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CURIE TEMPERATURE OF Fe-Cr-B AND Fe-W-B
METALLIC GLASSES")

L.NOVAK?), L. POTOCKY?), Kogice, E. KISDI-KOSZO*), A. LOVAS?),
Budapest, J. DANIEL-SZABO?), Kosice

The change of the Curie temperature due to the partial substitution of iron by another
transition metal in iron-boron (Fews-.Cr.Bis and Feus-W.Bis, 0=x <10) was inves-
tigated. Both chromium and tungsten lower the amorphous Curie temperature. The role
of dilution. that of the size effect and the change in the atomic magnetic moment in this

decrease are discussed. In each alloy system a correlation between the Curie temperature
and the exchange constant was found.

TEMIIEPATYPA KIOPH METAJUIMYECKHX CTEKOJ
Fe~-Cr-B u Fe-W-B

B pabore uccregorano usMenenne temnepatypsl KiopH, 06ycnoBRimeHHOE YaCTHYHBIM
3aMellleHHeM XeJle3a IpyruM METaIOM NepeXodHoil rpynnbt B cruiasax Fews—Cr.Bis u
Fews-«W.Bis (0= x <10). Kak xpom, Tak # Boib(paM cHIXAIOT TemnepaTtypy Kropu
amopgHoro cnnasa. O6cyXpaeTcs pofib CTeleHU pas3baBieHMs, pasmepoB o6pasua
W M3MEHEHWS MarHNTHOIO MOMEHTA aTOMa B 3TOM CHMXKCHHH Temnepartypsl Kiopu.
OBHapyXeHO. 4TO BO Bcex 00pasiiax CIUIABOB CYLICCTBYET KOPPEJSUHS MEXTY TeM-
nepaTypo# Kropu u noctosiHHOM 06MeHa.

1. INTRODUCTION

The Curie temperature of metallic glasses differs significantly from that of its
crystalline counterpart [1, 2]. It is influenced by many parameters such as the
composition, the conditions of preparation, the thermo- and/or mechanical treat-
ments, etc. In the present paper we shall deal with the alteration of the Curie

temperature due to a partial substitution of iron by chromium or tungsten in
Fe-Cr-B and Fe-W-B metallic glasses.
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") Central Research Institute for Physics, Hung. Acad. Sci., BUDAPEST, Hungary.
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{I. EXPERIMENTAL

Amorphous ribbons were prepared by the melt-spun method with the composi-
tion of Fess_, T.Bis, 0=x <10, where T=Cr, W.

Magnetic measurements were carried out in the temperature range 300—650 K;;
using the Forster probes the heating rate was 1.7 K/min. The Curie temperature
{Tc) was determined from measured thermomagnetic curves.

1]
005

\ 4

3 P
£ - »: [y
\ *x=70 x=47 . x*29 . /mmmumﬁ
: g T = 1
A x C 1
» - . [\ « x:06 \
. A 1 x e . \
= ° K ’ A\ x . . + /
0 LW Neeets h 0 X xxxxkobooo ol eaeatis + 4 ¢ Pwslessed
300 400 500 600 300 400 500 71K 600
T[]

Fig. 1. Thermomagnetic curves of Fess-.Cr.Bis  Fig. 2. Thermomagnetic curves Fexs—.W.Bis (0=
(0=x<10). x<10).

Fig. 3. The Curie temperature (Tc) as a function
of the alloying transition metal content (x) in
mozuvx‘ﬁxw_r T On. W.
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HI. RESULTS AND DISCUSSION

. In E.m. 1 we give the thermomagnetic curves of Fegs—.Cr.B,s and the curve of the
binary iron-boron. The same dependences for tungsten are given in Fig. 2. As it is
seen both alloying transition metals lower the ferromagnetic stability. This may be
caused 1. by the increase of the average distance between the iron atoms due to the
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Fig. 4. Mean magnetic moment (ftre+7) as a function of the Curie temperature (Tc) for Fees_, T.Bus, T

Cr, W,

&mﬂmmnm dependence of the ferromagnetic interaction, 2. by the increase of the
E_m:.ﬁw boron concentration with respect to iron and 3. by the decrease of the
.m8:.:o moment of iron. The different influence of the two alloying elements on T,
is mros.E in Fig. 3. As one can see tungsten lowers the Curie temperature more than
chromium does. In the chromium containing alloys a simple dilution effect may be
nannga asa first approximation because Cr has a similar atomic radius and atomic
weight as iron. This is reflected also by density investigations according to which
the density of Fess_,Cr,B,s is independent of the Cr content. Therefore the free
onE.o E these chromium alloys does not change, as also positron annihilation
E<8.:mm:o=m show [3]. On the other hand tungsten atoms have a much larger
atomic radius and atomic weight than iron, therefore in addition to the dilution
effect a significant size effect may be expected. The density of Fegs—, W;B;s alloys
orm.:mam with the tungsten content; the positron annihilation investigations show
a simultaneous variation of the character and the size of the free volume. In our
measurements the influence of the changes of free volume on T was negligible.

In UOE. Fe-Cr-B and Fe-W-B alloys the mean magnetic moment (frert)
decreases increasing the alloying transition metal (T) content [4, 5]. In Fig. 4 the
dependence of the mean magnetic moment on the Curie temperature of the
corresponding alloy is given. In order to get the same decrease of T a higher
decrease of the magnetic moment is needed in the chromium containing alloy.
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As the Curie temperature is a measure of the stability of the ferromagnetic state
we tried to compare Tc with the exchange constant A which was determined from
low temperature magnetic polarization measurements. The result of this compari-
son can be seen in Fig. 5. There is a good correlation between T and A but the
slope of the obtained lines varies with the kind of the alloying element.
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Fig. 5. Exchange constant (A ) as a function of the Curie temperature (Tc) for Feus T.Bis, T: Cr. W.

IV. CONCLUSION

Replacing iron atoms in the FessBs by chromium or tungsten in the concentra-
tion range 0—10 at. % a significant lowering of the Curie temperature can be
obtained. The origin of this may be found in a dilution effect and a size effect of the
alloying-elements and in the alteration of atomic magnetic moments. The higher
influence of tungsten can be interpreted by its large size effect as both alloying
elements cause almost the same decrease of the mean magnetic moment.
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