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SiC has significant advantages over graphite as a first wall material

* We need high performing plasma facing components (PFCs) that can survive a nuclear radiation

environment - maintains mechanical strength under high dpa.
« Excellent thermal conductivity.
* Low sputtering — both physical and chemical as compared to graphite.
* Low activation under neutron irradiation.
* Extremely low tritium diffusivity and reduced tritium co-deposition.
* Low Z impurity - therefore, low radiation losses.
* Ensure low PFC erosion that can ensure long lifetime of component.
* Ensure low plasma contamination and fuel dilution.

« Good chemical compatibility with PbLi as a structural material in lead-lithium blanket.
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SiC physical sputtering is lower than graphite by 2-10x, chemical sputtering

by 10x

« SiC physical sputtering is lower than graphite (2-10X) Abrams

101 (a)
et al 2021 g Yo s Yb-siph
 Westerhout et al 2009, Balden et al 2000 S
* C from SiC chemical sputtering is 10x lower than é 102
graphite(Abrams et al 2021) E
* No observed Si chemical erosion from SiC (Sinclair NME 2021, : 100l
Balden JNM 2001) although there is chemical erosion of Si g :
from pure silicon. 7 [
' T 10+4
0.1 F Total Sputtering — E
’g - by Dions  _—__#=====21777 ; 10-1
% : . g F YDHC,ph
E 10-2 E 102 _ Yb_sic.c.ph
Abrams etal 2021 £ ¢ 8 S
e i Sty D—SiC,Cch ]
ST < [ ) (600 °C)
o i —— SiC (average) : 10sL ) ]
2, 103 amorphous Si:C | 3 2 i e
I S R A et Silicon : o X TSNeel ]
= ((cy ¥ /[ | === Graphite ] 104 - s s L
i (C) 1 0 10 20 30 40 50
10&01 0_'1 1' 10 Electron Temperature, Te q4iv (€V)

Fors e Wyt lon Impact Energy, E; (eV) 0‘0 GCENERAL ATOMICS
2



Enrichment of Si is predicted due to preferential sputtering of C from SiC

Comparison of Sputtering yields at normal incidence
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Amorphization of SiC due to accumulation of displacement damages

under ion, neutron irradiation

- A time-varying amorphization ratio of around 0.2 is Y = Qumorph Yamorph + (1 — Qamorph ) Yerystal
needed to explain experimental Si gross erosion rates.
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Difference in co-deposition between C and SiC is unclear; high

temperatures reduce co-deposit growth rate

+ Co-deposition refers to trapping of H/D/T in re-deposited material
* high T co-deposition in C cited as primary reason for dismissal as FPP-relevant PFM

+ Two studies in last 20 years present conflicting results on difference in co-deposition between
graphite and SiC

* role of co-deposit composition is unclear
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Conclusions

» Using SiC walls will lead to decrease in C gross erosion - “Replacing the graphite wall
with a SiC wall yielded a 5 to 20 X decrease in the estimated carbon gross erosion rate
and up to a 7.5 X decrease in the carbon impurity content at the OMP
separatrix.”(Sinclair et al FST 2021)

» Si gross erosion estimates for using crystalline SiC walls should be adjusted by about 1.5
due to amorphization of SiC. This occurs due to the accumulation of defects under ion,
neutron irradiation.

» Preferential sputtering leads to siliconization - “SiC walls can be expected to self-
condition” (Zamperini NME 2023) - oxygen gettering capabilities of SiC need to be
investigated.

» The prospects of tritium retention via codeposition are unclear - Can it be mitigated by
operating at high temperatures? - Further research required.

* Mechanical strength of SiC in reactor relevant scenarios need to be investigated as
well as good matching of the thermal expansion coefficient with the heat sink material.
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GITR workflow with auxiliaries is modular

Fluxes of particles deposited at
each surface mesh element.

* Plasma Pyihon

+ Magnetic eq. interface to * Mesh
. i ¢ Plasma data
Wall coordinates generaie

Surface

mesh

Model

and plasma
background

rosion fluxes are converted
intfo particles with the correct
distributions.

Background Plasma Flux
on each surface mesh
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