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Sn Diffusion Behavior and Microstructure in Nb;Sn Wires with Third Elemental Addition

Nobuya BANNO™

Synopsis: Element addition plays an important role in the improvement of the physical properties of the Nb;Sn phase itself and of

growth kinetics in the Nb,;Sn diffusion reaction process. This paper first reviews the fundamental reaction behavior between Nb and

Sn in the presence of Cu, which is the integral element for the thick Nb;Sn layer formation at a low temperature reaction, and interprets

it in view of Sn chemical potential. Then the paper reviews several advanced element additions to realize breakthrough grain refinement,

touching on their grain refinement mechanism. Subsequently, the recent topic of Ti and Ta addition is examined, followed by the

addition of unique elements that bring functional enhancement such as mechanical strengthening of the wire.
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a) Nb/Sn diffusion pair

Sn

A

/
NbSn, 20 pm

650°C/10 h
Cu-rich
A / l
Cu-Nb-5n

H
|

Nb,Sns NbSn,

A
190

NbSh, 10'um

Fig. 1 Phase formation at the reaction interface between (a) Nb/Sn and (b) Nb/Sn-10 at %Cu diffusion pairs (SEM
images) . The yellow dotted lines are auxiliary lines for clarity of phase boundaries.
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Fig. 2 Schematic cross-sections of representative practical Nb;Sn
strands before heat-treatment: (a) Bronze-route, (b) RRP, (c)
Tube-type and (d) PIT.
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Fig. 3 Schematic diagram of phase formation at the reaction interface for (a) bronze-routem, (b) RRP**, (¢) Powder-in-tube (PIT)

(Nb/NbSn,+Cu)***” and (d) Tube-type™.
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Fig. 4 Schematic illustration of Sn chemical potential in Nb-Sn
compound phase and Sn-Cu phase at approximately 650 C.
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Fig. 5 (a) Schematic illustration for reaction behavior of internal
Zr-oxidation process in PIT method and (b) image of flux pinning
characteristics (F, p) of the APC (artificial pinning center) wire™””.
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Fig. 6 Atom Probe Tomography image of Ta-Hf-doped Nb;Sn
sample™”’. The Nb,Sn wire sample was made by a powder-in-tube
method using Cu-Sn powdersm.
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Fig. 8 Schematic curve of Gibbs energy difference (nucleation
driving force) if a completely spherical particle nucleates from
the parent phase.
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Fig. 11 Summary of critical magnetic field B, at 4.2 K as a
function of the additive content for various transition element
solutes in Nb,Sn***".
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Fig. 13  Phase formation at 30 h/400 C for (a) Cu/Sn-1.6 wt %Ti
and (b) Cu-12 wt %Zn/Sn-1.6 wt %Ti diffusion couples'.
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