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Development of Pb- and Cd-free NbTi/NbsSn superconducting joint technology

Nobuya BANNO™f

Synopsis: This paper reviews the topic on Pb- and Cd-free NbTi/NbsSn superconducting joint technology and the related

technologies. The key to the Pb-free joining process is the use of a high-temperature tolerable Nb superconducting alloy as an

intermediate material, which enables metallic bonding between the Nb3Sn wire and the Nb superconducting alloy intermediate

material by chemical reaction and between the NbTi wire and the Nb superconducting alloy intermediate material by pressure

welding. As a result, the NbTi/NbsSn superconducting joint is realized. This novel technology is expected to be used in the world’s

first lead-free environmentally friendly NMR superconducting magnets.
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Fig. 1 Energy dispersive X-ray spectroscopy (EDS) Nb (red),
Ti (Green), and Cu (blue) maps of the NbTi filament in Standard
Reference Material (SRM) NbTi wire after heat treatment at
685 °C/100 h.
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Fig. 2

superconducting joint with Pb-system superconducting solder.

Schematic illustration of Nb3Sn and NbTi

in '
[111] Nb: 685 °C

[001] [101]

Nb-4Ta-1Hf: 800 °C

Fig.3 EBSD IPF and IQ maps of the microstructure of pure Nb
and Nb-4at%Ta-1at%Hf alloy after severe deformation and
annealing at 685 °C/200 h and 800 °C/3 h '3 respectively.
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Fig. 4 Critical current (/) vs. magnetic field of some Nb-alloy
samples 1. Nb-3Hf and Nb-2W are tapes with dimensions of
4.17 mm¥ x 0.33 mm" and 3.27 mm"™ x 0.186 mm', respectively.
The data of NbTi SRM-1457 wire (Nb-62.8Ti) after the heat-
treatment was also included as a reference. The inset is the
comparison of /. in NbTi SRM-1457 wire before and after the

heat-treatment.
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Fig. 5 Schematic diagram for joining process between NbTi
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alloy 13,
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Fig. 6 SEM image and EDS map (overlay of Nb (red) and Sn
(green)) at the interface between Nb-4Ta-1Hf and Nb3Sn wire.
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Fig. 7 Typical I—B characteristics of NbTi/Nb-3Hf/Nb3Sn,
NbTi/Nb-3Hf and Nb3Sn/Nb-3Hf joint (reproduced from ref. '3)
and V—I curve of the NbTi/Nb-3Hf/Nb3Sn joint at 0.9 T. The n-

value determined in the range of 0.1 to 1 pV is 80.
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Fig. 8 Decay current and curve fitting at 4.2 K and 0.5 T for a
loop sample composed of NbTi, Nb-3Hf and Nb3Sn wires

(reproduced from ref. '¥).
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Fig. 9 An example of uCT image of the joint part of the loop
sample with joint between NbTi wire and Nb-3Hf tape.
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