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Isothermal treatments were used to investigate the transformation mechanism from 2212 to 2223 phase on the
(Bi,Pb)-Sr-Ca-Cu-0 system. Silver was added in 10 wt% to observe modifications in the reaction. With the aid of
Rietveld refinement, the fractional conversion of 2223 phase with time was calculated. Silver addition was observed to
slow down the formation of the 2212 phase, and hence of the 2223 phase, and stabilized the PbCa2O4 phase. SEM
analysis showed that the 110 K phase grew by deposition of a viscous liquid in layers over the platelets. We assigned
this mechanism to the coherent superficial nucleation of 2223 phase on 2212 plates, the rate of formation being
controlled by nuclei growth, that is by the velocity of migration of the liquid.
INTRODUCTION

To analyze the kinetics of reaction of the 2223 phase, a non-isothermal method would hardly detect the onset of the
transformation from 2212 to 2223 as the whole range of formation-decomposition temperatures is very narrow. In
order to get information about the 2223 phase evolution, an isothermal method should be employed. The aim of our
work was to establish the transformation process from 2212 phase to 2223 phase as function of time, starting from a
mixture of oxides (with and without silver addition) submitted to isothermal anneals of different duration.
EXPERIMENTAL PROCEDURE

Precursors were prepared by a citrate route [1], with nominal stoichiometry Bil.6Pb0.4Sr2Ca2Cu3Ox (BSCCO),
plus 10 wt% silver (in metallic form) for the doped case (BSCCO/Ag). Neither 2212 nor 2223 phases were detected by
x-ray diffraction analysis on the powders. Samples were annealed for different periods of time in an atmosphere of
nitrogen with 7% oxygen at 2223 phase formation promoting temperatures (840 °C for BSCCO and 825 °C for
BSCCO/Ag). Intermediate grindings were performed after anneals of more than 50 hours, x-ray diffraction analyses ,K

were performed after each heat treatment, using CuKa radiation in 0.05° - 5 sed steps; - . , . . .
RESULTS AND DISCUSSION

In a multiphase compound, if the x-ray diffraction peaks of its components do not interfere, a linear relation can be, J
obtained between the intensity ratio of the peaks of any two compounds in the mixture and their weight fraction ratjo /



|2], For our study we selected the (002) peaks of the 2212 and 2223 phases as their corresponding Bragg reflections
are well differentiated in a mixture of both. The weight fractions of each phase were obtained from a quantitative
analysis performed using Rietveld refinement on selected samples [3]. The results show that the quantity of 2223
phase increases as the 2212 phase decreases. This is a clear indication that 2212 phase is the precursor for the
formation of 2223. Once the proportionality constant is obtained for each precursor, the law followed by the fractional

Figure 1: Evolution of the fractional conversion of the 2223 phase with the annealing time. The curves result from
fitting the experimental data with an exponential law.

conversion a in each case can be easily derived from the relative intensity of the (002) peaks. Then the fractional
conversion of the 2223 phase as a function of annealing time for BSCCO and BSCCO-Ag precursors can be calculated
(figure I). The experimental data were fitted to an exponential law. this approximation being good for the undopcd
samples but not for the silver-doped ones. The latter suffer an abrupt transformation after an incubation time of 20
hours. X-ray analysis indicated that silver slows down the formation of 2212 phase thus retarding the appearance of



2223 phase. There exists a linear dependence of the transformation process, represented by the function g(a). with
lime that makes possible to find by trial and error the function that best fits the experimental data ot(t). The most
suitable model would be the one whose g(a) best fits a straight line when plotted as function of the annealing time.
The analytical form of g(a) has been established for several models of solid state reaction mechanisms, satisfying the
relation |4|:

g{a) = k(T)t or g(a) ~ - I n ( l - a ) = k(T)tr (Avrami-Yerofcev-Koglomorov relation) (1)

where k(T) is only dependent on temperature and the Avrami factor r depends on the shape of the product domains,
the rate of nucleation and the type of subsequent growth of the nuclei. Four mechanisms were found to satisfy these
requirements for both precursors (figure 2 (a) and (b)). The Fl model considers the random formation of one nucleus
in each particle and its subsequent growth. Taking into account that it has an Avrami factor equal to 1. this model
indicates a diffusion-controlled growth for plate-like particles, starting from instantaneous nucleation. The D2, D3 and
D4 mechanisms correspond to a shrinking core model in 2 (D2) or 3 (D3 and D4) dimensions. These models assume
that when diffusion starts, a thin layer of product is already distributed coherently and propagates to the center of the
particle. In our case, for the D2 model, we have to assume that 2212 platelets have cylindrical symmetry, and are
rapidly covered by a layer oflllTi that grows leaving the 2212 phase in the interior. Both D3 and D4 models assume a
spherical shape for the 2212 phase with isotropical diffusion, which do not fit the real shape of the grains of these
materials. In order to establish which model fits better the real process, samples were examined by SEM. On some
grains, a layered growth can be observed as if a liquid phase has been deposited on the plates. At increasing annealing
time, the quantity of these grains increases. For the silver-doped samples annealed for 10 hours, no grains with these
characteristics were found and very few can be observed for 20-hour annealed samples. These two specimens have no
2223 phase as detected by x-ray diffraction. After complete transformation is achieved (150 hours annealing) all
grains present this layered morphology. We can conclude that this is the way in which the 2223 phase grows. It is
evident from this observation that the mechanism of formation of the 2223 phase is better represented by the Fl
model, as the growing is not to the interior of the plates. According to this mechanism, the 2223 phase nucleates
coherently on each 2212 plate and grows by deposition of a viscous liquid in layers over the platelets. The growth rate
is limited by the migration of this liquid phase. The velocity of migration must be connected with the velocities of



diffusion of Ca and Cu toward the liquid, as this phase must be rich in these elements in order to transform the 2212
phase to 2223 phase.
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Figure 2: g(a) vs. annealing time plots for the four bets fitting models for (a) BSCCO and (b) BSCCO/Ag (the delay in
the formation of the 2223 phase is taken into account by reducing the effeclive annealing time in 20 hours).
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