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Overview — JET’s main chamber PFCs

Main chamber

2 0 I
= |

R, 2" i-
Caar w ol

; ‘;./. 4,,

Bulk Be

A\

Be coated

i NN

T |
i

.,,,:.
?«‘l

inconel
— coated CFC

=

= DIVERTOR

\\

o
wd

-
WwAHES

— coated CFC

S W

Bulk W

I. Jepu | JET’s main chamber| SPD-E meeting| Zoom| 17.11.2022 | 3



Overview — JET’s main chamber PFCs: Beryllium limiters (@
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Overview — JET’s main chamber PFCs: Beryllium limiters — Fuel retention (IBA data)
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Overview — JET’s main chamber PFCs: Beryllium limiters — Fuel retention (IBA data)
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Overview — JET’s main chamber PFCs: Beryllium limiters — Fuel retention (IBA data) )
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[1] A Widdowson et al 2020 Phys. Scr. 2020 014051

[2] I. Jepu et al 2019 Nucl. Fusion 59 086009
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Overview — JET’s main chamber PFCs: Beryllium limiters — Fuel retention (IBA data)

A Widdowson et al 2020 Phys. Scr. 2020 014051
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Overview — JET’s main chamber PFCs: Beryllium limiters — Fuel retention summary(IBA data)
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Overview — JET’s main chamber PFCs: Beryllium limiters — Material migration (Mid&high-Z)
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Overview — JET’s main chamber PFCs: Beryllium limiters — Material migration (Low-2)
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Overview - JET’s main chamber PFCs: Beryllium limiters — VDEs damage (\{;_,‘:‘)
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Overview — JET’s main chamber PFCs: Beryllium limiters — VDEs damage - modelling )
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Overview — JET’s main chamber PFCs: Beryllium limiters — REs damage

Plasma disruption
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Consequences of the disruptions
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Serious threats to
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Overview — JET’s main chamber PFCs: Beryllium limiters — REs damage
Laser 3D profilin

S
=

Modelling of the RE induced damage to PFC
L. Chen, R.A. Pits, M. Lehnen, C. Reux, S.
Ratynskaia et al.
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Overview — JET’s main chamber PFCs: Beryllium limiters — REs damage
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Overview — JET’s main chamber PFCs: Beryllium limiters — REs damage

*Imaging and
Microscopy

REs damage to JET PFC — Be limiter tile

~ Poloidal direction

Toroidal direction

performed at IAP bRE I. Jepu | RE impact on JET PFC| SPE meeting| Zoom| 20.10.2022
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Overview — JET’s main chamber PFCs: Recessed inner wall (@)
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Overview — JET’s main chamber PFCs: Recessed inner wall — Be/W wall inserts ¥ J)

Inconel

Inner wall tile

Be coated inconel
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Overview — JET’s main chamber PFCs: Recessed inner wall — Be/W wall inserts “{S—;ﬂ
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Overview — JET’s main chamber PFCs: Recessed inner wall — Be-coated Inconel (ERDA and 3He-@zﬁb
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Figure 2. Toroidal profiles of (a) beryllium layer thickness and (b) deuterium retention on the IWC tiles, measured witha 2.3 MeV
£
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*He" and H' beam. The Belayer thickness is given for an assumed material density of 1.85
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Overview — JET’s main chamber PFCs: Recessed inner wall — Be-coated Inconel (ERDA and 3He-
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Total D retention amounts to 5.3x10%Datoms
(176mg) in the entire IWC beryllium coating for ILW
1-3 (equal to the sum ofDatoms on IWGL and OPL,
as assessed after ILW1-3 and it is five times smaller
than determined for the divertor);

The Be layer thickness on the exposed tiles is not
uniform, but in neither place it is less than 7 um
thick;

There are no signs of complete erosion. This proves
good long-term adherence to the Inconel substrate;

No material mixing with the substrate components
has been identified.
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Overview - JET’s main chamber PFCs: Recessed Inner wall — Sticking monitors
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Overview — JET’s main chamber PFCs: Recessed Outer wall — Mirrors (i‘\-a'\)
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[10] S. Moon, et al. Nuclear Materials and Energy 19 (2019) 59-6 I. Jepu | JET’s main chamber| SPD-E meeting| Zoom| 17.11.2022 | 27
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Overview — JET’s main chamber PFCs: Recessed Outer wall — Mirrors @:\\_é‘)
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Overview — JET’s main chamber PFCs: Recessed Outer wall — Mirrors - Reflectivity u\\_//;‘;;
TOTAL reflectivity DIFFUSE reflectivity
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» Small changes of total reflectivity (position independent)
» Increase of diffuse reflectivity (especially at the cassette mouth)
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Overview — JET’s main chamber PFCs: Recessed Outer wall — Mirrors - Surface ((( ‘;‘)

Composition Roughness
4 C<5nmm o a2 ;

g a < a m Be Mirror R, (nm)
a w

() -

=z & Z L 0.0 cm 8.48

= S 7 <

Y (] W o

mN 1.5cm 5.77
=0 1.5 cm baffled | 6.20
h h u o Ni 4.5 cm 4.87
4.5 cm baffled | 4.72

1.5 1.5 4.5 4.5

» Composition: very small quantities of C, N, O, Be, Ni.

o

Concentration (E16/cm?)
I

0.0cm

» Nitrogen is detected on all mirrors (and on all analysed PFC).

» No difference in deposition between standard and baffled channels.
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Overview - JET’s main chamber PFCs: Recessed Outer wall — Rotating Collectors gf:)
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Overview - JET’s main chamber PFCs: Recessed Outer wall — Rotating Collectors

ILW-2
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Overview - JET’s main chamber PFCs: Recessed Outer wall — Rotating Collectors
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Overview - JET’s main chamber PFCs: Recessed Outer wall — Rotating Collectors

Rotating Collector 3E Rotating Collector 4B
0 0
34 1 15 345 t e 15
330 ‘ P 30 330 o - ,'/‘, TG »
A - S A St -5
315 P 1k N 45 35 . N NN\ ¢
] p P 0 T y / 0 4
s /’/ /"/ — —— *-,‘\ -
/,// : / . . . ..\\‘ \J
' » Similar data available for \ &2
[ ‘/ '\
it ILW1 RCs (3E&4B) EHiR
\ l\ I’ / |
\ » No ILW3 dat 4B
2 \ \ / [/ 105
\\ 0 ata on /)
240 \ \ 120
N \\\ : ~an /
225 \\ i =y W —~ " 1s 25 N\ S——n_/” B / 5
: e Sy G I~ \j ; - , 5
210 ’ o 150 210~ S - L~ 7150
195 165 0 ~--L--- 105
180 180
s 1 W —Si —F@ ——Mo W —Si

N. Catarino, E. Alves, IST, Portugal I. Jepu | JET’s main chamber| SPD-E meeting| Zoom| 17.11.2022 | 34



= Yy

I. Jepu | JET’s main chamber| SPD-E meeting| Zoom| 17.11.2022 | 35



Overview — JET’s main chamber PFCs: Fuel retention and material migration in gaps of Be tilésjﬁ

10P Publishing | International Atomic Energy Agency Nuclear Fusion EF [ +12.5 12 ‘H"H_h“ [+14.5
Nugcl. Fusion 57 (2017) 066027 (7pp) hitps:iidoi.org/10.1088/1741-4326/aa6864 ) =~
. ay . a b
Fuel inventory and deposition in castellated
structures in JET-ILW 0s
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Figure 2. Castellated beryllium limiter tile from JET-ILW (a); = 2 — "f.é’ s
x-ray diffractograms recorded for the initial limiter surface, erosion £ amx0® — oamm
and deposition zones (b). Figure 3. Deposition in the castellated groove (a); deposits of T
different width on the side surfaces of the tiles, in the gaps between ®
the tiles (b) and (c). é .
'{6. 2.0x10
» Very shallow deuterium deposition is measured in the castellation: 0.5-1.5 mm deep into the groove % ormon
» Small quantities of D are found in the castellation both in the erosion and deposition zones. No e I
difference is observed between the poloidal and toroidal gaps Distance along poloidal gap (mm)

» No dust accumulation was detected inside the castellation Figure 8. Modelling of deposition in the castellation: geometry of

the gaps (a) and (b): simulated deposition profiles of deuterium
(c) and beryllium () in the gaps of various widths.
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Overview — JET’s main chamber PFCs: Fuel retention-= difference between D and T in limiter tllé(s )

Tritium distribution analysis of Be limiter tiles from JET- 12 40 ITTETEIE
ITER like wall campaigns using imaging plate technique 10 | (a) g olw3 T (b) o T (ILW-2) [13] E
. i - - ~—
and B-ray induced X-ray spectrometry T s o  olw-123 S P, e -
K ° 5 . 3
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» The observed T distributions on PFSs showed no systematic correlation with those
of metallic impurities and D
» The highest T concentration was observed at the centre of OPL where the
concentrations of D and metallic impurities showed the minimum values
» This difference in distributions indicated different deposition and retention
mechanisms between T and D.
[12] S.E.Lee et al. Fusion Engineering and Design 160 (2020) 111959 I. Jepu | JET’s main chamber| SPD-E meeting| Zoom| 17.11.2022 | 37
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Fig. 6. Concentration of T evaluated from PSL intensity obtained by IP mea-
surement. The regions with the highest PSL intensity were selected.
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Conclusions O
Be limiters

» IBA data for IL, OL and DP covering toroidal (throughout the “length” of entire tile) and poloidal
distribution (bottom, mid and top part of JET vessel) for D and impurities (W, Ni, Cr, Fe)
distribution for individual and combined campaigns available;

Similar D distribution available via TDS analysis (not presented here)

T assessment via IP measurements - different behaviour as compared with D distribution;

D and impurities assessment in gaps available

Melting due to VDEs and REs, splashes, material distribution around main chamber data available
Microscopy, SEM, EDX, XRD, roughness available for pretty much all limiters (not presented here)

VVVVY

Recessed inner and outer walls

» Results from Inconel inserts available;

» Results from Be coated Inconel tile samples;
» RC results available.

I. Jepu | JET’s main chamber| SPD-E meeting| Zoom| 17.11.2022 | 38



Conclusions

Be limiters

» IBA data for IL, OL and DP covering toroidal (throughout the “length” of entire tile) and poloidal
distribution (bottom, mid and top part of JET vessel) for D and impurities (W, Ni, Cr, Fe)
distribution for individual and combined campaigns available;

Similar D distribution available via TDS analysis (not presented here)

T assessment via IP measurements - different behaviour as compared with D distribution;

D and impurities assessment in gaps available

Melting due to VDEs and REs, splashes, material distribution around main chamber data available
Microscopy, SEM, EDX, XRD, roughness available for pretty much all limiters (not presented here)

YVVVY

Recessed inner and outer walls

» Results from Inconel inserts available;

» Results from Be coated Inconel tile samples;
» RC results available.

Thank you for your attention!
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