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How Nb(Ta) tube leakage induced by inhomogeneous deformation robs a huge potential from Nb3Sn PIT conductors
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The next generation of superconducting accelerator magnets for the LHC at CERN will require large amounts of Nb3Sn superconducting wires and the Powder-In-Tube (PIT) process could provide sufficient performance. However, the critical current density, Jc, is limited in large part by non-uniform deformation during wire fabrication, which prevents up to a third of the Nb(Ta) reaction tube from being used. The main issue lies in the different deformation rates between the Sn-rich core and its Nb(Ta) reaction tube, which causes the centroids to drift apart from one another, producing an uneven reaction front, as shown in figure 1.  This drift is problematic in two ways. First, once the A15 reaction reaches the barrier, the A15 growth essentially stops (restricting the maximum Jc), and 2nd, the Sn instead goes into the Cu stabilizer, increasing its resistance and lowering RRR. 
Experimental


Considering that there is a variation in filament size within and between each wire, a normalization of the centroid offset of the Sn core to the effective round diameter of each filament calculated from its area was employed. Wires were imaged by FESEM-BSE, and then we used the software package Fiji to quantify shape descriptors, such as centroid drift and generate color maps as shown in figure 2.
Results and Discussion


While not shown here, we found filaments above a 3% centroid drift have a very high chance of breaching, allowing Sn to leak out of the filament and into the Cu. This degradation has major consequences for many wire properties. One immediate concern is that the A15 reaction tends to stop once the barrier breaches. The more the Sn core drifts, the earlier the breach will occur, and the more Sn that can leak out. In the most deformed filaments, the A15 area can be reduced by over 30%. In filaments not showing such a large A15 reduction, Sn leaks can still cause a fully formed A15 layer to be Sn-poor, likely decreasing Hc2, thus worsening the high-field properties. Lastly, even small leaks will degrade local
  RRR, while larger leaks as shown in figure 3 can have 
  negative consequences for magnet stability.
Conclusions
Non-uniform deformation during wire fabrication leads to the Sn-core drifting from the center of its Nb-Ta reaction tube. This provides an uneven reaction front, which allows Sn to leak out of the filament, causing reductions in A15 area, critical current, and RRR. Preventing this undesired deformation will likely improve Jc, Hc2, and RRR.
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Figure 3: Select filaments from Bernd wire showing a wire with little core drift, and the seven filaments with highest centroid drift.





Figure 2 Color map of centroid offset, for both wires. Bernd has substantially more centroid drift than Luca.





Figure � SEQ Figure \* ARABIC �1�Example of centroid offset which caused a leak (right), and an intact filament with little core drift (left)
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