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Development of High-current Distributed-tin Nb;Sn Wire for Superconducting
Magnets
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Abstract

This paper reports on a high-performance Nbs;Sn superconducting wire whose critical current density (/o)
has been increased by the distributed-tin method. The homogenized diffusion of Sn and Ti, as well as the
improved amount of Ti addition, have achieved a J. of 1,100 A/mm?® at a temperature of 42K and an external
magnetic field of 16T. The target for J. in the Future Circular Collider (FCC) planned by the European
Organization for Nuclear Research (CERN) is set to 1,500 A/mm®* at 42K and 16 T. With the aim of achieving
this goal, the distributed-tin method has been selected from several Nb;Sn manufacturing methods. Being a
type of internal-tin method, this allows large amounts of Nb and Sn to be arranged in a cross section and is
expected to generate a great amount of Nb;Sn to achieve high J.. In accordance with this study, controlling the
diffusion state of Sn and amount of additive elements results in a structure with a fine and homogenous Nb;Sn
composition, which enables achieving the high J. at 16 T.
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Table 1 Superconducting properties

Sample name NbTi NbsSn Bi-based Y-based
Crystal structure BCC AlS Perovskite
Te (K), (°C) 9.9,-263 | 18.5,-255 | 110, -163 90, 183
Bc (T) at 4.2K 12.5 26 — —
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Fig.1 Outline of DT Nb,;Sn wire manufacturing method
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Table 2 Specifications of the distributed tin Nb;Sn wires

Sample name 1A 1B 1C 2A 2B
Wire diameter (mm) 0.80 0.75 0.64 0.80 0.80
Nb area ratio within barrier (%) 471 47.1 47.1 48.0 48.0
Nb filament diameter (um) 2.0 1.8 1.6 1.2 1.2
Nb module diameter (pum) 60 56 48 32 32
Sn diffusion distance (pm) 60 56 48 32 32
Ti ratio within barrier (wt.%) 0.55 0.55 0.55 0.44 0.38
Cu / non-Cu ratio 0.34 0.34 0.34 1.1 1.1
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Fig.2 Local EPMA mappings of Sn and Ti on the cross-section of sample 1A after heat treatment
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Fig.4 SEM images on the fractured cross-section of the sample 1C
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Fig.8 SEM images after rolling and heat treatment
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