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Abstract ~ The ultrasound velocities at constant magnetic field and at
constant magnetic induction for as-quenched state and after heat trea-
tment were measured in the Fe40Ni4OBGP14 metallic glasses. Observed

changes are connected with AE effect.

1 -~ INTRODUCTION

The magnetostrictive metallic glasses, when heat treated above Curie tempera-
ture, exhibit.very high magnetomechanical coupling and AE effect, e. g. [1-5]
Fe-Ni-B-P metallic glasses are the soft magnetic materials with very low mag-
netic losses [B]. The saturation induction B of the Fe40N14OB P14 alloy is

egual to 0.83 T and its Curie éemperature reaches 250 °C  but the saturation
magnetostriction (ks = 12.x 10 ) is not so high as in iron-rich metallic
glasses, e. g. [6]1.° Their magnétomechanical coupling coefficient k exh1blgs
maximum value from 0.1 for as quenched state to 0.25 after annealing at 3106°°C
[7]. From this reason the sound velocities changes should be also higher
after annealing above Curie temperature.

2 ~ EXPERIMENTAL

Strip-shape samples were cut from the ribbon of the Fe40Ni4OBGP14 metallic

glass. There were 50 mm 1long and 4 mm wide. Their thickness was equal
to about 25 um. The ultrasound velocities at constant magnetic field

and at constant magnetic induction (ecp) were calculated from the resonagt
(fr) and antiresonant (fa) frequencies, respectively, 1i. e.

oy ® Z}fr s @)
cg * 21f_ (2)

where 1 is the legth of the half-wave resonator, i. e. 1 = 50 mm. Three sam-
ples were measured for as-quenches state and after anne%11ng for 1 h at the
temperatures of 200, 230, 250, 310, 330, 350 and 3860 . The amplitude of
ac magnetic field was between 1 and 3 A/m and magnetlc bias field H was
changed from zero to 800 A/m. Measurements were carried ocut at two times
higher fraquencies than the lower limit of the ultrasound range, "i.e. at
about 44 * 6 kHz.

3 - RESULTS

The dependences of the ultrasound velocities at the constant magnetic fields
{e,) and at the constant magnetic induection (c¢y,) on the magnetic bias field

§ are presented in figures 1 and 2. The annedling were carried out to the
temperature of 390 °C "but the samples became polycrystals and results are
given up to 360°C. 1In fig.la, there are presented characteristies for the
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all three samples at the as-quenched stste. Samples no. 1 and no. 2 were
together anneled at the temperatures of 200 and 230 °C (fig. 1b). Starting
from the Curie temperature each sample had its indiwidual programme. Sample
no.3 was measured at as-quenched state and next after annealing at the_tem-
perature of 360 C. The crystallization temperature was equal to 385 o¢.
Over the crystallization temperature the magnetomechanical coupling vanishes
and the magnetostrictive resonance was not observed. The ultrasound velocity
was changing from 3800 m/s to 4600 m/s depending on the magnetic polarization
and anneling temperature.
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Fig. 1. Ultrasound velocities ¢ and ¢n versus magnetic bias field H
for the as-quenched sample of metallip glass (a) and for the samples after
annealing at 200 (b), 230 (c¢) and 250 “C (d).



4 - DISCUSSION AND CONCLUSIONS
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When magnetomechanical coupling vanishes (k = 0), sound velocities at the
constant magnetic field and at the constant magnetic induction are equal each
to other, 1. e. for the demagnetization state Cuo T Cpo and for the mag-

netic saturation Cyg = ®pg = ©» where ¢ 1is sound velocity calculated from

the Young modulus E, i. e. c¢c = (E/p)l’/2 (o is density and for the investi-
gated metallic glass is equal to 7.5 Mg/m™). When the magnetic domain struc-
ture vanishes the Hooke’'s law is valid. It means that strains are proportio-
nal to stresses and the proportionality constant is equal to the modulus E or
to 1/E. Sound velocity is changing with magnetic field in almost all magne-
tic materials. Especially high variations are observed in the good piezomag-
netic materials. Among them, the highest velocity changes cccur in metallie
glasses because these materisals do not exhibit magnetocrystalline anisotropy.
In the partially crystallized metallic glasses this phencmenon decreases (see
results for the amnnealing at the temperature of 380 “C in fig. 2d).
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