Internal oxidation in Bi,,; _,Pb,Sr,_,Ca; _,Y, . ,Cu,Oq. 4 solid solutions
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The Bi, _,Pb, Sr,CaCu,Oq, , solid solutions with the replacement of Sr or Ca by Y were prepared at 760-790 °C in a flow of
nitrogen, oxidised in air under isothermal conditions and tested using XRD, TGA, chemical analysis, TEM and XANES.

The internal oxidation of B&r,CaCuyO,; (Bi-2212) solid
solutions coupled with the formation of fine precipitates in the
bulk is a promising way to prepare nanocomposite materials
(superconductive matrix — nonconductive inclusion) with
improved critical current density. To control the oxidation
process, one can carry out certain substitution in the cation sites
of Bi-2212,e.g, the replacement of Bi by Pb and of Ca (or Sr)

by rare-earth elements (RE).

Samples of Bj, ,PhSr,_Ca _,Y,Cu,0q. 4 solid solutions
were prepared by a conventional nitrate rouke, a nitrate 02k
mixture after evaporation of acidic solutions with adequate '
stoichiometry was calcined at 700 °C for 15-20 min in air T R .
followed by annealing at 760 °C in a nitrogen flow for 24—48 h 0-2 03 04 05 0.6 0.7 08
or at 850 °C in air depending on RE content. Phase composition Pb contentz
was examined by X-ray diffraction (DRON-3M, Russia) usingFigure 1 The amount of an excessive oxidant in Bi ,PhSr,Ca Y,
CuK,, radiation. Cu0q ., Co (1) y=0.22nd ) y = 0.

Oxidation kinetics was studied by thermogravimetrical analysis
(TGA) (MOM Q-1500D, Hungary) under isothermal annealingas charge carrier in the case of semiconductors. This is not
in air at 650—750 °C up to 24 h long. The microstructure ofstrictly correct in our case since the conductivity of Bi-2212 has
the oxidised solutions was examined by transmission electrom metallic character; here, the term ‘hole’ should be regarded as
microscopy (TEM) (JEM-2000FXII, JEOL, Japan, operated atn imperfection of the electronic structure of a certain ion. The
200 kV). The fine structure of near-edge area of X-ray absorpsituation described above is, in fact, a picture of the localization
tion band (XANES) was revealed using the facilities of aof holes leading to an increase in the formal charge of a cor-
synchrotron source at Taiwan National Center of Synchrotronesponding ion. The concentration of such ‘defects’ is to be
Research. The amount of an excessive oxidant (assunmding Orelated to the position of the Fermi level in the zone structure
Cu2, Bi3* and PB* formal charges) was assessed by iodometriof Bi-2212.
titration! Briefly, a sample da. 50 mg) was placed in an Information on possible localization of holes in B-2212 was
aqueous KI solution and dissolved by adding several drops @xtracted from the fine structure of the O-K edge of absorption
concentrated HCI. Thg lions were liberated in the reactions  band (Figure 2; the pre-peak at 528 eV was attributed to the

2CWE* + 51 = 20Ul + |- 3d9I__ - 1s3d° transition, where L is the hole i_n the OXJ p
CE* + 41 = Cul + I= 3 orbital2 It was found that the replacement of Bi by Pb did not
Bi5* + 31- = Bi3* + Ii’ cause an increase in the hole concentration in a Clager,

3 which is responsible for the superconducting properties of the
PUF™+ 31 = PP + I3, material. The contradiction between the results of chemical

The solution was treated with a standarg®@; solutionto  analysis and XANES can be resolved taking into account the
determine the total equivalent of €4 Cw2* + Bis+ + P+ possibility of electron exchange between [Gu@nd [Bi,O,]

To determine the total amount of €a@bout 50 mg of a sample layers in the structure of Bi-2212. From the viewpoint of
was dissolved in 2—-3 ml of concentrated HCI and 10 ml ofchanging the formal charge of an atom, there is no preference
water. Thus prepared stock solution was boiled for 10 min fon the localization of holes within the [§),] layer, one can
elimination of an excessive oxidant: select both Bi and Pb, and also O atoms as special sites for it.
However, bearing in mind the tendency of the Pb-doped solutions
2CB* + 2CF = 2C#* + Cl,. to oxidation in coupling with the precipitation of fH.CuQ,,

After cooling the stock solution to room temperature, acontaining PB* and a decrease in oxygen content per formula
volume of an aqueous Kl solution was added to the stocknit in Pb-doped samples, the formal charge of the Pb atom in
solution. Finally, the total amount of Cu was determined bythe as-synthesised solid solutions is likely to be regarded as 2+.
iodometric titration. Thus, lead was excluded as a probable trap for holes.

According to the results of iodometric titration, the amount TGA experiments on the oxidation of solid solutions with a
of an excessive oxidant in the as-synthesised solid solutiorlew level of Pb doping (less than 0.4 Pb per formula unit) stated
(i.e, the overall amount of Gy Bi5*, P+ and O) increased the presence of an incubation period in oxidation kinetics, as it
with Pb content. At the same time, the content of oxygemwas found earliérfor Bi,Sr, _,Ca _,Pr,, Cl,0Oq., 4. The oxida-
drops with increasing Pb fraction in the solution. Note that theion can be described as follows:
replacement of Ca by Y caused an opposite effect: the oxygen )
content increased with decreasing excessive oxidant amount”BBiz2-x(51.Ca,Y}Cp0q +0.50, >
(Figure 1). It is widely accepted to treat the amount of over- [1—2X/(3-Y)IBi,(Sr,Ca,Y}Cu,0q + 0.5¢(3 —Y)Bi,(Sr,Ca,Y}CuQ; +
stoichiometric oxygen in such materials as a concentration of x/(3 —y)Pb; _,Bi,(Sr,Ca,Y}CuO, 5+ 2.5¢(3 —y)CuO
holes. Sometimes, the term ‘hole’ is loaded by the same meaning
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Figure 2 Fine structure of O-K edge in Bi_,PhSrCa Y ,Cl,0q. 4
solid solutions: ) x=y=0; 2) x=0.4,y=0; 3) x=0.8,y=0.4; @) x=
=0.6,y=0.4; 6)x=y=0.4and §) x=0.2,y=0.4.

contents f§,, = 0.21 atm and fabrication temperature exceeded
the oxidation one by more than 100 °C). Thus, oxidation (treated
here as the incorporation of oxygen from a vapour phase into
the lattice of the solutions) is resolved only after decreasing of
oxygen potential in the bulk due to demixing of the solid solu-
tion (probably, through the development of fluctuations) leading
to the formation of inhomogeneities with a high oxygen content.
The inhomogeneities accumulate a significant part of oxygen
from the bulk. Therefore, the oxidation of such materials is
described by a mechanism alternative to the mechanism of
the internal reaction, which becomes possible after a sufficient
increase in the oxygen pressure.

This work was supported in part by the Russian Foundation
for Basic Research (grant no. 02-03-33270a).
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The TEM examination of the samples revealed that the
oxidation was accompanied by the precipitation of non-uniform
inclusions in the bulk with the sizes up to 20 nm during the
incubation period. The formation of the precipitates in the
bulk without noticeable oxidation of the materials (according
to TGA curves, Figure 3) is likely to be related to a cation
rearrangement in the solid solutions followed by oxidation of a
small fraction of Pb. Such a behaviour significantly differs
from the oxidation of solutions with a high level of Pb doping
described earlierwhere the oxidation proceeded in an internal

mode due to fast oxygen diffusion. The features of the above
oxidation can be deduced from difference in the chemical
potentials of oxygen in the solid solutions and in air. This
difference is larger for the solid solutions with the high level
of Pb doping (they were prepared gy, = 10-3atm, and the
preparation temperature exceeded the temperature of oxidation
by less than 100 °C) compared to the solutions with low Pb
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Figure 3 The kinetics of oxidation of Bi ,PhSrCa _,Y,CU,0q.,q
solid solutions at various temperatures i§ the transformation degree

calculated assuming full oxidation Pb> Pi*+): (1) Ph, ¢Bi; sS,CaCyO,
at 700 °Ct (2) Py Bi, 5Sr,Cay Y LU0, at 700 °C; ) Phy By 5Sr-

C2 5Y0.,C1,0; at 650 °C andd) Pl ¢Bi, 5S,CaCy0, at 650 °Ct Received: 4th June 2004; Com. 04/2302
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