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Effect of low-temperature quenching from 100-200 K to the superconductive transi-
tion temperature was studied for polycrystalline YBa,Cu;O; , (x<0.1). T, values were
determined using a contactless method based on the magnetic susceptibility changes. The
quenching causes an increase in T, that is relaxed at an isothermal exposure in the region
T,= T ,+(4 to 5) K. Comparison with results of resistive T, measurements allows to dis-
criminate qualitatively contribution of bulk and surface effects to the superconductive
transition process.

HccnenoBaHo BIMsAHWE HUBKOTeMIepaTypHoi saxkasku or 100-200 K mHa TeMmepaTypy
cBepxnpoBogsAmero nepexoga T, nomikpucramios YBa,CuzO; , (#<0.1). SBuauenus T, ompe-
fensnuch GeCKOHTAKTHBIM METOJOM IO M3MEHEeHWI0O MarHUTHOH BOCIPHUMMUYMBOCTU. SaKaika
IPUBOAUT K IoBhIMeHuIo T, KOTOpOe peJaKcUpyeT IIPHM M30TePMHUYecKol BhIfepikke B 00-
nactu 4-5 K. Comocrasyienue ¢ pe3ybTaTAMM Pe3UCTUBHEIX uaMepeHuit T, mo3BoJsAeT Kade-
CTBEHHO PasfejIUTh BKJAJ 00beMHBIX U IOBEPXHOCTHHIX 3¢deKTOB B Ipoliecec CBePXIIPOBOXLA-

iero mnepexonua.

First experimental studies of YBa,Cu30;_,
properties in a quenched state [1,2] were
performed using the fixation of the high-
temperature thermodynamical equlibrium
state from the ortho-tetra transition tem-
perature region. An increase in electrical
resistance of ceramic samples under study
and lowering of the superconductive transi-
tion temperature (7,) was observed at the
quenching temperature elevation or increas-
ing vacuum exposure time and, respec-
tively, growing oxygen vacancies concentra-
tion [3]. Yet, besides of T, lowering with
increasing oxygen index x [1,2], a possibil-
ity was demonstrated to realize these proc-
esses at an unchanged, reduced, x value, for
example, when samples quenched from
T,=440-520° were annealed isothermally at
2983 K what resulted in T, increase [4-6].
Such processes are occurred at a relatively
low mobility of oxygen vacancies and appear
to be due to formation of various vacancial
superstructures in the oxygen subsystem of
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the lattice; the presence of such superstruc-
tures is common for YBa,Cuz0;_, [7-10]. It
is not clear from data published [1,2 4-6]
how fast the temperature of samples under
study was changed within 150-250 K re-
gion when dropping down to liquid nitrogen
one. Numerous experimental studies of ki-
netic, thermodynamic and other structure-
sensitive of YBa,CuzO;_, have shown that,
in the temperature region 150-250 K,
anomalies are observed [11-14] evidencing
the presence of a phase transition. However,
structure properties investigations show the
presence of the strictly orthorhombic
YBa,Cu30;_, structure at x<0.1 [15,16].

The presence of hysteresis phenomena at
heating and cooling is a specific feature of
YBa,Cuz07_, in the anomalies region [16].
But anomalies are manifested also beyond
the temperature interval mentioned down to
T [18].

In our works [19-21], the low-tempera-
ture quenching of YBa,Cu;0;_, (x¥<0.1) sin-
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Fig.1. Tempe;'ature dependences of the mag-
netic susceptibility for a YBa,Cu;O;_, sample
in the superconductive transition region for
the initial state (1), after quenching from 95,
100, 110, 120, 130, 140, 150 and 172 K
(2-9) and after annealing (3'-8').

gle crystals and polycrystalline samples
from temperature region 100-300 K was
experimentally studied. The YBa,CuzO_,
state fixed by a cooling from T <T,, tem-
perature region (T,, is the anomaly tem-
perature) differs sharply from that observ-
able in the case Tq>Tan. For the
TqS'Tanregion, the sample electrical resis-
tance in the normal state grows when T, is
elevated while T, decreases. In the Tq>%'an
range, an inverse situation takes place, i.e.
drop of resistance and growth of Tq. The
T,, value itself is dependent on the expo-
sure time at the quenching temperature Tq,
decreasing when the exposure duration
grows. Such a behaviour is typical for
states being formed by diffusion and is
likely associated with thermal instability of
vacancial superstructures (VSS), i.e., a typi-
cal process with x=const is realized. At a
heating to 7',2100 K, the ordered state with
‘a high T, turns out to be thermally in-
stable. Those experiments allowed to de-
velop a thermoactivation model of VSS in-
stability involving a transition chain from
VSS to VSS’ [21]. '

It is to note that in [19,20], T, was
measured by the resistive method using con-
tacts made of a silver conducting paste. In
that case, substantial difficulties may arise
due to a possible contribution of processes
occurring on the surface and grain bounda-
ries, e.g., changes of intergrain contacts
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caused by gas adsorption [22]. In principle,
it is possible to discriminate the volume and
surface contributions into low-temperature
quenching effects by comparison of T, val-
ues measured using magnetic and resistive
methods.

This work is aimed at the study of the
low-temperature quenching effect on T,
value of polycrystalline YBa,Cu3z0;_, sam-
ples. T, measurements were made using the
magnetic susceptibility changes. The latter,
%, was measured in alternating magnetic
fields (f~200 kHz, H<0.1 A-cm™!) using
method described in [28]. Plate-shaped sam-
ples to be studied were placed between coils
of a parallel coupled contour. The sample
transition into superconductive state caused
a change in the intercoil coupling and,
hence, a change in the contour tuning fre-
quency which is proportional to the sample
diamagnetic susceptibility. The y measure-
ment error did not exceed 10%, that of
temperature, 0.01 K.

Samples to be studied were prepared ac-
cording to a standard procedure from Y,O3,
CuO and BaCO3; powders which were
blended and compacted at a room tempera-
ture. Then, the tablets were subjected to sev-
eral stages of thermomechanical treatment in-
cluding a prolonged annealing in oxygen a
atmosphere at 850°C and subsequent grinding
at room temperature. On the last stage, rec-
tangular plates of 10x8x0.5 mm?3 size were
cut out of tablets to perform the low-tem-
perature quenching experiments. Initial sam-
ples state was characterized by lattice parame-
ters at room temperature (a=3.825+0.001;

b=3.890+0.002 and ¢=11.685+0.004 ;\) and by
T, value 89-92.4 K that corresponding to
x<0.1. Experiments were performed on sam-
ples with T,=92.4 K in the isochronic ther-
mocycle mode [19,21] within 100-250 K
range. After T, measurement, samples were
heated to the exposure temperature when
being above the liquid nitrogen surface, ex-
posed for =10 min and quenched by immer-
sion in the liquid nitrogen. Then, T, was
measured again repeatedly in the course of
slow warming. Then again, the sample was
heated to 7,=100-115 K, exposed for 10 min
(annealing) and, after cooling, T, was meas-
ured once more to control the constancy of
the sample initial state. The next heating
cycle was performed to a higher tempera-
ture. Exposure time at each temperature
was the same (t=const).

Fig.1 shows y(7T') dependences in the su-
perconductive transition region for a sam-
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Fig.2. Dependence of the superconductive tran-
sition temperature on the quenching one: data
of the magnetic susceptibility measurements (1)
and resistive studies data (2) [20].

ple with initial T, value 92.4 K for several
quenching temperatures. Annealing tem-
peratures exceeded T, values by 4-5 K, an-
nealing duration was always the same. It is
well seen that, due to the low-temperature
quenching, transition curves do shift to-
wards higher T, region. After the anneal-
ing, curves return to the initial position
(curve 1) with some scattering. The initial
state T, values are reproducible within
91.2-98.2 K limits. No appreciable vari-
ation of transition curves shape is observed
when the quenching temperature grows.
The amplitude of the signal drop at the
transition changes somewhat (by about 5%
with increasing T,) thus evidencing perhaps
a change in the superconducting phase con-
tent. Yet no cahbratlon was performed to
this end.

The superconductive transition tempera-
ture dependence on the quenching one is
presented in Fig.2 (curve 1). The hatched
region corresponds to the scatter of T, val-
ues in the «initial» state. It is seen that T,
does increase with the quenching tempera-
ture and at T,=140 K attains T ,=107+1 K
what exceeds appreciably the resistive ex-
periment results [19,20]. For comparison,
the same dependence is presented for the
same polycrystal but measured using the re-
sistive method. The heat treatment shedule
was identical. Distinctions between the
curves are seen first of all in qualitative
dependences difference for T ,<T (T, ™%*) re-
gion. On resistive curves, a rop section
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Fig.3. Experimental magnetic susceptibility
dependences on the magnetic field strength in
the initial state (1) and after the quenching
from T, =140 K.

arises when the quenching temperature in-
creases. It is naturally to suppose that the
observed distinction of curves is due to
grain-boundary effects which «block» the T,
growth effect in the case of resistive meas-
urements (curve 2) and disappear quickly
(before T',~140 K).

In the case of contactless measurements,
the effect of T', increase due to the low-tem-
perature quenching is more pronounced. Ac-
counting for a great penetration depth
(A~0.5 pm), this fact allows to state that
the T, increasing effects observed in [19-.
21] are due mainly to bulk processes rather
than to surface and grain-boundary ones.
Note that a similar conclusion can be made
for the case of single-crystalline samples
where correlation between resistive and
«magnetic» curves is similar to that seen in
Fig.2.

Sample magnetization curves at the lig- .
uid nitrogen temperature were measured
after each thermocycle. In Fig.8, typical
magnetization curves are shown for the ex-
ternal magnetic field oscillation within the
0 to 150 A-cm™! interval at a period T,=8 s.
From the magnetization hysteresis loop
shape in the superconducting state, vari-
ations of the critical current density due to
the quenching were determined [24]. In
Fig.4, relative change of the critical cur-
rent density is presented vs. the quenching
temperature. The curve is very similar to
the TC(T) dependence obtained using the
resistive measurement method. First, some
J, drop is observed and then increase corre-
sponding to that of T, values. A substantial
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Fig.4. Dependence of relative critical current
density increase on the quenching temperature.

fraction of the critical current increment
should be related to the temperature «stock»
increase due to T', elevation.

Thus, effects of T, increase at the low-
temperature quenching are associated with
microscale diffusion processes occurring
mainly in the bulk of samples under study
and accompanied by the critical current
density increase.
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N.S.Ova-

Hussxoremuneparypue rapryBanaa BTHII cucrem
(YBazCuzO7_x )

K.B.Bednoe, A.O.Mamanyii, JI.3./1y6’anui, O.1.Txavernxo

Hocnimxeno BIINB HU3BKOTeMIepaTypHoro rapryBanHa Bix 100-200 K Ha TemnepaTypy
HaxnposigHoro nepexoxy T, monikpucranis YBa,CuyO;_, (#<0.1). Bnauennsa T, BUSHAUATHCEH
0e3KOHTAKTHUM METOJOM MArHITHOI CIpPMUHATIUBOCTL. I'apTyBaHHA NPUSBOLUTE A0 HiABU-
mennsa T,, sKe peJaKcye, AKIIO i30TepMiYHO BUTPMMYBATH 3arapTOBAHMUN 3pasox mpu 4-—
5 K. IIopiBHAHHA 3 Pe3yJbTATAMU Pe3UCTUBHUX BUMipioBaHb T', [03BOJIAE AKICHO PO3ALIATH
BHECOK 06’€MHHMX Ta IIOBEPXHEBHUX edeKTiB y mpolec HaAIpPOBiJHOIO Iepexony.
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