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Introduction

Nb3Sn-based superconducting wire is used for magnet applications beyond the ~10 T limit of Nb-47Ti, as in the SCH magnets built by NHMFL. Strong vortex pinning in the superconductor is essential to maintain sufficient operational current in the wire but until recently, the only pinning sites in Nb3Sn wires were the Nb3Sn grain boundaries, which have a typical spacing of ~100 nm after heat treatment, much greater than the vortex spacing. General Electric (GE) [1] had developed a process for Nb3Sn tape that refined the Nb3Sn grain size by doping their Nb tape substrate with Zr that was subsequently oxidized to ZrO2 precipitates during the Nb3Sn reaction. This resulted in a reduced Nb3Sn grain size of ~50 nm. Unfortunately, attempts to adapt this approach to wire were not successful for many years. However, in 2014 Xu et al. [2] successfully used a Sn-in-Tube wire architecture, inserting a SnO2 layer between the Cu that normally surrounds the Sn-Cu core and the Nb1Zr matrix to generate ZrO2 precipitates in Nb3Sn. By using this method, they were able to produce Nb3Sn grain sizes as small as 43 nm. Using a powder layer, however, does not appear to be a viable approach for long-length HEP conductors so SupraMagnetics adapted their established Powder-in-Tube (PIT) process, which uses a Cu5Sn4 powder core, by adding SnO2 to the core and substituting Nb1Zr tubes for the conventional Nb-Ta tubes.  This study investigated the microstructures and superconducting properties of these wires.
Experimental 

PIT wires were fabricated and heat-treated by SupraMagnetics and these wires were supplied to NHMFL for microstructural, microchemical and superconducting property characterization.
[image: image2.jpg]



Results and Discussion

This PIT multifilamentary wire, which is much closer to designs of conventional HEP Nb3Sn conductors, was successful in producing grain sizes of 30-50 nm (Fig. 1) and a shift of the pinning force curves from grain boundary to grain boundary and point pinning behavior was observed [3]. Most importantly, the Cu5Sn4 did not appear to interfere with the diffusion of oxygen from the cores into Nb1Zr, signaling that it may be possible to adapt this method of pinning to conventional industrial-scale conductors with relatively small changes.

However, the Kramer fields in the Nb1Zr APCs were significantly depressed to below 20 T at 4.2 K from that found in the best Zr-free binary conductors (SMI binary PIT is 23-24 T). These values are those also found by Xu et al., thus raising a concern about whether this Zr oxidation can produce high critical currents at the high fields desired for the next generation of high field magnets.
Conclusions

Although this project successful demonstrated that high densities of vortex pinning sites can be generated in a scalable technology by internal oxidation of Nb3Sn, there remains a concern that the use of Zr depresses the superconducting properties, especially for high field application. Work is proceeding at NHMFL to advance the high field properties of Nb3Sn using similar techniques.
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Fig.1 Sub-100 nm Nb3Sn grain size in SupraMagnetics Nb1Zr PIT. Two-stage HT: 24 h/500 °C+200 h/640 °C









