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W Progress Since Last Meeting  fy

e Carbon — carbon velvet (CCV) and tungsten coateaoca
velvet (W/CCV) samples acquired from Tim Knowle<&l1 |
Laboratories

« A molybdenum irradiation holster was manufactuxednsure
repeatability between each of the carbon velvatiations.

« SRIM Calculations were performed to estimate #Hge of
He" and D for the carbon and tungsten coated specimens

« CCV specimens were irradiated to 1X1i@ns/cnt using both
helium and deuterium ions at 1150 °C

« A W/CCV specimen was irradiated to 1x16le*/cn¥ at
1150 °C

 SEM analysis has been performed to evaluate tHiacgu
morphology changes on the carbon velvet specimens f
Irradiations



©% The Campaign to Assess Ability of Multiple Materiak g

) to Operate in HAPL Environment is Proceeding &\,
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£y Experiment Setup Using °%
Molybdenum Irradiation Holster &

Velvet Fiberg

Masked Region

Exposed Region




#%  SRIM Calculations Estimate the Range ofw

¥ 30kvHeand DincCvandwiccy W
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At 30 keV He Has a Similar Sputtering Yield:s W

on Carbon and Tungsten R
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¢n  Objective: Assess Viabllity of Carbon g

\

\/ Velvet as HAPL's First Wall Armor ;W"
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Unirradiated CCV




#a Irradiation of CCV to 18 He'/cnr Results in g5
v/ Surface Roughness and Shatft Corrugatiog‘iﬂf"

T ~ 1150 °Cgp ~ 101 Het/cn?, V ~ 30 kV
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{fsﬂw CCV Exposure to HeFluxes Shows an Increasem
W Fiber Surface Roughening Compared fd:[DJxeslw

0¥

¢ ~ 10®ions/cn¥, T ~ 1150 °C
Exposed — He

CCV — 13°He'/cn?

CCV Unirradiated CCV -10° D+/crn2




fgﬂ‘q} Similar Surface Modification Occurs in the Maskeegion of fgﬂ‘fﬁ}

\&Vy CCV Samples Exposed to Hand D Fluxes 11

0.5 mTorr, 30 kV, 1
Masked — DF Mask

CCV Unirradiated CCV - 108 min. runtlme CCV _ 87 min. runtime




rpay Drastic Differences in CCV Surface Morphology Arg
‘f-\!wj Evident Between the Exposed and Masked Regiot

Masked-D* | Masked-He

CCV — Irradlated to 19 D*/cm@ 1150 °C CCV - Irradlated to !LQ(]—le*/cm2 @ 1150 °C




2% Objective: Assess Viabllity of Tungsten Coated
‘m /' Carbon Velvet as HAPL's First Wall Armor, ‘m 4

4 um
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Unirradiated Tungsten — coated Carbon Velvet



{'ﬁ A SEM Analysis lllustrates Increased Surface Rougigeon W- {'ﬁ A

\V J Coating after Irradiation of W/CCV to 10Het/cn? 12 f

T ~ 1150 °Cgp ~ 10 Het/cn®, V ~ 30 kV



oy After Irradiation of W/CCV to 18 Het/cn¥ g@a

—--l#

Exposed Region — He

T ~ 1150 °Cgp ~ 101 Het/cn?, V ~ 30 kV




{. 2 Masked W/CCV Experiences W-Coating:s
%' Cracks But Not Increased Surface Roughng

09ions/cn?, T ~ 1150°°C

W/CCV Unirradiated W/CCV — 132 Het/cnm¥, 105 min. runtime




% Velvet Specimens Exposed to‘Heppear to Sustain &3
V4 an Exaggerated Surface Corrugation Effect 17&9’

Exposed — Hé

e/cm?@1150°(



(@)
-
QL
| -
0 9
(@)
X @
j ©
n O
-
S &
= =
¢ 8
< O
«UW
S 2
= ©
L O
cc C
t.._u
n.._“.
=0
5 8
o ©
L 5
o N
=
3
>

T

Masked — D

o)
=
|=
S
=
S
L0
O
ot
_
>
O
O
=

CCV — 87 min. runtime

CCV ~-108 min. runtime
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Fibers in the Exposed Regions Sustain More Dras
Morphology Changes than in the Masked Region:

¥
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W/CCV - Irradiated to 19 Het/cm @ 1150 °(C




All Carbon Velvet Samples Experience g9
Measurable Mass Loss After Irradiation W

W)
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Preliminary Observations @ 1150 °C* )

21

Both He and D irradiation of carbon-carbon velvet
specimens causes fiber shaft corrugation, though He
Irradiated samples have a more pronounced effect

Some W-coated carbon fiber shafts incur rupturing, in
addition to increased W surface roughness aftér He
irradiation

Both He and D irradiation resulted in measurable mas
loss Iin each of the carbon velvet specimens

Masked sections of all carbon velvet specimens expos
to high temperature and high voltage, sustained less
damage (quantitiative), as well as a qualitatively
different surface structure than exposed sections



9 P . b I Py
ossible Future Work
o 2 2 T

 Damage investigations for CCV and
W/CCV held at high temperature without
lon fluxes

 Damage investigations for CCV and
W/CCV held at high temperature and high
voltage without ion fluxes

e Irradiation of W-coated carbon velvet
specimen using D



W Possible Future Work, Conif

 Investigation of other carbon velvet source
material (pan fibers, glassy carbon, etc.)

e Energy Dispersive Spectrometer (EDS)
post-irradiation chemical analysis to
determine surface composition

* FIB analysis of individual fibers on all
examined samples
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@ Surface Damage Comparison of W, TaC Foam
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¥ sic, and ccv Samples at 1X¥2®et/c Y,
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@ W-Coating Rupturing Occurs on Different
W Fibers Over the Sample
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cm2 147 mlnute runtlme |
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30kV 55mA 950C ~1.5x



W Some Interesting Numbers {w
. 28%

« HAPL total He dose (5 Hz, 10.5 m radius) I
~ 6 X 134/cny per pulse (3 x 1¥/cnrs ave.)

e |EC steady state He flux @ 6 n¥A
10%/cnrs

e |[EC pulsed instantaneous He flux (10 Hz, 1
ms, 60 mA)x 10/cny per pulse--->¢
10'%cm¥s)



#% Masked SIC Sample Surface Roughening is Due tg"
W Irradiation Not Temperature Exposure W

30 kV, 5.5 mA, 950°C, ~1.5x10Het/cm?, 147 minute runtime
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#2 The |IEC Voltage Capability Covers Nearly 25;%

of the lons at the First Wall
Helium lon Energy Vacuum Spectra
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¢ Implantation Covered a Small Range ofg:
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the Helium Energy Spectrum 31“”

Range of Helium lons in Tungsten
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IEC lon Implantation Process
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