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Abstract

The two-dimensional nucleation (random)-growth mechanism were observed as a support for the related previous works, which is
attributable to the growth of the Bi-2223 grain in the a–b plane direction of the Bi-2212 matrix is being much faster than in the
c-direction, or that the early-formed plate-like 2212 phase confines the 2223 product. At the beginning of the reaction, the additional
phases are partially melted. Because of the structure, composition and thermal fluctuation, the 2223 nucleates and grows in the phase
boundary between the liquid phase and Bi-2212. It was shown here that the nucleation and the growth rate were relatively fast between 0
and 36 h. At the final stage, between 36 and 60 h, because of the impingement of the growth fronts of different nuclei, the high formation
rate of 2223 is suppressed. The major reactant 2212 remains as a solid and its plate-like configuration determines the two dimensional
nature of the reaction. The amount of liquid forms during reaction is small.  1998 Elsevier Science S.A. All rights reserved.
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1. Introduction 2212 phase [26–30]. Ca PbO decomposes or melts2 4

around at 8258C in the presence of 2212 phase [31] (note
There have been several proposals regarding the forma- that Kitaguchi et al. [32] reported that Ca PbO by itself is2 4

tion mechanisms of the (Bi,Pb)-2223 phase, but the exact stable (up to 9808C in air), and widens and lowers the
mechanism is not yet known. In general, the different temperature range of partial melting. The liquid enhances
mechanisms proposed can be categorised as: A liquid dissolution of the 2212 phase as well as other unwanted
phase related to Ca PbO is proposed to be present; phases [10]; Pb can substitute for Bi in the crystal structure2 4

(Bi,Pb)-2223 then forms by a disproportionation reaction of the 2223 phase [28]. The volume fraction of the 2223
[1] involving PbO flux [2] or a reaction between 2212 and phase increases with increasing Pb, but excess Pb lowers
the liquid phase [3–8]; Ca PbO -related liquid phase is the formation temperature of intermediate species and2 4

again proposed to be present; the liquid phase is related to forms strontium-lead oxide as a new intermediate phase
the melting of 2212; (Bi,Pb)-2223 forms by a precipitation [16]; According to Wong–Ng et al. [26], relative to the
process [9,10]; No liquid is required to form (Bi,Pb)-2223; exact 2223 stoichiometry, excess amounts of Ca and Cu
(Bi,Pb)-2223 forms by an insertion process where the Ca, are needed for the formation of significant quantities of
Cu and O diffuse into the Bi-2212 phase and it converts to 2223. However, Chen et al. [4,6] found that the optimum
Bi-2223 phase [11–25]. Komatsu et al. [19] and Mizuno et composition which maximises the 2223 formation should
al. [11] found that Pb acts as flux for the formation of high be stoichiometric in Ca and Cu, but contain a slight excess
T -phases; The addition of Pb, combined with excess Ca, of Pb.c

leads to the formation of Ca PbO , which acts as a All the proposed (Bi,Pb)-2223 formation mechanisms,2 4

reservoir for Ca and prevents PbO from acting as a flux except for the insertion mechanism, appear to depend on
[17]. The formation of the Ca PbO phase produces the presence of a liquid phase, but even the insertion2 4

partially melted materials (non-superconducting phases process could be facilitated by faster cation diffusion in a
such as Ca CuO and Sr Cu 0 ), offers a fast reaction liquid. Therefore, it appears that understanding the (Bi,Pb)-2 3 14 24 41

path to form 2223 [10], and accelerates the formation of 2223 formation mechanism can be furthered by elucidating
the role Ca PbO plays in forming (Bi,Pb)-2223 and the2 4

*Corresponding author. source of liquid phase.
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This work concentrates on high-T (2223) phase forma- increasing the temperature at which the precursor powdersc

tion and its formation mechanisms during heat treatment of are calcined results in a lowering of the apparent Eact, and
freeze-dried nitrate-route material. The high-T phase a longer holding time at the chosen sintering temperaturec

formation kinetics were analysed using the Avrami relation results in a lowering of the apparent E , due to theact

for the isothermal phase transformations [33,34]. smaller contribution of the partial melting reaction to the
The Avrami equation, which has been found to be well overall process.

suited to describe the (Bi,Pb)-2223 phase formation [34], is
expressed as follows:

2. Experimental
nC 5 1 2 exp(2kt ) (1)

Bi Pb Sr Ca Cu O ceramics were prepared1.84 0.35 1.95 2.05 3.05 ywhere C is the volume fraction of the sample transformed
using the freeze-dry method. Metal nitrate solutions wereinto (Bi,Pb)-2223, k is the rate constant, t is the time at the
made by weighing and dissolving Bi(NO ) H O in |33 3.5 2reaction temperature and n is an exponent (the Avrami 21mol l nitric acid; Pb(NO ) , Sr(NO ) , Ca(NO ) H O,3 2 3 2 3 2.4 2exponent), dependent on the nature and the characteristics
Cu(NO ) .2.5H O in distilled water; and mixing the five3 2 2of the transformation. According to Rao and Rao [35], in
solutions in the cation ratio Bi /Pb/Sr /Ca/Cu51.84/0.35 /the case of diffusion-controlled transformations, the expo-
1.91/2.05 /3.05 [39–41]. The resultant nitrate-solution wasnent n can take values as: (a) n52.5: initial growth of
fed into the spray-dry machine (Yamato, Model GA-32),particles nucleated at constant rate, (b) n51.5: initial
which was used as an atomiser for the solution beforegrowth of particles nucleated only at the start of the
being fed in to the freeze-dry machine (Labconco Freeze-transformation, (c) n51: growth of isolated plates or
dry system, Freeze Zone 4.5). The nitrate solution wasneedles of finite size, (d) n50.5: thickening of plates after
atomised into a stainless-steel thermos containing liquidtheir edges have impinged.
nitrogen. The frozen powder was then transferred to theIt is important to note that the value of n is subject to
freeze-dry machine pre-set to a temperature of 2458C andvariations in the transformation conditions, making it
operated at a pressure of 0.1 Pa. The sample temperaturedifficult to directly compare the n values determined by
and chamber pressure were continuously monitored anddifferent authors under various experimental conditions.
the temperature was raised to 208C over a period of oneIn Eq. (1), the reaction rate obeys an Arrhenius type of
day. The dried powders were transferred into an aluminarelation [36]:
crucible, placed in a muffle furnace preheated to 2508C for
an hour, and calcined at 7708C in the muffle furnace fork 5 k exp(E /RT ) (2)0 act

nearly 15 h in air, hand ground by alumina mortar and
where k is a constant, E is the activation energy for the0 act pestle for 5 min, pressed into pellets using 3 tons pressure,
2223 phase formation, R is the gas constant and T is the and sintered in air at 8508C for various times. The heat-
absolute temperature. treated samples were characterised by SEM, XRD and ICP

Substituting Eq. (2) into Eq. (1) and rearranging the chemical analysis. The bulk Bi–Pb–Sr–Ca–Cu–O samples
terms gives, were polished but not etched and mounted in a polymeric

container and C-coated for the back and secondary scatter-ln[2ln(1 2 C)] 5 (ln k 2 Q /RT ) 1 n ln t (3)0 ing SEM.
The XRD technique has been used to estimate the phaseAt a given temperature, the first term of the right side of

composition of the superconducting system [15,34,42–45].equation is a constant. The theoretical analysis of Avrami
For the Bi-2223 system, the ratio I (0010) / [Iis based on the assumption that germ nuclei from which 2223 2212]
(008)1I (0010)], where I is the intensity of the XRDthe new phase is nucleated are already present and 2223 ]
peaks, was used for this purpose. It was also employedrandomly distributed in the sample at the time taken as
here to detect the volume fraction of the 2223 phase fort50.
different sintering times.Sung and Hellstrom [31] analysed the kinetics of

forming (Bi,Pb)-2223 from a mixture of 2212 and non-
superconducting phases, mainly Ca PbO and CuO, using2 4

3. Results and discussionAvrami analysis [33,37,38]. They concluded that the
kinetics were described by a diffusion-controlled two

The high reactivity of freeze-dried precursors is seendimensional nucleation and growth process. They found a
from the formation of a large fraction of 2223 (91%) afterlarge apparent activation energy for forming (Bi,Pb)-2223,

21 21 holding for 60 h at 8508C (solubility of Pb in the 2223890 kJ mol above 8258C and 2500 kJ mol below
phase is a maximum at 8508C [46]) (see Fig. 1). The8258C in 7.5% O /Ar. Liquid formation above 8258C2

advantages of this process over conventional oxide routesappeared to be vital for speeding up the formation kinetics.
and some other chemical routes have been described inThese results also are in good agreement with those
previous works of the authors [39–41].obtained by Grivel and Flukiger [36]. They have found that
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Table 1
High-T phase volume % and cation ratios as function of sintering timec

obtained using chemical analysis through icp-aes

Sintering Sr /Ca Cu/Sr Bi /Pb 2223%
time (h)

0 0.96 1.51 4.72 0
20 0.96 1.49 4.84 74.28
36 0.92 1.46 4.84 78.8
60 1.00 1.53 5.11 91
83 0.95 1.47 5.26 83.8

100 1.00 1.47 5.11 58.7
150 0.91 1.46 5.41 54.4
197 0.87 1.67 5.46 53.7

theoretical 0.93 1.60 5.26 –

Bi 2 2212 1 1/2Ca CuO 1 1/2CuO 5 Bi 2 2223 (4)2 3

If the chemical composition of the superconducting
Fig. 1. High-T phase volume fraction as a function of sintering time atc precursor is close to stoichiometric Bi-2223 and the
8508C in air for the pelletised bulk Bi–Pb–Sr–Ca–Cu–O superconduc-

starting phases of the calcined and/or sintered samples aretors prepared from freeze-dried precursor powders.
mainly Bi-2212 [39,41] and the other non-superconducting
phases [10,48–51]:

According to K. Schultze at al. [47], the equilibrium
phase reaction of the unleaded Bi O –SrO–CaO–CuO2 3 Bi 2 2212 1 SP 5 Bi 2 2223 (5)
system with a chemical composition of the Bi-2223 phase
at 8508C is where SP denotes the non-superconducting phases, in

addition to Bi-22 12. When PbO is added, the cations,
21 21Ca and Cu , in the melt can be quickly transported to

the surface of Bi-2212, where the Bi-2223 phase nucleates
and grows. In other words, the Ca CuO improves the2 3

cation diffusion and accelerates the chemical reaction. It is
suggested here that, during formation of the 2223 phase,
Ca PbO acts like a catalyst, assisting the melting process2 4

and speeding up the growth of the 2223 phase in such a
way that Ca PbO produces a lead-rich liquid phase and2 4

CaO at a temperature above its melting point (Eq. (6)).

Fig. 3. Plot of ln(2ln(12C)] versus ln t for the high-T phase formationc

for the bulk Bi–Pb–Sr–CaCu–O superconductors prepared from theFig. 2. XRD patterns of freeze-dried bulk Bi–Pb–Sr–Ca–Cu–O samples
freeze-dried precursor powders.sintered at 8508C for various times.
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Table 1 shows that the Bi /Pb ratio increased to 4.84 where Ca PbO (reacted)–Ca PbO (unreacted) [41].2 4 2 4

from its starting value of 4.72 after 20 h sintering, XRD patterns in Fig. 2 clearly show that non-supercon-
remained constant at 36 h, and increased to 5.11 after 60 h. ducting phases such as CuO, Ca CuO , Ca PbO and2 3 2 4

Thus there was no significant change occurred during Sr Cu O are present during and after the formation of14 24 41

prolonged sintering, but only a small amount of evapora- the 2223 phase (20, 36, and 60 h sintering). This result
tion (|8%), suggesting that Pb in the form of Ca PbO is also confirms work done by Majewski [52] who has2 4

participating in the nucleation process for 2223 phase and determined four- and five-phase regions of phases present
its influence on the growth of 2223 phase is not substantial such as 2223, Ca CuO , CuO, Ca PbO , and 5r Cu O .2 3 2 4 14 24 4121 21as Ca and Cu . Within the lead-rich phase, the rate of Table 1 shows the variation of the Sr /Ca, Cu/Sr and Bi:Pb
interdiffusion among the 2212 phase, Ca CuO and CuO, ratios as a function of sintering time at 8508C. The Sr /Ca2 3

can be increased beyond that of solid-state diffusion if a and Cu/Sr ratios decreased during 20 and 36 h sintering. It
liquid phase is present. Therefore, the Eq. (4) becomes is emphasised that the 2223 phase is in equilibrium with

Ca CuO and Ca PbO (Fig. 2). After 60 h of sintering,2 3 2 4Bi Sr CaCu O (reacted) 1 Ca CuO (reacted)2 2 2 8 2 3 the Sr /Ca ratio increased rapidly and reached a maximum
1 CuO (reacted) 1 Ca PbO (reacted)2 4 value of 1.00, and the Cu/Sr ratio increased from 1.46 to

5 (Bi,Pb) Sr Ca Cu O 1 Sr Cu O 1.53, indicating the 2223 phase is in equilibrium mainly2 2 2 3 10 14 24 41

with Sr Cu O and CuO (Fig. 2), where the lattice14 24 411 Ca PbO (unreacted) 1 CuO (unreacted)2 4 parameters were obtained as a53.779, b53.834, and c5
1 Ca CuO (unreacted) 1 Bi Sr CaCu O (unreacted) ˚ ˚2 3 2 2 2 8 37.154 As with wavelength Cu Ka51.542 A (Table 2).

(6) During the decomposition of the 2223 phase, the Sr /Ca

Fig. 4. SEM micrographs of the bulk Bi–Pb–Sr–Ca–Cu-superconductors prepared from the freeze-dried precursor powders sintered at 8508C in air for (a)
20 h, (b) 36 h, (c) 60 h, (d) 83 h, (e) 100 h, 150 h, (g) 197 h.
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Fig. 4. (continued)

and the Cu/Sr ratios decreased from 1.00 to 0.95 and from indicating that the 2223 phase is in equilibrium with CuO
1.53 to 1.47, respectively, from 60 to 83 h of sintering, and Ca CuO .2 3

showing the 2223 phase is in equilibrium with Ca CuO Fig. 3 presents a plot of ln[2ln (12C)] versus ln t for2 3

(seen as dark phases in Fig. 7, indicated as B); the ratio the 2223 phase formation reaction. It indicated a two-stage
Bi /Pb increases from 5.11 to 5.26 over the same period, process with a marked change of the n-exponent during the
showing that the solubility of Pb decreases in 2212 and course of the 2223 phase formation after 36 h sintering. At
other non-superconducting phases and there is only in- short sintering times (t,60 h) the slope, n, is 0.2. For 36 h
significant evaporation of Pb during the annealing pro- ,t,60 h, n is equal to 1. The values taken by n do not
cedure. After 100 h sintering the Sr /Ca ratio reached again correspond strictly to one of those typical for the types of
its maximum value of 1.00 and the Cu/Sr ratio remained transformations listed above. This fact is not surprising
constant at 1.47; showing that the 2223 phase is in since different types of reaction may proceed simultan-
equilibrium with Sr Cu O and CuO. After 150 h eously. The values of the n for the first segment of the14 24 41

decomposition of the 2223 phase proceeds further; the ln[2(12C)] versus plots probably do not reflect the initial
Sr /Ca ratio decreased to 0.91 from 1.00, the Cu/Sr ratio process of the transformation. The initial slope, n , close to1

remained nearly constant at 1.46 and the Bi /Pb ratio 0.5, indicates that at this stage of the reaction, thickening
increased to 5.41, indicating that the 2223 phase is in of the 2223 plates after their edges have impinged is the
equilibrium with CuO and Ca CuO . For 197 h the Sr /Ca main process occurring since the increase in 2223 amount2 3

ratio decreased further to value 0.87, and the Cu/Sr and is nearly 3 vol%, showing insignificant nucleation to have
Bi /Pb ratio increased to 1.67 and to 5.46, respectively, taken place (Fig. 2 and Fig. 4). Another explanation might
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Table 2
The experimental data for the 2223 phase of the bulk Bi–Pb–Sr–Ca–Cu–
O superconductors sintered at 8508C for 60 h in air, together with a
calculated set of values

a˚ ˚2Q (8) d (A) d (A) h k l Iobs cal obs

4.75 18.603 18.605 0 0 2 24
19.14 4.638 4.638 0 0 8 9
23.91 3.722 3.722 0 0 10 72
24.34 3.664 3.657 1 1 3 18
26.15 3.408 3.408 1 1 5 51
28.77 3.103 3.103 1 1 7 100
31.85 2.810 2.810 1 1 9 63
33.05 2.710 2.710 0 2 0 71
33.43 2.680 2.681 2 0 2 22
33.79 2.653 2.653 0 0 14 76
35.41 2.535 2.535 1 1 11 49
38.81 2.320 2.321 0 0 16 14
41.17 2.193 2.193 2 0 10 12
43.86 2.063 2.064 0 0 18 13
44.43 2.039 2.039 0 2 12 42
47.47 1.915 1.915 2 2 0 43
47.95 1.897 1.897 1 1 17 40
50.57 1.805 1.805 0 3 1 11
51.79 1.765 1.765 2 2 8 13
52.53 1.742 1.742 1 1 19 28
53.91 1.701 1.701 2 2 10 15
54.99 1.670 1.679 1 2 16 15
56.49 1.630 1.629 1 3 7 25 Fig. 5. Plot of ln[2ln(12C)] versus ln t for the high-T phase formationc

57.36 1.606 1.606 1 1 21 17 for the bulk Bi–Pb–Sr–CaCu–O superconductors prepared by the (A)
58.31 1.582 1.582 3 1 9 17 freeze-drying, (B) Thermal co-decompositon, (C) two-powder precursor
59.75 1.548 1.548 0 0 24 32 powders.
a ˚Wavelength Cu Ka|1.542 A.

˚ ˚ ˚a53.779 A, b53.834 A, c537.154 A. produced by both methods, indicating the thickening of the
plates grown already (Fig. 6 and Fig. 7). For sintering

be that due to the very high reactivity of the freeze-dried between 60 and 100 h, n is 0.7 for the thermal co-3

powder (nearly 75% of 2223 phase in 20 h of sintering) the decomposition samples, and 2 for the two-powder samples.
nucleation took place in a very small time or was sup- The first value indicates continuation of the grain growth
pressed by the fast 2223-growth process. As mentioned of the pre-existing 2223 grain via a–b planes confined by
above, the n values for medium sintering times (36 h,t, the matrix of 2212 plates grown in the c-direction [41],
60 h), n , are nearly equal to 1. It is well known that the while the second one indicates the initial growth of the2

crystallites of the 2223 phase have a plate-like shape with nucleates at a constant rate. The formation kinetics is
high aspect ratio (length to thickness ratio) (Fig. 4). n51, therefore a multi-stage process in the samples produced by
therefore, represents a pure 2-dimensional growth without two-powder route, and thermal co-decomposition as well
a contribution from a thickening of crystallites. as in the case of the freeze-dried samples, i.e. both

The above results on the kinetics of the formation of random-nucleation and growth occur in sintering at 8508C
2223 are not valid only for the samples produced by the in air during formation of the 2223 phase.
freeze-drying but also for the samples prepared by the In bulk samples, Zhu et al. [54] studied a nominal
methods employed in the references [39–41,53] such as composition corresponding to
two-powder and thermal co-decomposition routes. Fig. 5
describes the reaction kinetics for thermal co-decomposi-

Table 3
tion plus the two-powder oxide route, in addition to the The Avrami exponents of the bulk Bi–Pb–Sr–Ca–Cu–O superconductors
freeze-dry route [39,41,53]. Fig. 5 shows three different n prepared from the precursor powders produced by three different methods

during formationvalues for the samples prepared by the thermal co-de-
a b ccomposition and two-powder methods (Table 3). For Production method n n n1 2 3

sintering between 20–36 h, n values for the co-decompo-1 Freeze-drying 0.2 1 –
sition and two-powder routes are 0.7 and 0.2, respectively, Thermal co-decomposition 0.7 0.2 0.7
indicating the growth of the already nucleated 2223 grains Two-powder 0.83 0.2 2
and thickening of the plates after their edges are in touch a n values between 20–36 h sintering.

bwith each other, respectively (Fig. 6 and Fig. 7). For n values between 36–60 h sintering.
csintering between 36–60 h, n is 0.2 for the samples n values between 60–83 h sintering.2
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Fig. 6. SEM secondary electron micrographs of the bulk Bi–Pb–Sr–Ca–Cu–O superconductors prepared from the freeze-dried precursor powders sintered
at 8508C in air for (a) 20 h, and mounted in a polymeric holder.

Bi Pb Sr Ca Cu O by employing the ducting (alkali earth cuprates) and 2212 had commenced as1.84 0.34 1.91 2.03 3.06 102y

(solid state) oxide route. They obtained n-values between discussed above. From the SEM micrographs quasi-spheri-
0.43 and 0.79 for sintering temperatures ranging from cal liquid particles are seen, which are a mixture of
8408C to 8708C and 7.5 h,t,35 h. Grivel et al. [36] has Ca PbO and non-superconducting phases [162, 183, 189]2 4

found n values between 1.2 and 0.63 at 8578C for 12,t, (indicated as L in Fig. 6). For 150 h, the mixture of 2212
35 for a nominal composition plates (comparatively small in amount with respect to the
Bi Pb Sr Ca Cu O . 2223 grains) in the c-direction and the 2223 grains parallel1.83 0.33 1.93 1.93 3.00 102y

Grivel and Flukiger [36] and Hu et al. [45], who used to the a–b plane are seen in Fig. 4. For 197 h decomposi-
the (solid state) oxide route to prepare precursor powders tion of the 2223 phase goes further. The random mixture of
for producing Ag-clad tapes, have shown that the c-axis the 2212 plates and the 2223 grains in the a–b plane are
texture degree is lower at the surface of the pellets for the seen in Fig. 4. The 2212 needles can be easily dis-
2223 phase than for the 2212 phase. The XRD patterns of tinguished from the edges of the 2223 plates in SEM
Bi–Pb–Sr–Ca–Cu–O pellets made by freeze-dried pow- micrographs from Fig. 4. The grain-growth of the both
ders for 20, 36, and 60 h (Fig. 2) and SEM micrographs 2223 and 2212 phases is seen in Fig. 4 and Fig. 7.
[411 confirm these observations, where it is seen that the Four main phases, namely Ca CuO (indicated as B in2 3

2223 grains have some general alignment in the a–b plane Fig. 6), Sr Cu O (indicated as A in Fig. 6), 221214 24 41

(Fig. 4) and are confined in the early stages of formation (indicated as C in Fig. 6), 2223 (indicated as D in Fig. 6),
by the plate-like matrix (2212) grown in cdirection (Fig. are seen clearly in Fig. 6. Fig. 7 was obtained from the
4). Fig. 6 and the XRD pattern for 83 h sintering (Fig. 2) back-scattering SEM of polished samples seen in Fig. 6.
showed that decomposition of the 2223 into non supercon- The Ca CuO phase observed is the darkest in colour, the2 3
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Fig. 7. Back-scattering SEM micrographs of the bulk Bi–Pb–Sr–Ca–Cu–O superconductors prepared from the freeze-dried precursor powders sintered at
8508C in air for (a) 20 h, (b) 36 h, (c) 60 h, (d) 83 h. The samples were polished but not etched, and mounted in a polymeric holder.

Sr Cu O phase is having darker colour than the 2212, X-ray analysis in the SEM, EDX (energy dispersive14 24 41

2223, but lighter than the Ca CuO . The 2212 phase has analysis) due to electron scattering in the bulk of the2 3

the lightest colour (Fig. 7); the matrix is the 2223 phase. specimen in a region |1–2 microns in diameter [55].
Fig. 8 shows the chemical analyses profile of the phases

Ca CuO (Fig. 8), Sr Cu O (Fig. 8), 2212 (Fig. 8),2 3 14 24 41

and 2223 (Fig. 8) seen in Fig. 6 and Fig. 7 (secondary and 4. Summary
back-scattering images, respectively) by EDX obtained
from the polished, unetched, and carbon-coated bulk Bi– It was shown here that the nucleation and the growth,
Pb–Sr–Ca–Cu–O superconductor samples sintered at which was confirmed as two-dimensional mechanism as
8508C in air for 20, 36, 60, and 83 h. indicated in previous works, rate were relatively fast

Table 4 includes the exact composition of the four main between 0 and 36 h. At the final stage, between 36 and 60
phases, which was obtain from the EDX analysis of back h, because of the impingement of the growth fronts of
scattering SEM of the polished samples. The other phases different nuclei, the high formation rate of 2223 is
such as Ca PbO , liquid phase, and the CuO are in very suppressed. The major reactant 2212 remains as a solid and2 4

small quantities and particle sizes (,1 micron) so that it is its plate-like configuration determines the two dimensional
not possible to obtain their exact stoichiometric formulae nature of the reaction. The amount of liquid forms during
since there is a severe limitation of the applicability of reaction is small.



288 M. Yavuz et al. / Journal of Alloys and Compounds 281 (1998) 280 –289

Fig. 8. Chemical analyses profile of the phases (a) Ca CuO , (b) Sr Cu 0 , (c) 2212, and (d) 2223 seen in Fig. 6 (secondary and back-scattering images,2 3 14 24 41

respectively) by EDX obtained superconductor samples sintered at 8508C in air for 20, 36, 60, and 83 h.

Table 4 [6] Y.L. Chen, R. Stevens, J. Am. Ceram. Soc. 75 (1992) 1160.
The cation ratio of the phases Ca CuO , 5r Cu O , 2212, and 2223 [7] Y. Ikeda, H. Ito, S. Shimomura, Z. Hiroi, M. Takano, Y. Bando, J.2 3 14 24 41

obtained by EDX from the samples sintered at 8508C in air for 20 h Takada, K. Oda, H. Kitaguchi, Y. Miura, Y. Takeda, Physica C 190
(1991) 18.aPhase Bi Pb Sr Ca Cu O

[8] P.E.D. Morgan, R.M. Housley, J.R. Porter, J.J. Ratto, Physica C 176
2212 1.3 0.9 1.8 1.1 2.2 8 (1991) 279.
2223 1.8 0.34 2.0 1.8 3.2 10.0 [9] J. Tsuchiya, H. Endo, N. Kijima, A. Sumiyama, M. Mizuno, Y.
Ca CuO 0.0 0.0 0.2 1.8 1.0 3.0 Oguri, Jpn. J. Appl. Phys. 29 (1989) L918.2 3

Sr Cu O 0.2 0.1 7.5 7.4 25.0 41.0 [10] T. Hatano, K. Aota, S. Ikeda, K. Kakamura, K. Ogawa, Jpn. J. Appl.14 24 41
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