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Relevance of the W coating technology for JET (1)
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Relevance of the W coating technology for JET (2)

CoEaEEES o ——
Beryllium ’ .
" Inconel+8ym Be || l\. 1
Bulk W 4k 1
W} Upper {
VAN g Dump ) e £
/ o * Plate
Poloidal
Limiters
; ! { _'{':JL - -
i | ~ Inner
3 y Wall
Guard

LT ‘ Limiters

7
o
&

) L d '-1, Saddle cull } N
% - protection : . o
Yl W17 /)y .
‘+ Mushrooms , N AN
' % Ny s -,
Inner Wall - NN ":,. g ‘-‘-:._% _ N )
Cladding | - = AT
| ; \ ’ "'-.;I. l‘ '=
. Lol TR E —
3 | ". . B
"J i
o D s Y
& LH+ ICRH
Protection
Saddle Coil Y /- "
Protections
Bulk W

More than 5000 tiles to replace - 2 tons of Be 4

6th Association Days Meeting EURATOM — MEdC, Romania, 2 July, 2010, lassy, Romania

W coatings for fusion, C. Ruset



CMSII - Equipment and technology

- In the R&D phase of the ITER-like Wall project it was demonstrated that CMSII
technique is the only one able to produce W coatings of 10 um on CFC substrates
which survived to HHF up 23 MW/m? (T, ., < 2100 °C)

-In 2009 the CMSII technology was extended to 20-25 um and was successfully
applied for W coating of JET divertor tiles.
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After HHF tests in GLADIS
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Cbatings deposited by CMSII technique

6th Association Days Meeting EURATOM — MEdC, Romania, 2 July, 2010, lassy, Romania W coatings for fusion, C. Ruset 6 of 14



- High Voltage
@ | Pulze Generator
Ceramic Insulator = =

. Rotating
Wmdowg % o

Deposition \_‘ Support
Chamber | . ; —
= z —
— =t
| - TMP
e I
[Mrc |—— , ,
| |
| g |  LOAD ! § ||
2 |} (Components |
W
< |1 to be coated) | -
=~ | [}
— =" 1| 1 = —
! I
1
dI AU
_______
= —]

18 Channel DC Magnetron

Power Supply

6th Association Days Meeting EURATOM — MEdC, Romania, 2 July, 2010, lassy, Romania W coatings for fusion, C. Ruset 7 of 14



W COATED CFC TILES (1)

G 1 and G8 divertor tiles coated with G 6 and G7 divertor tiles coated with
20-25 um W in series production 20-25 um W in series production
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W COATED CFC TILES (2)

Diagnostic covers and shinethrough IWGL (Be) from the main chamber;
protection tiles from the main coating thickness 10-15 um
chamber; coating thickness 10-15 um
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Glow Discharge Optical Spectrometry — current
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» 10% of the series production tiles are tested at HHF in GLADIS, IPP Garching
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W/Mo markers for measurement of W erosion
in JET divertor

» Structure of markers:

e« 2-3um Mo

e 12-14 um W

e 3-4um Mo

e 3-4umW

» Applied on particular
Go6, G7, G1, G8, G3
and G4 tiles

12/4/2009 HV

mag | tilt WD spot| pressure 10 um
5:46:43 PM 30.00 kV 8 000 x -9 ° 11.4 mm 4.0 3.67e-4 Pa _catalin.luculescu@inflpr.ro

6th Association Days Meeting EURATOM — MEdC, Romania, 2 July, 2010, lassy, Romania

Atomic Conc. [%]

100

60-
50-
40-

30+

-
\

WM W o T
_ . Mo
90 |
BO_L/ Pl
- - : Ti-s(100%)
- Mo W-s(100%)
: Mo-s(100%)
'aE C-s(20%)
.:;: Ti ,. .::'i,
E: 'W :
: Mo
9 MO : ;:i:
104C PR
| _.-:I C _____ -:;
______ @ : Y ; I:-'-'.Ii'-"-"@-'_-'-'-'-‘-'-' (_:__Q
L T R A I T L I & N
0 10 15 20 25 30
Depth [um]
W coatings for fusion, C. Ruset 11 of 14



Current status of W coating for JET tiles

> Divertor tiles:

- G3, G4, HFGC (10-15 um); 254 Off, coated 100% and delivered to
JET

- G1, G6, G8 (20-25 um); 313 Off, coated 100% and delivered to JET
- G7 (20-25 um); 53 Off coated 100% and delivered to JET

- LBSRP (20-25 um); 106 Off coated 90%

Total: coated 714 tiles (98%)

» Main chamber tiles:

- IWC, Shinethrough Protection, Restraint Ring Protection, LBSRP
Protection, Divertor C, Divertor B, IWGL, IWGL(Be), etc.

Total: coated and delivered 918 tiles (91%)
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Conclusions

CMSII technique has been developed from laboratory research to
industrial scale and it is currently applied for W coating of CFC and
FFG components, including divertor, for JET and ASDEX Upgrade

Coating thickness: 10 — 25 um

The coatings survived to a screening test up 23.5 MW/m?for 1.5s
and cycling loading at 10.5 MW/m?for 5s; T .., <2100 °C.

A quality management system has been implemented and it is
applied in accordance with ISO 9001 standard.

The divertor tiles needed to be installed in JET for ITER-like Wall
project were coated and delivered.

Approx. 90% of the CFC tiles for the main chamber are also coated
and delivered to JET. The remaining tiles will be coated by
November 2010.
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Future plans

> |dentify the actual limitations of this type of coatings, particularly those
associated with carburization at the CFC-Mo interface
» Push the coating thickness to 50 um
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Thank you for your attention!

6/4/2009
8:06:52 PM|30.00 kV|1 000 x|-10 °|11.3 mm| 3.0 |6.77e-4 Pa| catalin.luculescu@inflpr.ro
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6/4/2009 HV spot| pressure
8:09:07 PM|30.00 kV|350 x|-10 °|11.3 mm| 3.0 |6.77e-4 Pa| catalin.luculescu@inflpr.ro




8:12:38 PM|30.00 kV|4 000 x-10 °|11.6 mm| 3.0 |6.66e-4 Pa| catalin.luculescu@inflpr.ro
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