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Introduction

Nb3Sn wires produced by the PIT process, the alternate to the RRP® process, have not achieved as high a Jc (12 T, 4.2 K) (~2600 A/mm2 PIT vs. > 3000 A/mm2 for RRP®) but PIT wires can be fabricated with smaller filament diameters than RRP®. It clearly would be greatly beneficial if their critical current densities could be raised too. One reason that PIT strands have lower Jc values is that ~25% of the Nb3Sn layer is made of large grains (LG) more than 1 μm in size. Last year we showed by multiple experimental techniques that the LG A15 does not carry transport current, and provided evidence that a significant suppression of the LG A15 phase with simultaneous enhancement of the SG A15 fraction was possible. This year we have focused our research towards understanding the formation of this undesired LG morphology using two reacted and optimized 1 mm dia. wires provided by CERN and a 0.785 mm wire, sent by CERN to LBNL as part of a US/EU (LARP/CDP) RRP/PIT wire exchange, and reacted it into the superconducting state with a wide range of reactions. 
Experimental

Because the core composition specifications are known only by the producer, possible variation of its composition has not been investigated yet. However, in a wire cross-section, which was previously erroneously sampled too close to a sealed end, we found that welding introduces a useful variation in the local core composition that has a surprising impact on the A15 phase after final reaction. Most importantly the redistribution of the Sn source by welding resulted in atypical filaments in which the LG A15 fraction was reduced by about one quarter, while increasing the SG A15 from 41% of the filament cross section to 46%. Our fortuitous sample mounting allowed us to show for the first time that this ratio can be changed without reducing the SG component. We believe that finding the origin of this difference will lead to better PIT designs. 
Results and Discussion

Examining a wire cross section close to a test welded sample, we observed a wide variety of filament microstructures (figure 1), many more than in usually reacted samples. There are a handful of typical filaments (the white filaments in the colored image), but we also see filaments with very little A15, and some with little to no LG A15. The heat from the weld mostly affects the core components (primarily NbSn2) and thus a welded end of a strand could be used to examine the results of a much broader range of core compositions than would normally be possible. Further studies are underway to reproduce particular filament types with the goal of understanding the role of the local Sn-core content in LG A15 formation in order to minimize it. 

In addition, we performed DTA (Differential Thermal Analysis) to identify the temperature ranges over which the most important phase transformations occur during heating to the final A15 reaction. We also performed a broad spread of pull-outs during the furnace ramp to the A15 reaction temperature (~300°C up to 630-690  °C) and during the A15 reactions (up to 300 hours at 630  °C) so as to understand the phase transformation process and from this we got the following results.
Conclusions

An interesting result of the DTA and pull-out experiment is that the amount of SG A15 forming before the LG A15 layer grows increases with increasing A15 reaction temperature. These results have stimulated a number of discussions with CERN and Bruker regarding the potential for improved PIT strands.
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Figure � SEQ Figure \* ARABIC �1�: Left cross-section shows a wide variety of filament microstructures near the welded end of a 0.785 mm dia. PIT sample after A15 heat treatment. The image at right is a colorized version showing the wide variation of A15 area in each filament. 









