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Magnetostriction and anisotropy compensation in Tb,Dy,q_,Nd, 1Fe4 o3
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Structure and magnetostriction of Tb,Dy ¢_,Nd, ;Fe; 93 (0.2=x=0.4) compounds are investigated.
All the compounds are found to stabilize in MgCu,-type C15 cubic Laves phase structure. The easy
magnetization direction changes from (100)(x=0.2) to (111)(x=0.3) through an intermediate state
at x=0.25. Anisotropy compensation is realized near x=0.25 for the Tb,Dygq_NdjFe; 3

compounds. The Laves phase

compound Tby4DyysNdg Fe; 93 has

large spontaneous

magnetostriction (1670 107°) and a low anisotropy at room temperature which could make it a
good candidate material for magnetostriction applications. © 2010 American Institute of Physics.

[doi:10.1063/1.3525577]

The binary CI15 cubic Laves phase RFe, (R
=rare-earth elements) compounds are known to exhibit giant
magnetostriction values and large magnetocrystalline aniso-
tropy at room ternperature.k3 Giant magnetostriction has
been reported at room temperature in binary compounds
TbFe, (2630 X 107° at 25 kOe) and DyFe, (1610 X 107 at 25
kOe) with a cubic Laves structure.*> For the purpose of ap-
plications, many studies have focused on the anisotropy
compensation of these systems in the past three decades,
such as Tb,Dy,_,Fe, and Tbeol_xFez.é_9 Binary rare earth
compounds have one degree of freedom, viz., x, which per-
mits only the minimization of the first order (largest) aniso-
tropy constant K;. By adding a third rare earth element, an
additional degree of freedom is obtained and both the first
and the second order anisotropy constants K; and K, can be
minimized."

According to single ion model, proposed by Clark et al.)!
the spontaneous magnetostriction (\;;;) values of NdFe, and
PrFe, are 2000 X 107 and 5600 X 107°, respectively, at 0 K.
NdFe, has the easy magnetization direction (EMD) along
(100) at room temperature.” The anisotropy of NdFe, and
PrFe, is unknown as these materials could not be prepared so
far with a single phase, by normal methods. Several reports
have shown the anisotropy compensation of the compound
Tb,Dy,_,Fe,, with Pr as third element to minimize the K,
and K2.7’ However, very little work has been carried to com-
pensate the anisotropy with the element Nd even though the
N1 of this material is very high.' Shi ef al." reported the
anisotropy compensation and magnetostriction studies on
high pressure synthesized Tb,Nd;_,Fe; o. Based on our pre-
liminary magnetization and magnetostriction results, at x
=0.1 minimum anisotropy is observed in the compound
Tbg 3Dy7_,Nd,Fe, 93 (0=x=0.2). Hence, we chose Nd
composition as 0.1 in the present study. In this letter we
report the results on structure, magnetostriction, and aniso-
tropy compensation of Tb,Dy¢_,Nd Fe; 93 (0.2=x=0.4)
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compounds which were prepared using arc melting tech-
nique.

All the compounds were prepared by arc melting the
constituent elements (rare earths of 99.9% purity and Fe of
99.95%) employing in an arc furnace (Centorr Associates,
USA). The constituent elements were weighed in stoichio-
metric proportions and were melted together under argon at-
mosphere. The melting was carried out several times to en-
sure homogenous mixing of the elements. The weight loss
after the final melting was less than 0.5%. The arc-melted
ingots were sealed in quartz tubes under a pressure of
~107° torr and homogenized at 900 °C for a week and were
then furnace cooled. The compounds were characterized for
the structural aspects by powder XRD (using Panalytical
x-ray diffractometer) and employing Cu K« radiation. The
reflections were indexed according to the allowed reflections
for the C15-type Laves phase structure. We could obtain very
good Rietveld fitting of the x-ray diffraction pattern by as-
suming the occupation of Nd at respective sites. Magneto-
striction measurements were carried out using the strain
gauge technique at 300 K. In order to find the EMD, the
XRD on the magnetically oriented samples were taken. For
this purpose powder particles were mixed with epoxy and
were then aligned in the presence of magnetic field at 20 kOe
with field perpendicular to the substrate. The epoxy was al-
lowed to cure while the field was present.

Figure 1 shows the powder XRD patterns of
Tb,Dy_Ndg Fe; 93 (x=0.2, 0.25, 0.3, 0.35, and 0.4). The
compounds are formed in single phase with the cubic Laves
phase and are confirmed by Rietveld refinement. The mag-
netization at room temperature for the Tb, Dy, ¢_,Ndj Fe; o3
is shown in Fig. 2(a). It is evident that for all the compounds,
the magnetization values are not saturated up to 12 kOe.
With the magnetic field, magnetization increases as though it
would saturate at higher fields. Figure 2(b) shows the curves
of M/M,,,« versus H, where M, ., denotes the magnetization
of compounds at 12 kOe. It is evident from Fig. 2(b) that the
magnetization of Tb 5Dy ¢sNdj Fe; o3 is most easily satu-
rated among all the samples, indicating low magnetic aniso-
tropy due to anisotropy compensation near that composition.

© 2010 American Institute of Physics
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FIG. 1. Powder XRD patterns of Tb,Dy,,_.Nd, ;Fe, 95 compounds.

The saturation magnetization (Mg) is obtained from Honda
plots (M versus 1/H). The variation of Mg is shown as an
inset in Fig. 2(b). The My increases with Tb concentration
from 56 emu/g (at x=0.2) to 64 emu/g (at x=0.4). The in-
crease is due to the larger effective moment of
Tb3*(10.50 up) compared to that of Dy**(7.08 ). In addi-
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FIG. 2. (Color online) (a) Variation of magnetization with the applied mag-
netic field (b) M/M,,,,, vs H curves, concentration dependence of saturation
magnetization Mg at room temperature is shown as an inset.
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FIG. 3. XRD patterns for magnetically aligned Tb,Dy¢_,Nd, ;Fe; o3 par-
ticles at room temperature.

tion, the ferromagnetic ordering between the Tb (heavy rare
earth) sublattice and the Dy (heavy rare earth) sublattice
could also be a reason for the increase in the M.

The XRD patterns at room temperature for the magneti-
cally aligned powders of Tb,Dyqq_,NdjFe;¢; compounds
are represented in Fig. 3. The (800) peak is the intense
reflection for the x=0.2, which indicates that the EMD
aligns along (100) directions in accordance with the EMD
of Dy and Nd is along (100)." For the composition x=0.2,
the (311) peak intensity is 75% of the (800) peak intensity.
At this juncture it is worth mentioning that in
Tby 2Dy 54Prg 26(Feg 9By 1), minimum anisotropy is reported
at room temperature (RT) and it is evidenced by comparing
the XRD peak intensities of (311) and (800) reflections in
magnetically aligned samples.7 Hence, we anticipate that in
our case the anisotropy compensation is possible in the range
between 0.2=x=0.25. EMD changed from (100) (at x
=0.2) to (111) (at x=0.3) through an intermediate state at x
=0.25. At x=0.25, the most intense peak is (311). It can be
said that the EMD for x=0.25 compound is along (113)
which is a nonmajor axis. In pseudobinary RFe, compounds,
at low temperatures, nonmajor axes of easy magnetization
were observed and this phenomenon was explained by taking
into account the action of the anisotropy constant K3, as K,
and K, of these compounds are small due to the compensa-
tion around spin reorientation temperature (SRT).13 The in-
tensity of (800) and (400) peaks weakens, while that of (111)
peaks strengthens with increasing the Tb content (=0.3),
which indicates that the EMD is along (111). It can be sum-
marized that the EMD at room temperature of these alloys
rotates continuously from (100) for x=0.2 to (111) for x
=0.40 through an intermediate direction (113) for x=0.25
due to the anisotropy compensation.

Spontaneous magnetostriction (\;;;) leads to distortion
of the crystal structure when a magnetic material is cooled
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FIG. 4. (Color online) XRD patterns of (440) reflections of
Tb,Dygo_Ndg ;Fe; 93 compounds after fitting.
9,14

down below its Curie temperature. On the other hand, a
rhombohedral or tetrahedral distortion led by magnetostric-
tion coefficient can be identified. XRD at a slow rate (angle
26: 72.5°=73.5°, step width of 0.002 and time per step of 60
s) was taken on Tb,Dy,4_Ndy Fe; 3 to detect the crystal
structure distortion. The profiles of the (440) line after elimi-
nating the effect of K, radiation are represented in Fig. 4.
When 0.2>x=0.4, splitting of the (440) peak into two is
clearly observed, indicating that the EMD of these materials
is along (111), indicating a large rhombohedral distortion.
The rhombohedral distortion disappeared when x=0.2, sug-
gesting that the EMD lies along (100). Evidently, the tetrag-
onal distortion, which originated from magnetostriction
(N op~0), is too small to be observed through XRD. The

spontaneous magnetostriction is calculated using the
equation
daao — daio
N =2 —
dyao + dago

where dyy and d,z, denote the crystallographic plane dis-
tances in pseudocubic indices (hkl) and these values are cal-
culated precisely by fitting the experimental data (Fig. 4).
The composition dependence of the spontaneous magneto-
striction (A ;) is shown in Fig. 5(a). It can be seen from the
figure that A ;; increases with increasing Tb content in these
compounds, in accordance with the observation that TbFe,
has a larger A\;;; than DyFez.l’5 The maximum \;;; is ob-
served for the compound TbyDy,sNd, Fe 93 (1670
X 107%) and this compound is near to anisotropy compensa-
tion point, and should have small anisotropy similar to
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FIG. 5. (Color online) (a) Concentration dependence of the spontaneous
magnetostriction (\;;;) of the Tb,Dy,o_Nd Fe, 93 compounds. (b) Con-
centration dependence of the magnetostriction (A=\j—\_) at room tem-
perature for the polycrystalline Tb,Dy,4_,Nd, ;Fe; 93 compounds.

Tby 3Dy, 7Fe; 93. Moreover, in the present investigation, the
compound Tby 4Dy, sNdy Fe; 93 possesses large parallel
magnetostriction value of 1300X 107 (at 5 kOe) and it is
larger than that of Tby ,7Dy, 73Fe; 93 compound. The compo-
sition dependence of magnetostriction (A\=N\;—\_) at differ-
ent magnetic fields for Tb,Dy,¢_,Nd, ;Fe; 93 compounds is
shown in Fig. 5(b). It is clear from the figure that the mag-
netostriction near x=0.25 shows a peak at the low applied
magnetic fields, implying low anisotropy due to anisotropy
compensation. This observation is consistent with the mag-
netization data and XRD on magnetically aligned powders.

The results of magnetization, XRD on magnetically
aligned samples, and magnetostriction indicate that the an-
isotropy compensation is near x=0.25. The compound
Tby 4Dy, sNdg 1Feq 93 shows larger spontaneous magneto-
striction (1670X 107%) and field induced magnetostriction
(1300 X 107¢ at 5 kOe), and hence it can be a potential can-
didate for the practical applications.

One of the authors (S.N.J.) would like to thank Indian
Institute of Technology Madras for the financial support.
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