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- Results are presented of a study of the thermal conductivity of various ferrites with spinel structure. The
measurements were made in the range from helium to high temperatures. Special attention is paid to the
behavior of the thermal conductivity in the vicinity of various phase transitions. The effect of a magnetic
field on the thermal conductivity was investigated to assess the role of spin thermal conductivity and to
identify the mechanism of phonon scattering in the magnetic critical region. The experimental results are
compared with the theory for large distances from the phase transitions as well as in the vicinity of the
latter. The temperature dependence of the phonon mean free path is calculated. The anisotropy of the
thermal conductivity of magnetite is investigated in the low-temperature transformation region. It is shown
that the qualitative features of the thermal conductivity near the magnetic phase transitions points are
closely related to critical scattering of thermal phonons by thermodynamic critical fluctuations of the spin-

system energy density.

1. INTRODUCTION

Much progress was made in recent years in the
study of equilibrium properties in the vicinity of mag-
netic phase transitions. Much was also accomplished in
the study of certain particular problems that touch upon
the dynamic behavior of a system in a magnetic critical
region, for example the velocity and absorption of ultra-
sound. For the study of the dynamics of a spin system
in the critical region it is natural to make use also of
other kinetic parameters, including the thermal con-
ductivity. It is then possible to obtain information that
cannot be extracted by other means. This pertains, in ,
particular, to the determination of the singularities of -
phonon scattering in the critical region.

In contrast to the critical liquid-vapor transition,
where the situation is more or less clear!!! experi-
mental data on the thermal conductivity of magnetic
materials at the Curie (Neel) point are contradic-
toryl®'° apparently as a result of the known difficul-
ties in the performance of precision experiments. It is
also impossible to draw from the existing theoretical
papers any conclusions concerning the existence of a
universal law governing the behavior of the thermal
conductivity in the region of the Curie point. Thus, for
example, dynamic scale invariance predicts a diverg-
ence of the transport coefficients, including the thermal
conductivity, at the Curie point!'!], whereas other theo-
retical researches lead to different results!**"'"1,

This status of the problem demonstrates the need for
new special experiments in the vicinity of magnetic
phase transitions. In this article we present results ob-
tained by us in recent years on the thermal conductivity
of ferrites. Particular attention was paid to the influ-
ence of different phase transitions on the behavior of the
thermal conductivity. We present also results of an in-
vestigation of the influence of the magnetic field on the
thermal conductivity, which was carried out in order to
isolate the role of the spin thermal conductivity, as well
as to determine the mechanism whereby phonons are
scattered in the critical region.
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2. EXPERIMENTAL PROCEDURE

The measurements of the thermal conductivity (1) in
the region of low temperatures were carried out with a
setup whose operating principle is based on an absolute
stationary method. The setup ensured automatic stabili-
zation of the temperature and the production of small
temperature gradients on the investigated sample. Iso-
thermy of the faces of the sample adjacent to the heater
and the cooler was ensured by coating these faces with
a metallic film to which the junctions of the copper-
constantan thermocouples were soldered. The resultant
heat losses were reduced to a minimum by semicon-
ducting guard plates, which developed a large thermo-
electric power, and by ensuring equality of the average
temperature of the sample, to the ambient temperature.
The temperature gradient at the sample was deter-
mined by the character of the temperature dependence
of X and did not exceed 0.2—1°K. A detailed description
of the instrument and of the low-temperature cryostat
is given in!'®), The temperature in the helium range was
measured with the aid of Allen-Bradley carbon resist-
ance thermometers.

High-temperature measurements were performed
with a similar installation, but with allowance for the
specifics of these measurements{'®], It should be noted
that although the specifics of the direct measurements
of the thermal conductivity do not make it possible to
come arbitrarily close to the critical point, nonetheless,
in the vicinity of this point it is possible to study the
essential details of the behavior of A». The construction
of the setup used for the measurement of A in a mag-
netic field H differs from the earlier ones and is based
on the quasi-pulsed method considered inl%°!,

3. SAMPLES

The investigations were performed on ferrites with
spinel structure. Their ferromagnetic structure,
naturally, should lead to certain singularities in the
temperature dependence and field dependence of x. The
influence of the magnetic field becomes particularly
clearly manifest at the Curie point Tc. However, too
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low and too high values of T, are inconvenient from the
point of view of the experiment. Solid solutions have the
advantage that their values of T¢ vary from composi-
tion to composition in a wide range. We therefore pre-
pared for the investigation samples of stoichiometric
composition with the general formulas Nij-xZnxFe.O4
and Cuj.x CdxFe.O4 where x ranged from 0 to 1. The
manufacturing technology was ceramic. We used for the
investigation single crystals and polycrystals of natural
magnetite.

It should be noted that prior to our investigations
there were no measurements of A of ferrites at the
Curie point.

4. BEHAVIOR OF THERMAL CONDUCTIVITY FAR
FROM MAGNETIC PHASE TRANSITIONS

Investigations of the thermal conductivity far from
the magnetic phase transitions are necessary not only
from the point of view of completeness of the research,
but also in principle to estimate the normal course of
A, since it is difficult to estimate the anomalous region
of A without knowing this course, and also to separate
the different contributions made to A. In addition, it is
necessary to verify the extent to which the discussed
anomaly on the A(T) curve is isolated. The proximity
of other possible transitions greatly distorts the critical
singularities and thus makes it difficult to assess this
anomaly.

Typical measurement results, in a wide temperature
interval, are shown in Figs. 1 and 2. We start the dis-
cussion with the data on Fe30Q,, since they are the most
typical.

Magnetite is a ferrimagnet and has an inverted-
spinel structure. Each unit cell contains eight Fe® ions
in tetrahedral (A) voids and eight Fe® and Fe* ions

A, Wjem-deg

FIG. 1. Temperature dependence
of the thermal conductivity of magne-
tite. Points—experiment, dashed curve—
theoretical.
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FIG. 2. Temperature dependence of the thermal conductivity of
solid solutions: 1—Nig, 4Zng ¢Fe,04, 2—Nig 3Zng sFe,04, 3—Cug ¢Cdo.4
Fe;04, 4—Cuy, sCdo,sFe,04, 5—Cug 2Cdo.sFe;04.
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each in octahedral (B) voids. The magnetic properties
are explained on the basis of superexchange theory.
Owing to the antiferromagnetic cation-anion-cation in-
teraction, the magnetic moments of the ions in the A
and B positions are antiparallel. The resultant mag-
netic moment is thus due to the Fe® ions in the B
positions. In stoichiometric FesO,, the Fe® ions amount
to 24.2%, whereas in our sample the concentration of the
Fe® ions was 28%, and that of Fe® was 68.5%. The
lattice constant equals 8.39 A. The elastic-anisotropy
factor is estimated by us at 0.84. It approaches unity
with increasing temperature. The characteristic tem-
perature Tp, determined from the elastic constants, is
526°K and depends weakly on the temperature. The
thermal conductivity A of magnetite was investigated in
a number of studies(®"*?], In the present work we paid
particular attention to the behavior of A in the region of
the low-temperature transition, to the anisotropy, and
to the dependence of A on H. The dependence of A on

T and H is important also because it should be common
to other inverted-spinel ferrites.

The thermal conductivity of FesO, was measured by
us in the interval 5—500°K (Fig. 1). The absolute value
of A at room temperature was close to Slack’s datal?'l,
Below the Verwey temperature (Ty), the value of A for
FesO4 reaches a maximum, and then decreases, this
behavior being typical also of diamagnetic crystals. The
amplitude of the low-temperature ‘‘hump’’ is determined
by the defects and impurities of the crystal. What is
unusual, however, is the A(T) dependence in the inter-
val 119°K = T = 300°K, i.e., above Ty. In this interval
A(T) varies quite insignificantly. As is well known, the
distribution of Fe® and Fe* over the octahedral and

_ tetrahedral voids is random above Ty, and this prob-

ably enhances the anharmonicity of the Fe® and Fe*
vibrations and limits strongly the phonon mean free
path. In the presence of three-phonon interaction, the
expression for the phonon mean free path Iph was ob-
tained by Leibfired and Schlomann!®®!, who found it to be
inversely proportional to T. Calculation by their
formula yields iph = 0.6 x 10°°cm at T~ 300°K. Calcu-
lation by the simple Debye formula gives a value which
is smaller by one order of magnitude than the theoreti-
cal one and approaches the minimum possible accord-
ing to Debye. The data on the specific heat Cpp were
taken from(**J, and those on the velocity vph from(*l.
In the entire temperature interval, the theoretical value
of lph is also higher than the experiment one. This in-
dicates that in addition to the three-phonon interaction
processes, an appreciable contribution is made also by
other supplementary mechanisms that limit /ph (scat-
tering by vacancies, by magnetic inhomogeneities, by
impurities, etc.). The low values of [ph are probably
also due to the complicated structure of the spinel-
lattice unit cell itself. Above Ty, the temperature de-
pendence of [ph is also weak, which leads to a weak
A(T) dependence. In the interval 60—10°K, Ipp varies
exponentially, just as in Slack’s work(?!],

At T > 350°K, X begins to decrease noticeably. Above
this temperature, the semiconductor resistivity p(T) of
the investigated Fe; 0, gives way to metallic resistivity
(Fig. 3). It is quite probable that the electron-phonon
interaction is enhanced here, but the electronic thermal
conductivity Ag, of the Wiedemann-Franz type, is much
lower than the experimental one even at these tempera-
tures. The measurements results for T < Ty can be
satisfactorily explained by assuming that the principal
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role in the heat transfer is played by the phonons that
are scattered in standard fashion, namely by scattering
of the phonons by phonons (Umklapp processes), iso-
topes, vacancies, chemical impurities, and magnons.
The dashed curve in Fig. 1 shows the upper limits of

A due to the Umklapp processes and scattering by the
grain boundaries or by the boundaries of the sample
itself. The scattering by the boundaries was calculated
under the assumption of diffuse reflection of the phonons
from the sample boundaries, L~ 0.24 cm, and the con-
tribution of the Umklapp processes was calculated us-
ing the value ATp = 0.06 W/cm-deg, which was taken
from Slack’s paper!?!!. The experimental curve lies
much lower than the theoretical one, obviously because
of the nonstoichiometric composition of the sample and
of its magnetic structure, which is not taken into ac-
count in the theory.

To assess the role played by the spin system in 2,
we investigated the influence of the field H on the
thermal conductivity of FesO,—the Maggi-Rigghi-
Leduc (MRL) spin effect. The results of these measure-
ments are shown in Fig. 4. The ordinates represent the
MRL spin effect A = (AT — ATo)/ATo, where ATy is
the difference of the temperatures on the sample in a
magnetic field, and AT, is the difference without the
field. The negative sign of A indicates that an appreci-
able role is played by spin-phonon interaction in the
absence of the field. The increase of the absolute mag-
nitude of A, up to 11°K, can be ascribed to the dragging
of the magnons by the phonons and to the increase of the
mean free path connected with the phonon-magnon inter-
action. Further increase of the temperature leads to
inversion of the sign of A. At the temperature Ty we
have A = 0—the additional contribution to A induced by
the field H vanishes. The positive sign of A can be at-
tributed to suppression, by the field, of the role of the
important magnon carriers in the heat transfer. We
emphasize also the influence of the magnetoelastic
modes on the thermal conductivity, which consists in

an initial decrease of A when the field H is applied®%?"],

Coupled modes limit the contribution of the carriers
whose frequencies are close to the Larmor frequency
in the paramagnetic phase, and of magnons and phonons
with equal frequencies and wave vectors in the ordered
phase. The last case characterizes the region of inter-
section of the magnon and phonon branches in the Bril-
louin zone. The quantity A increases up to 180°K, after
which it decreases; this is a reflection of the tempera-
ture dependence of the spin thermal conductivity Ag and
of the intensity of the interaction of the spin system
with the lattice. At T = 77°K we have A < 1%. Thus, the
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FIG. 3. Temperature dependence of the resistivity of magnetite.
FIG. 4. Temperature dependence of the relative change of the ther-
mal conductivity of magnetite in a magnetic field.
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contribution of the pure spin waves to A is negligibly
small already at this temperature.

5. THERMAL CONDUCTIVITY OF Fe3zO4 IN THE
REGION OF THE LOW-TEMPERATURE TRANSITION

Magnetite was thoroughly investigated by a number
of workers in connection with the low-temperature
transition in the region 110—120°K (Ty). Initially this
transition was described as an ionic transition of the
order-disorder type, in which the low-temperature
phase consisted of alternately ordered rows of Fe®
ions in B-voids. In the high-temperature phase, they
are randomly distributed in the B-sublattice. In subse-
quent studies, many refinements were introduced into
this picture. In particular, one of the initial Vervey
premises, namely the ordering of the ions in the B sub-
lattices, is dispensed with in the band description of the
transition!®], and account is taken of the doubling of the
c axis in the phase transition, which leads to a breaking
of the Brillouin zone and to the appearance of a gap.
From this point of view, the phase transition is re-
garded as a metal-nonmetal transition, which results
from Wigner electron crystallization[?®], or as a transi-
tion of the Frohlich typel?®!. Experiment has shown the
low-temperature phase transition in magnetite to be of
first order and close to the critical point.

We describe below the results of low-temperature
investigations conductivity of single-crystals along the
three principal crystallographic directions [111], [110],
and [100], as well as of a polycrystalline sample (Fig.
5). The A(T) curve for the polycrystal lies below the
curves for the single crystal, this being probably due to
the additional scattering of the phonons by the imper-
fections of the polycrystalline structure. A noticeable
minimum of A is observed in the region of the transi-
tion, but on going to the low-temperature phase there is
observed a sharp increase of A, especially in the [110]
and [111] directions. In addition, the transition is
stretched out on both sides of Ty.

This variation of A can be explained on the basis of
the scattering of the phonons by fluctuations of the order
parameter and conservation of the short-range order,
especially in the high-temperature phase. The longitudi-

A -/0"7 cal/cm-sec-deg
40 -

I

L 1 ) I

1
250 J00 T,K

71;0 I.;U » 2100
FIG. 5. Thermal conductivity of magnetite: 1) along [111], 2) along
[110], 3) along [100]; 4) polycrystal.
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nal oscillation mode can increase the overlap integral
and cause a partial ordering of the octahedral ions.

This type of phonon scattering can take place not only

in the transition region itself, but also at T > Ty. From
the results of the measurements of A it is seen that

this scattering probably varies very little up to the
Debye temperature, but at T > Tp it should be masked
by Umklapp processes, a fact noted already by Slack!?!],

The anisotropy of A and its absolute values along the
principal crystallographic directions in the transition
region are apparently determined by similar mecha-
nisms as the sound propagation velocities. This follows
from the results of measurements of the sound veloci-
ties in the same samples (Fig. 6). The sound velocity
was measured with the setup described in(®'],

Along the [111] and [110] directions, the minimum
of A, just as the minimum of the longitudinal-sound
velocity, appears at T = 114°K. For the [100] direction,
a slight minimum of X occurs at 148°K. It is possible
that it is precisely in this direction that the longitudinal
phonons lead relatively easily to a growth of the overlap
integral, which should contribute to the conservation of
the long-range order. This also is confirmed in part by
the fact that the minimum of the longitudinal-sound
velocity in this direction occurs at a higher tempera-
ture. This fact also offers evidence that the artificial
production of longitudinal oscillations leads to a delay
of the phase transition. That the transverse waves do
not make a special contribution to this process can be
seen from the fact that a minimum is observed in their
propagation velocity in the [100] direction at a lower
temperature, namely 136°K. Finally, the change of A,
just as that of the longitudinal velocity, at the transition
temperature is considerable for the diagonal planes.

We can thus conclude that the investigation of A re-
veals certain essential details of the low-temperature
phase transition in Fe3Oq.

6. THERMAL CONDUCTIVITY OF FERRITES IN
TRANSITIONS FROM A NONCOLLINEAR MAGNETIC
STRUCTURE TO A COLLINEAR ONE

The low-temperature transition in magnetite pro-
ceeds with conservation of the collinearity of the mag-
netic moments of the sublattices. Such transitions are
not numerous in ferrites, which are much more fre-

1.0
6,91
'iﬁ-ﬂL 8
; 5
P~ e
5 S
‘0.7 A
= &
6,61
6,5,

1 Il I L
7/ 100 150 200 250 T, K
FIG. 6. Temperature dependence of the sound propagation velocities
for longitudinal waves (v||) along the crystallographic directions [110]
(D, [111] (2), [100] (3) and for transverse waves (v]) along [110] (4).
The ultrasound frequency is 5 MHz.
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quently subject to transitions that affect the magnetic
structure. Thus, for example, in mixed ferrites one can
encounter transitions from the collinear magnetic struc-
ture to the noncollinear onel®), The impetus for the
consideration of such structures was provided by the
ideas of ‘‘weak ferromagnetism’’(*], We present here
plots of the behavior of A near such transitions.

Interesting objects for these investigations turned
out to be mixed ferrites of the copper-cadmium system,
Cuj-xCdxFe.0,. The ferrites of this system are in-
verted spinels, with the exception of CdFeO,, with
relatively large lattice parameters and low values of
the exchange energy between the sublattices, which
creates conditions for the appearance of noncollinearity
of the magnetic structure. Indeed, the behavior of the
magnetic and magnetoelastic properties confirms the
existence in these ferrites of a phase transition of the
“‘star’’ type, analyzed in®!, from the collinear to the

noncollinear structure in the vicinity of 120°K[®**], The

general course of A(T) of these samples is illustrated
in Fig. 2.

The low-temperature minima on the A(T) curves
are connected with the ferrimagnet-paramagnet transi-
tion ( T¢). It should be noted that unlike A(T) of mag-
netite, we observe here in the main a monotonic de-
crease of A from room temperatures to 78°K. A similar
course of A(T) was found also for other mixed fer-
rites("2!], It is known that these ferrites are inverted
or partially inverted. It is possible to encounter in them
inhomogeneities in the distribution of the ions in the
octahedral and tetrahedral positions, as well as local
fluctuations in the magnetic sublattices, which serve as
effective centers of phonon scattering and strongly limit
lph. In this case A decreases mainly monotonically with
(Becreasing T.

The behavior of A in the region of the phase transi-
tion from the collinear to the noncollinear structure,
which is magnetic transition of the order-disorder type,
in ferrites of the Cuj_xCdyFeo.O, system, reveals a
noticeable minimum in the region of low temperatures

Ty, (curves 3 and 4 of Fig. 2). A fragmentary picture of

the variation of A(T) in a narrower interval of tempera-
tures Ty, is shown in Fig. 7 for all the compositions.
Against the background of the general course of A(T),
these minima have approximately the same form as the
minima on curves 3 and 4 of Fig. 2 near Tp,. There are
no minima of A(T) for CdFeO; and Cug, .Cdo.sFe20q,
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for which the region 120°K and higher is paramagnetic.
The foregoing results can be explained under the as-
sumption that in these transitions there is observed an
intensive development of processes that lead to phonon
scattering and are connected with fluctuations of the
characteristic order parameter, in this case the angle
between the magnetic moments of the sublattices.

7. THERMAL CONDUCTIVITY IN THE REGION OF
THE CURIE POINT

We have investigated the thermal conductivity of a
number of ferrites in the vicinity of the Curie point.
The results of these investigations are shown in Fig. 8.
The temperature dependence of A(T) of all the ferrites
has an anomalous form at the Curie point T¢. The '
Curie points of the samples, which were determined by‘
us from magnetic measurements, also coincide with the
positions of the minima on the A(T) curves. The ano-
malous course of A(T)at T is usually explained
either on the basis of phonon scattering by the critical
fluctuations of the energy density of the spin sys-
tem!'®!] or as a result of magnon-phonon interac-
tion(*’%]  In magnetic insulators, such as ferrites,
there exists, owing to Ae¢ = 0, two mechanisms respon-
sible for the spin-phonon coupling, namely one-ion and
two-ion bonds.

The dominant mechanism of the spin-phonon coupling
is established on the basis of a comparison of the con-
stants By and B,, which characterize respectively the
volume-magnetostriction and linear-magnetostriction
energy. To reveal the dominant mechanism of the spin-
phonon coupling in the investigated ferrites, let us ana-
lyze the character of the spin-phonon interaction in
these substances.

The volume-magnetostriction coupling constant By
is determined from the dependence of the exchange in-
teraction on the pressure or from the change of the
volume, and is expressed in terms of the slope of the
exchange integral Jap in the following manner(*J;

By=Nadl,/da, (1)

where N is the number of particles per unit volume, a
is the lattice constant, and 8Jpp/9a is estimated from

A:10° callcm-sec-deg

T
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FIG. 8. Anomalies of the thermal conductivity in the vicinity of the
Curie point: 1—Cug sCdg sFe;04, 2—Cuyg 4Cdo.¢Fe;04, 3—Cuy,¢Cdg.4Fe,04,
4—Niy.3Zng ;Fe;04, S—Nig.4Zny, ¢Fe,04. The thick curve was calculated
in accord with [!#]. The lower temperature scale pertains to curve 2.
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the shift of T:F under the influence of the hydrostatic
pressures!® ], An expression can also be obtained for
By in the form

3N
Bv=—H asY, (2)
where Np is Avogadro’s number, p is the density,
_dlnJy 1 9T, 10
Smv % P 3’

and « is the compressibility. According to our meas-
urements k = 3/(Cy, +2Cyz) = 7.6 107 kbar™* for
F3304[25].

The linear-magnetostriction constant is equal to
B, =2.4C: o, ®3)
where Ay is the magnetostriction constant at 0°K.

We have calculated By and B, from these formulas
for classical spinel and garnet ferrites. The results are
listed in the table. Approximately similar relations be-
tween By and B, are obtained also for other ferrites,
for which the elastic constants are given inl*’), By
analyzing the coupling constants given in the table, we
can conclude that the main mechanism of the spin-pho-
non coupling in the investigated ferrites is the volume-
magnetostriction coupling, which results from phonon
modulation of the exchange interaction between the
magnetoactive ions. As is well known, this coupling
mechanism contributes to the critical absorption of the
phonons near T, and also to the emission and absorp-
tion of phonons by the scattering of spin waves. The
theory of thermal conductivity near T with allowance
for these processes was considered by Kawasakil'®], by
Stern{'*], and by Huber{'”), who expressed the phonon
scattering cross sections in terms of Fourier trans-
forms of a four-spin or energy correlation function that
depends strongly on T - T¢. In this case the connection
with the order parameter or with the fluctuations of the
spin-energy density leads to a critical scattering of the
phonons near T¢. The character of A(T) obtained by us
near T, corresponds in general with these predictions,
and we can therefore compare our results with the con-
clusions of the theory.

We shall assume that A = Ag +App. The relation be-
tween Ag and App determines the form of X(T) at the
point T¢. Kawasakil'*! calculated the contribution of the
spin thermal conductivity Ag to T within the frame-
work of the theory of the molecular field for T¢ «< Tp
and obtained it in the form

A =9tk T 2/ 4at?sS (S+1), 4)

where 7 is the microscopic relaxation time, kp is
Boltzmann’s constant, a is the lattice constant, z is
the number of nearest neighbors, and S is the spin
number. By way of example we calculate Ag in a fer-
rite with composition Cuo,,Cdo,¢ Fe204 near T, for
which we have obtained the following parameters: T¢
=303K,a=8.60A, Tp=600K,z=8, p =5.11 g/cm®
and s = 7.

Subhance
Characteristic

Fey0, YsPFesOu
dInT./6P, 10-3/kbar 242 223
—Jap, K 15 36
dlnJap/0InV 10/3 10/3.2
By, 10° erg/cm® 281.5 151.2
B, 10°erg/cm® 20 1.28
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The spin-lattice relaxation time 7 = 4 X 107® sec was
obtained on the basis of measurements of the velocity
and absorption of ultrasound in the vicinity of Te!*.
The value of Ag calculated from (4) is ~107° cal/deg-
cm-sec, as against the experimental value A = 4 X 1073,
It follows therefore that the spin thermal conductivity at
Tc can be neglected. This means that the rate at which
the spin energy diffuses through the system is very low,
although the corresponding specific heat is large.
Therefore Aph behaves anomalously at the point T¢ as
a result of scattering of the phonons by critical fluctua-
tions of the energy density of the spin system.

Using the measured values of A, of the magnetic
specific heat, and of the sound velocity vpp!*!), we have
calculated the temperature dependence of the phonon
mean free path Tph near T using the formula Tph
= 3Avi)‘hCi)‘h. In this case Cpp, is the phonon specific
heat obtained from the total specific heat after sub-
tracting the magnetic contribution Cy,. The results are
shown in Fig. 9.

Additional information concerning the role of the
critical fluctuations in the thermal resistance 1/x near
T can be obtained from measurements of A in the
magnetic field H. Indeed, in the vicinity of T¢ the MRL
spin effect has a negative sign, thus confirming the
dominant role of critical fluctuations in phonon scatter-
ing in a zero field, in the absence of the influence of
coupled modes on near T¢. With increasing field H, the
depth of the minimum decreases, indicating a lesser
role of the critical fluctuations in the thermal resist-
ance.

Finally, let us consider the connection between A
and the magnetic specific heat Cp,, which follows from
the Stern theory!'*!, He obtained the following expres-
sion for A near T¢:

A=BT-*(C.T")~", (5)

where B is a proportionality coefficient. For many of
the investigated samples we have measured Cp,. Since
Cm has a maximum at T¢, it follows therefore also
that A should have a minimum at the Curie point. Using
the obtained values of Cy,, we have calculated A by
formula (5). The constant B in (5) was determined by
substituting the experimental values of A and Cy, at
temperatures where the new scattering mechanism be-
comes dominant. The calculated data are shown in Fig.
8 by the solid curve. It is seen that qualitative agree-
ment exists with experiment. We note also that a maxi-
mum of the sound absorption and a minimum of the
velocity are observed near Tc!*].
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FIG. 9. Temperature dependence of the mean free path of the
phonons in Cug 4Cdg.¢Fe,04

295 Sov. Phys.-JETP, Vol. 41, No. 2

Summarizing the discussion of the experimental re-
sults, we can state that the qualitative features of the
thermal conductivity near the points of magnetic phase
transitions are closely connected with the critical scat-
tering of the thermal phonons by thermodynamic critical
fluctuations of the energy density of the spin system or
of the order parameter, which appears as a scattering
mechanism that supplements the already known mecha-
nisms such as three-phonon, boundary, impurity, etc.
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