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Magnetostriction and anisotropy compensation
in Th,Dy;_xPro3(Feg9Bo1)1.95 alloys
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Structure and magnetostriction of Py ,Tb,Prys(FeyoBg1)193 (0=x=<0.70) alloys have been
studied. The easy magnetization direction of the Laves phase in the [0y, Pry s(Fey oBo 1) 193
alloys with 0=<x<0.20 lies along(100 axis, while that of the Laves phase in those alloys with
0.25=x=<0.70 lies along111) axis, as determined by means of x-ray crystallography study. When
xis increased from 0.15 to 0.25, the change of the easy magnetization directiotilfi6no (111)

axis is detected also by N\dsbauer spectra, in good agreement with the results of x-ray
crystallography. The Laves phase (bEDYq 4Pl (FeBo1)i19z3 has a large spontaneous
magnetostriction X 11~ 1850 ppm) and a low anisotropy at room temperature, which could make
it a good candidate material for magnetostriction applications.2004 American Institute of
Physics. [DOI: 10.1063/1.1644057

For the purpose of application of magnetostrictive mate-y,. were recorded atl =160 A/m. Mcssbauer analyses were
rials, besides the factor of their cost, a low magnetocrystalmade by a MS-500 spectrometer with the transmission ge-
line anisotropy and a large magnetostriction are requeste@metry at RT. The source wa¥Co in a Pd matrix. The
Thy . DYo 796 (Terfenol-D) which exhibits a relatively low  spectra were calibrated with anFe sample and fitted using
magnetocrystalline anisotropy while maintaining a largea standard program. X-ray diffractidixRD) data were re-
magnetostriction at room temperature has been intensivelgorded at RT with Cu K radiation in a D/max-2500pc dif-
investigated~ It has been widely applied in acoustic trans- fractrometer. In order to investigate the peak splitting in-
ducers, sensors, actuators, etc. However, the main raw matéuced by the spontaneous magnetostriction, a high-precision
rials of Terfenol-D are expensive Th and Dy. It would be of step scanning was performed @40 peaks of XRD. The
considerable benefit to applications, if a magnetostrictivenagnetostriction was measured RT either parallel or perpen-
compound was found, based on the light rare-earths, like Pdicular to the applied field using a standard strain gauge
which was much cheaper than Tb and Dy. The single-iortechnique’®**
model indicated that the giant magnetostrictionRbfe, (R XRD patterns of homogenized
=rare earth) is due mainly to the rare-earth i6nlt was ~ Tb,Dyg 7 xPro.s(Fey oBo.1)1.03 @lloys are shown in Fig. 1. All
predicted that a Pr ion generates a larger magnetostrictiofie homogenized alloys consist predominantly of the cubic
than a Th or Dy ion. A large amount of work has been dond-aves phase with a MgGttype structure, with minor impu-
to substitute Pr for Tb or Dy in Terfenol-D.° However, in  rity phaseq(i.e., rare-earth phaseand (Tb,Dy,Pr)(Fe,B);
most of the previous work, the Pr substitution has been limphase with a rhombohedral J&n,~type structure. In the
ited to about 10 at.% of the rare-earth component, since
beyond 20 at.% substitution, an unanticipated noncubic
structure appears. A small amount of boron was introduced
to inhibit the appearance of the noncubic ph¥sg.In this
letter, a composition anisotropy compensating point is found
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in the Dy, ThPryFeyoBg1)1.93 alloy system, as con- ’;
firmed by means of the Mssbauer effect and x-ray crystal- o
lography study. The linear anisotropy magnetostriction g A '[ %=0.25
=N\,—\, of TbDyy 7 «Ply«FeydBo1)1.95 alloys is studied = X L -
as well. >

All polycrystalline samples of 5 LJ =040
Dy 7-xThyPry s(Fey Bop.1) 103 alloys with x=0, 0.10, 0.15, ¢ o . [ .
0.20, 0.25, 0.40, 0.55, and 0.70 were prepared by arc melting
of the appropriate constituent metals in a high-purity argon
atmosphere. The purities of the constituents are 99.9% for | 070
Th, Dy, Pr, and B, and 99.8% for Fe. The ingots were ho- . . :
mogenized at 700 °C for 7 days in a high-purity argon atmo- 20 40 60 80
sphere. Temperature dependencies of ac initial susceptibility 20 (Deg.)

FIG. 1. XRD patterns of homogenized Py , Th,Pry 5 (F&y dBo.1) 1 93 alloys.
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FIG. 2. Profiles of thé440) line of the Dy, ,Tb,Pros (Fe, o)1 escubic 'O 3+ Mossbauer spectra at RT for Ry xTbPro 3 (F&.680.0) 1.3 alloys.

Laves phase.

o - The six-line subspectra correspond to the Laves phases,
temperature dependence of the ac initial susceptiplipof  \yhjje the two-line ones correspond to a paramagnetic phase
the TBDyo7-Pro.AFé dBo1) 193 alloys, an anomaly is 0b-  hat should be attributed to the (Tb,Dy,Riffe,B),, phase in
served, at about 9 K, which corresponds to the Curie temg, o present alloys. The Curie temperatufie=€ 272 K) of
peratureTe of the minor phases-Pr(Tb, Dy) with a fcC s phase s little lower than room temperature. The
structuret? The amount of (Tb,Dy,Pg(Fe,B),; ph_ase in t_he Thy 1DV 58Pt « F& B0 1) 1 65 alloy shows only one simple
Tb,DYo.7-xPro.s(F&.9B0.1)1.03 alloys (except forx:0.40) S six-line subspectrum, indicating the EMD of the Laves phase
very small, but changes slightly with Only forx=0.40, itS a5 a10ng(100) axis corresponding to the tetrahedral distor-
appearance becomes evident, so that its Curie temperatuf§, The spectrum of the §aDyo P f FeBo 1) 1 gz alloy
(Tc=272 K) in Thy Dyo.sP1o (P& oBo.1) 1 93alloys has been 5, pe gecomposed into two six-line subspectra with inten-
detected in ac initial susceptibility measurementg(T sity ratio 3:1, which are characteristic of an EMD along

curves are not shown hgre . (111 direction, corresponding to rhombohedral distortions.
It is wgll kqown that the spontaneous magnetostnctlor\The EMD of the Th ,Dyo &P «(Fér oBo 1)1 o3 alloy lies along

leads _to _d|stort|on of the crystql struqture when a magnet"fhe(lOO) axis as determined by S(—ray siep scanning, but its

material is cooled down below its Curie temperature. On thg ;s er spectrum must be fitted to two six-line subspectra

other hand, a rhombohedral or tetrahedral distortion led anstead of a simple six-line subspectrum. This may be due to
magnetostriction can be identified, and the magnetostrictio%n instability in this alloy, with the spins ready to reorient

coefficient can be obtained by x-ray crystallography study. INnto the (11 direction, just as in Terfenol-D. Atzmony
the present_work, x-ray step scanning was performed for thg; 513 5154 found this kind of intermediate types of spectra,
(440 XRD line of the ThDyo 7-Pro {F& Bo.)1.032l0YS 10\ hich can be well understood by a two-sublattice mean-field
detect the crystal structure distortion. The profiles of thetheory.l""ls

(440 line after eliminating the effect of the J4 radiation are For the Laves phase with EMD lying along th&11)

represented in Fig. 2. When<x<0.20, each of th@440  ,iq the spontaneous magnetostrictio, can be obtained
lines is a single peak, suggesting that the easy magnetizatigpy 1 the doubly split(4400 XRD line in Fig. 2, using the
direction (EMD) of the Laves phase of those alloys lies following equationi

along (100. Evidently, the tetrahedral distortion, which
originated from magnetostrictiom\ {o~0), is too small to

be observed by XRD. When 0.25=<0.70, the double split- 3000

ting of the (440 lines is clearly observed, indicating that the I

EMD of the Laves phase in those alloys lie algdd1). This »0or l 1
is because the magnetostriction leads to a large rhombohe- |

dral distortion in those (Tb,Dy,Pr)(Fe,Brompounds. The
composition anisotropy compensation point is in the range of

0.20=<x=<0.25, within which the large rhombohedral distor- I
tion disappears. 1000 |
SCo/Pd Masbauer spectra for the 3
ThDyg 7 xPlos(F&gBo.1) 193 alloys near the anisotropy 500}
compensating point were recorded at RT, as shown in Fig. 3. I
The scattered points are experimental data, the solid lines are S 01 0% 0.8

gross spectra, and the other lines are subspectra. It can be =

seen that every Mssbauer spectrum of the alloys consists OfFIG. 4. Concentration dependence of the spontaneous magnetostiction

one or two six-line subspectra and a two-line subspectrumof the Dy, ;_Th,Pr, 5 (F&, B0 1) 1 93 CUbic phase.
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1400 | —— #= 160 kavm In conclusion, the composition anisotropy compensation
B v - has been realized near x=0.20 for the
1200 —— H- danwaim /' Dyo.7-xThPros(FeyBo1) 193 alloys. The Laves phase
oo T Tho 2Y0 4P o Fey dBo.1)1.03 has a large spontaneous mag-
— g — netostriction §1,7~1850 ppm) and a low anisotropy at RT
£ s} /,‘/ which could make it a good candidate material for magneto-
f/; ol //‘ /r‘—v/' striction application.
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FIG. 5. Linear anisotropy magnetostrictian at different applied fields for
polycrystalline Dy ;—, Th,Pry 3 (Fey 8Bo.1) 1,93 alloys at RT.

1J. P. Teter and A. E. Clark, J. Appl. Phy&l, 3787(1987.
2J. P. Teter, A. E. Clark, M. Wun-Fogle, and O. D. Mcmasers, IEEE Trans.

A :zw (1) Magn. 26, 1748(1990.
M2 d 40t dazo 3J. R. Restorff, M. Wun-Fogle, and A. E. Clark, J. Appl. Ph§3, 5786
(2000.
where dy, and dj, denote the crystallographic “J.C. shih, S.Y. Hsu, L. J. Chao, and T. S. Chin, J. Appl. PBgs3541
plane distances in pseudocubic indi¢ekl). The composi- _(2000.

. PRI SA. E. Clark, inFerromagnetic Materialsedited by E. P. WohlfarttNorth-
tion dependence of the spontaneous magnetostriatjgnis Holland, Amsterdam. 1980V0l. 1, pp. 531589,

.Shown .in Fig. 4. 1t can be seen th.aﬁll increases VYith SA. E. Clark, H. Belson, and N. Tamagawa, Phys. LetdZ 160 (1972.
increasing Tb content in the alloys, in accordance with the’C. H. Wu, W. Q. Ge, X. M. Jin, Y. C. Chuang, and X. P. Zhong, J. Alloys
observation that Tbkehas a largei;; than DyFg.>%16 Compd.191, 169(1993.

. 8Y. X. Li, C. C. Tang, J. Du, G. H. Wu, W. S. Zhan, W. L. Yan, G. Z. Xu,
Compared with  Terfenol-D N;11~1600 ppm), the and Q. X. Yang, J. Appl. Phy®3, 7753(1998.

Tbo 2:DY0. 4810 o F& 9Bo.1) 1.9salloy contains 30 at. % Rthat  °c. H.wu, X. M. Jin, W. Q. Ge, Y. C. Chuang, X. P. Zhong, R. Q. Li, and
is much cheaper than Dybut has a larger magnetostriction o) Y- L J. Magn. Magn. Materl63 360(1996. _
(N117~1850 ppm). Furthermore, this alloy, which is near the \é"(-):é RJenﬁhzysD-;zngéﬁéibjl\)/larkysan, X. G. Zhao, X. M. Jin, and X. P.
anlsotr_op_y compensation point, should _have a small anisotay, Ren, Z. D. Zhang, X. P. Song, X. G. Zhao, and X. M. Jin, Appl.
ropy similar to Terfenol-D. Therefore, it may be a good, pnys. Lett.82, 2664 (2003.
practical magnetostriction material. Whes0.20, the EMD ~ "?K. A. McEwen, Handbook on the Physics and Chemistry of Rare Earth
of the Laves phase lies a|ong tKl]EOO} axis instead of the edited by K. A. Gschneidner, Jr. and L. R. Eyrifigorth-Holland, Am-

. . sterdam, 1978 Vol. 1, p. 411.
(11D axis a_nd’ thus the magnetostrlctlon constag, Car! 3. Atzmony, M. P. Dariel, E. R. Bauminger, D. Lebenbaum, I. Nowik, and
not be obtained anymore using our x-ray method. The linear s. Ofer, Phys. Rev. B, 4220(1973.
anisotropic magnetostrictiol\,=\;—\, at RT of the 'Z. D.Zhang, T( thgoy F. R. de Boer, and P. F. dét€ha. Magn. Magn.

: ; Mater. 147, 74 (1995.

TbXDyO_7,XPro_3(FQ,_9!30_])1_93_ p(_)lycrystallme alloys is _sh_own 157.J. Guo, Z. D. Zhang, B. W. Wang, and X. G. Zhao, Phys. Re61B
in Fig. 5. Its behavior is similar to the magnetostriction of 35192000.

(Th;_Dy,)Fe, alloys® 16, E. Clark, AIP Conf. Proc10, 1015(1974).

Downloaded 26 Jan 2004 to 158.132.12.72. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/aplo/aplcr.jsp



