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Magnetostriction of Pr0.1Tb0.3Dy0.6Fe2−xMnx alloys (0.0� x�0.2)
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Abstract

Magnetic properties of single-phase Pr0.1Tb0.3Dy0.6Fe2−xMnx alloys have been investigated using X-ray diffraction, A.C. susceptibility,
Vibrating Sample Magnetometer and standard strain gauge techniques. The lattice parameter increases and Curie temperature decreases with
increasing Mn content. The magnetostriction of Pr0.1Tb0.3Dy0.6Fe2−xMnx alloys exhibits the maximum value atx = 0.10 in applied magnetic
field. The magnetostriction of Pr0.1Tb0.3Dy0.6Fe1.9Mn0.1 alloy was measured under compressive stress up to 31 MPa. The experimental results
indicate the Pr0.1Tb0.3Dy0.6Fe1.9Mn0.1 alloy shows good magnetostrictive properties in low magnetic fields under the compressive stress of
2–16 MPa.
© 2005 Elsevier B.V. All rights reserved.
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. Introduction

In 1974, Clark found the pseudobinary compound
erfenol-D[1], which has MgCu2-type Laves phase struc-
ure and shows great potentials for application in actuators
nd transducers. Since then, other pseudobinary compounds
ave been studied intensively[2,3]. According to the single-

on model, the PrFe2 compound has larger magnetostriction
han TbFe2 and DyFe2 at 0 K. So, Pr-based compounds may
e the candidate materials for magnetostriction application.
ut the PrFe2 compound cannot be fabricated at ambient
ressure because of the bigger atomic radius of Pr. It was

ound that the Pr0.1Tb0.3Dy0.6Fe2 alloy has larger magne-
ostriction and low magnetocrystalline anisotropy energy[4].
t has been reported that Mn substitution for Fe can obtain
larger magnetostriction[5], and the magnetic properties of
(TMn)2 (R: rare earth and T: transitional metal) are sensitive

o external parameters such as the applied pressure, applied
agnetic field and so on[6–8]. In this paper, the magnetic
roperties and magnetostriction of Pr0.1Tb0.3Dy0.6Fe2−xMnx

lloys were investigated.

2. Experiment

The Pr0.1Tb0.3Dy0.6Fe2−xMnx (0.00�x�0.20) alloys
were prepared by arc melting under a high purified-a
atmosphere. The purities of rare earth, Fe and Mn
99.9, 99.99 and 99.8%, respectively. Five and 10% ex
rare-earth and metal Mn relative to the ideal compos
were added to compensate for the volatility of rare-earth
metal Mn. The constituent metals were remelted four tim
Then the samples were wrapped in a stainless steel fo
vacuum annealed in a sealed quartz capsule at 850oC for
72 h.

The phase purity was performed by X-ray diffract
(Philips X’Pert MPD) using Cu K� radiation at room
temperature. The lattice parameters were determine
least-squares fitting to X-ray pattern, and the accu
is estimated to be±0.002Å. Curie temperatures we
determined by measuring the temperature dependen
A.C. susceptibility. A Vibrating Sample Magnetome
measured the magnetization at room temperature.
anisotropic magnetostriction was measured using a sta
∗ Corresponding author. Tel.: +86 22 26582214; fax: +86 22 26582944.
E-mail address: admat@jsmail.hebut.edu.cn (Y.X. Li).

strain gauge in directions of parallel (λ//) and perpendicular
(λ⊥) to the magnetic field up to 11 kOe at room temper-
ature. A bar of 1.5 mm× 1.5 mm× 3 mm was cut from
Pr0.1Tb0.3Dy0.6Fe1.9Mn0.1 alloy, and compressive stress
up to 31 MPa was applied to the bar in direction parallel
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to magnetic field. The magnetostrictionλ of the bar was
measured in direction parallel to magnetic field.

3. Results and discussion

X-ray diffraction patterns shows that all the Pr0.1Tb0.3
Dy0.6Fe2−xMnx alloys are single Laves phase with MgCu2-
type structure. The values of lattice parameter (a) and Curie
temperature (TC) of Pr0.1Tb0.3Dy0.6Fe2−xMnx alloys are
listed inTable 1. The lattice parameter increases linearly with
increasing Mn content because the atomic radius of Mn is
larger than that of Fe. The substitution of Mn for Fe results
in a linear decrease of Curie temperature from 651 to 553 K.
The decrease ofTC presumably results from antiferromag-
netic Fe–Mn interactions[9].

The magnetization isotherms of Pr0.1Tb0.3Dy0.6Fe2−x

Mnx alloys are shown inFig. 1. The saturation magnetization
Ms was taken as the value of magnetization at the magnetic
field of 10 kOe and the values ofMs are listed inTable 1.
It can be seen thatMs shows a decreasing tendency while
increases slightly atx = 0.10.

The dependence of anisotropic magnetostriction
(�λ =λ// − λ⊥) on magnetic field for Pr0.1Tb0.3Dy0.6Fe2−x

Mnx alloys is represented inFig. 2. It can be clearly seen
that the magnetostriction of PrTb Dy Fe Mn
a es
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Fig. 2. The dependence of magnetostriction on magnetic field for
Pr0.1Tb0.3Dy0.6Fe2−xMnx alloys at room temperature.

loys with 0.05� x�0.15 show larger magnetostriction
than Pr0.1Tb0.3Dy0.6Fe2 alloy in low magnetic fields.
A maximum magnetostriction of 1521 ppm is obtained
under the magnetic field of 11 kOe atx = 0.1. The mag-
netostriction of low Mn content alloys does not reach
saturation, while for high Mn content alloys it reaches
saturation.

The dependence of magnetostriction on magnetic field for
Pr0.1Tb0.3Dy0.6Fe1.9Mn0.1 alloy under different compressive
stress is shownFig. 3. It can be obviously seen that the mag-
netostriction increases a lot when pre-stress was applied. At
the magnetic field of 10 kOe, the magnetostriction increases
from 1037 to 1754 ppm with the compressive stress increas-
ing from 0 to 31 MPa. The Pr0.1Tb0.3Dy0.6Fe1.9Mn0.1 alloy
shows larger magnetostriction in low magnetic fields under
the compressive stress of 2–16 MPa. At the magnetic field
of 2.5 kOe, the magnetostriction is 945 ppm at 4 MPa, and
much larger than 587 ppm at 0 MPa. When the compres-
sive stress is more than 25 MPa, the magnetostriction at low
magnetic fields drops. The Pr0.1Tb0.3Dy0.6Fe1.9Mn0.1 alloy
shows good magnetostrictive properties under compressive
stress.
0.1 0.3 0.6 2−x x

lloys increases fromx = 0.00 to 0.10, while decreas
hen 0.10� x�0.20. It should be noted that the

able 1
he lattice parameter (a), Curie temperature (TC) and saturation magnetiz

ion (Ms) of Pr0.1Tb0.3Dy0.6Fe2−xMnx alloys

a (Å) TC (K) Ms (emu/g)

.00 7.309 651 83.01

.05 7.321 627 73.53

.10 7.333 596 76.37

.15 7.339 570 65.28

.20 7.347 553 65.22
ig. 1. Magnetization isotherms of Pr0.1Tb0.3Dy0.6Fe2−xMnx alloys at room
emperature.
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ig. 3. The dependence of magnetostriction on magnetic field
r0.1Tb0.3Dy0.6Fe1.9Mn0.1 alloy under different compressive stresses.
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4. Conclusion

The single-phase Pr0.1Tb0.3Dy0.6Fe2−xMnx alloys were
fabricated in this paper. With Mn content increasing, the
lattice parameter increases and Curie temperature decreases.
The magnetostriction shows the maximum value atx = 0.1
in applied magnetic field. Compressive stress up to 31 MPa
is applied to a bar cut from Pr0.1Tb0.3Dy0.6Fe1.9Mn0.1
alloy. Magnetostriction of the bar at the magnetic field
of 10 kOe increases with compressive stress increasing.
The bar shows good magnetostrictive properties in low
magnetic fields under compressive stress of 2–16 MPa.
The Pr0.1Tb0.3Dy0.6Fe1.9Mn0.1 alloy has great potential for
application.
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