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Microstructure properties of internal tin processed Nb3Sn superconducting
wires with pre-heating condition
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Abstract Four designed NbiSn
superconductors have been fabricated in
order to investigate the effect of pre-heat
treatment for internal tin process. 3
types of sub-elements and 2 types of Sn
reservers were fabricated. Diffusion of Sn
is better in the strand divided Sn equally
than in the strand had one large Sn
reserver during pre heat-treatment.

1.4 =
Nb:Sn A4 Az 2 gEHY wyow
BEZ(bronze) 7 RIS 5 & U} M
2xye FAGA AAES folotA AxRY £
9= olgo] gl whHe] CuolAdel Sn %ol =

257} 14 wt%d M Snel el 2ld NbsSn
HA Wkgo] glo} Sneol ¥Ho2 NbSn 3§
FAE AA HAANZ F7F fldA dAA
T Ao AE ZHAA "o gFy BE

N&R37E A7) dEl HF AR 7t
Al e A3 FIEAY JAAHE A
g do] At [1]-(3]

AT e ztzHe] Nbel Sng Cu 71A
te} 222 Hs] Nb 9 Sn o &4&
o248 Non-Cu F9olAd JAFFIEE(])
A £ 3 7HEAde] F3te T3 A
1 98 ¢lE JH U SE NbSn A
g AZIAG. A Al o A= AR
27, Ful, dgANE A, HAWNED A,
Non-Cu %ol el Nb "t ES A=Ay, 7]
219 ZFFM ¥ Solrh[4] NbsSn 2d= A
Aol WE e 71XF45E Cu-Sn BE
z4o02 Ayl HAstd Qg o8] dAHg
A3 B2ze| Sny Nb geldEZ &3
NbsSn & A7 gt 124ke] HQ s
t}.[5]

B Ats Cudt Sne 4Rk AT XA
71 Yot on] Exel #A F<F Cut Snef w
S % Nb HIHE FHoAo Holm FHAd
st xASE7] $Ete] w22 S xALSEAAT.

P e, I}

N

—_—

2 off N Ju ofe
0% o rjg & o 1o pf 1o

¢

ol
o

|

p

1 %e)

ji0ad

[e]

Hr

Y
[

A

S o

=

- 14 -

2. AEuy
Cu®t Sne9] ibubgol 9% Nb dimlee
AEe 2AS A8 HHoz g 2o
|

]
subelement % strand’F A= 2Tl subelement

= X IAMAE A 7bA 2oz HAIENG
ol 2AE MA e Nb, Cu Sne HE =
Astr] iR ed, FeANES £5 50 ~75
A2 28] stgen dedES] AAHL 5 mm,
Ao A7 80 mmth subelement2] A7 1]
3 2% strand® WE o 7b2d £ Sn core
g YEE 3o dA 32 subelementE &&E
F o AL Qg thS 71E-dl hole 7HEE&
ld Sn BAE YiF oot Ha F5 A
=g A 9 FHES EJon  o7]d
Nb-75Ta 3 A& sty IFFHe mpz &
g Azy] £H-o os] WYy Aze FASHA
g} Stabilizers vlR7EAZ2 27 80 mme] ¥
P AFZANMFEE Az & 29 2L A
o2 Cu ¥ Ta foilg & F A Cu ¥
€ E2e gg A L£-Hd o) LPE Az}
Atk Strand & Sn coreE A E3}7] Y3 Cu
F2o Sn BAE o] BEFAR & oL ol
294 9@ Quto) 93 strande] Ta barrier W
of WxE #u3lgrt.  subelement 23}
stabilizer 2 a3l& 750 CTollA 1 A7t A E3lo 2

2 2702 25 mmd E HEIFI &3
Table 1. Specification of variable designs of
subelements.
AAL | AA2 | AA3
layer 1 28 28 28
No. of |layer 2 22 22 22
Filament {layer 3 15 15
layer 4 10
Dia. of Filament | 5mm | 5 mm | 5 mm
Dia. of Billet 80 mm | 80 mm |80 mm
Area Ratio of Cu | 746 % | 706 % | 55 %
Area Ratio of Nb | 254 % | 294 % | 20 %
Area Ratio of Sn 25 %
Dia. of Sn 40 mm




Table 2. Specification of stabilizer billet.

LR T 4
Billet Diameter 80 mm ¢
Cu Ratio 15

Foil material Ta foil

Thickness 0.1 mm

Tum 9 turns

Length 135 mm
subelements AA3 A7tz Qg on
stabilizer& %= 7F&d Cu B2 &d =g 713
oz Y& & OF A fgAL ALY

CugE =9 Ta barrierE 7} & stabilizer®
A dHg HeE JIXNEE do strand 2HE
& AEZ YT E 19 subelementE& A&
gto] KITW-2 o]808 ¥ 39149 Zo] strand
of AAE 4 7HAZ 2ol A zsHh Nb,
Sn ® Cud RIAuE ZEstgdn, du 3
< Sne i AF S 4397 98 subelement
ol MixE 23dt olE strand F 2 /HXE
a8 1 dEddEd, KITW-2-2(a)9)
KITW-2-4(b)& z}Z} Holn ok 1gla oE
strandE 13 AM shgol s HE AA 9

A2 081 mm7AA 7HEsYY. 28 ols
AAE 29 29 P2 AF EY7dAa o

A E FAsAT. 2Y 29149 o] o @
Alel A2 #HE& AR olft Cu-Snol A
oA 7, e, 54 Fol A7A Hed Sno
Fito] AFeA o)FAANEE 7] AU
2 A Z gAY FAo) o A&
S AHst] @HE A=, Sno &4 A

T
Ly

¢ zAS) A8 #et WulA @ FAdAE
W74 Algsto] EDSZ A4S RAED. T

5 BEL 24T AAE e F I3

Hoem olg IUE 42 K7HA e A% ol A
YAAFE =AY
3. &3 ¢ ux

KITW-2 dA4& €A sl=d do] 55 A
52 IGCe HP-3 AAE 74 dAasiygo
39 32 42 K, 12 T7HA] AL Waa )8 x
Z2HE A9 JARFE 2H AFo)y,

Table 3. Specification of strands

Ao KITW-2

1 2 3 4

Subelement |[HA 2| dA 2|44 1|44 3
subelement 4=| 10 12 10 19
filament 4= 750 900 650 950
vol% of Nb 20 18.6 18.6 20
vol% of Cu 52 48.2 545 55
vol% of Sn | 269 33 269 25
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Fig. 2. Heat treatment history of KITW-2
internal-tin processed superconducting wires.
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Fig. 3. Non-Cu Jc versus magnetic field
curves of KITW-2 and IGC superconducting
wires.
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Fig. 4. Cross-section of the wires after NbzSn
reaction heat-treated (a)KITW2-2 (b)KITW2-4
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Fig. 5. Normalized diffusion distance of

KITW-2 wires with pre-heat treatment step.
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Fig. 7. AC susceptibility of (a) KITW2-4 and
(b) IGC wires after heat treated.
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