Preparation and applications of bulk cubic RFe,
Thb-Dy-Fe magnetostricitve single crystals

Abstract

Magnetostriction is the change in any dimension of magnetic material
caused by a change in its magnetic state. Since the discovery of large
magnetostrictive strains in dysprosium, terbium and their alloys with iron,
attention has been given to Tby. 3Dy, Fe. whjch is highly magnetostrictive
material for applications by virtue of its high Curie temperatux;e and in some
cases, lower magneto-crystalline anisotropy, suitab]e for devices at room
temperature with relatively samll applied field. It has been the objéct of a
series of experiemental studies since it is a desirable candidate for use in
commercial transductive devices, ultrusonic transducers, microstoning
devices, as well as smart materials etc. As the magnetic anisotropies are
encountered in this special alloy, grain-orientation crystal or single crystal
is essential for achieving high magnetostriction. It is known that single
crystal Tby 3Dy, 7Fe, can be obtained by an induction free standing melt
zone (FSMZ) or modified Bridgman-Stockbargers method, however, the
contamination and twin structure make it difficult to get high-qualit single
crystals.

Bulk Tby, 3 Dy, 7 Fe,. g5 single crystal has been prepared, completely
without contimination, by Hukin’ s magnetic levitation cold crucible in
Czochralski techniques during our researches. The starting materials, Tb
(99.95% wt), Dy (99.98%wt) and Fe (99.96% wt), are used to
synthsize the prescursor alloy. The weight of each loading is generally 120-
160g. Seed crystal can be obtained by using the neck-in and elimination
method with a pure iron bar (1Imm in diameter) at the very beginning of
crystal growth. Single crystal, growth with this seed crystal of (112),can

eliminate the twins which are usually existing in Terfenol-D and show a



high .magnetostrictive performances. X-ray diffraction analyses
demenstrates that the single crystal is pure cubic Laves RFe, phase with
Fd3m (O}) structure. Elements composition researches are carried out by
the combination of the chemical analyses, elctron microprobe analyses and
atom absorbspectral analyses. Microstructures are studied by X-ray
diffraction and electron scan microscope analyses. Results of growth

conditions and single crystal analyses are shown in the following.

1)Pulling rate 0. 1—10mm/min,

2)Rotaion rate 30—50r/min,

3)P/R <1/5KW,

4)Power supply 15— 20KW,

5)Inducing F. 100—120KHz

6)Size ¢ 10—15mm,
L 120—150mm,

7)Weight 80—100g,

9)Direction (112)+1°,

10) As=1950 ppm(10MPa)

11) dz3=2. Oppm/Oe,

12) Kee=0. 89,

13) E=67. 3GPa

14) 0,=323. SMPa,

With this high performance single crystal, prototype of microstoning
device with a high displacement of 25 um has been designed and developed
also during our past reseaches. And it is the first time to find that there is
the superlattice structure in the cubic cell of Tby. 3;Dyq.7Fe,. o5 single crystal.

It has been proved that the elmination of twins in Tby 3Dy 7 Fe, o5
single érystal is a significant advance in magnetostrictive materials
researches, however,the efforts for growth single crystal of (111) has not
succeeded. It is believed that there is a long way (as well as an interesting
way ) to go in the preparation and applications of Tby 3 Dyy.7 Fe, s
magnetostictive single crystals in the coming future,
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