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The amorphous state of ferromagnetic Fe83B9Nb7Cu1 a
by x-ray, Mössbauer spectroscopy, and magnetic
at 13 K, the Mössbauer spectrum exhibits an es
with a half-width of 72 kOe. The average hyperfi
a temperature dependence of@Hhf(T)2Hhf(O)#/H
T/TC,0.7, indicative of spin-wave excitation. Th
temperatureTC is 0.43 mm/s, whereas the average
crystallization temperatures are determined to beTC5
heating rate of 5 K/min. The occupied area of the
temperature is about 33%–71%. It is notable th

decreases more rapidly with reduced temperatu
suggesting the presence of the distribution of exch
metalloid contents. ©1996 American Institute of P

I. INTRODUCTION

Fe-based amorphous ferromagnets like Fe–Si–B–
Cu–Nb1 and Fe–B–Cu–~Zr,Hf,Nb!2,3 are improved by an-
nealing above the crystallization temperatureTx . This im-
provement is caused by the precipitation ofa-Fe in the amor-
phous matrix. Ferromagnetic nanocrystalline phas
produced by the crystallization of an amorphous phase, d
play a high initial magnetic permeability and a low
coercivity.4 The average magnetic hyperfine field measur
at the Fe sites of a number of glassy ferromagnets has b
reported to decrease more rapidly with increasing tempe
ture than that that of crystalline Fe. In particular, the glas
Fe83B9Nb7Cu1 has been researched and it exhibits a com
nation of remarkable soft magnetic properties.2 After prop-
erly annealing at 830 K the material becomes an ultrafi
grain structure~10 nm! of a-Fe embedded in a residua
amorphous phase.

In this work, a study of the development of the nano
crystalline phase in the Fe83B9Nb7Cu1 alloy using Mössbauer
spectroscopy is presented. When properly analyzed, Mo¨ss-
bauer spectra can yield magnetic information not easily o
tained by other methods. The amorphous and crystalline v
ume fractions have also been determined. The magnetic
crystallographic properties are studied using Mo¨ssbauer
spectroscopy, x-ray, and vibrating sample magnetome
techniques.

II. EXPERIMENT

Ultrathin Fe83B9Nb7Cu1 amorphous ribbons were fabri-
cated by a single-roll melt-spinning method at pressures
1023–1025 Torr. The conditions for producing ultrathin rib-
bons were a roll speed of 40–60 m/s, an ejection pressure
0.005–0.02 kg/cm2, and a rectangular slit of 0.1534 mm.
The ribbons obtained were 7–12mm in thickness and 2–4
mm in width. The ribbons were wound into a toroidal cor
with a 21 mm inner diameter and subsequently annealed
530 °C for 1 h. The Mo¨ssbauer spectra were recorded using

J. Appl. Phys. 79 (8), 15 April 1996 0021-8979/96/79(8)/545

Downloaded¬23¬Jan¬2003¬to¬129.82.31.230.¬Redistribution¬subjec
n of amorphous Fe 83B9Nb7Cu1

-702, Korea

nology, Seoul 130-650, Korea

nd its nanocrystallization have been studied
moment measurements. In the amorphous state
sentially symmetric hyperfine field distribution
ne fieldHhf(T) of the amorphous state shows
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5/2 for
e quadrupole splitting just above the Curie
quadrupole shift belowTC is zero. The Curie and
393 K andTx5775 K, respectively, for a
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conventional spectrometer of the electromechanical type5

with a 57Co source in a rhodium matrix. The low temperature
was obtained using an APD CS-202 displex closed-cycle re-
frigeration system with a DMX-20 Mo¨ssbauer vacuum
shroud interface, and the temperature controller was a model
DRC-91 C manufactured by Lake Shore Cryotronics, Inc.

III. RESULTS AND DISCUSSION

Mössbauer spectra of the as-quenched amorphous
Fe83B9Nb7Cu1 below the Curie temperatureTC exhibit
broadened six-line patterns as shown in Fig. 1. The broad

FIG. 1. Mössbauer spectra of amorphous Fe83B9Nb7Cu1 at various tempera-
tures.
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