Anomaly of thermal expansion near the magnetic
compensation temperature in rare earth ferrimagnets
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Anomalies of the thermal expansion were observed in the presence of a magnetic field near the magnetic-
compensation temperature T, in the compound ErFe; and in dysprosium iron garnet. It is shown that these
anomalies can be attributed to a change in the magnetostriction contribution upon reorientation of the
magnetic moments of the sublattices and formation of angle structures near T..

PACS numbers: 65.70.

Recently, many researches have become interested
in induced angle structures in ferrimagnets near the
magnetic-compensation temperature T,. =" So far,
however, the thermal expansion in rare-earth alloys
and iron garnets (RIG) near T, has not been investigated,
although a study of this property is very important for
the determination of the character of the phase transi-
tion,

In this paper we study the linear thermal expansion
of a polycrystalline sample of ErFe, prepared by the
procedure of'® and of the single-crystal RIG Dy,;Fe;0;,
in magnetic fields up to 50 kOe near the magnetic-com-
pensation points (T, =239 °K for ErFe; and 218 °K for
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Dy,Fe;0,,). The measurements were performed with
wire-wound strain gauges in a magnetic field of a super-
conducting solenoid, in which an insert was placed to
obtain temperatures in the range from 4. 2 to 400 °K.

The thermal expansion of ErFe, is shown in Fig. 1,
and that for Dy;Fe;O,, (measured along the [111] axis)
is shown in Fig. 2, We see that at H=0 the thermal ex-
pansion has no singularities whatever near T.. How-
ever measurement of the thermal expansion of a sample
in a magnetic field reveals near T_ anomalies that be-
come more pronounced when the magnetic field is in-
creased. We shall show below that the anomalies ob-
served by us in the thermal expansion near T, can be
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FI1G. 1. Temperature dependence of the thermal expansion
of the compound ErFe; near T, at various values of the mag-
netic field 1—H =0; 2—H =50 kOe, 3—H =15 kQe) and of the
thermal-expansion coefficient (5—H =50 kOe, 4—H =15 kOe).

attributed to a change of the magnetostriction contribu-
tion to the thermal expansion in the presence of a mag-
netic field. Consider the linear thermal expansion due
to longitudinal magnetostriction. The magnetostriction
change of the length in the direction of 3={8,, 8,, B,} in
crystal with point symmetry group 3 takes in the
single-ion model the form

AL/l Aylyl =1y + A0l ~ 1) (B =i + T =)
X (B =B 1wy, BB+ ALBL - By,
+y BB+ AL L7 = BB, +y.y,B.B,)
+ Ay v BB, +v.r.B.B.L (1)
where y; are the direction cosines of the magnetization

of the rare-earth sublattice, and A; are independent
magnetoelastic constants.

The direction of the easy magnetization axis '[’3=0, 0,1
the changes of the sample length are given by
AL/l = cos®0(A) + 7/ A,) - LA+ 25 M) (2)
In the direction perpendicular to the easy axis we have

AL/l =cos?0(=A, + '/ A, + 1/ A1+ 2(A, = T14A), @)

where cost=(H+ M,)/HM,.

We have not taken into account here the fact that when
the anisotropy in the basal plane is neglected the rota-
tion takes place in the (H,n,) plane.

It is seen from the obtained formulas that the reorien-
tation of the magnetization of the rare-earth sublattice
cosd(H, T) near T, leads to a strong change of the mag-
netostriction within the temperature interval of the re-
orientation., In this region we can approximately as-
sume that cosd =AT/AT,,.,, where AT .. is the half-
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width of this interval. The exact dependence of cos6 on
the temperature near T, can be obtained from the con-
dition of minimization of the free energy of a uniaxial
two-sublattice ferrimagnet, as was done in™3,

In very strong fields, H> H,, the behavior of the
magnetic structure is practically independent of the
anisotropy. In the latter case we obtain from (1), after
averaging over 3, that the magnetostriction contribution
to the thermal expansion will be determined for a poly-
crystalline sample by the expression

AL/LHY = A° + Alcos?s,

where
‘A0 _ 1 .4 ! _2
A% ="/ A Tgshy * /50 /shg,
1__1 .8, W1 4
AS ==t A 3 R A A A (4)

ALY - M) v HE
20HM

cosf =

M, and M, are the magnetizations of the sublattices of
the rare earth and of the iron, respectively.

The measurement results enable us to estimate the
uniaxial anisotropy from the temperature width of the
anomalous region:

H(T)

T M, /9T)(T,)

ar PIN N H [
T, A (T,) l
(5)

. HT.(aM ATNT)
Using the data of'®! we obtain from (5) the value K =4
x10° erg/cm®,

Thus, our measurements show that the large magneto-
striction in the compound ErFe, and in Dy, Fe O, leads
to a noticeable anomaly in the temperature behavior of
the linear thermal expansion near the magnetic-com-
pensation point in the presence of a magnetic field, This
can be attributed to reorientation of the magnetic mo-
ments of the sublattices and to the onset of noncollinear
magnetic structures.
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FIG. 2. Temperature dependence of the thermal expansion of
single-crystal Dy;Fe Oy, near T, at various values of the mag-
netic field (1—H =0; 2—H =50 kOe; 3—H =15 kOe) and of the
thermal-expansion coefficient in a 15-kOe magnetic field
(curve 4).
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