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THE JOINT INFLUENCE OF CATION AND OXYGEN NONSTOICHIOMETRY ON
SUPERCONDUCTING PROPERTIES IN 123 CUPRATE

As shown earlier, there is a “slow” constituent (y) into oxygen nonstoichiometry in
superconducting 123-cuprates doped with rear-earth elements. The aim of this paper is to study
possible effect of changing “slow” oxygen content on electrophysical properties of HTSC cuprates.
Magnetization of Sm-doped samples YBajgSmy 10CusOx was measured in a vibrating sample
magnetometer in scanning magnetic field and temperature. Two series of samples
YBa.90Smy,.10Cu30¢.5+, Were prepared for measurements from the same batch of material: with maxim
(Ymax = 0.10) and minimum (ymn, = 0.00) values of “slow” oxygen content and corresponding to
formulas YBa;4,Smy 10Cus07 97 and YBaq9Smy 10Cu30s497 respectfully. Both types of samples were
obtained from the same batch of sintered material. Samples (I) were brought to equilibrium at 720°C
(lower than T,,) to maximize the “slow” oxygen content: y,ax = 0.10. Then they were cooled to 400°C
and kept at this temperature for 1 h to maximize “quick” oxygen content. The final total oxygen content
in the samples of this series was established at x (I) = 7.07 (YBay.90Smy,.10Cu307.07).

Samples (Il) were brought to equilibrium at 900°C (above T,,) to minimize the “slow” oxygen
content: vy, = 0.00 and then they were rapidly (in less then 10 min) cooled to and kept at 400°C for 1
h. The final total oxygen content in the samples of this series was equal to x (ll) = 6.97
(YBa4.96Smy.10Cu30¢.g7).

The study of magnetic hysteresis in these samples shows that additional oxidation with respect
to “slow” component produces HTSC with higher both the critical temperature T% and intragrain critical
current density Jcg in ceramic specimens. The maximum value of Jy,q3 = 3-10 A/em? in untextured
ceramic specimens was observed.
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Introduction

A characteristic feature of high-temperature superconducting (HTSC) cuprates
is a strong dependence of their structural and electrophysical properties on oxygen
nonstoichiometry. Cuprates exhibit large oxygen nonstoichiometry: depending on
temperature and oxygen partial pressure in the ambient, oxygen index x in barium-
yttrium cuprate YBa,Cu3Oy (YBCO) changes in the interval 6.2 < x < 7.0 at equilibrum
and in metastable state — from 6.0 to 7.0 [1,2]. Oxygen in YBCO exists in two forms:
strongly and weakly bound. The strongly bound oxygen is in the state of oxidation -2
(usual for oxides) and its amount is constant: 6.0 mole O per formula unit. The
weakly bound oxygen is evolved when cuprate is dissolved in acids and its oxidation
number exceeds -2 (which is met, e.g., in peroxides). This form of oxygen is
completely responsible for oxygen nonstoichiometry and its amount & is a variable
part of general oxygen content: x =6 + 0 [1, 2].

Earlier we found that in barium-yttrium cuprate YBa,.,RE,CusOyx doped with a
rear-earth (RE) element a new, additional constituent (y) of oxygen nonstoichiometry
is realized so that x =6 + & + y [3,4]. Contrary to usually observed nonstoichiometric
oxygen (d), this additional part of nonstoichiometry shows a very slow kinetics of
relaxation and also gives the possibility of oxygen content higher than 7 mole per
formula unit: x > 7,0. According to these data, we need to distinguish two unlike
components of weakly bound oxygen in nonstoichiometric cuprates: usual «quick» ©
and additional «slow» y. Slow oxygen appears in cuprates doped with heterovalent
substitutes such as RE at Ba sites.

In air ambient, the highest content of «slow» oxygen may be obtained after keeping
a sample to equilibrium below Ty = 740°C and this extra oxygen content equals to RE
amount: ymax = ¥. This implies the following scheme of Ba substitution for RE: [Smg,’] =
[Op']. Above Ty, =840°C, “slow” oxygen is completely lost from the sample, ymin = 0 [3,4].
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The aim of this paper is to study possible effect of changing «slow» oxygen
content on electrophysical properties of HTSC cuprates. Magnetization of Sm-doped
samples YBai.9oSmy.10CusOx was measured in a vibrating sample magnetometer in
scanning magnetic field and temperature.

Preparation of nonstoichiometric samples

Cuprate samples doped with Sm according to the formula YBa,.,Sm,CuzOy
(y =0 — 0,10 with the step 0,02) were studied. Although the batch formula suggests
itroduction of Sm instead Ba, ionic radii considerations (r(Y) = 1.02 A, (Sm) = 1.079
A, r(Ba) = 1.42 A), show that a change in stoichiometric ratio of large (as compared
to Cu) cations at Y and Ba sites is expected: (Y+Sm)/Ba = (1+y)/(2-y).

The samples were synthesized through a standard ceramic procedure. As
starting reagents Y,03 («ITO-LUM»), CuO («pure for analysis»), BaCOgs («highly pure
9-3»), and Sm,03 («highly pure») were used. We focused on attaining homogeneous
single-phased state of synthesized samples. Weighed portions of starting reagents
were ground and mixed in an agate mortar under layer of ethanol. Mixed and ground
powders were pressed into pellets and fired in air at 880—-930°C for 30—40 hours. To
improve the links between the grains of reacting substances, intermediate grindings
of reaction mixtures were performed after each 6-8 hours during solid-state synthsis.
The pattern of X-ray diffraction in Fig. 1 (a DRON-3 diffractometer, Cu K, radiation)
confirms completion of synthesis, single-phase state and good crystallinity of powder
sample after firing at 920°C for 40 h.
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Fig. 1. X-ray powder diffraction pattern from single-phased YBa; 9ySmg 10Cu30,
after svnthesis at 920°C for 40 h.

Finally, the samples of synthesized powders were formed into plates with
dimensions 15 x 5 x 1 mm and sintered at
930-940°C for 2—-3 hours with the following
slow cooling (<100°C/h) to room
temperature.

The SEM microphotograph (JSM-
35C, JEOL) taken from sintered sample
(Fig.2) shows well formed crystalline
grains, often platelike, with quite clear
surfaces. They are distributed in sizes from
5to 20 pym.

A series of electron probe local
analyses taken from different grains of the

Fig. 2. SEM microphotograph of .
sintered sample YBas sSMo 1,CUs0, White sample (Fig.3) shows the presence of only

seament = 10 um. one phase — 123 cuprate. Assessment of
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the joint data of electron microscopy, X-ray diffraction and local electron probe
analyses comes to unambigious conclusion that the sample presents a single-
phased homogeneous 123 cuprate without any foreign phase inclusions.
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Fig. 3. A typical energy-dispersive spectrum of electron probe local
analysis of sintered sample YBa; goSmg.10Cu3O,

Two series of samples YBaj9Smo10Cu3Oe+s+y Were prepared for
measurements: with maxim () and minimum (IlI) values of «slow» oxygen content:
y(I) = 0.10 and y(ll) = 0.00 respectfully. Both types of samples were obtained from
the same batch of sintered material. Samples (I) were brought to equilibrium at
720°C (lower than Ty1) to maximize the “slow” oxygen content: ymax = 0.10. Then they
were cooled to 400°C and kept at this temperature for 1 h to maximize «quick»
oxygen content. The final total oxygen content in the samples of this series was
established at x (I) = 7.07 (YBa1.90Smo.10Cu30707).

Samples (Il) were brought to equilibrium at 900°C (above Ty) to minimize the
«slow» oxygen content: ymin = 0.00 and then they were rapidly (in less then 10 min)
cooled to and kept at 400°C for 1 h. The final total oxygen content in the samples of
this series was equal to x(ll) = 6.97 (YBa1.90Smo.10Cu30s.97).

Results of magnetic measurements

Magnetic moments of samples were measured by a Foner’s vibrating sample
magnetometer (VSM). The measurements were conducted in scanning magnetic
field (reversal field Hnax = 8 kOe) and temperature (reversal point above T;) modes.

In Fig. 4 temperature dependences of magnetization M of the samples | and II
in heating-cooling cycles are compared.
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Fig. 4. Hysteresis of magnetization at thermocycling samples (I) — (a) and (ll) — (b)
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These measurements were performed in a low external field (H = 2 Oe) and
with the reversal temperature well above the critical temperature T.. A typical time
period taken for measurements in a heating-cooling cycle starting and ending at
about 5 K was half an hour.

Observed hysteresis is typical for type-ll superconductors. Two branches of
the hysteresis curve meet at the point that corresponds to the critical temperature T..
At T. a negative diamagnetic moment of a superconducting sample disappears. In
Fig. 4 these points are indicated with vertical dashed lines.

As obtained from the data in Fig. 4, the critical temperature of sample |
(YBa1.90Smg.10Cu307,07) is T¢(l) = 93.4 K as compared to T,(Il) = 91.7 K for sample Il
(YBa1.90Smg.10Cu306.97). Thus, maximizing «slow» oxygen content (Ymax = 0.10) may
somewhat increase T.

Figure 5 demonstrates magnetic hysteresis loops taken from sample |
(YBa1.90Smg.10Cu30y707) at different temperatures, in this case at 5 and 75 K.
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Fig. 5. A loop and a half-loop of magnetic hysteresis in YBaj goSmg 10Cu3O0797 at 5 K
(a) and 75 K (b).

It is well known that type-Il superconductors exhibit magnetic hysteresis. Finite
resistivity and magnetic hysteresis in these superconductors appear because the
motion of flux filaments is pinned by defects such as voids, inclusions, dislocations,
grain boundaries, and compositional variations. This pinning results in an
irreversibility of metastable states, which manifest themselves in hysteresis. In HTSC
ceramics, important factor is the sensitivity of critical current of weak links to local
intergrain fields [5]. When the flux filaments depin by thermal activation, or because a
current density exceeds some critical value, their motion induces an electric field [6].

The difference between the values of magnetization M (specific moment m) on
ascending (Masc) and descending (Myes) branches of the hysteresis loop (AM = Masc —
Mges) at a given strength of magnetic field may serve as a measure of pinning
efficiency in type-Il superconductor and thus assess its practical effectiveness. The
critical current density J. may be estimated in frames of Bean model [7], which
assumes that the critical current density does not depend on magnetic field (J.(H) =
const). The value of J; may be obtained from the following formula:

Jo = 15 (AMIR), Alem?

where AM is the width of the magnetization hysteresis loop (AM = Masc — Mges) in
emu/cm?; R is the radius of the sample, cm.
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In strong magnetic fields this
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are plotted against magnetic field
H at different temperatures both for
sample | and |Il. From this
comparison, the advantage of
HTSC samples fully oxidized with
respect to “slow” component of oxygen nonstoichiometry is evident (Fig.6.). Under all
fields and temperatures, the critical current densities in sample | are greater
approximately by factor of 2 or more than those in sample Il. In sample | the density
of critical current at 5 K in lower magnetic fields is Jog = 3-10° A/lcm?.

Fig.6. Intragrain critical current densities Jgq in
samples | (black symbols) and Il (open symbols)
under different fields H and temperatures T.

Conclusion

Excess oxidation found in cuprates with cation nonstoichiometry due to
heterovalent doping may be of practical interest due to somewhat higher both the
critical temperature T. and intragrain critical current density Joq in ceramic specimens.
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B.B.lpucedckuli, C.B.Bacunebes, H.B.Mapkoea, N.B.MbICHUK, M.M.Epmonos,
B.B.HYabaHeHko COBMECTHOE BJINSIHUE HECTEXUOMETPUN 11O KATUOHAM U AHUOHAM
HA CBEPXIPOBO/JSILYNE CBOUCTBA KYIPATA 123

PaHee nokasaHo, 4mo cywecmsyem «melneHHas» cocmasndowas (y) KucriopodHou
HecmexuoMempuu  €8epxrnpoeodsuwux Kynpamos 123, jieaupo8aHHbiIX  pPedKo3eMeslbHbIMU
anemeHmamu. Lenb Hacmosuwel pabombi — U3yHumb 803MOXHOE 8/IUSHUE U3MEHEHUST COOepKaHUs
«MeOneHHo20» Kucrnopoda Ha anekmpocgpusudeckue ceoticmea BTCI1 kynpamos. B mazHemomempe
C eubpupyrowum 06pa3yoM USMEPSANU HaMac2HUYEeHHOCMb Jfle2uposaHHblx Sm  o0bpasuyos
YBa;.90Smy 10CU3sOgs5+y MpU  APAMOM U 0OBpamHOM CKaHUPO8aHUU Ma2HUMHO20 [ond U
memnepamypsi. [ns usmepeHul npueomosunu u3 o0HoU U mol e napmuu CUHMe3Uupo8aHHO20
Kyripama 0se cepuu 06pa3uos YBay goSmy 10CU30e+s+,. € MakcumarnbHOU (Ymax = 0.10) U MUHUMasbHOU
(VYmin = 0.00) eeniuquHOU colepxxaHusi «MedrieHHO20» Kucriopoda omeedarujue coomeemcmeeHHO
gopmynam YBay.90Smy.10CU307.07 U YBaq.9oSmMy 10Cu30s97. M3ydeHue masHUMHOZ20 eucmepesuca 8
amux obpasyax rokasasao, 4mo OOorMofHUMeNbHoe OKUCeHuUe o «MedrneHHol» cocmaernsowel
KUcriopoOHoU Hecmexuomepuu ro3eosnisem rnosnydums obpasusi BTCIT ¢ 6onee 8bicokol
Kpumuyeckol memrnepamypol T, u 8Hympu3epeHHOU /I0MHOCMbI0 KPUMUYeCKo2o moka Jeg; 6
Kepamu4yeckux obpasyax. MakcumanbHasi eefnuduHa 6HYympu3epeHHOU MI0MHOCMU Kpummoka,
docmuaHymasi Ha HemekcmypupoeaHHbIX KepaMu4ecKux obpasyax, cocmasuna Jqg = 3 10° Aler®.

Knroueenle csiosa: 8bicokomemmnepamypHbIl c8epXpPOBOOHUK, Kyrnpam, HeECMexuoMempus,
MagHUMHbIU 2ucmepesuc.

B.B.lpucedcbkuli, C.B.Bacuneses, H.B.Mapkoea, I.B.MucHuk, M.M.€pmorios,
B.B.Ya6anenko CYMICHWA BIJINB HECTEXIOMETPII 3A KATIOHAMMWU | AHIOHAMU HA
HALMNPOBIQHI BIIACTUBOCTI KYTIPATY 123

PaHiwe nokaszaHo, WO IiCHye «nosinbHa» ckKnadosa (y) KucHeeoi Hecmexiomempii
HalnpoegidHux Kynpamie 123, nezoeaHux pidkolemenbHUMU enemeHmamu. Mema uiei pobomu -
eusqyUMU MOXU8UU ernue 3MiHU 8Micmy «MO8INIbHO20» KUCHIO Ha efnieKmpoi3uyHi ernacmusocmi
BTHIT kynpamis. ¥ magHimomempi 3 8ibpyrodum 3paskoM eUMIprogarnu HamazHideHiCmb rie2o8aHux
Sm 3paskis YBa;.g0SMy.10CU306:5+, MPU NPSMOMY | 380POMHLOMY CKaHy8aHHi MagHimHo20 mnorns i
memnepamypu. g eumiprogaHb ripuzomyesasu 3 0OHiel i miei X napmii cuHme3o8aHo20 Kynpamy 08i
cepii 3paskie YBaj9oSmy.10CU306+5+,. 3 MaKCUMaNbHOW (Ymax = 0.10) i MiHiMansHow (Ymin = 0.00)
8EJIUYUHOIO 8MiCMy «r10B8ifIbHO20» KUCHI0, WO eidrnosidae ¢popmynam YBaqgoSmy 10Cu30797 i
YBay.90Smy, 10Cu30s.97. Bus4eHHs Ma2HimHO20 eicmepe3ucy 8 Lux 3paskax rokasasno, wo dodamkoee
OKUCHEHHSI 3a «108ifbHOK» CKadosor KUCHe8oi Hecmexiomepii do3eorise ompumamu 3pasku BTHI
3 biflbW BUCOKOK KPUMUYHOK memrepamyporo T, | 8HYMPI3ePEeHHO WiNbHICMIO KpUMmMU4YyHO20
cmpymy Jeg 6 KepamidHux 3paskax. MakcumarnbHa eefniuduHa 8Hympi3epeHHoI  WinbHocmi
Kpimcmpymy, wo 6yna docseHyma Ha HemeKcmyposaHux KepamidyHux 3paskax, cmaHosuna Jeg =
3-10° Alem?.

Knro4oei cnoea: eucokomemnepamypHul HaOnpoeiOHUK, Kynpam, Hecmexiomempis,
MazHimHul eicmepesuc.
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