Fabrication of new internal tin Nb_Sn wire using Sn-Zn alloy as Sn core
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Purpose Wire specification Referencewire  EDX mapping after 550°C for 100 h HT
Sample name S-CZT102 SZ-CT02 SZ-CT1 ST G-CZ Ti dope to Sn core (ST" 6_CZ)
Wire diameter (mm) 0.6 0.6 0.8 0.6
» Zn addition to IT Nb_Sn wire Eg g; g‘: (f:'gf:e”t 61894 61894 61894 61894 sti6.cz  SnL -6 ZnK ST16-CZ
Filament diameter (um) 7.46 7.46 7.31 7.46 W s
- Prevent Sn-Ti compound at the boundary of Nb filament pack fﬂf;frge Cu_th%ifr‘]_o_zwt%Ti gz-_f)%:/ofﬁ ngg’x:%“ gzjémgr'\ NG,
when doplng Ti to Sn core overall Zn content (wt%) 4.26 2.21 2.21 4.57 550°C x 100 h 2WM 5501 x 100 h 0um  EESUEHEIOON ISR 5507 x 100 h o
Area fraction ) i
Nb 35.84 35.84 35.84 35.84 Ti dope to Cu matrix (SZ-CT1)
Sn 19.58 24.07 24.07 19.58 ) G5 T M e
Matrix 44.58 40.09 40.09 44.58 1’% sml LA adie WK £nK Seer
. Dﬂm @@m 50 pm

2 Eeeojc ool ==t fosoichaiooln BN S8l 550:C x 100 h

st i =

Dope Ti to Cu matrix + dope Zn to Sn core RESULTS
T16-CZ (Ti dope to Sn core)

« ununiform Ti distribution

SPEC'MEN Workability of the new IT wire - Sn diffusion seems to be avoided by Ti segregation
| e »2 | Hardness of Sn core SZ'CT1 (Th (_:Io.pe_ to.matrix)
Wire fabrication E : | pure Sn: 13.6 kgf/mm? ' ;”'f:_;;" I distribution ;
| - g 3 » Sn-20wt%Zn: 19.28 kgf/mm? n diffusion is promote
single x 19 s 2ol Cun s - Zn diffuse sufficientry to outward even if Zn dope to Sn core.
_ ~sub-muiti x 36 é eI .. 0 nr
- Cu-Ti B Premitive data of J_-B characteristic
do—_— Workability of SZ-CT wires is improved 1800
single core ! ~_ 16002- '\ revars I B almost same performance
pure Sn - Sn-20wt%Zn U =>=£ 1« high field performance is low
e 1200 [ .
Multifilament Microstructure after 210°C for 100 h HT £ ook - | |
ST16-CZ (conventional wire) § 800;- » Ticontent s fow
Sn core e 210°C x 20 h ST16-CZ (pure Sn core) g eof
n-Cusn. 5:5“3" - Fundamentaly diffusion reaction is same ZZZ
Cross section : Voids C as Sn/Cu )| U W U S S no data for S2-CT1
Reference wire 3| S / 10 11 12 13 14- .15 16 17 18 19
SZ-CT02 ©0.6 SZ-CT1 @0.8 _ / R * N-CuSn and e-CuSn phase are formed Magnetic field (T)
Matrix Sn-Ti |
_ - much void between n and a-Cu
Cu-14wt%Zn-0.2wt%Ti SZ-CT02
. J SN core 210°C x 20 h
CONCLUSION
\ v SZ-CT02 and SZ-CT1 (Sn-Zn core)
| “gua_'::;’t‘%zn /B'C”S" - Fundamentary diffusion reaction is same - Workability of new IT wire is improved by using Sn-Zn alloy as Sn
TR & o-Cu 194m core.
S e SZ-CT1 as St - At 210°C, solid B-CuZn without voids is formed in case of doping Zn
Cu-0.2wt%Ti/Sn-20Wt%Zn Cu-1wt%Ti/Sn-20wt%Zn 1 Sn-1.6wt%%Ti - . - _ ’ _
2 _ G a0 n-CuSn and 3-CuZn phase are formed o S e
B-Cusn__ e - almost no voids - Ti distribution is improved by Ti doping to matrix.
Heat treatment T  almost no differences regardreSS Of Ti content « /Zn distribution is uniform even if Zn dope to Sn core
. . " : n-CuSn - Increase of Ti content is necessary for improvement of J
First annealing Additional anenaling ¢
210°C/20 h + 550°C/100 h + 650°C/100 h * 685 ~ 715°C for 100 h s Ll Acknowledgment
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