Towards an affordable FCC:
TMC superconducting wires as alternative?
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Stainless steel




FCC Week 2017 (A. Ballarino)

Development targets - Nb,Sn (starting with a 4 years program)
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Critical current density

J. in the superconductor cross section of a TMC wire (PMS)
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Master scaling curve

TMC wires (PMS) with different layout
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Critical current density

J. in the superconductor cross section of a TMC (PMS) wire
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How to achieve prospective critical current density 1/2

New manufacturing process:
WIPO/PCT - WO 2015/117249 A1
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How to achieve prospective critical current density 2/2

Distribution of the critical temperature of starting TMC powder (PbMogSg) by specific heat measurement
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Costs

2

Costs, costs, costs .....
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Constituent  Purity (%) Price (S/kg)

Pb granulate 99.99 65
Mo powder > 99.95 77
S powder 99.99 101

PbMo.S, 31



Cost for wire raw materials

OD (TMC wire): 1 mm
OD (TMC filament): 10 um

Stabilizer/sc fraction: 1

OD (Mo barrier):
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Cost for wire raw materials

L. Cooley (SUST 2005)

(C) Costs Nb47Ti (2005) Nb47Ti (2017) NbsSn (2017)
Superconductor cost ($ kg™") 105 137 260 - 377
Stabilizer cost ($ kg™") 7 7
Reactants cost ($ kg™") : 20 - 195
Diffusion barrier cost ($ kg™") 286 286 - 546
Ancillary materials cost (S kg™") : 2

(D) Cost indices

Raw materials ($ kg™') 59 95 - 138
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Superconductor Raw materials Purchase price

(S/kg) (S/kg)
NbT| (LHC dipole) 593 1958 33

1162 94(0° 3.1

N Sn (ITER poloidal)
TMC (PMS prospective) 70 '121C 350 = 605C 5




Performance index
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Engineering current density

OD (TMC wire): 1 mm

Stabilizer/sc fraction = 1 <D <D
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Performance index

$/kAm = (-2)x $/kg
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* D. Larbalestier et al. Nature Materials, 2014 and MT25, 2017
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Summary

Isotropic (almost) upper critical field up to 51 Tesla @ 4.2 K

Direct extrusion and wire drawing with round or rectangular cross section (almost like NbTi)

Winding of magnets is similar to that of NbTi (within limits)

The filament size can be adjusted within a wide range
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