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Abstract 

The melt quench technique was applied within the fabrication of Bi1.6Pb0.4Sr2Ca2Cu3Oy superconducting ceramics. 

The consequences of melting the lead doped BSCCO were investigated making use of scanning microscope and 

energy dispersive optical instrument (SEM/EDAX), differential thermal analyzer(DTA), x-ray diffractrometer (XRD) and 

magnetic susceptibility (χ-T) analyses. The results demonstrated that the superconducting part appeared even within 

the precursor samples. Glass forming tendency is additionally remarkably delayed.  Sintering at 840°C for twenty-four 

hours resulted in entirely nonexistent glass forming ability. The critical temperature (Tc) onset was powerfully relying 

on the number of non-superconducting impurities, grain size and intensity of the endothermic peak that has effect 

on the phase formation within the partly dissolved state. 
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Introduction 

Superconductivity remained a large researched development for over half a century after its 

discovery. A great deal of experimental data was gathered on its incidence and its properties 

and a number of other helpful theories were developed. Totally different strategies were 

conjointly applied for fabricating superconducting materials. Among these were the alkoxide 

route, citrate state gel process, coprecipitation technique, combustion method, freeze dying, 

floating zone method,solid state reaction method, melt quench method and spray pyrolysis 

method (Yoo et al 2004). Efforts were conjointly created to enhance and increase the quantity 

fraction of the high Tc section by many processes like low tremperature hardening, durable 

sintering, sintering under low element partial pressure and lead (Pb) addition. The lead 

addition was found to be the foremost economical (Asamo et al 1989, Yoshizaki et al 1990). 

This paper presents a straightforward manner of fabricating pb doped BSCCO 

superconductiong glass ceramics called the melt quench method. The tactic involves melting 

the raw materials in a melting pot and then quenched to temperature. The study deals with the 

characterization of the melt quenched samples and also the determination of the relationship 

between the melt quenched precursors and also the form samples. 

The nominal composition of Bi1.6Pb0.4Sr2Ca2Cu3Oy was prepared from Bi2O3, PbO, 

SrCO3, CaCO3 and CuO. The mixed powder was molten in an alumina melting pot in an 

electrical chamber at a temperature of 1080°C (Harada et al 1992) for five minutes. The melts 

were poured directly onto a chrome steel plate and then cooled to temperature. The obtained 

samples were characterised using the SEM/EDAX, DTA and XRD. SEM/EDAX JEOL 

JSM35C was utilized to analyze the crystal grain structure and also the small composition of 

the precursors. Diffraction activity was measured using the RIGAKU X-ray diffractometer. 

The diffractometer used CuKαradiation with a wavelength of 1.541838Å, generator tension 

of 30kV and generator current of 15mA. The scanning angle ranged from 2° to 41°. For the 

differential thermal analysis, the Perkin and Elmer Thermal analyser was used. The reference 

material used for temperature difference was aluminium oxide (Al2O3). 

The melt quenched precursors were weighed and divided to just about four grams each. Each 

four gram powder was pelletized to 6 tons for 3 minutes using the press. Each pellet was just 

about two cm in diameter and 2.5 metric linear unit in thickness. All pellets were sintered at a 

constant temperature of 840°C for 24 hours. The samples were left to cool down inside the 
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chamber to temperature. The samples were characterised by SEM and XRD

 

Fig: SEM Micrographs 

Fig. 1a shows the SEM micrographs of the precursor samples. The needle like structure is 

swarming for all trials. These needle shape grain could also be intermediate state of 

nonsuperconducting phase (Shah et al 1988). This is often per the XRD results of the 

precursor samples. Fig. 1b shows the SEM micrographs of the mould samples. As ascertained  

from the pictures, the sample in trial one (Tc onset of 106K) has advanced crystal growth as 

compared to trial a pair of with larger grain size and lower Tc onset of 80K. The sample in 

trial 3 (Tc onset of 66K) has the least crystallization development. The amendment in 

microstructure is attributed to the amendment in thermal  reaction. High Tc phase is created 

during chemical reaction. A weak chemical reaction shows a slow nucleation . therefore the 

high Tc phase slowly develops (Nasu et al 1990). DTA for mould samples for trial 1-3 show 

a decrease within the heat-absorbing sharpness and intensity therefore nucleation slowly 

develops. This is often per the SEM results. Small grain size is claimed to preferably attain 

High Tc end (Nasu et al 1990). This is often additionally per the χ-T results. As the heat-

absorbing peak decreases from trial 1-3, grain size increase and Tc onset decreases. During 

this paper, the best onset important temperature for Bi1.6Pb0.4Sr2Ca2Cu3Oy ceramic is 

106K SEM. Results for the precursor sample shows that the glass forming ability is slashed 
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owing to the presence of both the superconducting and non-superconducting phases . The 

effects varied copper content and pelletizing pressure on the diffraction (XRD) patterns of 

superconducting Bi1.6 Pb0.4Sr2Can-1CunOy ceramics are examined. The samples were 

made-up via the melt quench technique. The copper content with n=3.5 unconcealed to own 

the best percentage of high Tc peaks. The low Tc phase was predominant in all samples. 

There's no evident trend on the result of variation in pelletizing pressure on both high Tc and 

low Tc phases of the samples.  

Large type of techniques have been developed and applied for the fabrication of high Tc 

Superconductors. Among these are the alkoxide route, citrate gel process, coprecipitation 

technique, combustion technique, freeze drying, floating zone technique, solgel, solid  state 

reaction technique and also the melt quench technique. Within the melt quench technique, the 

raw materials are molten above the freezing point and then speedily quenched to temperature. 

Of the assorted potentially helpful materials solely the atomic number 83 containing ones 

such as the Bi2Sr2Ca3Cu3Oy, and connected compounds is ready by quenching from the 

melted  state, which generally requires the soften to be heated to one hundred to 200°C above 

the freezing point. One amongst the advantages of the melt quench technique is that the glass 

ensuing from a high quenching rate is necessarily chemically homogeneous and it is 

attainable to get different shapes and forms after melt quenching which can be helpful to wire 

and tape production. This paper presents the effects of varied the copper content and 

pelletizing pressure on the superconducting  properties of Bi1.6 Pb0.4Sr2Can-1CunOy 

ceramics ready by the melt quench technique. 

 

Procedure 

The atomic ratio of Bi:Pb:Sr:Ca:Cu was controlled to 1:6:0.4:2:n-1:n, wherever n ranges from 

2 to four with an interval of 0.5. Acceptable amounts of the raw materials of Bi2O3, PbO,  

SrCO3 CaCO3 and CuO were weighed to adjust the final composition. The weighed 

materials were mixed thoroughly in a  chalcedony mortar and pestle for 30 minutes. 

The mixture was liquidified in aluminum oxide crucibles. The approximate temperature in 

which melting was expected to occur is 1080°C. The liquefied material was far from the 

chamber and was now poured on a stainless-steel plate. After quenching was completed, the 

sample was ground with an chalcedony mortar and pestle. From the entire quantity of the 
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bottom material, amounts of four grams were weighed and were pelletized. The pelletizing 

force was varied from 2 to 8 tons with an interval of two tons. Each pellet measured 2 cm in 

diameter and 0.25 cm in thickness. The pellets were then placed in aluminum oxide boats and 

were sintered for 24 hours at a constant temperature of  840°C. The samples were 

characterized by XRD. 

 

 

Fig. 2a  XRD patterns of samples subjected to pelletizing force of 2 tons and copper content 

(a) n=2, (b) n=2.5, (c) n=3, (d) n=3.5, and (e) n=4 

Fig 2b Graph of percentage peaks vs. copper content of samples subjected to a pelletizing 

force of 2 tons 

Figure 2a demonstrates the XRD patterns of the samples subjected to a pelletizing force of 

two tons. It will be determined that the low Tc phase is predominant in all told samples. 

Figure 2 shows the graph of the share peaks versus copper content of the samples subjected to 
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a pelletizing force of two tons. It will be determined that the sample with copper content n=3 

contains the highest low Tc proportion and the sample with copper content n=3.5 contains the 

highest high Tc proportion. The sample with copper content n=4 contains the highest 

proportion of unidentified peaks. 

 

    

Fig. 3 XRD patterns of samples subjected to pelletizing force of 4 tons and copper content (a) 

n=2, (b) n=2.5, (c) n=3, (d) n=3.5, and (e) n=4 

Fig 4. Graph of percentage peaks vs. copper content of samples subjected to a pelletizing 

force of 4 tons 

Figures 3 and 4 demonstrate the XRD patterns and the graph of the percentage peaks versus 

the copper content, respectively, of the samples subjected to 4 tons of pelletizing force. It can 

be perceived from the graph that the sample with copper content n=2.5 contains the highest 

low Tc percentage and the sample with copper content n=3.5 contains the highest high Tc 

percentage. The samples with copper content n=2 and n=4 contain the highest percentage of 

unidentified peaks.  
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Fig. 5 XRD patterns of samples subjected to pelletizing force of 6 tons and copper content (a) 

n=2, (b) n=2.5, (c) n=3, (d) n=3.5, and (e) n=4 

Fig 6. Graph of percentage peaks vs. copper content of samples subjected to a pelletizing 

force of 6 tons 

Figures 5 and 6 demosntrate the Xrd patterns and the graph of the percentage peaks versus 

copper content, respectively, of the samples subjected to 6 tons of pelletizing force. The 

sample with copper content n=2.5 shows the highest low Tc percentage and the sample with 

copper content n=3.5 shows the highest high Tc percentage. The samples with copper content 

n=2 and n=4 contain the highest percentage of unidentified peaks. 
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Fig. 7 XRD patterns of samples subjected to pelletizing force of 8 tons and copper content (a) 

n=2, (b) n=2.5, (c) n=3, (d) n=3.5, and (e) n=4 

Fig 8. Graph of percentage peaks vs. copper content of samples subjected to a pelletizing 

force of 8 tons 

 

Figures 7 and 8 demonstrate the XRD patterns and the graph of the percentage peaks versus 

copper content, respectively, of samples subjected to a pelletizing force of 8 tons. The sample 

with copper content n=2.5 contains the highest low Tc percentage while the sample with 

copper content n=3 contains the highest high Tc percentage. The sample with copper content 

n=2 contain the highest percentage of unidentified peaks.  
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Conclusion 

 

In summary, most of the samples with copper content n=3.5 attained the highest percentage 

of high Tc peaks whereas most of the samples with copper content n=2.5 attained the highest 

percentage of low Tc peaks.  The difference in pelletizing force was devoid of any particular 

characteristic trend with respect to the quantity of high Tc peaks in the samples. This may be 

as a result of utilization of the melt quench method, which already yields a dense material 

even without pressing. The utilization of the melt quench method on the fabrication of Bi1.6 

Pb0.4Sr2Can-1CunOy ceramics, yielded samples with both low Tc and high Tc peaks. The 

XRD patterns of the samples demonstrated that the low Tc phase is major in all the samples.  

Most of the samples with copper content n=2.5 included the most number of low Tc peaks. 

Most of the sample with copper content n=3.5 included the highest percentage of high Tc 

peaks.  There is no visualizing trend, however, on the effect of differences in pelletizing 

pressure on the high Tc phase and low Tc phase of the samples. 
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