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11. Summary of the new findings of the thesis: 

The explorations of the issue of critical current density and pinning mechanism in Bi-

Pb-Sr-Ca-Cu-O superconductors with three types of 0D APC, including Na-

substitution, TiO2 nanoparticle addition and Fe3O4 nanoparticle addition, were carried 

out. Main results of this dissertation, improvements of Jc in BPSCCO superconductors 

via the additions of 0D APC was systematically investigated, and summarized as the 

followings: 

For the BPSCCO superconductors with the substitution of Na into Ca site, the dominant 

pinning mechanism appeared to be temperature independent. The improved flux 

pinning properties in the Na-substituted samples were induced the growth of point-like 

pinning and the decline of grain boundary pinning resulting from the Na substitution. 

Especially, the δl pinning was found to be the predominant pinning mechanism 

responsible for the samples. 

For the BPSCCO superconductors with the addition of non-magnetic TiO2 

nanoparticles, the Jc(B) of the samples were enhanced by adequate doping contents of 

x = 0.002, 0.004. The results revealed the extension of the small and large bundle 

regimes with adequate amounts of TiO2 nanoparticles. The j(t) analyses exhibited that 

the δl pinning was the dominant pinning mechanism in all samples. The normalized 



field dependence of fp was investigated to clarify the influence of TiO2 nanoparticles as 

normal core point pinning. Additionally, a close correlation between local structural 

variations and change in Tc of the BPSCCO was investigated. 

For the BPSCCO samples with the additions of magnetic Fe3O4 nanoparticles, the 

enhancements of Jc were obtained for x = 0.01 and 0.02. The appearance of additional 

normal core point pinning centers in the doped samples was confirmed by using the 

Dew–Hughes model. Interestingly, the additions of magnetic nanoparticles were 

concluded to provide the strongest enhancements of Jc among the methods used in the 

research. 

Motivated by results presented in the dissertation, further studies on BPSCCO 

superconductors will be carried out. The effects of volume pin – by using nanoparticles 

with larger size and columnar pin – by adding nanotubes or self-assembled 

nanorods/nanocolumns are being predicted to play important roles in comparing and 

understanding possible shifts in pinning mechanism in BPSCCO. Consequently, the key 

factors to apply nano-technology in the enhancements of flux-pinning properties in 

type-II superconductors will be obtained. 

12. Futher research directions 

Based on the research results achieved, in the near future, researchers will continue to 

study 

- Enhance critical current density and the pinning parameters of high-temperature Bi-

Pb-Sr-Ca-Cu-O superconducting systems using magnetic nano-materials  

- Enhance critical current density and the pinning parameters of MgB2 thin film by 

irradiation 

- Synthesis and superconducting properties improvements of high-entropy 

superconductors 
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