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Up to this point, our work concentrated mainly on exploring 
the effect of various additives on the bulk superconductive 
properties of BSCCO 2223 phase. 
started by selecting BSCCO precursor powders from several 
different sources. Additionally, the nominal cation 
stoichiometries of these powders varied slightly to accommodate 
several different values reported in the literature. In most 
cases, excellent transport current properties have been reported 
for Ag-sheathed BSCCO tapes prepared with powders having these 
cation stoichiometries. Since, the goal of this research work is 
to improve the current carrying capability,of superconducting 
tapes in the Ag/BSCCO system, we felt that choosing.severa1 
different cation stoichiometries and several sources of powder 
might be an appropriate way to begin our task. 

The first phase of our work 

Many researchers in this field believe (albeit tacitly) that 
Ag plays a very important role on the superconductive properties 
of the 2223 sgstem.'i'In fact, the transport current properties of 
these Ag-clad tape's have been reported to be mainly controlled by 
the Ag/superconductor interface or the.region very close to it. 
This means that in a rather thick tape, the core region is not 
considered to be very active in terms of contributing any current 
to the overall transport J,, of the tape. On the other hand, 
manufacture of long-length, Ag-sheathed tapes with very thin 
superconducting cores is very difficult due to the poor strength 
of these tapes. Surely, it will be highly desirable to improve 
the properties of the entire core so that the overall transport 
J, of these tapes can be maximized. 

Our approach to tackle this problem was to divide it into 
two separate but related aspects. The first part was to 
understand (as much as possible) the nature of interaction 
between Ag and the BSCCO powder in terms of weak-link quality. 
The other part was to explore the possibility of engineering the 
grain boundary characteristics of these polycrystalline ceramic 
materials with the help of suitable additives through liquid 
phase sintering. At this moment, we have no choice but to stick 
with the Ag sheath. Therefore, any promising additive needs to 
be compatible also with both the superconductor and Ag. 

In our limited study, we experimented with various BSCCO 
powder compositions obtained from several different sources in 
combination with Ag, zinc oxide, magnesium oxide, tin (IV) oxide, 
aluminum oxide and antimony (111) oxide. We applied the DTA 
technique to observe the melting behavior, complex AC 
susceptibility technique to explore the bulk superconductive 
properties of various composite samples and X R D  technique to 
identify the detectable phases in these composites. We have also 
performed some very limited SEM work on few BSCCO/ZnO composite 
samples. The amount of the extraneous additives were kept at 5 
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w t %  level or below. 
vol% of the superconductor. 
were carried out in static air. It should be mentioned that the 
AC susceptibility technique is a very powerful tool to reveal the 
nature of weak-link coupling in bulk granular superconductors. 
We have utilized this technique quite extensively during this 
period. 

During our study, we observed that in addition to Ag, all 
other additives except antimony oxide lowered the melting point 
of the superconductor in air by at least 15OC without showing any 
adverse reaction before melting phenomenon occurred. If properly 
sintered, all additives except tin oxide was found to fascilitate 
the formation of the 2223 phase from the BSCCO precursor at lower 
temperature. Additional testing with ZnO with a particular BSCCO 
composition revealed that the reaction kinetics are quite 
favorable at levels down to 2 w t % .  

The Ag percentage was varied from 0 to 25 
All of our sintering experiments 

T In a separate study, we also found that ZnO can be used to 
make very pur? 2223'phase by solid state reaction following 
repeated grinding;. pelletizing and sintering protocols at much 
lower temperatures, 
thermodynamikally compatible with the 2223 phase. 
the granular T, of the 110 K phase is only lowered by 2-3 K by Zn 
substitution even under such extended processing schedules. 
Another observation we made was that depending on the initial 
stoichiometry and the starting powder these additives can cause 
either contraction or expansion affecting the final density of 
the composite. 
Bi, , *Pb,,, ,Sr,Ca, &u3 composit ion in most cases expanded after 
sintering. Whereas, all other powders showed contraction after 
the sintering process. 
important consequence in the tape manufacturing process. 
also found to be compatible with BSCCO in the presence of Ag. 
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This leads us to believe that ZnO is 
Surprisingly, 

We also observed that the SSC powder of 

We feel that this might have a very 
ZnO was 

Another very important observation we have made during our 
limited study 
superconductor is not so benign as is usually thought. 
link characteristics and therefore the bulk properties are very 
sensitive to composition, amount of Ag and the sintering 
temperature. 
bulk superconductor. One good thing is that this variation can be 
minimized by proper materials engineering. Again, the 
superconductive properties are always maximized at a certain Ag 
percentage. 
notice so much variation in our transport current measurements on 
actual tapes and some but not all regions close to Ag are capable 
of carrying high current. 

is to prove that the effect of Ag on the BSCCO 
The weak- 

In fact, Ag can also degrade the property of the 

I strongly believe that this is the reason why we 

We also observe that under the same processing condition, 
the superconductive properties of the 2223 system are always 
better with Ag than without it. Therefore, the grains residing 
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in central region of the superconductor core within the tape will 
not be strongly coupled. This is due to the enhancement of 
reaction kinetics in the presence of Ag and the attendant liquid 
phase formation. We also proved that the characteristics of 
grain boundaries can be vastly improved by controlled liquid- 
phase processing of superconductors. 
necessary criterion for good weak-link coupling behavior in 2223 
ceramics. Certainly, further densification will improve this 
behavior. This leads us to believe that for the near term some 
exploratory tape fabrication work could already be started by 
using a standard BSCCO powder in combination with Ag and ZnO as 
additives. 

Higher density is not the 

In addition, we should mention about a very interesting 
phenomenon we have observed regarding the 2212 phase. This phase 
seems to always better coupled than the 2223 phase especially in 
some lead-doped BSCCO systems. Actually, the coupling quality of 
the 2212 phase is very similar to the melt textured YBCO 123 
superconductors. , 
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Our reSultsi.khow'that we still have a lot to learn regarding 
the true behavior/understanding of the .superconductive properties 
in the Ag/BSCCO system. 
indications to predict that somehow a compromise has been made by 
the current tape manufacturers in controlling the adverse 
interactions between them and as a result progress has been made 
towards the manufacturing of long-length tapes with this system. 
We also believe that we have devised a very novel and efficient 
way of characterizing the precursor powders for superconducting 
tape manufacturing process. However, more work needs to be 
performed in order to gather a better understanding regarding 
this system. 

As a result of our study we have some 

Based on our experience on'this topic we can visualize the 
continuation of this work in the following way. The immediate 
task should be to establish a direct correlation between our bulk 
susceptibility results and transport current values. Choose 
several good quality BSCCO powders and prepare bulk pellet 
samples by mixing various amount of Ag powders with them. 
Characterize the bulk properties of these samples with the help 
of the AC susceptibility technique. 
idendify the most promising precursor powder. 
be optimized also with respect to the presence of secondary 
impurity phases. 

From these experiments, 
This powder should 

Once a powder is selected, we can then further optimize its 
properties with the addition of some selected additives. All of 
these works will be followed by actual tape fabrication in 
collaboration with Plastronics and transport J, measurements. 
Alternatively, use of additives could be explored to improve the 
properties of the existing powders currently used by the tape 
manufacturers. 
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