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The possibility of the composition anisotropy compensating in; QPrFe, is discussed
phenomenologically, based on a single ion approach. The crystal structure, the easy magnetization
direction, and the spontaneous magnetostriction ghDly s Pr(Fey oBo 1) 1.93(0=x=<0.7) alloys

are studied. Single-phase gDy 5 xPri(Fe&y Bo.1) 1.93 With cubic MgCuy-type structure forms up

to x=0.4 and the magnetostrictive phase exists in all the alloys studied. A $iflepeak of x-ray
diffraction of the Laves phase exists wher<8<0.3, but becomes doubly split when &#

=<0.7 because of a large spontaneous magnetostriction along its easy magnetization dir&ttion
Composition anisotropy compensation is realized ingJyggs «Pr(FeoBo1)193 alloys.

Thy .Dyo 4P 4(F&y.9Bo 1) 1.93 @lloy with the single Laves phase has a large magnetostrichop, (
~1200 ppm) and a low anisotropy, which may be a good candidate material for magnetostriction
application. ©2003 American Institute of Physic§DOI: 10.1063/1.1569651

The discovery of the well-known magnetostrictive com- Ea(Dy;_Pr)=(1—X)-E4(Dy)+x-E4(Pp
pound Th,Dy,-Fe (Terfenol-D' was based on the

- 2.2, 22, 2 2
Clark’s proposal of alloying REecompounds with the same =(1-x)-[Ky(Dy)(aiar+ azazt ajas)
mqgnetostnctlon sign EUt_ with the opp05|te.3|gns of their +K2(Dy)a§a§a§]+x-[Kl(Pr)(afag
anisotropy constants K Since then, pseudobinary systems
of magnetostrictive compounds;RR.Fe, (R, R =rare +aja5+ alal) +Ky(Pnaiaza3l, (1)

earth$ have been intensively investigated in order to find a, o £ (R) indicates the anisotropy energy of RFe

. . . g a "
ryovelscompo.und havmg. a hlgh magnetostriction at lowk | (R), and Ky(R) are the anisotropy constants of RFand
fields™ For this purpose, it is important to find a magneto- , 'is the direction cosines of the direction of magnetization
strictive system with composition anisotropy compensationyyith respect to the cubic axes. At room temperature, only K

Since the anisotropy COhStant§ Kf PYFQ and DyFQ haVe and K2 are taken into account iS acceptéb'e
the same sign, Dy ,Pr,Fe, used to be considered as a non-

_ 2 2
compensating system according to the Clark's lowest order Ea(DY1-xPr) =[(1=X)-Ky(Dy) +x-Ky(PD](aia;

theory? In this Iett_er, we propose that in some systems, like +a2a2+ a?ad) +[(1-x)- Ky(Dy)
Dy, Pr,Fe, and its based compounds, the effects of the
anisotropy constants Kmust be taken into account and we +x-Ko(Pn](afaja3), (]

succeeded in achieving the composition anisotropy COMPellance,

sating in a T -,Dyq g xPri(Fe&) iBo.1) 1.93System. The compo-

sition anisotropy compensation in PyPrFe, systems is K1(Dy;-xPr) = (1—X) - K1(Dy) +X- Ky (P, (33

first predlcted_ phenomer_lologlcally by a smgl_e—_|on approac_h Ko(Dy;_ (Pr)=(1—x)-Ko(Dy)+x- Ko(PY), (3b)

and then realized experimentally by synthesizing the multi-

component compounds §kDYo s «Pr(Fe Bo 1) 1 o3- because K(Pr)>0 and K(Dy)>0, K;(Dy;-,Pr)>0. If
The easy magnetization directiéEMD) of DyFe, lies  the EMD of a compound Dy ,PrFe, lies along(111), one

along (100),* while that of PrFe lies along(111) at room need$

temperature, as proved by its B&bauer spectrumBased K,(Dy;_Pr)

on these experimental results, the anisotropy compensation m<— . (4)

should be achievable in the pseudobinary, DyPr,Fe, sys- BT

tem. When both K and K, are taken into account, the an- Then one gets the condition for the composition anisotropy

isotropy compensating is attained in DyPrFe,, as indi- compensation

cated by the following _calcullation. 9K, (Dy) + K,(Dy) =x-[(9K,(Dy) + K,(Dy))
According to the single-ion approach, the magnetocrys-
talline energy of Dy ,PrFe, at room temperature = (9K (PN +Ky(Pn))]. 5

Ea(Dy1-<Pr) can be phenomenologically expressed by it \yas found that at room temperature, the EMD of Bries

along(111),® while that of DyFg lies along(100),* and thus

3E|ectronic mail: wjren@imr.ac.cn one has
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) FIG. 2. Pr composition dependence of lattice paraneet#rthe cubic Laves
FIG. 1. XRD patterns of homogenized JDy, s Pr(Fey dBo 1) 1.03 alloys. phase in TH,DYo s xPr(Fey $Bo 1)1 o3 alloys.

9Ka (PN +Ky(Pn <0, (63 with increasing nominal Pr content, when €.%<0.7. The
9K, (Dy) +K,(Dy)>0, (6h) Nd,Fe, ,B-type and cubic Laves phases coexist, together with
a small amount of excess rare earth when0.7. Whenx
from which one shows that =0.8, the Cubic Laves phase disappears. This rule has been
found also in similar systems of alloys ThPrFe, o8B 15,
O=x<1. @ Dy; - xPr(FeydBo.1)1.03, and T 18DYo.85- xPri(Fer.oBo.1)1.03

This means the composition anisotropy compensating’henx=0.82%No traces of the Pulitype phase is found in
can be reached in Qy,PrFe,, depending upon the ratios all the alloys studied because of the introduction of bdfon.
of K, to K,. But the anisotropy of Prkds so small that the The Pr composition dependence of the lattice parameter
compensating point must be at the range of high Pr contenfo” Tho2DYos-«Pi(F&ydBo.1)1.03 Laves phase, is shown in
Unfortunately, PrFg cannot be synthesized at ambient Fig. 2. The lattice parameter increases with increasindue
pressuré. In this letter, a certain amount of Th is introduced 0 the bigger radii of the Bt ion. The increase in the lattice
to compensate the partial anisotropy of Dy, and a smalParameter becomes less pronounced whes850.7 indi-
amount of B is used to stabilize Pr in RFe cating that Pr content in Laves phase is lower than its nomi-

All  polycrystalline samples of  TpDy, s «Pr nal composition of the corresponding alloy because of the
X (Fey oBo 1) 1.93With x=0, 0.10, 0.20, 0.30, 0.40, 0.50, 0.60, appearance of other Pr-containing phases according to the
and 0.70 were prepared by arc melting the appropriate corfhase equilibrium conditions. But it is noticed that the lattice
stituent metals in a high purity argon atmosphere. The purityparameter still increases up to=0.7. This suggests a Pr
of the constituents was 99.9¢%b, Dy, and P), 99.8%(Fe), solubility limit in the range of 0.5x=<0.7 in the multicom-
and 99.5%(B). The ingots were homogenized at 700 °C for ponent Laves phase.
seven days in an argon atmosphere. X-ray diffractRD) Some alloys in powder form were step scanned with Cu
data were recorded at room temperature withtGuradia- Kea radiation at the (440 line of ThyDygg «Pk
tion in a Riguku D/max-2500pc diffractrometer with a graph- X (F& ¢B0.1)1.93 Cubic Laves phase, in order to study their
ite monochromator. In order to investigate peak splitting in-EMD and spontaneous magnetostriction. XRD spectra after
duced by the spontaneous magnetostriction, a high-precisigieduction ofKa, with a standard method for the alloys are
step scanning was performed f@#40) peaks of XRD. The shownin Fig. 3. The EMD of Laves phase can be determined
magnetostriction coefficient,;; was determined after the by the method of Dwight and Kimbalf:*® In Fig. 3 the
effect of theKa, radiation was removed with a standard (440 line of the Laves phase is a single peak for the
method® Tho .DYo s «PrL(F& Bo 1)1 93 alloys with 0<x=<0.3. This

XRD patterns of homogenized samples of means that the EMD lies aloqd00 axes. Only a tiny crys-
Tho .DYo - xPr(Fey dBo 1) 1.93alloys are shown in Fig. 1. Itis tal structure distortion originating from magnetostriction is
seen that the T§DYg s P (Fey dBo 1) 103 alloys with 0<x  realized §105~0) and XRD splittings are not observed.
<0.4 are essentially single cubic Laves phases with devertheless, the double splittéd40) lines of the Laves
MgCu,-type structure. Wher=0.5, the alloy consists pre- phase are clearly observed in the alloys with<0x4<0.7.
dominantly of the cubic Laves phase in which a smallThis indicates the EMD lies alon¢l1l) axes and a large
amount of excess rare earth Pr, Dy, andRg,B-type phase rhombohedral distortion occurs due to magnetostriction, con-
present. The amount of the cubic Laves phase decreasdsputing to a large splitting of th€440) XRD line. In the

while that of rare earth and NBe;,B-type phase increase Thy Dy s «Pr(Fey.oBo.1)1.93alloys, the Th content keeps in-
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FIG. 3. Profiles of the(440 line of the cubic Laves phase in X (FeyoBo.D 193 Lave§ phase synthesized by.m_eltmg and
Tbo Do 5 xPr(F& 4Bo.1) 1.03 alloys. consequently annealing has large magnetostriction and low

anisotropy. It may be a good practical magnetostriction ma-

variant. The change of the EMD is determined by the contenferial also because a large amount of cheap Pr can be used
change between Pr and Dy. This indicates that the anisotrop' replacement of expensive Dy or Tb. It has been predicted
of PrFe and DyFe can compensate with each other, in cor-from the results of Th:Dyo g xPr(F&.dBo.1) 1.5 alloys that
respondence with the theoretical analysis earlier. The anisot111 0f PrFe should be larger than that of Dyfe
ropy compensation point must be in the range ofstk3
<0.4. The magnetostriction coefficient;;; of the Laves
phase which the EMD lies alon¢l11l) can be calculated
from the double split distance of tl{¢40) lines*'*As plot-
ted in Fig. 4,\ 111 monotonically increases from about 1200
ppm withx=0.4 to about 1800 ppm witk=0.7. According  1a g clark, AIP Conf. Proc10, 1015(1974).
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. it ) 14 i
in Dy, _,Pr,Fe, systems is first proved phenomenologically E'F?r:;‘;zj ’é‘o Eg‘gﬁ:”&;&rségggt%%a”' H. Mueller, and A. Yu Sokolov,

by a single-io_n_ approach and then realized experimentallysy g Ciark, inFerromagnetic Materialsedited by E. P. WohlfarttNorth-
by synthesizing the multicomponent compounds Holland, Amsterdam, 1980Vol. 1, p. 531.
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