UK Atomic

Energy
Authority

b

\

\\

\

7
7

\\ W

\

\

STEP’s plan for understanding REBCO coated
conductors in the Fusion Environment

1st International Workshop on Irradiation effects on high temperature superconductors (IREF23)

William lliffe, Simon Chislett-McDonald, Fiona Harden, Kirk Adams, James Tufnail, Chris Grovenor, Susannah Speller,
Aidan Reilly, Stuart Wimbush, Ezzat Nasr



11

T = 150MK

,q@‘f -
*h

* And whilst being irradiated with
» Fusion Spectrum Neutrons
 And Gammas

Requirements for Current Carriers in Fusion
Authority
Magnets
g P « B* Central
| — RO dz Solenoid - _
. : — |
LM Tokamak Plasma S 85
L4l | 7 I R Y |
[5] : ic I O ® | . Poloidal A
| 2H G ! Field
8 S|
: o) |
\ & —~  Toroidal % '
; / i Field [7]
/ \. Y . Tokamak User Requirements
| n (14.1 MeV) § ! Magnet Current Carriers must:
| Q ' . « Carry their Rated Current
i : * In (High) Magnetic Fields
. He (3.5 MeV) el «  Whilst subject to Strain
i ;
5 |



Anatomy of a REBCO Coated Conductor UK At

Energy
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Neutron Irradiation Experiments on REBCO
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STEP HTS Irradiation Test plan
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Initial Tape Properties Survey

Authority
Q. Can we use of a proxy measurement to predict properties at high B properties?
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Filtered lon Irradiation Experiment

Authority
Q. How to emulate neutron irradiation damage with ions?

Bragg peak

Advice of G. S. Was et al., “Emulation of reactor irradiation damage 12
using ion beams” Scr. Mater., vol. 88, pp. 33-36, 2014 e =, Implanted iron
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e Use self-ions, where possible.
e To create lattice damage, ensure volume of interest has:
e as-small-as-possible variation in the damage level
e as-low-as-possible ion implantation concentration per
bombarding ion over the volume of interest.
e To create the required impurity concentration:
e ion energy(ies) needs to be minimised to avoid lattice ]
damagebut g fo.- 20
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Damage rate (#/Angstron-ion) or
pre-implanted helium (a.u.)
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What do Fusion Neutrons do to REBCO?

dpaJFPY

Q. What do fusion spectrum neutrons do to YBCQO?

YBCO in ST135 TF

1072
103 F
104 F 1.0 —61.6%
i 2.Cu —+19.3%
3.Ba —+8.74%
4Y —7.5%
5| 5.Ni —1.43%
107 ¢ 6.C —0.696%
- 7.Co —+0.293%
8.N —0.162%
Total-
L L L Piiiim A B
106 104 102

Recoil Energy [MeV]
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- YBCO in DEMO 2015 TF

1.0 —-67.3%
2.Cu —+18%
3.Y =7.15%
4.Ba —+6.66%
S5.Ni —0.426%

1071 6.C —0.215%
7.Co —0.0808%
8.N —+0.0401%
Total
10-11 R A 2 -F |
106 104 102

Recoil Energy [MeV]

In both spectra, 10% of the total damage due to 50-90keV Oxygen PKAs



Filtered lon Irradiation Experiment

Q. What do monoenergetic oxygen ions do to REBCO? (or any material)
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Filtered lon Irradiation Experiment

Energy
Authority

Q. How does one create a uniform ion implantation profile?
A. Use a Steinbach et al. energy filter

Implantation Concentration Experiment:
P into Si

Starting P energy: 7 MeV

Dose: 7 x 10'2 P ions/cm?
Concentration determined by SIMS

Phosphor-Profile: Si_19 (Box) / Si_17 (Probe)
1E+18

Y — 417 31P at/em’
[24] — #17 31P at/cm’

~ Simulation
1E+17 ?

6.5um thick  0.2um thick

1E+18

concentration / at/em’

-. Intensity / counts

1E+15

1E+14 — 1604 [24]
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Q. What does the experiment look like?

Filtered lon Irradiation Experiment
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Filtered lon Irradiation Experiment
uthority

Q. What is the experiment set-up?

Design Reality
~1cm <0.5-1um Silicon Implantation
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Filtered lon Irradiation Experiment

Q. Any change in T.?

13 |
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Filtered lon Irradiation Experiment

Authority

Q. Any change in J.?
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14 | Experiment is on-going! DRESDEN ROSSENDORF
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Filtered lon Irradiation Experiment
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Q. Any change in J.?
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