
Introduction

The production of superconducting phases and others

by sol–gel technique and their characterization by

thermal and spectroscopic techniques have been the

subject of a number of communications [1-8]. Many

researchers have reported [9–11] that a large vol-

ume-fraction of the 2223 phase in the

Bi–Sr–Ca–Cu–O (BSCCO) system can be prepared

with the partial substitution of Pb for Bi.

In addition to chemical composition, the time, the

temperature and the other sintering conditions also play

important roles in obtaining the high volume-fraction of

high TC phase in BSCCO and Pb–BSCCO systems.

Hatano et al. [12] noticed that the volume-fraction of the

2223 phase in BSCCO and Pb–BSCCO systems can be

enhanced by sintering the material at the temperature of

the endothermic peak. From the processing point of

view, it has been reported [13–15] that the sol-gel tech-

nique obviates several cycles of firing and grinding of

oxides or carbonates, which are required in conven-

tional processing. In the present work the use of

ethylenediaminetetraacetic acid (EDTA) as the organic

complexing agent for gel formation with Pb addition in

BSCCO system has been investigated. We have re-

ported results attained for the sample

Bi1.6Pb0.4Sr2Ca2Cu4Ox as a function of Pb substitution

and sintering temperature determined from DTA curve.

Experimental

The individual solution containing ‘Analar Grade’

EDTA and nitrates of Bi, Pb, Sr, Ca and Cu were

mixed together in the required compositions to pro-

duce solution for gel production. Powder mixture of

the nominal composition Bi1.6Pb0.4Sr2Ca2Cu4Ox was

prepared. The individual nitrate solutions were mixed

together and the desired EDTA solution was gradu-

ally added to the nitrate solution. The pH of the solu-

tion was maintained between 5 and 6 using ammonia.

The mixed solution was concentrated using a rotary

evaporator, which was maintained at 80°C under vac-

uum until a viscous liquid was obtained. The liquid

was placed in an evaporating dish and was left in a

vacuum oven at 80°C for 24 h in order to produce the

dried precursor. The batches of precursor were fired

in a muffle furnace at 300°C in air for 2 h prior to a

higher temperature firing at 800°C to get oxide pow-

der. To monitor the formation of the different phases,

the pellets of oxide powder were sintered in a tube

furnace in air. The thermal stability of the precursor

and its decomposition products were studied by using

a Seiko Simultaneous Thermal Analyser 429 with

heating rate of 10°C min
–1

under a 100 mL min
–1

flow

rate of air over the temperature range of ambient to

900°C. X-ray diffraction (XRD) analysis of the prod-

ucts was carried out using CuK� radiation and a
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Philips diffractometer with a voltage of 40 kV and a

current of 20 mA. Microstructures of the fractured

specimens were studied using a Philips 505 SEM. The

AC magnetic susceptibility of the samples was mea-

sured with an Oxford Instruments vibrating sample

magnetometer (VSM). The energy dispersive X-ray

(EDX) microanalysis of the plate-like grains was car-

ried out using Philips 505 SEM equipped with an

EDX 9100/60 detector.

Results and discussion

Characterisation of precursor and oxide powder

Thermal analysis (TG/DTA) was employed to exam-

ine the thermal stability of the precursor and its de-

composition products. It follows from the TG and

DTA curves, Fig. 1 that after the initial loss of water,

the degradation of precursor completed in three

stages. The first (I) stage, 180 to 240°C, shows a

sharp mass loss of precursor. This sudden decomposi-

tion is attributed to the formation of NH4NO3. The

second (II) stage, 240 to 440°C, shows a further mass

loss of precursor which refers to decomposition of

carbonates. The final (III) stage, 440 to 470°C, is as-

sociated with a large exothermic peak that could be

caused by a combination of the decomposition of

Pb(NO3)2 [16] according to the following chemical

equation

2Pb(NO3)2

470�

� ���
C

2PbO+O2(g)+4NO2 (g)

and the crystallisation of the phases from the amor-

phous precursor.

Figure 2 shows the XRD result for the product

obtained by heating the material at 800°C. It is evi-

dent from the X-ray diffraction patterns that the 2212

phase is dominant in the sample. The thermal analysis

was conducted for the sample calcined at 800°C to

find out the optimum sintering temperature. Figure 3

shows two endothermic peaks for the sample at tem-

perature of 855 and 870°C. The first endothermic

peak, which occurred at temperatures between 835

and 865°C is associated with the partial melting. The

second endothermic peak appeared at temperatures

between 865 and 885°C. According to the Wong et al.

[17, 18], 870°C is the decomposition temperature of

the 2212 phase which disintegrates into Bi2Sr2CuOx

(2201) and other Ca and Cu compounds and so it im-

plies that the second endothermic peak is ascribed to

this decomposition. The DTA data shows that with

the addition of Pb, the partial melting peak of the ma-

terial decreases as compared to Pb-free sample [19].

Characterisation of sintered products

Figure 4 shows the XRD pattern of the samples

sintered at 845°C for 48, 60 and 120 h. The 2223

phase, which had appeared in small amounts after

48 h increased with further heat treatment time (60 h)

accompanied by a decrease in the amounts of 2212

phase and 2201 phase. Further increase in time

(120 h) increased the amount of the 2223 phase. It is

evident that the volume-fraction of the 2223 phase in-

creases with time since its mechanism of production

is a diffusional time-dependent process. If need arises
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Fig. 1 TG and DTA curves for EDTA precursor

Fig. 2 X-ray diffraction patterns of precursor heated at 800°C

Fig. 3 TG and DTA curves for powder calcined at 800°C



to develop the materials for commercial purposes, it is

apparent that the sintering time of 5 days (120 h) is a

long period to enhance the volume-fraction of the

2223 phase. However, sintering time period can be re-

duced by controlling the other factors, such as starting

composition [20] and sintering the material in the

partial melting region.

As indicated above, the 2223 phase was ob-

served at 845°C after 48 h and its volume-fraction in-

creased after 120 h heat treatment. At this temperature

the sample also contained 2212 phase and CuO as

shown by XRD results, Fig. 4, on the basis of these

observations, it was planned to increase the sintering

temperature so the pellets were sintered at 855°C

which is the peak temperature as shown in Fig. 3. A

high volume-fraction of the 2223 phase was observed

in the sample sintered at 855°C for 24 h. Figure 5

shows the X-ray diffraction patterns of pellets

sintered at 855°C for 6, 24 and 48 h. The characteris-

tic peak (002) of 2212 and 2223 phases was only

identified in the sample sintered at 855°C for 24 h.

However, the characteristic peak of the 2223 phase

increased with increase in time from 6 to 24 h and

then decreased after 48 h. From Fig. 5, it follows that

the major phase in the sample sintered at 855°C for

24 h is the 2223 phase. Small numbers of peaks of the

phase 2223 were also observed in the sample sintered

at 855°C for 6 h. However, the peaks of the phase

2223 were absent in the sample sintered at 855°C for

48 h. This may be due to the loss of oxygen during

heating. It is known [11] that sintering the sample at

high temperature for long duration is responsible for

an oxygen loss of the sample resulting in the forma-

tion of CuO and 2212 phase as revealed by XRD pat-

terns, Fig. 5. The volume- fraction of the 2223 phase

relative to 2212 phase in the sample sintered at 855°C

for 24 h was determined by XRD using the ratio

Ih(002)/(Ih(002)l+Il(002)). The Ih(002) (25%) and Il(002) (11%)

are the intensity values of the (002) peaks of the 2223

and 2212 phases, respectively as given in Fig. 5.

Based on the analysis, a high volume-fraction of

about 70% of the 2223 phase was noticed after hold-

ing at 855°C for 24 h.

Figures 6a–c show the SEM micrographs of the

fractured surfaces of the samples sintered at 845°C for

60 and 120 h and at 855°C for 24 h. The figures show

the plate-like grains in all the samples. The EDX analy-

sis identified the high volume fraction of the 2223

phase in the sample sintered at 855°C for 24 h.

The presence of superconducting phases was

also confirmed by VSM. Figure 7 shows the AC mag-

netic susceptibility of the samples sintered at 845°C

for 48, 60 and 120 h. In the sample sintered for 48 h

(curve a), the dominant superconducting phase is

2212. However, the volume-fraction of the 2223

phase increases, whereas the amount of the 2212

phase decreases with the increasing sintering time up

to 60 h (curve b). In the sample sintered at 845°C for

120 h, again the dominant phase is 2212. However,

the 2201 phase reduced to lower level as shown by the

XRD results. Figure 8 shows the VSM results of the

sample sintered at 855°C for 6 and 24 h. The curve a

shows the multiphase (2212 and 2223) nature of sam-

ple sintered at 855°C for 6 h. The curve b in Fig. 8

clearly shows that the main phase is the 2223 phase

with the TC onset 113 K in the sample sintered at

855°C for 24 h. These results are in good agreement

with the XRD results, Figs 4 and 5.
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Fig. 5 X-ray diffraction patterns of sample sintered at 855°C

for 6, 24 and 48 h

Fig. 4 X-ray diffraction patterns of sample sintered at 845°C

for 48, 60 and 120 h



Conclusions

• The volume-fraction of the 2223 phase increases

with time, the maximum volume fraction of the

2223 phase was obtained at 845°C for 120 h.

• A high volume-fraction of the 2223 phase was ob-

tained in the sample at 855°C for 24 h.

• It was found that the formation of the high TC phase

was remarkably enhanced at the temperature of the

endothermic peak.

• The 2223 phase is stable phase up to 855°C above

which it is decomposed into 2212 and other phases.
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