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Abstract

The effects of the temperature gradigrnd heat transfer’s velocitg) parameters on the shape of AC susceptibility curves
were experimentally explored. At homogeneousyiBa; 95Clb.97056.86 CEFamic samples only broadening with negligible
horizontal translation and shape distortions of jieand x” susceptibility curves were observed. At samples with local
inhomogeneity—beside broadening—a proportional peak-deep-hump type distortion and horizontal translatigif ,of the
and rotational translation of thg curves appeared. The results—leading to a clearer understanding of how inhomogeneities
and the scanning parameters influence the shape of the AC susceptibility curves—allow separating the effects of local
inhomogeneities from the ones produced by structural modifications. It is confirmed that the spatial resolution of the method
forlocalinhomogeneities is proportionalg@and inversely proportional @puntil a limit is determined mainly by the relaxation
time of the studied phenomenon.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction scanning susceptometry (TS8)5], like the different
variants of the scanning calorimetry (DSC, MDSC)
Glassy systems can display complex collective be- [6-8], can help to detect the kinetics of structural
havior characterized by the formation of synchronous relaxations and additional phenomel8a-11]. In the
clusters[1]. In high-Tc superconductors there are TSS method, the presence of the temperature gradient
many ordered phases which appear to compete and(p = AT7/Ax) in the sample indicates weak thermal
sometime coexis{2]. Due to structural relaxation  coupling between the sample and the thermal bath.
processes, their response to a change in temperaturdn opposition to the isothermal methods, where the
near the phase transitions is not instantaneous andglobal response of the whole volume of the sample
is inherently non-linear. The dynamics of real sys- is received, at weak coupling, partial volumes of the
tems, especially of cuprate superconductors has beensample are successively explored (scanning). One of
the subject of numerous investigatiof8j. Thermal the possibilities—to realize an easily controllable tem-
perature gradient along the sample—is to cool down
mpondmg author. Tels 36-52-415-222: or heat_up one end of the §amp|g yia a variaple ther-
fax: +36-52-315-087. mal resistor. The speed of its variation determines the
E-mail address: acbodi@moon.atomki.hu (A.C.égli). temperature scanning rate¢,= AT/Atr. For highest
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spatial inhomogeneity resolutiog should be small thermocouples

whereas should be high. For the highest sensibility U B

of the method, the requirements are antagonigtic; T, Ts

should be small, and should be high. The experi- & sample

mental set-up determines the limits of an acceptable

compromise. Sample inhomogeneities influence on

the results of the magnetic measuremghgy. L_
The purpose of this work was to study compara- pick-up coil

tively the effects of the parameter valygsandq and X2’

local inhomogeneities on the shapedfand x” AC

susceptibility curves for ¥Ypi1Baj.95Clp 970686 CE- =

ramic samples. - _

polyuretan

liquid nitrogen

dewar

2. Experimental
Fig. 1. Schematic drawing of the experimental set-up. The pick-up

Three samples (A—5 mm 5mm x 4mm: Bl— coil is wound around the sample/ and x” are measured in
’ phase and out of phase AC voltages proportional to the real and

4mmx5mmx 7 mm; C—4mmx 5 mmx7 mm) were imaginary components of the AC susceptibility. U and B are J-type
prepared from fine powder using the dynamic press- thermocouples measuring the temperatures of the ufdrand

ing method. This method produced compact samples the bottom (E) end. The primary AC field coil is not marked.
possessing very smooth surfaces. These features have

a significant importance in thermally non-equilibrium important physical and chemical parameters of the
experiments. According to X-ray diffraction studies, Y1 01Ba1.95Clp.9706.86 Samples (£ ~ 92K) have
these specimens were very close to the single-phasebeen published earli¢t3]. The studied specimen was
material. Only the component of Y(123) exists in a inserted in a pick-up (secondary) coil connected to a
significant quantity (>95 mass%) in the samples. All commercial two phase lock-in amplifier (Brookdeal

%" [ arb. units
%' larb. units

Fig. 2. They and x” curves of the sample A (5mm 5mm x 4mm) measured by conventional method using a commercial lock-in
amplifier vs. the temperaturé measured by J-type thermocouple.
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Electronics Princeton Applied Research type 5206) lock-in amplifier (f = 5kHz). The AC current used
(Fig. 1). For comparison, first the complex suscepti- produced a magnetic field of the ordér ~ 1074 T

bility of a homogeneous sample (A) was determined on the surface of the sample. A polyurethane foam
using the conventional (without temperature gradient) layer (thermal insulator) surrounded hermetically the
AC method. Following this, the homogeneous B1 sam- sample-secondary coil-thermocouple system.

ple was studied, using the TSS method. In the sample In order for the TSS method to be suitable for de-
C (initially identical to sample B1) a hole (& 1 mm) tecting fast changes in the sample’s parameters, the
was drilled at 1/3 height for local inhomogeneity ef- sample-bath thermal relaxation time has been chosen
fect studies. For temperature gradient measurementsto be long compared with the relaxation time observed
two J-type thermocouples (U, B) were used; one at the at the normal-superconductor domain fluctuation in
top and another one at the bottom end of the sample.the sample.

The sample was coated with a neutral silicone rubber  During the relatively high number (~50) of thermal
layer. The sample—secondary coil-thermocouple sys- scanning, the bottom end of the sample was cooled
tem was inserted into the primary coil powered by the and the top end was heated. For this reason, the sample
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Fig. 3. (@) They' and x” curves of sample B1 (4mm 5mm x 7mm) measured by the TSS method, vs. the medium temperature
Tm = (Tu + Tg)/2 using a commercial lock-in amplifier. (b) The corresponding variation of the temperdiyrasd Tg measured during
the TSS measurements by J-type thermocouples at the top and bottom end of the sample B1 vs. the medium tefgperature
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was slowly submerged in (or raised from) a Dewar = Among the advantages of the used TSS method over
containing liquid nitrogen. During this type of cooling the conventional one we can mention that it does not
(or heating), the heat transport occurs mainly in one permit only the observation of fine structured curves

direction (quasi-1D temperature gradient). As a result, but also the ranging of local phenomena.

the boundary plane between the superconducting and

normal region sweeps along the sample from the bot-

tom to the top end (or inversely). The temperature ac- 3. Results

curacy, time and the temperature resolution were 2 K,

1s,and 0.2 K, respectively. All data were recorded asa  Fig. 2 presents the results received for the homoge-
function of time using a computer controlled DAS-TC neous A sample, studied by the conventional AC sus-
(Keithley) data acquisition card. ceptibility method.Fig. 2 also shows the continuous
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Fig. 4. Effect of different scanning rateg £ 2.9, 1.6, 1.4, and 1.2 Kmint) on yx (a) and ony” (b), curves of sample C (4 mr6 mmx 7 mm
with a hole as local inhomogeneity) obtained at a constart (LK mm~1) temperature gradient vs. the medium temperafiyfe
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sigmoid drop ofy’ (from 100% to as low as-20%,)

as a function of temperatuiie This curve reflects the
increase of the ratio of the partial and perfectly co-
herent fraction to the normal part’'s volume from O to
80%. (That is, the variation of from 0 to as low as
approximately—0.8 in dimensionless (SI) units.) The
x' curve begins to deviate from its linear variation at
the onset temperature 96 K, when the volume of par-
tial coherent domains becomes high enough to be per-
ceived by the given set-up. The variation of the imag-
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inary componenty” presents a maximum, reflecting
the energy dissipation in the sample. The maximum
appeared (afc = 92K, and at about 50% coherent
volume ratio) when the flux lines and shielding cur-
rents fully penetrated the sample. Th& peak de-
veloped as a compromise between the increase of the
absorbed power density and the decrease of the field
penetration deptfi4].

The x’ and x” curves of sample B1 were recorded
with the TSS method, under the temperature gradient
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Fig. 5. Effect of different temperature gradients £ 0.8, 1.3, and 2.2Kmm?) on the ¥ (a) and ony” (b) curves of the sample C
(4 mmx 5mmx 7 mm with a hole as local inhomogeneity) obtained at a constant scanning eat8 K min~1) vs. the medium temperature

Twm.



148 A.C. Bodi et al./ Thermochimica Acta 406 (2003) 143-149

p = AT/Ax = 1.3+ 0.07Kmm1, and presented in  possessing two critical temperatures. This coincidence
function of the medium temperatufgy = (Ty+17g)/2 may suggest erroneous interpretations. The displace-
using two scanning rates (@ 1.2 and 1.8 Kmin?) ment of peaks irFig. Sbapparently also may suggest
successively (Fig. 3afig. 3bshows the variation of  that the critical temperature may depend on the tem-
temperature$y andTg measured by the U and B ther-  perature gradient. But our curves reflect particularities
mocouples. The main effect of the temperature gradi- produced by not else than the artificial local inhomo-
ent (scanning) resumes in the broadening of the curvesgeneity but not the temperature dependent variation of

in the direction of lower temperatures. the sample’s physical and chemical parameters. In or-
Comparing the curves of samples A and B1 by der to demonstrate that, we representeéim 6 the
curve fitting (using equation type Weinbull fg”, maxima of theyx” curves (reflecting the losses in the

and sigmoidal fory’ curves) we established that the superconducting zone situated betweenfihe= 92 K
broadening was not followed by shape distortion. The temperature border-plane and the bottom of the sam-
influence ofq on the curves remains negligible. ple) exactly in function of the characterized zone’s
Sample C was studied with the TSS method. For medium temperatur@sc ~ (Tc + Tg)/2 (linear in-
the shape of the curveg’ of sample C (with local terpolation). In the limit of the experimental precision
inhomogeneity)g plays an important role (Fig. 4b). the peaks appear at the saffiec = 90.15+ 0.2K
The curves were obtained as the scanning rate var-temperature. This suggests that the physical and chem-
ied (¢ = 2.9, 1.6, 1.4, and 1.2 Kmint) while main- ical modifications happened always at the same local
taining p at a constant-1 Kmm~1 value by suitable  temperature independently from the applied temper-
inclination of the sample’s vertical axis. The appear- ature gradient. That is, the TSS method not altering
ance of a minimum on thg” curve (peak-deep-hump the course of transition gives objective reproducible
structure) reveals the presence of the hole. Slowing results.
down the scanning ratg the minimum deepens and Existing mathematical expressions were fitted to the
displaces together with the broadened curves in the data, but it has not yet yielded a detailed understand-
direction of lower temperatures. Consequently, with ing of the structural kinetics. So, the phenomenolog-
decreasingy the spatial resolution for local inhomo- ical interpretation—based on the obtained curves—
geneities increases, and the main peaks remain at theemains important also in the followings. The distor-

same (~92K) temperature. tion on the curves reflects the amplitude and even the
Fig. 5a shows the results of sample C obtained location of the particularity.

with differentp at ¢ = 3Kmin~1. With increasing Before characterization of the studied material the

gradients (p= 0.8, 1.3, and 2.2Kmm?) the x” shape of the susceptibility curves must be analyzed in

curves broaden in the direction of higher tempera- order to separate the effects of eventual local inhomo-
tures together with their more and more accentuated geneities from the ones produced by structural modi-
peak-deep-hump structures (Fig. 5b). fications. For this purpose th¢' curves—being more
affected—are more useful than tik€ones.
It was confirmed that the spatial resolution of the
4. Discussions and conclusions TSS method is directly proportional to the thermal
gradient (p). Under our conditions must be greater
For homogeneous samples, the TSS results obtainedat least five times thatn7/Ax = 0.2 Kmm~1. Here
at constantp and g conditions are similar to those 0.2K is the temperature resolution and 1 mm is the
obtained under conventional AC susceptometry. The hole’s diameter. The spatial resolution is inversely
broadening of the curves without distortion—as a con- proportional to the velocity of the heat transfer (g) un-
sequence of the thermal scanning—increases the spatil the limit A7/Ar = 0.2 K/0.8 min = 0.25 K min—1.
tial resolution of the method for local inhomogeneities. Here 0.8min is the relaxation time observed at
The (peak-deep-hump structured) curves that are normal-superconductor domain fluctuatigf]. At
presented here (Figs. 4b and 5b) are distorted by theslower scanning rates the spatial resolution of the
drilled hole (as artificial local inhomogeneity). They method for local inhomogeneities decreases. Prac-
are similar to they” curves of homogeneous materials tically our resolution is better tharn1 mn? if the
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Fig. 6. The peak region of thg” curves of sample C for seven different scanning rate T, the medium temperature of the
superconducting part of the sample (h: heating; c: cooling).
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