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Magnetic properties of a glassy ferromagnet: Fe78B13S19
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METGLAS 2605S2, Fe78B&3Si9, has been investigated over a temperature range of
77—900 K by Fe Mossbauer spectroscopy. The analysis of the distribution of hyperfine
fields indicates two peaks. The maximum of the dominant peak varies with temperature.
Another smaller peak is centered around 100 kOe. The H,tt(T)/H, tt(0) vs T/T, deviates
from the Brillouin curve for spin 5= 1 but agrees well with the modified Handrich s expres-
sion proposed earlier by Prasad et al. The temperature dependence of the average hyperfine
field H, tt(T) can be described well by H,tt(T)=H, ff(0) [1—&3/p(T/T, )' —Cs/2(T/T, )' ]
with H, t(t0)=2 76 kOe, 83/2 —0.23, and Cs/2 ——0.32 for T/T, &0.7 indicative of the ex-

istence of spin-wave excitations. The Curie and the crystallization temperatures are found

to be 733+1 K and 836+2 K by the zero-velocity counting method with the use of a heating

rate of 5 K/min. The quadrupole splitting just above T, is (0.30 0.04) mm/sec whereas the
average quadrupole splitting below T, is zero. The critical exponent P, in the expression

Heft( T)/Huff(0) =D ( 1 T/T, ) ts found to be 0.34+0.02 from the measurements m the
temperature region 0.68& T/T, &1. The isomer shift shows a temperature dependence
above 200 K due to a second-order Doppler shift.

I. INTRODUCTION

The magnetic metallic glasses produced by rapid
quenching of a melt of iron-based transition-
metal —metalloid systems have been of scientific and
technological interest in the recent past. ' Although
these glasses lack long-range crystalline order they
show ferromagnetic order. Due to random or
disordered atomic arrangement in magnetic-metallic
glasses their characteristic magnetic parameters, like
exchange interactions, magnetic moments, hyperfine
fields, etc. , have a distribution of values instead of
unique values. Also, since the glassy state represents
a metastable state they tend to show structural relax-
ation with time which gets accelerated at higher
temperatures. At high enough temperatures they
crystallize irreversibly in a more stable state. Cry-
stallization usually destroys most of their useful
magnetic and mechanical properties. Therefore,
much experimental effort has been spent to improve
the therinal stability of metallic glasses by experi-
menting with compositional changes in these
glasses.

The most studied metallic glass system is
Fe Bi „(0.72(x (0.86) which may even be called
the basic magnetic-metallic glass system. In a
binary system, it is easier to interpret experimental
results theoretically. However, it has not satisfied
the practical application requirements. Therefore,

there have been consistent efforts by numerous in-
vestigators to improve thermal stability and magnet-
ic properties of the Fe-B system by substituting ei-
ther another transition metal (Ni, Co, etc.) or anoth-
er metalloid element (P, Si, etc.) or both. It has been
found that the inclusion of Si in the Fe-B system
improves the theiinal stability as well as some mag-
netic properties. A number of studies have been
reported on Fe-B-Si metallic glasses to elucidate
their electrical and magnetic properties and thermal
stability. ' Allied Chemical (USA) has recently
found that the metallic glass having the nominal
composition Fe7sB»Si9 (METGLAS 2605S2) has ex-
tremely low core loss at distribution and power
transforirxer frequencies and inductions. We, there-
fore, have taken up detailed studies of commercially
available Fe7sBi3Si9 to elucidate its electrical and
magnetic properties and their dependence on aging,
temperature, annealing, etc. In this paper we report
a detailed study of magnetic properties of Fe7sB»Si9
by Fe Mossbauer spectroscopy from 77 to 900 K,
as well as preliminary work on its crystallization
behavior.

II. EXPERIMENTAL

Metallic glass Fe7sB,3Si9 (METCxLAS 2605S2)
was received from Allied Chemical (USA). The
Mossbauer spectra at different temperatures
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(77—900 K) were recorded along with their mirror
images, using an Elscint Mossbauer spectrometer in
the constant acceleration mode. Experimental de-
tails were essentially the same as reported earlier ex-
cept that a 25-mCi source was used. ' A linewidth
[full width at half maximum (FWHM)] of 0.28
mm/sec was obtained for natural iron foil in our
spectrometer.

III. RESULTS AND DISCVSSIONS
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A. Mossbauer spectra and magnetic interactions
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Figure 1 displays some of the recorded Mossbauer
spectra of an as-received sample of Fe7sB»Si9 at
temperatures between 77 and 735 K. Spectra at
temperatures below 650 K consist of six strongly
overlapping broad lines (width 0.6—1.2 mm/sec) and
are characteristic of a typical iron-rich metallic
glass. However, spectra are still well resolved below
650 K, and therefore hyperfine fields H,ff(T) were
determined from the splitting between the first and
sixth lines. The data have also been computer fitted
using Lorentzian line shapes with variable
linewidths, line intensities, and line positions. This
gives essentially the same H,ff(T) as directly mea-
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FIG. 2. Mossbauer spectra of the crystallized
Fe788~3Si9. (a) at 850 K and (b) at 300 K after cooling
from 85O K.

sured. These are listed in Table I. The spectra at
and above 665 K become harder to resolve but the
ferromagnetic state remains up to 715 K. At and
above 735 K a paramagnetic spectrum is obtained
until 850 K, the temperature at which a complex
spectrum is observed due to crystallization of the
sample as shown in Fig. 2.

Mossbauer spectra between 296 and 650 K show
slight asymmetry in linewidths and intensities for
lines 1 and 6, and lines 2 and 5. Intensities of lines 2
and 5 are larger than that of lines 1 and 6. The
magnetization direction of a sample can be deter-
mined by knowing the relative intensities of the
second (fifth) to the first (sixth) lines which theoreti-
cally should be A2 5/3 & 6 ——4 sin 0/3(1+cos 8),
where 8 is the angle between the 14.4-keV gamma
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FIG. 1. Transmission Mossbauer spectra of Fe78813Si9
at various temperatures below the crystallization tempera-
ture.

FIG. 3. Linewidths and area ratios of the spectral lines
of Fe788 ]3Si9 as a function of temperature Here the area
ratio is defined as (A &+A, )/(2, +36).
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rays of Fe and the direction of the magnetic hyper-
fine field. ' The ratio Aq 5/A& 6 can vary from 0 to

as 0 changes from 0 to 90. For a completely
randomly distributed magnetic moment directions
this ratio is —,. Since the lines are broad in glassy al-

loys the ratios under the lines are usually compared
rather than the intensity ratios. It was found that a
good fit does not necessarily give the same area for
lines 1 and 6, lines 2 and 5, and lines 3 and 4. Be-
cause of this reason, ratio (Aq+A5)l(A&+A6) vs T
has been plotted in Fig. 3(a) in which two successive
points are connected by a straight line. It is ob-
served from Fig. 3(a) that the magnetization axis
does not lie in the plane of the ribbon at 77 K and is
close to being perpendicular to the ribbon axis.
However, as temperature is increased the magnetiza-
tion axis tilts towards the ribbon plane and at high
temperatures it becomes parallel to the plane of the
ribbon. It has been established earlier that clamping
of the sample introduces stress in the sample which
will change the direction of the magnetization
axis. ' Since our samples were mounted on an annu-
lar ring we suspect that this behavior may be due to
stress in the sample.

Figure 3 also shows average linewidths of lines 1

and 6, 2 and 5, and 3 and 4. It is observed that the
linewidths decrease with increasing temperature.
Partially this may be due to the finite thickness of
the absorber but it also indicates that the distribu-
tion of hyperfine fields is becoming narrower. This
is confirmed by the observed decrease in FWHM of
hyperfine field distribution, P(H) vs H curves with
increase in temperatures as discussed in Sec. III B.

B. Hyperfine field distribution
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FIG. 4. Hyperfine field distribution P(H) of Fe78B~3Si9
at A, 296 K; 8, 380 K; C, 600 K; D, 650 K.

are always found in P (H) due to the truncated
Fourier series, are not shown because these do not
possess any significance. The P (H) curves of
Fe7sB~3Si9, as shown in Fig. 4, have one dominant
peak centered around a value of magnetic field
called the most probable field Hz &

and another small
peak H~2 at a lower field of —100 kOe. Thus there
is a broad range of H values centered around a high
field value (the most probable field H~ &) and a small
range of H values centered around H~2-100 kOe.
As seen from Fig. 4, the dominant peak shifts to-
wards the lower field values as the temperature is in-
creased which of course is expected. However, the
smaller peak does not shift so much and at high
enough temperatures it starts overlapping with the
dominant peak. The shape of the dominant peak is
found to be nearly independent of temperature indi-

Mossbauer spectra of glassy ferromagnets have
been observed to consist of six broad lines as shown
in Fig. 1 and discussed in the preceding section.
This broadening of Mossbauer lines has always been
attributed to the random environment surrounding
the Mossbauer nuclei which gives rise to a large
number of structurally inequi valent sites. This
disordered arrangement gives rise to a distribution
of exchange interaction. We have determined the
hyperfine field distribution P(H) for these spectra
using the Fourier series method developed by Win-
dow. ' The intensity ratio of the sextet is assumed
to be 3:b:1:1:b:3,and by changing the value of b a
smooth and better fit can be obtained. (In the
present case b= 2.3 gave the best fit at all tempera-
tures. ) The P (H) distribution curves at tempera-
tures 296, 380, 600, and 650 K are shown in Fig. 4.
Solid curves in Fig. 5 at 296 and 600 K are the
best-fit results obtained by the inclusion of P(H) in
the computer fit of data. Oscillatory features, which
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FIG. S. Mossbauer spectra of Fe788&3Si9. Fit using the
deduced hyperfine field distribution P(H) (a) at 296 K,
and (b) at 600 K. Crosses represent the experimental
points.
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TABLE I. Results of the hyperfine field distribution analysis.

Temp.
(K.)

77
296
380
450
500
550
600
650

H, ff(T)
(kOe)

273.17
251.88
234.36
221.00
207.11
181~ 34
172.32
145.94

II~ )( T)
(kOe)

279.38
270.00
250.24
229.24
207.00
189.00
175.50
150.75

H (T)
{kOe)

271.77
251.09
234.62
229.73
216.88
208.71
195.92
186.74

{b,H))
(kOe)

99.0
81.0
76.5
76.5
72.0
67.5
54.0
40.5

II~2( T)
(kOe)

130.50
126.00
119.25
114.75
112.50
105.75

{b,FI),
(kOe)

45.0
36.0
22.5
22.5

22.5
22.5

cating that all the components of P(H) must have
nearly the same temperature dependence. Table I
lists the values of Huff(T) obtained from the fit of
spectra to the Lorentzian sextet, Hz&(T) the most
probable field value of the dominant peak and the
mean field value H~(T) defined as

H„= I HP(H)dH f p(H)dH .

H, f~(T) is observed to be smaller than H
& by a few

percent. Table I also lists values of Hzz(T) and
FWHM (hH)& and (~)z for the dominant peak
and the smaller peak as well. Figure 6 shows the
temperature dependence behavior of (Hz &) and
(~)~ for the dominant peak and (H&2) and (b,H)z
for the smaller peak in the P(H) curves. At high
temperatures since two peaks start overlapping it
was not possible to determine (EH)2. Since (hH)~
decreases with temperature, it indicates that various
H values contained in the dominant peak have near-
ly the same temperature dependence as that of
(~)~. The width of smaller peak is almost tem-
perature independent although it is a little lower at
higher temperatures.

It is also worthwhile to compare our results with
some previous works on P(H) evaluation in fer-
romagnetic glasses. It has generally been found that
there is one dominant peak in the P(H) curve. '
Two peaks have been observed in Fe32N136Cr, 4P)2B6
(METGLAS 28263) by Chien. ' The second small-
er peak in the P(H) curve of this sample at low
fields has been interpreted by Chien arising from the
presence of some Cr atoms as near neighbors of the
Fe atoms. It was also argued that since Cr is anti-
ferromagnetic, it is expected that although the aver-
age exchange interaction between Fe and Fe, and Fe
and Ni atoms is ferromagnetic and of comparable
magnitude, the average exchange interaction be-
tween Fe and Cr atoms may be antiferromagnetic.
This may lead to two peaks in P(H) as observed.
However, in Fe788~3Si9 sample the only ferromag-
netic species are Fe atoms; therefore, the origin of
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FIG. 6. Temperature dependence of the field H~ of the
peak in P(H) and full width at half maximum of
Fe78B~3Si9 (a) small peak, (b) dominant peak.

the second peak must lie in some other interaction.
It is possible that the second peak arises from a par-
ticular near-neighbor interaction, which requires
further investigation.

At this point a comparison between the behavior
of disordered alloys and metallic glasses merits at-
tention. It has been reported that in disordered al-
loys such as FeNi3, etc., the most probable H~ field
and the observed hyperfine field, H,~t(T), at a given
temperature T are almost in exact agreement with
each other. On the other hand, in the case of
quenched Fe-Mn alloys this difference between H~
and H, f~(T) is considerably larger at low tempera-
tures and this difference narrows down with the in-
crease in temperature. Our observation of slight
difference between the observed average hyperfine
field and the most probable field is in accordance
with the previously reported trend. This differ-
ence narrows down with increasing temperature and
agrees reasonably well with the experimental values



28 MAGNETIC PROPERTIES OF A GLASSY FERROMAGNET: 363

O
O

feet and also may be due to the partial crystalliza-
tion resulting in the precipitation of iron compounds
which have higher Curie temperatures. At
T=836+2 K the amorphous phase gets fully crys-
tallized. This has been confirmed by the complex
Mossbauer spectra obtained at 850 K as shown in
Fig. 2. Curie temperatures of some other Fe-B-Si
metallic glasses are compared with the Fe788»Si9
sample in Table II.

600 680 760 840
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FIG. 7. Count rate at zero Doppler velocity as a func-
tion of temperature.

at high temperatures. This is also in conformity
with the intensity decrease and the disappearance of
the less intense second peak in the P(H) curve with
the increase of temperature.

C. Curie and crystallization temperatures

An accurate determination of the Curie tempera-
ture was done by performing a zero-velocity count-
ing method. The integrated counts were accumu-
lated for a fixed time of 50 sec while the tempera-
ture was raised at the rate of 5 K/min from 300 to
900 K. The results are displayed in Fig. 7 in the
temperature interval of 600—900 K.

The Curie temperature is defined to be that tem-
perature at which the count rate decreases rapidly
due to the disappearance of the magnetic ordering.
From Fig. 7 the Curie temperature is found to be
733+1 K. Figure 7 also shows that the count rate
starts increasing at 744 K first at a slow rate and
then sharply at 826 K, and finally the count rate be-
comes constant at 836 K. The increase in the count
rate at 744 K is due to the second-order Doppler ef-

D. Temperature dependence of H,ff(T)

The temperature dependence of the reduced aver-
age magnetic hyperfine fields [H,ff(T)/H, ff(0)] vs
(T/T, ) is plotted in Fig. 8 along with the Brillouin
curve for S = l. Experimental data lie below the
Brillouin curve as observed for other metallic
glasses. This observation is usually attributed to the
distribution of exchange interactions in glassy fer-
romagnets arising from the random environment
around magnetic atoms. Among other theoretical
calculations ' which explain this behavior, Han-
drich obtained the following closed analytical ex-
pression for the reduced magnetization of an amor-
phous ferromagnet:

m (T)= = —,B,[(1+5)x]M(T)
M(0)

+ 3Bs[(1—5)x]

where 8, is the Brillouin function for spin S,
x = ( 3S/S + 1 )( m /t), and t =T/T, . The parameter
5 is a measure of random fluctuations in the ex-
change interaction and its value lies between 0 and
1. Equation (1) reduces, when 5=0, to the formula
for the reduced magnetization applicable to crystal-
line ferromagnets. Equation (1) does predict the
m (t) vs t curve flatter and lower than the Brillouin

C
(10 K ) Ref.Tc

TABLE II. Coefficients 8, 83/3 C C5/2 quadrupole split (QS), and Curie temperature T, of some metallic glasses.

B QS
System C5/3 (10 K ) (mm/sec)

FesoB2o
Fe~»~P14B6
Fe4oNi4oBpp

Fes2B&2Si
Fe74ColoB16
Fes&Bi3.sSi3 5C2
Fe75.4B i4.2Si &o.4

Fe4oNi3sMo4B )s
Fe7sB~3Si9

Crystalline Fe
Crystalline Ni

0.40
0.47
0.40
0.34
0.466
0.47
0.30
0.34
0.23

0.114
0.117

0.17
0.08
0.06
0.21

0.16
0.16
0.32

0.04
0.15

22
38
22

23
10.4

3.4
7.5

1.2
1.2
0.43

1.7
2.4

0.1

1.5

0.46

0.45

0.37
0.46

0.30

685
537
695
658
760
698
701
608
733

1042
627

33
33,16

28
10
37
38
13
39

Present
work

35
35
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FIG. 8. Reduced hyperfine magnetic field vs reduced
temperature of Fe788~3Si9. Solid spheres represent the ex-
perimental points. The solid curves a and b are the results
obtained from Eq. (1) for 5=0 and 6=0.6(1—t ), respec-
tively.

curve. Since experimentally it has been found that
H,rr(T) ccM(T), experimental data is compared with
Eq. (1) using 5 as a fitting parameter.

Previously, values of 5 as high as 0.5 have been
used to show a qualitative agreement between exper-
iments and Handrich's model but quantitative agree-
ment remained unsatisfactory. ' ' ' In an earlier
paper from this laboratory, it has been shown that
the quantitative agreement between experimental
points and Eq. (1) can be improved greatly if 5 is as-
sumed to be temperature dependent. ' In particular,
when 5 =5p(1 —r ) was substituted in Eq. (1), it gave
a good fit to the experimental points for the
metallic glasses Fe74CofpB]6 and FespB2p for 5p ——0.7
and 0.65, respectively, and S = —,. Recently, a simi-
lar good fit has been obtained for Fe4pNigpB2p
(VITROVAC 0040) when 5=5p(1 t ) with 5p ——0.6—
and S =1 were assumed. We have done a similar
fitting for Fe7sB~3Si9 and find that a good agreeme~t
is obtained if 5=0.6(1 t ) is substitu—ted in Eq. (1)
as shown in Fig. 8. This indicates that this may
generally be true for other ferromagnetic metallic
glasses. We are unable to explain this temperature
dependence of 5 at present, but the good fit which it
gives with experimental points when used in Eq. (1)
cannot be ignored. It may also be noted that the ob-
served fast decrease of H,ff(T)/H, ff(0) vs t is not
only limited to glassy ferromagnets but it is also true
for crystalline alloys like Fe3A1, Fe3Si, etc. 9

It has been suggested that a distribution of ex-
change interactions would lead to different tempera-
ture dependencies of "local" magnetizations which
would show up in Mossbauer spectra as different
temperature dependence of H, rr(T)/H, rr(0). This
means that a large variation in exchange interac-
tions, i.e., large 5, should cause a large broadening

for t &0.8, if 5 remained constant throughout the
temperature interval of 0 to T„as some of local
magnetization region would vanish due to their
lower T, . No such broadening of Mossbauer lines
has been observed in this work and, in fact, these are
found to become narrower with increase in tempera-
ture. However, if one assumes 5=5p(1 t ) t—hen 5
decreases with t, one should expect Mossbauer lines
to become narrower as observed here. We believe
this temperature dependence of 5 comes from an in-
terplay of structural fluctuations and spin disorder.
At low temperatures spins are sort of frozen but
structural disorder is present, hence it is the
structural disorder which plays the important role at
low temperatures. At T=T„ the spin disorder is so
high that the structural disorder does not have much
of an influence on the magnetic properties.

= 1 BT CT- —
H, rr(0)

(2)

at Iow temperatures (T«T, ). This is essentially
Bloch's law applied to crystalline ferromagnets.
Equation (2) can be written as

~,rr( T) —B3/2(T/T, ) +C5~2(T/T, )
3/2 5/2

H, rr(0)

wh«e &H,rr(T)=H, rr(0) H,«(T). The T—' ' tem-
perature dependence comes from the excitation of
long-wavelength spin waves. This is not surprising
as it has been shown by Herring and Kittel that
spin waves can exist in a continuous ferromagnetic
medium as the detailed noncrystalline arrangement
of atoms would not be important for long-
wavelength excitations. AH, rr(T)/H, rr(0) has been
plotted in Fig. 9 as a function of (T/T, )

~ . It is
seen that the data points do not lie on a straight line
over a large temperature interval but show slight
convex curvature. The same trend has also been ob-
s«ved f«Fe»B»Si, . ' A least-squa«s fit of Eqs.
(2) and (3) to the magnetic hyperfine field data gave
B —1() 4/ 1() K ~ C —2 4X 1()
B3&2 ——0.23, and C,&2

——0.32 when data T/T, &0.7
are used. In Table II these values are compared
with the values of some other ferromagnetic metallic
glasses and crystalline ferromagnets. B3~2 and Cs~z
values for Fe~sB&3Si9 are of smaller magnitude than
those observed for other glassy ferromagnets but are
still higher than the values obtained for crystalline
ferromagnets such as Fe and Ni (0.114 and 0.117,

E. Spin-wave excitations

It is now well established' that H,ff(T)/H, ff(0)
for glassy ferromagnets also varies as
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FIG. 9. Fractional change of the hyperfine magnetic
field EH, ff as a function of (T/T, )

F. Quadrupole interaction and isomershift

Due to the disordered structure in a glassy mag-
netic solid the Fe site symmetry is not expected to be
cubic. Therefore, one would expect the presence of
a quadrupole interaction, in addition to the magnetic
hyperfine interaction, due to a nonzero electric field
gradient (EFG) in all glassy solids. However, this
has not been observed in ferromagnetic metallic

respectively). It has been shown by Simpson
using a phenomenological argument that the
structural-disorder —induced variation in the ex-
change interaction leads to a larger 8 value. The ob-
servation that B is higher for glassy ferromagnets
would mean that the spin-wave density of states
must be higher for amorphous ferromagnets. Many
theoretical calculations do show that the increased
disorder in the crystalline structure results in a
higher spin-wave density of states for low-frequency
excitations. Thus high 8 values seem to be a charac-
teristic of only the glassy state.

A further analysis of the data can yield the value
of the critical exponent p for this glassy ferromag-
net. At temperatures close to T, it is expected that
H ff( T)/H, ff(0) will follow a power law,
H ff( T)/H, ff(0) =D ( 1 —T/T, ), where P is one of
the critical exponents and D is a constant. A fit of
H ff( T)/H, ff(0) vs (1 —T/T, ) indicates that
Fe7sB&3Si9 does follow this power law in the tem-
perature region 0.68 & T/T, & 1, and the fit yields

P=0.34+0.02, D =1.13+0.02 .

The value of p obtained for Fe7sB&3Si9 is in reason-
able agreement with the P values obtained for many
other glassy ferromagnets. ' '

d6(T)
dT

3kEy

2Mc
(4)

where c is the velocity of light, M is the atomic mass
of the Mossbauer nucleus, k is the Boltzmann con-
stant, and Ez is the y-ray energy which in this case
is 14.4 keV. The slope given by the above equation
comes out to be —7.31&&10 " mm/secK for Fe
atoms. The slope of 5( T) vs T in Fig. 10 is
—7.1&10 mm/sec K and is in good agreement
with the predicted value. This suggests that the as-
sumptions under which Eq. (4) is derived are valid,
i.e., the forces coupling the atoms in amorphous
Fe7sB&3Si9 are harmonic to a good approximation.

X 0.2
E

0.0

~ -0.2
D

0 200 400 6OO 800

TEMPERATURE (K)

FIG. 10. Temperature dependence of the isomer shift.

glasses for T & T, . It is only above T, one is able to
see the quadrupole split lines in the paramagnetic
spectrum. ' Same results have also been observed in
Fe7sB&3Si9. The principal axis of the EFCx tensor
varies spatially throughout the glassy sample and
hence with respect to the hyperfine magnetic field.
Therefore, on the average this interaction becomes
zero for a macroscopic glassy sample. Hence, the
quadrupole split in the glassy magnetic solids can be
measured only for T ~ T„ the temperature at which
the magnetic interaction becomes zero. ' Qur re-
sults are in agreement with other magnetic metallic
glasses and the observed quadrupole split for
Fe7s8, 3Si9 (0.30+0.04 mm/sec) above T, is little
smaller than those for FesqBt2Si6 and
Fe75 4B]4 2Sito 4 listed in Table II.' ' The quadru-
pole doublet shows a slight asymmetry which has
also been observed for other metallic glasses.

Figure 10 shows the temperature dependence of
the isomer shift (IS) as detefniined from the data. A
linear variation of IS with temperature is observed
above 200 K. This variation is due to the second-
order Doppler shift. Theoretically, temperature
dependence of IS is found to be linear with tempera-
ture at high temperatures if the forces coupling the
atoms are assumed to be harmonic. The slope is
given by
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IV. CONCLUSIONS

The ferromagnetic metallic glass Fe7sB|3S19 has
been studied by Mossbauer spectroscopy from 77 to
900 K and the following results have been obtained.

The Mossbauer spectra of Fe7sB»Si9 consist of six
broad lines indicative of a distribution of hyperfine
fields at the Mossbauer nuclei instead of a unique
hyperfine field. The analysis of distribution of hy-
perfine fields shows two peaks, one dominant peak
and another small peak. The dominant peak nearly
corresponds to the observed average hyperfine field
and the small peak is observed near 100 kOe and is
probably due to a particular near-neighbor interac-
tion. The Curie and the crystallization temperatures
are found to be 733+1 K and 836+2 K, respective-

ly, by the zero-velocity counting method. The tem-
perature dependence of the hyperfine field shows a
deviation from the Brillouin curve for 5 =1 but
Handrich's expression as modified by Prasad et al. '

satisfactorily explains the observed behavior. Over a
range of temperatures the hyperfine magnetic field

Heff( T) follows the Bloch relation

H, tf(T) =H,tt(0)(1 BT3i CT i—2)—

with H, tt(0) =276 kOe, B=10.4X10 K ~, and
C=2.4X 10 K suggesting the preferential ex-
citation of long-wavelength spin waves. The coeffi-
cient of the T i term is found to be smaller than
the values reported for other metallic glasses but
larger than for crystalline ferromagnets. Below the
Curie temperature the random orientation of the
principal axis of the electric field gradient tensor
with respect to the hyperfine magnetic field results
in a vanishing average quadrupole split whereas
quadrupole splitting above T, is measured to be Q.3Q

mm/sec. The temperature dependence of the isomer
shift is linear above 200 K and has a slope
—7.1X10 mm/sec K and is consistent with the
harmonic nature of the atomic binding forces.
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