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An influence of thermal processes rate on temperature dependence of complex magnetic
susceptibility = ' - ix" in ceramic perovskites La, ,Sr,CoO; (x = 0.15; 0.25; 0.85) has
been studied. At increasing cooling rate, the y value grew up as compared to the value
obtained under slow (equilibrium) temperature variation. This effect is explained by
thermomagnetic component (0M /0T)0T/ ot) of y value, which is due to strong dependence
of magnetization M on temperature T near the Curie point.

B kepammueckux mneposckurax La, ,Sr,CoO; (x =0,15; 0,25; 0,85) usydyeno BIuAHNE
CKOPOCTH TEPMUYECKUX IIPOIIECCOB HA TEMIIEPATYPHYIO 3aBUCHUMOCTH KOMILJIEKCHOII MAarHur-
Hoil BocmpuumumuBocTu ¥ =% — iy''. Ilpu yBelWUYeHUH CKODPOCTU OXJIAKAEHHUS BeJIUUYHHA Y,
BO3PACTAIa OTHOCUTEJIHLHO 3HAUYEHUS, IIOJYUEHHOrO B YCJIOBUSAX MEIJIEHHOr0 (PaBHOBECHOIO)
u3MeHeHHus Temieparypbl. OddeKT o0biAcHEeH TepMoMarHuTHuIM BKaagom (OM /OT)(OT /0t B
BEJIMUUHY ), OOYCIOBIEHHBIM CUJLHOI 3aBUCHMOCTBHIO HaMarHudeHHOCTU M OT TeMIepaTyphl

© 2006 — Institute for Single Crystals

T B6sausu Touku Kiopu.

The interest in lanthanum cobaltates
La,_,A,Co0; (A is an alkaline-earth ele-
ment) is motivated by their prospective ap-
plication as high-sensitivity magnetic field
sensors, as electrodes in ferro-electric ca-
pacitors [1] and in thermal cells [2]. This
work concerns the influence of heat ex-
change conditions with environment on
magnetic properties of lanthanum cobal-
tates. It is known [3] that in substituted
lanthanum manganites, value of magnetiza-
tion M is influenced by cooling rate. This
influence has its maximum near the Curie
temperature T.. Besides, it is shown [4, 5]
the "pyromagnetic” effect was revealed con-
sisting in the fact that magnetization of
garnet-type ferrites and yttrium-orthofer-
rite is changed under irradiation with pulse
laser beams. As an indicator of M value
variation, there was electromotive force
(EMF) being registered in a detector coil
around a sample under testing. The EMF
generation might be explained both by mag-
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neto-elastic [4] and thermo-magnetic [5]
mechanisms, i.e., by an influence of ther-
mal pulses that occur due to irradiation of
the sample.

The studies were carried out using three
ceramic samples of the following chemical com-
positions: (1) Lao_65sr0_35COO3 (TC = _5000), (2)
Lao_758r0_25C003 (TC = _7000) and (3)
Lao_85sro_15COO3 (Tc:_185oC). The initial
compound LaCoQOj; is a non-magnetic dielec-
tric of perovskite type structure. Substitu-
tion of La by an alkaline-earth element re-
sults in occurrence of magnetic ordering of
La,_,A,Co0O; within the concentration range
of 0.3<x<0.5. The Curie point is located
within 220 to 250 K interval [6]. In this
case, the samples are subdivided into re-
gions enriched in charge carriers (and hence
exhibiting metal type conductivity) and
those depleted of charge carriers (the semi-
conductor conductivity type). The regions
enriched in charge carriers represent a fer-
romagnetic state, while those poor in these

Functional materials, 13, 3, 2006



A.A.Kozlovskii et al. / Influence of heat exchange ..

1 1 1 1
-150 -100 -50 TC°C
Fig. 1. Dependence x'(T) for a
Lay 45Srg 35C00, sample determined at differ-
ent cooling rates (K/min): 2 (1), 150 (2) 300
(3) and 400 (4). Curves (2) — (4) denote non-
equilibrium processes and (I) represents an
equilibrium process.

carriers are non-magnetic [7]. The nature of
phase transformations and magneto-resis-
tive effect in these compounds is still a
matter under discussion [8].

To study the influence of specific fea-
tures of heat exchange with environment on
magnetic transition in lanthanum cobal-
tates, variations of temperature depend-
ences of real y'(T) and imaginary y"(T)
parts of complex magnetic susceptibility
have been investigated at different cooling
and heating rates of the samples. Similar
studies have been carried out previously
with lanthanum manganites [9]. The T,
value has been determined from the maxi-
mum in the magnetic susceptibility tem-
perature dependence. The magnetic measure-
ments were carried out using a setup of the
Hartshorn bridge type. The amplitude of al-
ternating (modulating) magnetic field H(¢) =
H, cos(nt) corresponded to H,. = 8 Oe, fre-
quency o/2n = 1.3 kHz (¢ is time). The
measuring apparatus was calibrated using a
reference sample of high temperature super-
conducting YBa,Cu;0; ceramics. Values of
% and y"” have been calculated in Sl units.

The samples prepared by conventional
solid state reaction method were shaped as
15 mm long and 3.3 mm diameter cylin-
ders. According to X-ray-phase analysis
data, the samples were single-phase ones
possessing hexagonal structure with the
crystal lattice unit cell characterized by the
parameters a=b=0.54287 nm; c¢=
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Fig. 2. Dependence ¥ (T) for a

Lag g5Srg 35C004 sample determined at differ-
ent cooling rates: 2 K/min (dotted line) and
300 K/min (solid line).

1.32368 nm; and y= 120°. The samples
were placed in a closed capsule where the
temperature was controlled by means of a
copper-constantan thermocouple at the ref-
erence junction temperature 0°C. The sam-
ples were cooled by immersion of the cap-
sule into liquid nitrogen and warmed up
again using a resistive mnon-inductive
heater. The heating rate was regulated by
varying the heater current. The various
cooling rates were obtained by changing the
sample-holding capsule thermal insulation
extent. The temperature change rate de-
fined over time interval At between its start
and the thermal equilibrium state was rep-
resented as an average value AT/At.

Figs. 1 and 2 represent dependences %'(T)
and y%''(T), respectively, obtained for the
sample No.1 in cooling mode. The cooling proc-
ess was started from temperatures T >T,,
where the sample was in paramagnetic
state. It has been found that at rapid cool-
ing of a sample from 7 = 253 K to 77 K,
the maximum values of ¥'p4e @Nd %' s
increase as compared to maximum values of
these parameters, %',,,, and ", Trespec-
tively, obtained under equilibrium (i.e.,
slow) cooling mode. The relative increment
of ¥'(T) maximum value at non-equilibrium
process increases with rising cooling rate,
reaching 12 % at AT/At =400 K/min. It
should be noted that during measurements
in non-equilibrium conditions, a significant
temperature gradient is present in the sam-
ples. Besides, the thermal conductivity val-
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Fig. 3. Dependence x'(T) for a
Lag 551y 35C005 sample determined at differ-
ent heating rates: 2 K/min (dotted line) and
50 K/min (solid line).

ues for a ceramic sample [10] and for a
measuring thermocouple junction [11] dif-
fer by more than an order of magnitude.
The temperature registered in this experi-
ment denotes a temperature inside the
measurement cell and at the sample surface.
Therefore, shifts of maximums in curves
¥'(T) and y"(T) corresponding to the non-
equilibrium process should not be consid-
ered as a depression of the Curie point.

The discovered effect is symmetrical
with respect to temperature variation, since
the %',4x Vvalue decreases at rapid
(50 K/min) heating-up of samples as com-
pared to ' ... (see Fig. 3). Moreover, the
curve y'(T) represents a minimum within
the temperature range near 77 K. That
minimum is an evidence that decrease of
Y max 8t rapid temperature elevation is
caused not by different heating degrees of
near-surface and interior sample regions,
but due to some other physical factors. In
the course of time, the %' and y" values
which correspond both to rapid cooling and
rapid heating-up, respectively, come back to
their equilibrium values at a specific tem-
perature, when dT/dt = 0. The y'(T) and
¥''(T) dependences determined in conditions
of equilibrium cooling and heating-up coin-
cide with one another. Similar data have
also been obtained with samples No.2 and 3
having lower T, values.

Figures 4 and 5 present the curves of
¥'(T) and y"(T) temperature hysteresis loops
for the sample No.1, respectively; the curve
1 is obtained during slow heating up from
77 K, and curves 2, 3 and 4 are obtained
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Fig. 4. Hysteresis y'(T) obtained at rapid
cooling (300 K/min) of a LaggsSry;5C00,
sample starting from T < T, curve (2), T =
—55°C; curve (3), T = —80°C; curve (4), T =
—150°C. Curve (I) denotes an equilibrium
process.
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Fig. 5. Hysteresis %' (T') obtained at rapid
cooling (300 K/min) of a LaggsSry35C00;
sample starting from T < T, : curve (2), T =
—70°C; curve (3) T = —-135°C. Curve (1) de-
notes an equilibrium process.

during cooling at the 300 K/min rate,

starting from temperatures below T,.
The data were confirmed by image of os-

cillograph-produced curves, and by the fact
that the bridge was practically not disbal-
anced during rapid temperature variations
with no sample in the measuring coil. More-
over, a similar increase of ¥',,,. ¥ X" 4z has
been observed after a sample (having tem-
perature 20°C) has been placed into the
measuring cell cooled preliminarily down to
77 K, thus excluding any peak effects of
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instrumental origin. The y',,,, value thus
determined exceeded ¥'y,,5. PY 15 %.

The result obtained may be explained by
simple considerations that follow. Taking
into account the experimental conditions
and the operational principle of ¥ measuring
setup, the unbalance signal being measured
can be expressed as

U=¢g;—&y~dM/dt = (1)
= (OM /2H)0H / t) + (0M /8T)(@T/ ot) =
= %o(CH /t) + (6M /8T)(T / ot) =
= xo(CH /dt) + AU,

where g; is EMF induced within detector
coil that surrounds a sample; g5, EMF in-
duced within the compensating coil; AU,
thermomagnetic contribution to the signal
being measured. At slow temperature
change, i.e., when 0T /0t =0, it follows
from (1) that

U ~ yo(0H / t). (2)

For ferromagnetics that possess a single
magnetic sublattice, the condition (0M /0T) < 0
is valid below the Curie point. At rapid
cooling of samples, (0T/0t) <0 and conse-
quently, AU > 0 and U > U, according to (1).
At rapid heating-up, AU <0 and U <U,,
which is in conformity with experimental data.

Thus, thermomagnetic effects in the
studied lanthanum cobaltates, as well as in
substituted lanthanum manganites [9],
cause a significant influence on magnetic
measurements. The discovered effect is
similar to "pyro-magnetic” one registered
previously in other kinds of magnetics
[4, 5]. Difference from data in [4, 5] con-

sisted in the fact that thermal pulses have
been formed by means of heat exchange
processes rather than by electromagnetic ra-
diation. This made it possible to neglect the
potential contribution of susceptibility
value of which occurs due to interaction
between electromagnetic radiation and the
magnetic spin subsystem, as well as to
study the processes that occur both at heat-
ing and cooling of samples.
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BniuB TensooOMiHy Ha MaArHiTHY CHIPUAHATINBICTH
KOOAJBTUTIB JIAHTAHY

A.A.Ko3noécvruil, B.Il. Xipnui, T.I'./[eiinera

¥V kepamiurmx meposckirax La,_ Sr,CoO; (x = 0,15; 0,25; 0,35) BuBUEHO BIIMB IIBUAKOCTI
TepMiUYHUX IIPOIeCiB Ha TeMIIepaTypHY S3aJeKHICTh KOMILJIEKCHOI MAarHiTHOI CIPUWHATINBOCTI

x =y —iy''. IIpu 86inmbIIeHH] MIBUIKOCTI IIPOIIECiB OXOJIOAKEHHA BeJIMUMHA y 3pocTajia BigHOoC-
HO 3HAUeHHd, OTPMMAHOI'O B yMOBax IOBiNILHOI (piBHOBasKHOI) 3MiHU Temmepartypu. Edext

TOSICHEHO TepMOMarHiTHUM BHeckoM (OM /0T)(0T/0t) y BenrwdyuHy Y%, OOYMOBJIEHUM CHJIBLHOIO
sausiekHicTio Hamaruiuenocri M Bix remmeparypu T mo6uusy Touku Kiopi.
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