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The effect of local heating on superconductivities in internal tin
processed Nb3Sn wires
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Abstract : There is the possibility that
internal tin processed NbsSn wires are locally
heated during the drawing process and the
jacketing process. It is important to know the
variations in J. of internal tin processed
NbsSn wires caused by local heating. Internal
tin processed NbsSn rods were cold worked
to 2.28 mm  using the appropriate reduction
ratio, and then cut into several pieces. At
this stage, wires were locally 50 mm heat zone
heated up to 360C. The locally heated NbsSn
wires were drawn to a final diameter size of
0.81 mm_ Others were cold worked successively
to 0.81 mm and locally heated with the same
conditions. 2 types of locally heat treated
wires were wound on Ti-6Al-4V  barrels
and heat treated for the NbsSn reaction.

Local heating of internal tin processed
Nb3sSn wires after final drawing process did
not seriously affect the J. of these wires.
However, local heating at an intermediate
stage of the drawing process caused a
decrease in J.. When the local heating
temperatures were higher than melting point
of Sn, non-Cu J.s decreased significantly. A
Sn-Cu alloyed boundary appeared after local
heating over the melting point of Sn, and
caused work hardening and a decrease in the
workability.

Key Words : NbsSn, superconductor, internal
tin process, local heating, KSTAR
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Fig. 1. Schematic diagram of local heating
process of NbsSn wires.
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Table 1. The specifications of local heating
process of NbsSn wires by internal tin method.

Series A B
Wire diameter(mn ¢ ) 2.28 0.81
Local heating 160, 190, 210
temp. () 240, 280, 320, 360
Heating Time 20 sec
Heating Length 50 mm

E 2. U% e AxI 24T AE RE 7}
4% ohF NbsSn & 4S5 9% A8 =2
Table 2. NbsSn reaction heat treatment
history of locally heated NbsSn wires by
internal tin method

Room temp. — 300TC 6C/h raising

300C — 460T 25C/h raising
460°7C 144 h holding
460C — 570C 25C/h raising
570C 200 h holding
570C — 660T 25C/h raising
6607T 240 h holding
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Fig. 2. The variation of non-Cu J. with the
magnetic field for the series B wires of table
1 after heat treated at 660C for 240 h.

= 7HE F HE A AARA 7k @ e 660C,
240 A1 gx 83t non-Cu J.& =33 Az
HodFm glch, RE 7193 25yl 2e Magdss
Je fko] Yold e, ol3d ARE 1T gy 3 =2
T 7tE’ AAEY J. B gL 2o e sbH
53 FH9o &8 232T o9 Lxzx ng
7HAE Al ME Jo gol FA8 iUt oy
& e iR o] 9 NbsSn 2AE Ao
ol 74 ¢8 Foe R Jldo) o8 L%} A
Hogte AF25d A28 99 vxx gegs
AL Wl oy 27+ 7k By BE stdo)
AT L= Ao AFUES 7id Nze g e
nRGE AL 4 5 A
Z

23 kg DA FHe 88F o)gom nE
7t AR AFLE gho] AZsHA @A Ve
A& 24817 Hste] AA71A B4 2 A 23

1200
‘ —M— no heatin
1100 —@—160°C
I --&--190°C
1000 | —y—210°C

— % - 240°C

£ 900 (- —+--280°C

£

< 800 [

O

] L

3

O 700 |

c

5 -

z 600 |- T

—
500 | +
400 1 n i e 1
10 11 12

Magnetic field strength (T)

29 3. 660TelA 240 A dH] & series A
dAel A Wt W& non-Cu J. W3}

Fig. 3. The variation of non-Cu Jc with the
magnetic field for the series A wires of table
1 after heat treated at 660 for 240 h.
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Fig. 4. The variation of magnetic moment of
zero fileld cooling condition of the wires heat
treated at 660C for 240 h after locally heated
at intermediate state size of 2.28 mm.
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Fig. 5. The variation of micro Vicker's
hardness of Sn cores of the wires locally
heated at intermediate state size of
2.28 mm and as drawn to 1.8 mm.
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Fig. 6. Micro-photographs of the wires as
intermediate state size of 2.28 mm locally
heat treated at 160C (a) and 280T (b).
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Fig. 7. Diffusion mechanism of Sn and Cu during
local heating over Sn melting temperature.
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Fig. 8. Micro-photographs of the wires as
intermediate state size of 2.28 mm locally
heat treated at 280T (a) and continued
drawing to 0.8 mm (b).
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