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Boronization of future magnetic fusion machines with
full-W walls and long plasma pulses: do we have a plan?

Goal Next generation, reactor relevant fusion devices like DTT, ITER and DEMO will sport :

- heavy metal (W) walls to cope with extreme heat and particle exhaust
- long plasma pulses (100 s — 1000 s) to study steady state operations
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Goal Next generation, reactor relevant fusion devices like DTT, ITER and DEMO will sport :
- heavy metal (W) walls to cope with extreme heat and particle exhaust
- long plasma pulses (100 s — 1000 s) to study steady state operations
Need Boronization mandatory to ensure feasible and successful operations through :

- trapping of O (and other light impurities) in B-rich, nanometric layers
- reduced recycling, pumping wall, low density scenarios possible
- transiently mitigated W erosion in low ion flux regions (unlike divertor)
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Boronization of future magnetic fusion machines with
full-W walls and long plasma pulses: do we have a plan?

Goal Next generation, reactor relevant fusion devices like DTT, ITER and DEMO will sport :
- heavy metal (W) walls to cope with extreme heat and particle exhaust
- long plasma pulses (100 s — 1000 s) to study steady state operations

Need Boronization mandatory to ensure feasible and successful operations through :

- trapping of O (and other light impurities) in B-rich, nanometric layers
- reduced recycling, pumping wall, low density scenarios possible
- transiently mitigated W erosion in low ion flux regions (unlike divertor)

Issue Bigger constrains with respect to last or current generation devices :

- limited magnet duty cycle ==> glow discharge boronization not routine solution

- larger vacuum vessel surfaces ==> larger B mass for similar layers thickness

- long plasma pulses and high fluence ==> B layers quickly removed / remobilized
- few data on T retention in B layers and dusts ==> unknown impact on T inventory
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WEST : long pulses, active cooling, ITER grade divertor

Tungsten (W) Environment Steady state Tokamak :

- Superconducting toroidal field colls, 3.7 T

- Maximum plasma current =1 MA

- Major radius = 2.5 m, minor radius = 0.5 m
- Total heating power (LH + IC) = 16 MW

- Maximum pulse duration 1000 s (364 s)
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- Superconducting toroidal field colls, 3.7 T

- Maximum plasma current =1 MA

- Major radius = 2.5 m, minor radius = 0.5 m
- Total heating power (LH + IC) = 16 MW

- Maximum pulse duration 1000 s (364 s)

Goal Qualify actively cooled, ITER grade
divertor technology under 10 MW m-2
heat flux density (11 MW m=2 * 5 s)

In 2022 : entirely new, actively cooled, ITER grade lower divertor
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WEST : long pulses, active cooling, ITER grade divertor

Tungsten (W) Environment Steady state Tokamak : e (O .1;\\_\&\;\;\;\\%- "/‘1«,
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- Maximum plasma current = 1 MA
- Major radius = 2.5 m, minor radius = 0.5 m

- Total heating power (LH + IC) = 16 MW

______

- Maximum pulse duration 1000 s (364 s)

Goal Qualify actively cooled, ITER grade
divertor technology under 10 MW m-2
heat flux density (11 MW m=2 * 5 s)

In 2022 : entirely new, actively cooled, ITER grade lower divertor

Fall 2024: back to full-wW environment (no longer , replaced with bulk W)
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WEST glow discharge boronization setup

6 glow anodes at the top of the vessel, equally spaced in ¢
V=50V,I,=4-6A,p=0.3-0.6 Pa

2 power supplies: - possibility to power only 1-3-5 or 2-4-6
- possibility to use electrodes to collect
current instead (like Langmuir probes)
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WEST glow discharge boronization setup

6 glow anodes at the top of the vessel, equally spaced in ¢
V=500V, Il,=4-6A,p=03-0.6Pa

2 power supplies: - possibility to power only 1-3-5 or 2-4-6

- possibility to use electrodes to collect
current instead (like Langmuir probes)

6 diborane injection points at the bottom of the vessel,
(equally spaced in ¢) behind baffle, near LFS wall
2 gas injection lines: possibility to inject only 1-2-3 or 4-5-6

Flexible system to study role of spatially non-uniform
boronization on B layers during ITER early operations
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ASDEX-Upgrade glow discharge boronization setup

4 glow anodes located at midplane
4 individual power supplies (2 A/ 2 kV)
Working gas: D, He or H, by MFCs

Used for initial wall cleaning, boronisation,
wall cleaning in-between discharges

p=0.5Pa
room T
V=550V
V=355V
| = 4*2 A
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WEST glow discharge boronization procedure

Working gas: He >85 % - B,D, <15% p (Pa)
Only Suppller A”- LIqUIde (no D2 Carrler) Température B30 —D2 —He —Boro + P amorcage/10 ;
_ ] + 0,9
B mass = 10-12 g, total duration ~6 h _ 1 i 3 L os
Layer thickness currently unknown 1
Spatial uniformity currently unknown . * PB,D.+He ::
¢ t 04
Tbake T03
PHe 102
+ 01
.................. 0

8/12/20 6:00 8/12/20 9:00  8M12/20 12:00 8/12/20 15:00 8/12/20 18:00
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WEST glow discharge boronization procedure

Working gas: He >85 % - B,D, <15% p (Pa)
On|y Supplier: A”- quwde (nO D2 Carrier) Température B30 —D2 —He —Boro + P amorcage/10 )
] + 0,9
B mass = 10-12 g, total duration ~6 h | 1 p) 3 L os
Layer thickness currently unknown 197
Spatial uniformity currently unknown . * PB,D.+He T9°
+ 0,5
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or longer to remove D, from traps)
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Working gas = 10 % B,Dq Iin He carrier: I —— —
==> No H, but He contamination - -
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WEST post mortem analysis diagnostics
Limited set of boronization post mortem tools:

HFS wall coupons (campaign-integrated data),
no ion flux in diverted pulses, only CX neutrals

4 poloidal locations
2 toroidal location
6 samples

277
48 in toal , @
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ASDEX-Upgrade post mortem analysis diagnostics

Extensive array of diagnostics to characterize B layers both before and after plasma exposure

Pre-characterized tiles
at 4 locations

Magnetic SHutter probes (MSH)
at 7 toroidal locations

Quartz MicroBalances (QMB)
at 7 toroidal locations

Long Term Samples (LTS)
52 toroidal/poloidal loactions

4 manipulators (not shown) :
omp, low div, X-point, LBO
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Open boronization issues specific to ITER

1) When and how often should ITER be boronized? Longer pulses but colder SOL

2)

3)

4)

S)

Optimal boronization parameters be for ITER? He or D, carrier, B,Ds concentration,
glow discharge pressure, glow anodes/injections configuration, vessel temperature...

Little knowledge about properties of B coating layers (both from glow and dropper): erosion rate,
H/D/T inventory, O gettering capabilities, depth range for fuel removal via isotopic exchange

Little knowledge about B accumulation, flaking, dust formation and effect on plasma operations.
Same for layer reactivation capabilities (both from glow and dropper).

Can powder dropper be a good risk mitigation to ensure Q=10 if boronization fades too quickly?
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