Time dependent chemical interactions of lithium, deuterium, and oxygen on lithium-coated graphite surfaces PP38.00040

P URD UE C.N. Taylort2, J.P. Allaint2, B. Heim®2, C. H. Skinner3, H.W. Kugel®, R. Kaita3, A.L. Roguemore?

'Purdue University , West Lafayette, IN 47907
’Birck Nanotechnology Center, Discovery Park, Purdue University
3Princeton Plasma Physics Laboratory, Princeton, NJ 08543

(1) Surface Characterization Methods Abstract (4, PMI Probe Results

Samples were exposed to NSTX plasmas via PMI probe during several experiments. Samples provided

X-ray Photoelectron Spectroscopy: The photoelectric process shot by shot comparison of surface chemistry and D retention measurements.
incident X-ray Eje%ed roeeseE . the shel fom which the electron was Lithium conditioning of plasma facing components has been used for R ;9-31: e Cls_ Specinelil pen T
\ Ehetron clected (Is, 25, 2p, etc). L = particle control in fusion devices such as TFTR, CDX-U, FTU, T-1IM, TJ- O =) —:iimu - 4 samples on a 2" dia. Probe
Conduction Band porm S gy ooonhasinete - gg T - IT and NSTX and has yielded improved plasma performance. A PMI probe @ £ A - (22 eﬂgegg?m;iiosnll ;p;iofur/nF;ci)hanical
S el e has been installed on NSTX to provide an in-situ diagnhostic for surface i: il . attachment | |
. . — T e R e chemistry and deuterium retention measurements. Recent controlled > :}rf;\ ;r;r;ﬁnzggﬁgle wires connections
N p 2 Energyofeiested photoslsetron laboratory experiments at Purdue University are investigating the - Sow s & wowom s sdoaow \ o+ 2 Langmuir p,«o%es
N PV ) iﬁéiféfn(;hifceﬁ?ﬁgﬁtgfimgiﬁ‘t.on chgmlcal f.UHCTIOHCllITIeS in lithiated gr'aphl’fe and the me§h0n|§m by whuch e T . Heater connection(s) || -
of the substrate. D is retained. XPS results show that Li reacts readily with residual Rl o\ [ 1o ol | I Gt —fww | * Samples exposed to 6 NB |, I

Ar-15m 45m tot | —— Ar-15m 45m tot |

heated discharges

X
: : : : . . : £ _ B
Experiment Methods ; ; oxygen in ATJ graphite, and immediately begins fo intercalate into the S g . ATJ exposed to 40 NB "
' l>3<r|'>osc gses’”efs"mﬁ dz?fm"e and after each process (dwell=0.8ms, step=0.05eV). B - substrate. Additionally, it has been found that Li-O and Li-C react to D T 3 heated discharges 2
o hnaion yI evaporator (Birck Nanotechnology Center) proportional .’ro ’rhe. Ii’rhiym thickness, .sugges’ring a D .sa’r.ura’riorI 5 ) ) m N
- D* bombardment (irradiation) (500 ev/amu). threshold. This work investigates the transient nature of the lithium and S N TN Lane Roguemore |l
. Ar cleaning and annealing (550C) (if needed). oxygen functionalities, their response to time varying D flux, and the - ® Cemmmesen L ewamewaen [ Doaeon

*Nominal thickness

implications to NSTX.

Samples exposed to NSTX plasmas with sufficient lithium coverage (100-500 nm
for a polished surface) had peaks congruent to the Li-O-D and Li-C-D

@ DCU"'er'ium = Lifhium sur'face Chemis.l'r'y functionalities observed in control studies.

ATJ graphite surface chemistry with 2um lithium deposition and D*:

What happens? Thermal desorption spectroscopy TDS: _ , - . With Li cokndi’rioning,
[ I ATiJ139-iLI-Cy;shNBiﬁi,oTrl:iSri@PurdueU i : 600 K pea ConSiSTS
® ® = 8010 | With L dit g : - )
Ots s Oxygen 3 Lithium Dose Dependence [ | TN veker bonce
S N e e o @il ©) [IERsiens @ Surface chemistry is affected by time dependent parameters: .hPM]t:) probe refracted into analysis \ ™~ 800 K peak indicates
! | | manifest at 529.5 eV in the Y 4 P p ' chamber ool o — stronger covalent
1 : | S ‘ Temperature (K) .
— 8 AVA - XPS spectrum. Time dependence + Samples heated to ~800 C —— ponds of b to L O,
S A\ | 9| | . . . £ .| Without Li conditioning g d :
: : | i Li, O, and D interactions, on ¥ - TDS peaks correspond to effect El g A
—_ : 1 — ' | a graphite substrate, are I | release of D. | R _ Rgsul‘rs are consistent
\ | f j manifest at 533 eV. Multiol ks indicat tible bond \ |~ with gas balance
N NN NN e Carbon: Lithium fluence (dose) Intercalation effects UlTiple peaks indicate multiple bonds - gsf:]snuerfgegzso% océl;'
536 534 532 530 528 204 202 200 288 286 ) TOHgaTATanLIS) | . .
Binding Energy (eV) Binding Energy (eV)
: : : B CO  Li,0
ATJ graphite sample substrate (black) with 2um lithium conditioning (red), and 30 min Li, D' and C inferactions are POST " F}’OS NSTX post-mortem l,_zi 2 5:30 Post Dep
deuterium bombardment (blue). Control studies isolate the effect of each process manifest at 291 eV. MORTEM g ftile lodcaTed 2 Thel L_‘rPPe'" A 9:33 Post Dep
secondaary passive piare. 13:16 Post Dep
ANALYSIS . p 20:42 Post Dep @ CO"C I US ions

24:52 Post Dep
28:08 Post Dep
31:51 Post Dep

Time dependent deuterium fluence affects dominating chemical bonds:

Incrementally /increase I—‘ i , %g: f{’ff)“vg,f‘f;fl's
* Peak shift  change in chemical |

Ton beam analysis

Qd Lithium thickness is a fundamental parameter in deuterium retention. A

deuterium fluence to XPS Spectra: - . . Analysis shows a igg;ﬁi;:ﬁtsom i nominal minimum threshold thickness exists between 100 and 500 nm.
observe changes and - New peak = bonds/interactions single tile having Li comparable D |
response threshold. — | y :fg*}oan"sd S coverage. ? i A Lithium is always bound to oxygen and carbon, when present.
Ols Cls . : , ,
| R N I . amet o0 : Q Working hypothesis: D atoms are weakly bound (based on TDS and XPS
30 min 1) Asis AN 1)Asisﬁ\§$§ | | 805 | I . . . l h b d . h h
(= 9.0 E16 cm?) | ; pposiziom {4 _ ooy w0 oy oo co  up - . analysis) in regions near lithium atoms bound to either oxygen or the
Ui deposttion 3) D2-30m A235-021-2-O1S§ —— 8 . A235-021-5-O1s§ =M 70_5 : . . . cq .
L0 peak (533 V) g 2P carbon matrix (fundamentally different to non Li conditioned graphite).
— 3) D2:30m ! increases 2 z E i i Di .
, 2z > 50 I I /SCUSS/OH
g * Li-O peak (529.5 eV) 2 ; ! !
s d - = 40: : : : : - : :
\ N\ eLc.r'zasDes . ot S S W dLi, O, and D interactions, on a graphite substrate, are manifest at 533 eV.
i [ L L e Li-C- ea e . . . . . . St
@1:-?5*‘53;1[3_2) . Gl e T DA N B crocces | L N L NN 56 54 52 50 58 5% Peak dominates with larger D fluence , indicating that a given lithium
S - Above. as fime after thickness has a finite deuterium capacity.
gz Pl | Low Li region on tile did not  Li rich region on the same tile :eegf;‘;";"TL":';zfjﬁie(igg%‘p’o ALi, D, and C interactions are manifest at 291 eV. Relative peak energy
N NG Subsequent irradiations P}';Od“ce the fU?CL'O“G"T'es Pg"duces the f:”C;'O“C‘"T'eS (Ah ) of the Li-O bonds to the increases with increased D fluence. Changes cease to occur at a presently
- | g iz e il choracteristic of deuterium - choracteristic of  deuterium - Li-0-D bonds decreases unknown D fluence threshold.
.5 hours. g % increase relative o - ' Intercalation of lithium is a
87 3B e neighboring peaks. :\imebdependzr}‘f juncﬂon.anld 3 Q Li and O interactions, on a graphite substrate, are manifest at 529.5 eV in
l as been studied extensively. the XPS spectrum. Peak diminishes with larger D fluence, indicating that

D* binds with and consumes the Li-O bonds manifest at 529.5 eV.

, ‘ Changes in relative o o
T[] intensity slowat some b How do sections 2 & 3 connect to PMI in NSTX? , .
5 hours ad N A ;L“niﬁﬁjn*g‘;ﬁ'}ﬂf’cﬁ‘r‘é;s) d Future work will: 1) utilize Raman Spectroscopy to measure the D
(@ = 5.2 E17 cm2) e v R - S,
N ALY ) . . hybridization state, 2) study surface morphology effects.
N\ \ (o ~N » Section 2: Controlled experiments show correlation between D \ ky od . ) Y PRotogy
| AN LY/ at changes are : 3 3 - cKnowledagements
i [tttlltl\ \i "* ol::ser've: ;f lithium . r'eTenT|0n Gnd Ll C and Ll O bondlng . . o We would like to ’rhcgk Purdue University Graduate School for providing student funding, L. Kollar and T. Morton for their contributions
S /SR WA I U ' thi ' ) : ith dat lysis and iments, and D. Zeml| f the Birck Nanotechnology Center at Purdue University f f lysis with
Rt/ M A || Tam Thickness s Section 3: The amount of Li on surface dictates retention viability. A e s orret o 0t DO Cr et D P SaPaBb D cbs bacrittage T for surface analysis w
 § i \ ° SZCT'OH 4: PMI pr.Obe eIUC|dGTeS On D_Ll lnTeraCTlonS° ! W.L. Wampler, "Ton Beam Analysis of Lithium on Tiles from NSTX" SNL, 2007.

2 W.L. Wampler, "Ion Beam Analysis of Deuterium on Tiles from NSTX" SNL, 2007.
3N. Ttou, H. Toyoda, K. Morita and H. Sugai, J. Nucl. Mater. 290 (2001), p. 281.

51st Annual Meeting of the Division of Plasma Physics

Dise:;',‘#e!yPark November 2-6, 2009, Atlanta, Georgia /\/§7/_)\\< -

PURDUE
ENGINEERING \



