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He induced W fuzz formation

Impinging He ions induce coalescence of He in W matrix and

formation of He nano-bubbles

» formation of nanoscale bubbles induces stresses and swelling in W

» stresses relived by cracking and opening of bubbles => forming W
nanostructures

» various form of nanostructures: W fuzz, W coral-like structures, W
nano-tendrils

* W fuzz influence the erosion and retention properties of W

(a) 3000 » = NAGDIS-I, 2006 [11] 4 NAGDIS-Il [un-published) |

¥ v PISCES-B, 2008 [4] - NAGDIS-I, 2003 [14)
® O NAGDISI, 2009 [7] © NAGDIS-I, 2004 [13]
+ NAGDISI, 2009 (9] O NAGDIS-I, 2007 [8]
<& A NAGDIS-I, 2008 [12] 2 NAGDIS-I, 2005 [15]
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Samples for AUG He exposure

f

12 samples for AUG He campaign
6 polished + 6 polished and fuzz

PSI-2 exposure - Fuzz formation
Temperature ~ 900 °C

lon Flux~ 8.4 x10*! m2s?!
Fluence ~ 1.5 x 10> m™?

Energy ~ 80 eV

PSI-2 sample holder with 2 samples mounted before He
Sample geometry plasma exposure
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PSI-2 preparation @)

PSI-2 He exposure - Fuzz formation 'ﬁﬁ ,ﬂ'yf
Temperature ~ 900 °C : '
lon Flux~ 8.4 x10?'m
Fluence ~ 1.5 x 102> m2
Energy ~ 80 eV

600 - 800 nm
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. 30 nMm 500kv IProbe= 800 pA SE2 540° On IEK 4 OJULICH

[ — 2500KX  Width=4573ym  wD=61mm 14 Jun2022 PSI 2 He Rasinski -ty

Marcin Rasinski | WPPWIE Review Meeting | Jilich | 6-9 February 2023 | Page 4



\

N

77N

FIB cross-section preparation @
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e On each sample 4 FIB cross-sections with line marking were E
prepared m'T

* Different position and orientation of each cross-section for o

better understanding the influence of plasma direction 2.5n<1£n

6 MM ¢——

e  Cross-section examined after AUG He campaign to determine
the erosion/deposition and fuzz formation
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AUG He exposure

e 8 ok H-mode

e 6 ok L-mode
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Below L-mode outer strike Iine position (@)

Sample W07 fuzz
Cross- sectlon 3

300 nm 500k IProbe= B00pA  sEZ 6407 On  WOTPSI2He 3 EK4 o
—_ ZE00KX  width=4.573um WO=51mm 8 Aug2022 AUG He Rasinskl J {!}.,I:!Eﬁ

2BO0KX  Width=4673um  WO=S51mm 14Jun2022  PS-ZHed Rasinski

300 nm sookv IProbe= S00pA  SEZ 640° 00 WO7 IEK 4 &) 10LcH
Juor ) jouc

Fuzz from PSI-2

* no visible surface
modifications

e PSI-2 fuzz preseved

Polished

700 Ky IProbe= 10nA 0~
300 nm se2 g aiede reanan 9 JULIGH

FSO0KX  Wian=a5TIUM  WO=5imm 15Aug2022  AUGHe

300 nm 500 iProbe= s0pA  SE2

* no visible surface T s R i S e

modifications
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Sample W7 fuzz
cross-section 1

300 Nm 50K (Probe= SonpA  SEZ 640° On WO IEK4, 310 - v on
300 nm o Farws ®10ucH] (300 nm gy e o s e

WOTPSI2 He 1 IEK4
X Wieh=45T3pM  WD=2mm 14Jun2022  PSLZHe1 ZBO0KX  Wieth=45T3um  Wh=5tmm 9Aug2022  AUG He ankl'J -!9';'9"!

Fuzz from PSI-2 T - -L*\ =
* top part of the fuzz S Ny el e Sy
eroded/modified. N R B,

e underlying fuzz not

modified

300 nm 70K  IPrabe= 10nA  sE2 640° On
— BOOKX  Wigth=4ST3Um  WD= 64mm 15Aug2022  AUGHe

Polished ﬂnm :.:u‘:x '\-:fﬁ:»ﬁuu;“ Wz?ﬁ)mm :u‘f:nz;:z Pz Het Rasiak
e erossion of ¥ 50 nm
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Above L-mode outer strike line position @)

Sample WO0S8 fuzz

£
300 NMm 5k IProbe= 800pa  SEZ B40% Or WO PSkZHe 1 IEaKs:wm'J ‘L':":,I,(E”

LR
50KV Iproben
300 nm geowr e mook MUK Widh=35T3em  Wo- 5imm Aug0zz  AUGHe "

KX wridtn= 4573 um

sez ov e woe
Wo=S2mm 144un2022  PSZHed

Fuzz from PSI-2 = - ’

* deposition ~ 400 nm > ; @
covering the initial fuzz ..~~~ >

« underlying fuzz not '
modified

_____________________

300 Nm 7ookv  IProbe= 10nA  SEZ 840" n wwmi E;:‘mgwﬂn

500Ky - O "
300 nm |Probe= S00pa  SEZ B40° 00 ee ) OLICH 600KX  Widm=45T34M  WO=5imm 15Aug2  AUG

[ — ZS00KX  WIeh=4573UM  WD=652mm 21Jun2022 Rasinski

Polished
* homogeneous
deposition ~ 250 nm
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Below H-mode outer strike line position (®)

Sample W21 fuzz
cross-section 4

. | 300 nm s®k  iprobes coopa  SE2
2 | 2500K X

300 nm 500KV IProbe= B00pA  sE2 §40° ©n  W21PS
Widih=4573m  WD= 84 mm 13Jun2022  PSI —f BOOKX Wi

e a5 W samm tomgan  AUGhe Rocines 0 JOLICH

Fuzz from PSI-2

* deposition ~ 400 nm
covering the initial fuzz

e underlying fuzz not
modified

539" on

300 Nm 7o0kv  IProbe= 10nA  SEZ wit
— WOOKX 16 AUQ2022  AUG He

Width= 4573 UM WO= 51 mm

Y Rane ¥ J0LICH

300 Nm 590K IProbe= 800pA  SEZ 540° an
[ — SO0KX  Wilth=4573ym  WD=54mm 21Jun2022

Polished
* homogeneous

deposition ~ 200 nm _ _ _
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Near H-mode outer strike line position ©

Sample W21 fuzz
Cross- sectlon 4

300 Nm 5%okv  IProbe= B00pA  SEZ 640% D WZIPSI2He 1 K4 &
— ZEO0KK Wi =45T3Um  WO=5imm 10Aug2022  AUGHe “HH“‘J‘.'"Q:I.:.'E,.H"

300 nm snow IProbe= SO00pA  SEZ 640° On  PLM 16-10-12 W21 |Eu4
X WidmeeSTIUM  WD- Bimm 23Maymz PSI2 e | s 4 BLICH
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Fuzz from PSI-2

e partial fuzz erosion

e below the erosion fuzz
unmodified

Polished I R i e
e erosion 100 — 250 nm

300 nm 7ookv  IPwbe= 10mA  SEZ &40° On W1
—_ F600KX  WIdR=A5TIM  Wh= 67mm 1SAug2022  AUGHe  Rasinsnl Ll
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Polished

Above H-mode outer strike line position ©

before | after ~ é Sample W12 polished |

cross-section 3

new fuzz localy present
formation of the fuzz
strongly dependant on
grain orientation
nano-bubble formation
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Above H-mode outer strike line position (®)

.q,:'p-r c.] Sample W22 fuzz
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Fuzz from PSI-2

*  Fuzz from PSI-2
removed/modified

* new fuzz with
thickens below 1 um
was formed

o formation of Nano- [ I o i

bu bbles beIOW the 300 nm 5%k (Prove= soopA  SEZ 5400 01 wa2 IEK4
¥ 4 BOOKX  Widh=46T3um  wo= s2mm 13Jun20z  PSI2Hed Rasinski
surface

OJULIGH 300 nm 70KV IProbe= 10nA  SEZ §40° On  WZ2PSIZHe 4 IEK4
| [ inski

2500KX  Width=4573ym  wD=61mm 11Aug2022  AUG He Rasins! i
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Above H-mode outer strike line position (@)
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Fuzz from PSI-2 nd

* fuzz from PSI-2 :
removed/modified _

 new fuzz formed EEEE————

Polished

e surface modified with
visible roughening and
bubble formation

300 NM 550 iPmhes wops  gE1 [T Wit 8
—

300 nm 700k IProhe= 10nA  sEz 5a0° oo w13
WHOKE W =AETIEm WD S mm 3o T0R —

J/OOKN  Widh=46T3um  WD=Simm 15Aug20zz  AUGHe
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Above H-mode outer strike line position (®)

Sample W22 fuzz
cross-section 3

iPmbe= B0ph  SE1 [T
MOOKA W =4ETIEM WD 50 mm 16 dun J032 b T Ratinahd

3001"“1’! rnow [ T BT (n WEI PRI 1
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Fuzz from PSI-2 o e "ﬂ

e fuzz from PSI-2
removed/modified
* new fuzz formed

Polished
e surface modified with 300 -z e e
visible roughening and
bubble formation

300 nm_ 7oA iBrskes 12nh gE3 MO' n
HOKK WamedsTIim  WDe gimm BAuiz  AUGHE
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Fuzz formation - EDX ©

B spectrum 3
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2 um 5.00 kV | Probe= 800 pA SE2 840° Of W22PSl-2He 1 IEK4 JULICH
p——f 500KX Width=2287ym  wD=51mm 11Aug2022 AUGHe Rasinski J Fersetmngazanirum

No trace of Mo found on a surface with new
fuzz formed under AUG He discharges.
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-~ Fuzz formation @)
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Presenter
Presentation Notes
𝛼 is the angle between incident magnetic field vector and tile surface, �𝜃 is the so called pitch angle between the magnetic field line projection on the tile surface and the horizontal.
�H-mode, #41471 @ 4s during flat-top
s=1100mm, x=22mm from tile centre, 𝛼 = -1.9º, 𝜃 = -1.0º
s=1115mm, x=20mm from tile centre, 𝛼 = -1.8º, 𝜃 = -1.0º
�L-mode, #41480 @ 4s during flat-top
s=1100mm, x=22mm from tile centre, 𝛼 = -1.9º, 𝜃 = -2.0º
s=1115mm, x=20mm from tile centre, 𝛼 = -1.9º, 𝜃 = -2.1º
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AUG He fuzz analysis

f

M. Wirtz et al. / NME 9

%2

e Similarities between fuzz formed
during AUG He and simultaneous
PSI-2 He plasma and laser.

e Fuzz structures and bubble
formation present after AUG He
might be reproducible by
simultaneouss laser and plasma
loading

SEM image of a surface and FIB-cross section of the He
and laser exposed sample (absorbed power density 0.76
GW/m? 1000 pulses): simultaneous laser and He-

== plasma exposure at 850 °C;
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Arcing (®

Sample WO0S8 fuzz

3pum 500KY  IProbe= 25nA  SE2 640" OF  WOBPSIZHe 3 I '} i
|L 250KX  wWidn=4673um  wh=51mm 10Aug2022  AUGHe arc me‘.’.g,L_[EnH.Q

300 Nm 500kv  IProbe= 800pA  SE2 §40° On  WOBPSI2He 3 IEK4 o & 1(j| ICH
[ T— 2500KX  Width=4573ym  WD=51mm 10Aug2022 AUG He arc Rasinski J Fersemungazantrum

Arc removing the fuzz
No damage to underlying regions in the bulk

2um : IProbe= zsnn. SE2 840" n  WOBPSI2He 3 IEK-I
[ L 3 gJuLch

SODKX  Width*Z2E7TUM  WO=6imm 10Aug2022 AUGHe arc
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Arcing ©

Sample W22 fuzz

e T ey X i st TO
Hm P 512 He 'EK:_K“'JTIDLICH

— 280KX  With=4673im  WD=81mm 12Aug30zz  AUGHe Ras| s

300 nm 79k  IProbe= 10nA  SE2 540° On  W23PSk2He 2 IEK4 i
— 2500 KX  Width=4673ym  WD=51mm 12Aug2022 AUGHe arc Rasinski 9 JULICH

FErTmIRETERm

Arc removing the fuzz
No damage to underlying regions in the bulk

2|,||-|-| T.00 kY 540° 0 W23PSI2He 2 IEKd g
b GOOKX  Wdth=2287um WD Simm 1ZAugame  AUGHe arc Rasinski el
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L-mode

H-mode

Summary

During PSI-2 He plasma exposure fuzz with thickness of 600 — 800 nm was produced

48 FIB cross-section with line marking was prepared on 6 polished and 6 samples with
PSI-2 fuzz

Prepared samples exposed to 8 H-mode and 6 L-mode AUG He discharges

Below L-mode OSP no visible surface modification
Near the L-mode OSP erosion of PSI-2 fuzz as well polished surface was observed
Above L-mode OSP deposition of W was found.

Below H-mode OSP deposition of W was found
Near the H-mode OSP erosion of PSI-2 fuzz as well polished surface was observed
Above H-mode OSP new fuzz was formed. Fuzz from PSI-2 removed/modified.

No traces of Mo was found

Visible traces of arcing, mostly at fuzzy surfaces. Arcs removed the fuzz but did not
damage underlying material.
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Outlook for 2023 O

» Correlation between exposure conditions (surface temperature, ion flux, etc.) and fuzz
formation.

« Comparison between linear devices and tokamak environment fuzz formation.

* Investigation on the W grain orientation and fuzz formation by means of TEM/EBSD

3 ym ;-: ;\; m:::t:s;;: w?:E:sn . :;o;n 2::3 mg " Irf:;;wki 9 JULICH — :gg :Vx m;::z;:;: WI;L::;mm zs:fnmo:: Resinshi 9 -“!Q,E,L‘?ﬂ
SEM image of a AUG He exposed surface. Visible SEM image of a preared TEM lamella.

localized fuzz formation
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