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Motivation: The hot-spot regime
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Motivation: The hot-spot regime T
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Designing the Current Contacts Size
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Designing the Current Contacts Size WICMAB s
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Designing the Current Contacts Size WICMAB s

WCOMSOL Silver-GdBCO contact resistance versus Annealing
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15t Proposal: Local Annealing WICMAB

1. Oxygen-Annealing 2. Air Exposure 3. Silver coating

02 Air
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Local Annealing: Experiment

THEVA-tape of 10 cm

GdBCO film

~5cm

Substrate tape

v’ Local Annealing at 500 °C for
2h in 0.6 L/min of O, flow
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Local Annealing: Experiment

GdBCO film
THEVA-tape of 10 cm ~5cm

Substrate tape v’ Local Annealing at 500 °C for
2h in 0.6 L/min of O, flow
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2"d Proposal: Local Hydrogen Reduction ~ ICMABT="

Hydrogen Saturation time vs. Ag thickness
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2"d Proposal: Local Hydrogen Reduction Experiment YICMAB 7
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3 Proposal: The Current Flow Diverter or CFD  ICMAB®s:

Uniform

Tape cross section 0,
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4. Final O, Annealing for CFD
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3 Proposal: The Current Flow Diverter or CFD  ICMAB®s:

Uniform

Tape cross section 0,

4. Final O, Annealing for CFD
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474 Proposal: b-CFD via silver sulfidation WICMAB 7~

POLYTECHNIQUE

Tape cross section MONTREAL

Y0 COMSOL

104 M M 1 M M 1 M M 1 M M 1 M M 1 M M 1

Current ; R
|— trajectory =" -

L7777

= = = Simulation: b-CFD 20 nm Ag top
= = = Simulation: b-CFD 100 nm Ag top
Simulated: b-CFD 300 nm Ag top
= = = Simulation: b-CFD 500 nm Ag top
| Simulation: Uniform Theva tape
Lacroix et al., SUST 27 035003 (2014) Experimental: Uniform Theva tape
Lacroix et al., SUST 27 055013 (2014) 107 — 7
Bl Hastelloy Substrate [ 1 Silver stabilizer Lacroix et al., SUST 30 064004 (2017) 100 200 300 400 500 600 700 800

Bl REBCO film B Normal zone Current (A)
[ | Buffer layer [ ] Joule heating concentration

Bl High interfacial resistance layer

IEEE-CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), June 2023.
Presentation given at Coated Conductors for Applications Workshop, Houston, TX, USA, April 2023.




4th Proposal: Sulfidation of the silver for the CFD  ¥ICMAB?s~
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(] Partial Sulfidation of the Ag shunt:
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4th Proposal: The b-CFD architecture with WICMAB s
sulfidation

(] Partial Sulfidation of the Ag shunt:
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4th proposal: The b-CFD architecture with ~ ‘“ICMABT=:
sulfidation

(] Partial Sulfidation of the Ag shunt:
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4th Proposal: The b-CFD architecture with WICMAB T
sulfidation

(] Partial Sulfidation of the Ag shunt:
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Conclusions and Outlook

In order to safely operate it in the 1000 A range, the highest interfacial resistance in a 12 mm HTS tape, with
reasonable current contact size is close to 10® Q-cm?.

The interfacial resistance threshold for substantially increasing the NZPV in a 12 mm HTS-tape is 10® Q-cm?

Annealing the HTS film without silver + locally annealing the tape at the current contacts is a viable way to
enhance the NZPV

o Two extra steps are required to manufacture these tapes
o Oxygenating the HTS-film without silver takes considerably longer annealing times (*not a problem for batch furnaces)

The interfacial resistance silver/HTS can be increased considerably without removing the silver coating via
Hydrogen reduction.

o The diffusion of hydrogen through the HTS-film is a major challenge for using H, as a reducing agent

Sulfidation of the silver stabilizer for the b-CFD architecture
* The process can be done with any commercial silver coated tape
* The NZPV gains are comparable to the classic EPM-CFD for currents below 400 A

v" The sulfidation process still needs to be tuned for long length tapes above 10 cm
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Discussion topics HICMABS

High J_ (I_) coated conductors: key point for all power applications. Proper CC protection against
quenching required (I fluctuations)

Issue particularly relevant in Fault Current Limiters and high field magnets: hot spots may
degrade or destroy the conductors and limit the maximum current

Intrinsic quench protection of CCs: consider seriously (NZPV of CCs too low) so they are prone of
being destroyed by local heating

Current Flow Diversion architecture in CCs: a very effective solution to the quench protection
problem

Several approaches being tested to facilitate integration of the CFD architecture to the
manufacturing approaches of industrial partners.

ICMAB and UP Montreal are committed to transfer the process to industry
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