP

10 4 10 3

f (x) (a.u.)

102

FIG. 17. Typical unsuccessful test (even within error bars) of
a model of macroscopic magnetic inhomogeneity. Plot of op —o'

vs f(x) [f(x) defined in text] for a Fee 37Sno 63 amorphous alloy.

macroscopic scale.
Therefore, the conclusion of this present section is that

an explanation of the observed spin-glass-like behavior in

an Fe„Sni „amorphous alloys must be reasonably sought
only in existence of local anisotropy effects and/or ex-

istence of magnetic clusters in the critical region. Obvi-

ously, this has to be understood in terms of the structural
description of these alloys.

IV. CONCLUSIONS

Bulk magnetic data as measured in Fe„Sni „amor-
phous alloys, which have been obtained by the vapor-
quenching method over quite a large compositional range,
have resulted in the observation of a multicritical magnet-
ic phase diagram. Spin-glass-like states, entered via a
transition from either a paramagnetic or a ferromagnetic
phase, have been suggested by irreversible behavior in the
low-temperature part of the susceptibility measured under
nearly-zero-field conditions and by the time-temperature
dependence of the remanent magnetization.

High-magnetic-field data (up to 150 kOe) have shown
that decreasing iron concentration around the critical
composition in these iron-tin amorphous alloys results in
making magnetic saturation impossible to achieve. Test-
ing various descriptions of the influence of magnetic inho-
mogeneities suggests that the iron atoms which exhibit
spin-glass-like behavior might be in magnetic clusters and
experience a rather strong local anisotropy successfully
competing with exchange interactions. Existence of such
a strong local anisotropy had been previously suggested
by Mossbauer spectra recorded from a F@3QSnQ 7Q amor-
phous alloy at 4.2 K with applied external magnetic field
up to 60 kOe: Iron atoms experiencing a hyperfine field
of about 130 kOe (then bearing magnetic moments of less
than 1pq) do not modify the random orientation of their
magnetic moments despite the strong applied external
field.

More recently, a detailed study of ihe same series of
iron-tin amorphous alloys still using Mossbauer spectros-
copy has been carried out: The relative concentrations of
ferromagnetic and spin-glass iron atoms have been deter-
mined in function of the alloy composition. A structural
model including description of short-range ordering and a
phase-separation process is in progress.
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