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A, E. Miller, T. D'Silva and H. Rodrigues
Department of Metallurgical Engineering and Materials Science
University of Notre Dame, Notre Dame, Indiana 46556

ABSTRACT

This paper describes the temperature dependence of
magnetization, the anisotropy constant K; and the mag-
netostricticn constant AY of single crystals of
Tb2Co,) 7, Ho2C017 and Er;Coj;; over the temperature range
77.4°K to 400°K. Tb2Ccy7 and Ho,Coy; have a uniformly
easy magnetization in the basal plane while Er;Co;»
maintains an easy C axis over the entire temperature
range. The anisotropy constant K, was determined by a
least square fit of the theoretical equation of magna-
tization to the measured magnetization curve along the
hard axis. The anisotropy comstant K; at 297°K for
Tb,Coy7, Ho2Coy7 and ErpCoys is, -3.2x107, -0.9x107 and
0.41x107 ergs/cm®, respectively.

The nagnetostriction coefficient AY/uas determined
by the strain gage technique. The contribution of the
Tb ion to the magnetostriction constant X' of the
R2C0)7 compound is positive whereas the contribution
of the Ho ion is negative. The maguetostrictive bz-
havior of the Tb ion is single fon in nature. r

R
I oy ! [
INTRODUCTION 4

The purpose of this paper is to describe 2 study
of the saturation wagnetization, magnetocrystalline
auisotropy and magnetostrictive behavior of 'Th:Co;s,
Ho2C€017 and ErzCoyy and to test for the single ion na-
ture of the rare earth ions in these compcunds. Simi-
lar studies on R;Co0;7 compounds of other hqavg‘rare
earth elements have been reported carlier.(!™%)

The magnetocrystalline anisotropy energy for a
hexagonal crystal is given by, (%)

E, = K,;sin%0 + K,sin"“e (1)
The anisotropy constants K, and K: can be determined
by a least square fit of the theoretical equation of
magnetization to the experimentally determined magneti-
zation curve along the hard axis.(7) Since the aniso-
tropy constant K; is dependent on the curvature of the
magnetization curve, determined along the hard axis,
the complete magnetization curve along the hard axis
must be available to determine K; accurately.

The magnetostrictive strain in hexagonal crystais
as a function of the direction cosines of magnetiza-

tion, directicn cosines cf strain measurement and the
magnetostriction constants is given by Callen and

Callen. (%) The magnetostriction constant AY measures
the distortion in the basal plane and is determined by
selecting the a axis as the strain gage direction and
the a and b axes as the initial and final directions of
magnetization respectively.

The magnetization (m)R of the rare earth sublat-
tice R is taken to be given by:

o} = pR2C017 _ aC°

(2)

The anisotropK constant K§ and the magnetostriction
constant (AY)® are defined in a similar fashion.

For single ion behavior, the magnetostriction con-
stant (XY)R and the anisotropy coetficient k2 (where
k§ = Kf + 8 K§)(’) are related to the magnetization of
the rare slrth sublattice by a hyperbolic Bessel func-

tion(8210 given below.
R _ R 7 -1 @ 3R
(AY(T,H)] (AY(0,H)] Ish{o(- (mo) } (3)
K= 15O 1, (LT ER *)

where, the argument of the Bessel function is the in-
verse Langevin function of the reduced magnetization of
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the rare earth sublattice. The single ion nature of
the rare earth ion in compounds with transition metals
and in pure elements, is reported in literature. (1}»12)

EXPERIMENTAL

The saturation magnetization, magnetization curves
in the easy and hard directions, and the magnetostric-
tion constant AY were determined from 77.4°K to 400°K
on single crystals of the three ccmpounds. Details of
specimen preparation and experimental technique are
described in previous papers.(!”

RESULTS AND DISCUSSION /

Thz2{0)7 and HozCo0;7 are both easy basal plane and
Er2Coy; is easy C axis. The field dependence of the
magnztization along easy and hard directions for
TbaCoy7, Ho2C017 and Er;Coj;7 are shown in Figs. 1, 2,
and 3, vrespectively. Fig. 4 shows the temperature de-
pendence of the saturation magnetizatiun determined

from the magnetization curves in the easy direction.
Tre saturation magnetization measured on aligned pow-

ders(13,14,15) of these compounds and single crys-
stals(16) of TbyCo,7 and HozCoy7, was determined by
the extrapolation technique. The Mg value of Tb;Co;7
only, agrees with that reported by Strnat et al.i’“g
The saturation magnecrization of the R-Co compounds de-
pends on the composition, which is controlled by the
purity of the starting materials and the alloy pre-
paration technique. The crystals used in this study
were all Co rich with chemically analysed ccmposi-
tions of TbzCo17,0s, £r2C0i7.03 and HozC0;7.46. This
could explain the higher Mg values for Tb;Co;7 and
Ho,Cc;7 in comparison to those reported by Deryagin
and Kudrevatykh.(l

s
2 3 4 5 6 f& @ 9 10 U
Hy (KOe)

Fig. 1(a). The true field dependence of magnetization
along the easy a axis for TbaCoj»

o

Fig. S shows the temperature dependence of K, H
for Er;Cop7, HozCoy7 and TbyCoy7. The K, values for
these compounds were determined from the initial seg- 3
ment of the magnetization curves in the hard direc-
tion. The K; values for Tb;Co;7 and Ho;Co;7 agree
fairly well with the Kqoff values reported by
Deryagin and Kudrevatykh.('®) The anisotropy con-
stant K; of Er;Coy7 at 297°K measured on aligned
powder by Narasimhan et al, (%) is 0.27x10”ergs/cc
as compared to 0.4x107ergs/cc reported in this study.
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Fig. 1(b). The true field dependence of magnetization
along the hard c¢ axis for Tb;Co;7.
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Fig. 2. The true field dependence of magnetization

along the easy a axis and the hard c axis
for Hoz2Co0,7.
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Fig. 3. The true field dependence of magnetization
along the easy c axis and hard a axis for
Er;Co, 7.

Fig. 6 shows the temperature dependence of the
magnetostriction constaut Ay for Tb;Co,7 and HozCo,7.
The constant Ay for Er,Co;7 could not be determined
because of lack of sacuration in the bhasal plane, with
available fields. The Tb ion has a positive contribu-
tlon to the magnetostriction of the R;Co,7 compounds
whereas the contribution of the Ho ifon is negative.
This is due to the difference in share between the two
rare earth fons.('7)
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Fig. 4. The temperature dependence of saturation
magnetization.
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Fig. 5. The temperature dependence of the anisotropy
constant K, for Tb2Co;7 Er,Co;; and H02Co;7.
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Fig. 6. The temperature dependence of zY for TbyCo;
and HozCo, ;.

The cobalt contribution to the Tb,Co;; and
Ho2C0,7 is determined from Y;Co;7 which is also easy
basal plane. Although pure Co differs structurally,
the K, values for pure Co reported in literature,(1®)
is used for determining the Co contribution to K; for
Er2Co;17, since pure Co and the Co sublattice in
Er;Co;y both have an easy C-axis and therefore the
same sign for K;. Since the anisotropy constant K;
could not be determined accurately, the anisotropy
constant K, is used in Equation 4 which is plotted in
Figs. 7,8 and 9 for Tb,Co,7, HozCo0;7 and ErzCoyy, re-
spectively. Only the Er ion shows good agreement with
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