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Deconvolution of Vortex Pinning and Grain Boundary Blocking Effects in Biaxially Aligned Bi-2212 Round Wires
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Introduction

The critical current density Jc, which is the property of a superconductor that is most crucial to its performance, is primarily limited by vortex pinning. However, this upper limit is not easily realized since defects can reduce the connected wire cross-section, lowering Jc. For cuprate superconductors, grain boundaries (GBs) cause Jc to drop exponentially if the grain-to-grain misorientation exceeds ~5°. Round wires of Bi-2212 have been shown to develop very high Jc when overpressure processed, despite the revelation by Kametani et.al. that Bi-2212 has strong biaxial texture with a full-width at half-maximum (FWHM) of 15°. This value far exceeds the established critical angle of ~5° that REBCO and Bi-2223, yet Bi-2212 wires do not exhibit weak link behavior. The fact that Bi-2212 can be strongly overdoped, unlike REBCO and Bi-2223, may hold the key as to why. Our work involves varying the doping state of fully and partially dense Bi-2212 round wire samples, which affects both the intrinsic electromagnetic anisotropy and vortex pinning strength and the GB superfluid density. The fact that it has a wide doping range and a critical angle much higher than that of REBCO makes the study of Bi-2212 very interesting.
Experimental


Two Bi-2212 round wires, heat treated at 1 bar and 100 bar pressure respectively were cut into short samples. Each sample then underwent a single post anneal heat treatment in a gas mixture containing 1% O2 balance Ar with a pO2 of 0.01 bar, at temperatures of 400,500,600,650,700, and 800 °C. Aside from measurements of the transport Jc, the Tc was measured using a SQUID magnetometer, and the magnetization hysteresis loop was measured using a vibrating sample magnetometer (VSM). Magnetization hysteresis (M) values were calculated from the VSM data, which in turn allowed us to calculate the Kramer extrapolation fields which approximate the irreversibility field and the relative strength of vortex pinning strength of each sample.
Results and Discussion


The Tc displayed a typical dome shape with a peak of 91 K at around 600 (C, while (M and HK had a consistent downward trend, with a maximum on the overdoped side. (M was observed to vary a lot more compared to Tc and Hirr. (M and Jc exhibit a linear relationship with a positive intercept.
Conclusions

As we moved to the underdoped side, pinning (HK), transport Jc, and magnetization Jc all decreased. The non-zero intercept of the (M vs Jc graph suggests that GBs can block transport current over long lengths in underdoped samples, even though magnetization currents operating on shorter length scales are still active. 
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Fig.1 (Left) Tc and Hirr degrade much less with reduction of doping state than M. (Right) Transport Jc (5 T, 4.2K) and M (4.2K, 5T) correlate very well – but with positive M intercept.









