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Previous Deuterium-Lithium Surface

Abstract Chemistry Laboratory Experiments MAPP Surface Analysis Chamber
* MAPP is the first in-vacuo surface analysis diagnostic directly ATJ graphite surface chemistry with 2um lithium deposition and D*: Z N
attached to a tokomak, capable of shot-to-shot chemical Ols Cls /
surface analysis of plasma facing surfaces (PFS) T — —
*  MAPP can study the role of hydrogen recycling dependence on | A — L | T —ux
lithium deposition thickness on graphite and metallic ' |

substrates.
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« X-ray photoelectron spectroscopy (XPS) and low energy ion
surface spectroscopy (LELSS) can show the relative chemical
functionalities of low-energy D2 interactions with thermal
lithium in ATJ graphite matrix as well as Li thin-films on e W W . o
porous Mo used in the LLD o o

* Past Studies of post-mortem analysis of tiles/witness samples ATJ graphite sample substrate (black) with 2um lithium conditioning (red), and 30 min 1
from NSTX and Purdue offline control experimen‘rs show a KeV deuterium bombardment (blue). Control studies isolate the effect of each process
. . . e . Comstock Analyzer S le Holder, hold NTI Focused X-ray S Ma/Al
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chemical functionality associated with Li-O and Li-C dipole . . . . . o .
In'rer‘aCTlonS Li and O interactions are manlfQST at 530.1 eV in the XPS SpeC'I'r'um. Charac-rerl|za1-lon Technlques:
MAPP dat ; then Erosion/Red . deling i Li, O, and D interactions, on a graphite substrate, are manifest at 533.0
NSTX ara can strengtnen trosion/ikedeposit ton modeling In eV. XS roong X-Ray photoelectron spectroscopy (XPS) with Al and Mg
o o ' ; p p | Carbon: 711‘@/6- sources
* MAPP also dllows the exposure of variety of materia Li, D, and C interactions are manifest at 291.4 eV : : :
compositions (solid Li, liquid Li, W etc) samples to variety of o « 40 mlm workmlg distance at I’rhe magli: 56 deg angle from
i i : sample normal, enerqgy resolution <0Q.lev
NSTX plasma configurations Both XPS and LEISS can give mp mat, 9Y
+  MAPP will enable the correlation of plasma facing component 2 L 0 min qualitative data to the « Can show unique chemical functionalities such as "Li-O-
(PFC) sgrface Zhelmis‘rry with plasma conditions and point the : s concep’rrafrign apd ;hemical D" seen in ATJ graphite, to identity D, chemical
way to improved plasma performance. - J functionalities lithium has on interactions in surface

. the surface
Low energy ion scattering spectroscopy (LEISS) and direct

. . Details on deuterium-lithium recoil spectrosco DRS
Surface Characterization Methods - surface chemistry (see C.N. P Py | )
Erergy (e\ Taylor' BP9.44) o SCGTTZI"IHQ angle @SZ 3Qe

Shows elemental concentration (even hydrogen) on first
few atomic monolayers

LEISS data of lithium conditioning of ATJ graphite surfaces

Erosion/Redeposition
computation modeling in
NSTX

Purdue laboratory
experiment to simulate
PFS environment

Post-mortem Analysis
of tile/witness samples
from NSTX

Thermal desorption spectroscopy (TDS)

MAPP Location in NSTX

Residual gas analyzer (RGA) with individual sample
MAPP probe will be installed on NSTX in 2011

Install MAPP and probe assembly on NSTX ~ Feb 011 heClTI ng Llp TO 800 deg C
Calibration and testing MAPP ~ March/April 011
Characterization of plasma exposed samples ~ May 011-012

Identity the D, and lithium retention in each sample

\_ _/ | | All characterization (four different samples) is conducted
MAPP Probe TR 4 Pha s before and minutes after plasma exposure (in the time

scale of modification)

MAPP will elucidate:

MAPP will measure:

— * Variations of lithium wall
D, retention in samples conditions and D, recycling
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* Surface impurities < « Impact liquid lithium Dafa ACQUISIT’IOI‘I/ Equmenf’
diverter (LLD) has on D, o
* Chemical functionality retention. * 5 Operaflon

"Li-D", "Li-O-D"

Plasma
Performance

e Saturation of lithium LLD MAPP orobe LD MAPP orobe
surface

+ Elemental concentration on All Data acquisition and controlling of the equipment

surfaces MAPP probe location with the MAPP probe location with LLD in will be done remotely.
> Uil e Gl ) & outer strike point on the the flux expansion zone (high- . - S
materials impact in D, liquid lithium divertor (LLD), triangularity NSTX plasma) Probe motion and surface analysis will be controlled

sl will enter NSTX at 22° remotely

(il » Operation and data acquisition of MAPP can be done
| remotely

Post Mortem Analysis of Diverter Tile
Samples

Previous results showed Lithium “thickness” affects the degree to

» Data acquisition and processing conducted in
parallel for rapid feedback of varying plasma

which D bonding is observed AN ‘ L dibdies conditions
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NSTX TILE POST MORTEM AN N w Ny N LMAT') « TIGOR Pro will remotely command all systems via
ANALYSIS AN Bl BN ;CC‘; |'<°" serial port links to all desired equipment
P R » Extensive hard and computer interlocks will be
placed to prevent damage of NSTX vessel and
2 MAPP equipment during plasma operation
Torus Interface Valve »  Plans to integrate remote control with nanoHUB at
T (TIV) to NSTX Vessel Purdue
. L N -entrance to APP ion I
;& "" . 534Binding ;3r|2ergy (eV)530 - diver‘.ror‘ Of NSTX M FUS on mPaCf
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- / 1] Li rich region on the same tile lefoidalicoils MAPP will, for the first time, enable prompt and
2 .. 0l 0 & produces the functionalities sophisticated surface analysis of materials exposed
‘ postibatemy® characteristic of deuterium MAPP Vacuum Chamber on an operating tokamak
retention. -Characterization S :
e S hamber wh | + Exposure and surface characterization of future desired
chamber where samples plasma facing materials (PFM) to tokomak plasma
R Notes: are loaded / analyzed environment
—ArTh ot . Ton beam analysis for Li

« Study the chemical interactions liquid and solid metals have

Probe as plasma facing surfaces
-38 inch stroke length

can insert 2-3 inches past
the divertor floor

coverage. Analysis shows a
single tile having Li rich and low
Li regions. W.R. Wampler
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*  Overall impact the plasma facing components (PFC)
community and provide insight into future fusion materials

Ton beam analysis shows that
m w0 both regions have comparable D
Binding Energy (eV) Covertage.

* Provide insight on D, retention in surface-irradiated
Rotary Manipulator materials

- Rotate probe head for
analysis of 4 different PR
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