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PFMC-13 - Li and dust on NSTX  C. H. Skinner et al., - 9-13 May 2011!

Outline: 

1.  Lithium research: 
a)  Motivation, overview of Li research at PPPL. 
b)  Recent results with Li on NSTX. 
c)  Lithium surface chemistry. 

2.  Dust research: 
1.  Electrostatic surface dust detection 
2.  NSTX dust detection results 
3.  Electrostatic dust removal 
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PFMC-13 - Li and dust on NSTX  C. H. Skinner et al., - 9-13 May 2011!

NSTX lithium research aims to assess Li PFCs for fusion 

NSTX: Only diverted, 
NBI-heated tokamak 
studying Li. 
LLD installed 2010.  

PFC test facility. 

Materials analysis:  
NSTX probe, Purdue 
collaboration, modeling…  

NSTX 
Upgrade, 
Fusion 
next-
steps. 

LTX now operating: 
Li evaporated into 
helium glow -> 
All-metal walled 
comparison to NSTX. 
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EAST / NSTX: Li collab. 
achieved H-mode !   
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Why lithium ? 

4 /21!

!  "#$%&'()*&+#'($,-.&/($(0'1&#2&.34536&7891&2#)&
2513#$&3$:.56(;&

<  =#&$(5')#$&6-*-%(&-$6&()#13#$&.32(,*(&3115(1&
2#)&+.-1*-&2-:3$%&.345361&3$&25'5)(&2513#$&
)(-:'#)1>&

<  ?3%@A@(-'&B5C&@-$6.3$%&

<  D3E()'#)&+5*+3$%&#E()&.-)%(&15)2-:(&-)(-&2#)&
@3%@&B5C&(C+-$13#$&+#F()&(C@-51'&

!  G@#)'&'()*&/($(0'1&3$&+.-1*-&+()2#)*-$:(>&&

<  H8HI;&)(:#)6&$&J&H&J&!&&#$&.3*3'()&*-:@3$(&

<  9DKAL;&)(65:(6&)(:M:.3$%&-$6&3*+)#E(6&
:#$0$(*($'&

<  =GHK;&3*+)#E(6&:#$0$(*($'N&O"P&15++)(113#$N&
.#F()&?A*#6(&'@)(1@#.6&-$6&2-1'()&1@#'&:M:.(>&&

Li powder!
injector!

NSTX!
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Stored energy increased and edge stability enhanced  
(ELMs suppressed) with Li conditioning 

5 

&&&O$@-$:(*($'&#2&(6%(&1'-/3.3'M&F3'@&.3'@35*>&
7)(.3*3$-)M&1'-/3.3'M&-$-.M131&3$63:-'(1&
)(65:,#$&#2&(6%(&$(N&7(&%)-63($'1&
)(1+#$13/.(&2#)&1'-/3.3Q-,#$&#2&O"P1&

&&&G'#)(6&($()%M&RSP?DT&3$:)(-1(1&-U()&"3&
6(+#13,#$&*#1'.M&'@)#5%@&3$:)(-1(&3$&
(.(:')#$&1'#)(6&($()%M&RS(T&

V$'()1@#'&?(AWD9&$#&.#$%()&$(:(11-)M&
XYZ&3$:)(-1(&3$&1@#'1&[&F((\>&

M.G. Bell Plasma Phys. Control. Fus. 51 (2009 )124056.  R. Maingi, 2009 Phys. Rev. Lett., 103 075001  
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Liquid lithium divertor tested in 2010 

6 

!  "34536&"3'@35*&D3E()'#)&R""DT&-3*1&'#&+)#E36(&E#.5*(&D&+5*+3$%&:-+-:3'M&&
R]&1#.36&"3&15)2-:(T&2#)&.#$%()&+5.1(1&F3'@&+#'($,-.&2#)&@-$6.3$%&@3%@&@(-'&B5C>&&

!  ""D&0..(6&F3'@&^_&%A"3&/M&(E-+#)-,#$>&=#&15)2-:(&6-*-%(&F3'@&1')3\(&+#3$'&#$&""D>&

! =#&*-`#)&"3&#)&P#&3$B5C&#/1()E(6&(E($&F3'@&1')3\(&+#3$'&#$&""D>&

!  G#&2-)&$#&1M1'(*-,:&')($6&3$&DA-.+@-N&F-..&3$E($'#)MN&#)&3#$&+5*+3$%&F3'@&-&')-$13,#$&&
&&&&-/#E(&'@(&"3&*(.,$%&'(*+()-'5)(>&

!LLD surface cross 
section: plasma sprayed 
porous Mo on stainless 
with Cu backing plate! Outer strike point on LLD  

EFIT02 142512 @ 547 ms!

LLD!
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Lab analysis shows D binding on surfaces 

!  P#6(.3$%&1@#F(6&'@(&+)#/-/3.3'M&2#)&D&'#&
/#$6&'#&-&"3A9&:#*+.(C&31&a&C&.-)%()&'@-$&'#&9&&&&&&&&&&
R7>&b)1,:&7cdeT&

!  K7G&fg1&1+(:')-&1@#F&:@-$%(1&3$&15)2-:(&
:@(*31')M&F3'@&D&3))-63-,#$&#2&"3&6(+#13'(6&#$&
:#.6&[&@#'&[&9&:#$'-*3$-'(6&P#&-$6&%)-+@3'(>&&

!  G5%%(1'1&"3&#$&P#&31&3$'()-:,$%&F3'@&D&-$6&&
D&31&63h513$%&3$'#&"3>&&&&R9>&=>&H-M.#)&7YijT&

K7G&fg&1+(:')-&2#)&'@(&""D&1-*+.(1&
aY&*3$1&Dc&3))-63-,#$&#2&"3&#$;&

7 

D2 on solid Li!
D2 on liq. Li 

deposited cold!
D2 on liq. Li 

deposited hot!
Sputtered C and 

D2 on liq. Li!

O1s!

D2 on Li on 
ATJ graphite!

7#113/.(&6(5'()35*&1-'5)-,#$&#2&"3&
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In-vacuo surface analysis of plasma exposed samples 

!  P-'()3-.1&e$-.M131&7-),:.(&7)#/(&RPe77T&
F3..&/(&'@(&0)1'&!"#$%&'(&15)2-:(&-$-.M131&
63-%$#1,:&63)(:'.M&-k-:@(6&'#&-&'#\-*-\N&
:-+-/.(&#2&1@#'A'#A1@#'&:@(*3:-.&15)2-:(&
-$-.M131&#2&&*-'()3-.&1-*+.(1&R1#.36&"3N&&
.34536&"3N&P#&(':T>&&

!  9#))(.-,#$&#2&789&15)2-:(&:@(*31')M&F3'@&
+.-1*-&:#$63,#$1&F3..&+#3$'&'@(&F-M&'#&
3*+)#E(6&+.-1*-&+()2#)*-$:(>&&

EFIT02 142512 @ 547 ms!
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O.(:')#$&
-$-.MQ()&

G-*+.(1&-'&
-$-.M131&+#13,#$&&

V#$&%5$&

7.-1*-&

G-*+.(&@#.6()&
F3'@&X&1-*+.(1&

Analysis 
chamber!
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Li technology development supports tokamak applications 

•  IlD&:#$,$53$%&2#)&""D&+()2#)*-$:(&-'&@3%@&@(-'&B5C>&

•  9#$,$5#51&"3&)(+.($31@*($'&1M1'(*1;&

VI&3*-%(&#2&""D&1-*+.(&65)3$%&
=j&(C+#15)(&&
H&m&ccn&o9&p&g>n&PS[*c&A&a1>&
7#'($,-.&789&2#)&5+%)-6(&

P36+.-$(&3$`(:,#$&2#)&
O"P&+-:3$%&

gY&%&#2&*#.'($&"3&*#E(6&
g>g*&3$&E-:55*&-$6&

(`(:'(6&_>^&:*&2)#*&$#QQ.(&

%536(&
'5/(&

g&**&G+@()(1&&
2-..3$%&p&nYY?Q&

nYY&?Q&V*+(..()&I#'-,$%&p&in&*[1&

Pedestal!

9 

&&&?3%@&@(-'&B5C&'(1'&

"3&6(.3E()M&/M;&
+#F6()&

%)-$5.(1&

.34536& ~!

Resonating!
piezoelectric !

disk!
(2.25 kHz)!

Li powder!
(50 gm)!

&&&=GHK&l&
&&&OeGH&
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Surface dust detection needed for ITER 

10 

P#,E-,#$;&

!  ?3%@&.(E(.1&#2&651'&-)(&(C+(:'(6&3$&VHOI&2)#*&*#)(&3$'($1(&7PV&&
-$6&.#$%()&+5.1(&65)-,#$>&&

!  D51'&F3..&@-E(&3*+#)'-$'&1-2('M&-$6&#+()-,#$-.&:#$1(45($:(1;&
g>  ^_Y&\%&31&VHOI&.3*3'&#$&*#/3.31-/.(&:#.6&651'&R+5/.3:&1-2('MT>&

c>  q-:55*&E(11(.&3$'(%)3'M&A&RX&\%&?c&c&/-)&#E()+)(115)(&.3*3'T&&
&&&.(-61&'#;&&^&\%&.3*3'&#$&SN&j(N&9&@#'&651'&
&&&&&&&#)&gg&\%&j(N&caY&\%&S&32&9&31&-/1($'>&

a>  H)-$1+#)'&#2&S&651'&:#5.6&+)(E($'&2513#$&/5)$&R651'&.3*3'&5$\$#F$T>&

X>  D51'&:#5.6&#/1:5)(&63-%$#1,:&0)1'&*3))#)1&R.3*3'&5$\$#F$T>&&&

VHOI&1')-'(%M&31&'#;&

!  D3-%$#1(&651'&3$E($'#)M&2)#*&63E()'#)&()#13#$&*(-15)(*($'1&&
R.-1()&)-$%(0$6()T>&

!  V$1'-..&.#:-.&651'&*#$3'#)1&R+)(1($'.M&5$6(E(.#+(6T>&&&&
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Electrostatic detection of dust settling on surfaces. 
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!  e&nYq&/3-1&31&-++.3(6&-:)#11&-&%)36&#2&
3$'().#:\3$%&')-:(1&#$&-&:3):53'&/#-)6>&&

!  V*+3$%3$%&:#$65:,E(&651'&:)(-'(1&-&1@#)'&
:3):53'&-$6&:5))($'&+5.1(>&

!  95))($'&+5.1(&31&:#$E()'(6&'#&:#5$'1&'@-'&
-)(&+)#+#),#$-.&'#&B5C&#2&651'>&&

!  95))($'&-.1#&E-+#)3Q(1&#)&(`(:'1&651'&2)#*&
'@(&:3):53'&/#-)6&)(1'#)3$%&#+($&:3):53'>&&

!  D(E3:(&F#)\1&3$&-3)&#)&E-:55*>&&

500 µm!

Schematic!

Partial view of grid with 25 µm spacing!

51"! Counting!
electronics!

100 µm!
dia. of !
human!
hair!

I(E>&G:3>&V$1')5*>&dgN&gYOgYc&RcYgYT&&
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Sensitivity increased by x104 

12 
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filtered !
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!  9#*+.(C&F-E(2#)*&:#$E()'(6&3$'#&
:#5$'1&/M&:#5$,$%&(.(:')#$3:1>&&

!  "-)%()&651'&+-),:.(1&'-\(&.#$%()&'#&
E-+#)3Q(&-$6&:)(-'(&13%$-.1&F3'@&
@3%@()&E#.'-%(&-$6&.#$%()&65)-,#$>&

!  CgYX&3$:)(-1(&3$&1($13,E3'M&#E()&g1'&)(15.'1&&

$((6(6&'#&*(-15)(&=GHK&651'&&

R$#'&-&+)#/.(*&2#)&VHOI&651'&.(E(.1T>&&
&G')-'(%Mr&

g>  V$:)(-1(&6('(:'#)&-)(-&
c>  83$()&%)361&
a>  D3h()($,-.&(.(:')#$3:1&'#&-E#36&OP&+3:\5+&
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Very high sensitivity demonstrated in laboratory  

13 

Carbon particles!

OC')(*(.M&1($13,E(;&Y>gn&$%[:*c[:#5$'&
Rng&**&%)36N&cn&s*&1+-:3$%N&nY&E&/3-1&3$&E-:55*T&

G($13,E3'M&gX>n&$%[:*c[:#5$'&

gc&**&%)36N&cn&s*&1+-:3$%N&nY&E&/3-1&3$&E-:55*&
RXY&s*&63->&2(F()&+-),:.(1&'@-$&9&2#)&-&%3E($&*-11T&

Lithium particles !
(used for wall conditioning in NSTX!

may be considered as proxy for Be particles in ITER.)!
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NSTX installation in lower port on NSTX 

14 

HF#&36($,:-.&%)361&2#)&$#31(&631:)3*3$-,#$>&
f$.M&5++()&%)36&(C+#1(6&'#&651'>&&
"#F()&%)36&:#E()(6&F3'@&*3:-&6('(:'1&#$.M&+3:\5+&
P(1@&:#E()&RiY&s*&+#)(&13Q(T&R$#'&1@#F$T&1@3(.61&
2)#*&0/()1&-$6&.-)%(&+-),:.(1&'@-'&*3%@'&:-51(&-&
+()*-$($'&1@#)'>&
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First real-time measurements of surface dust on tokamaks 

15 
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co

un
ts

 !
0 

   
   

   
  1

   
   

   
   

2!

0          10         20          30!
         time (seconds)!

1!

10!

100!

1000!

10000!

135000! 135500! 136000!

co
un

ts
  -

  l
og

 s
ca

le
!

shot number!

Total dust counts per shot. !

Ch. 1 (dust, no drop.)!
Ch1 Bay C Li dropper!
Ch1 Bay I Li dropper!
Ch. 2 (covered)!
Ch. 2 CHI day!

Major increase 
with Li dropper!
operation!

/21!

!"#$%&'()#*+$,*+*#"-)"./+)0*#(%$/,*(1*2%#03**
41*05,*67*89:;*2"#/5+$-,#*<"05*05,*5"-5,#0*
2%#0*#"-)+=#>*?@*2"#/5+$-,#*5+2*,A&,$",)/,2*
&=+#B+*2"#$%&'()#3*



PFMC-13 - Li and dust on NSTX  C. H. Skinner et al., - 9-13 May 2011!

Helium puffer developed to clear residual dust 

16 

•  L+&'#&gYZ&)(1365-.&651'&*-M&)(*-3$&#$&&
'@(&651'&6('(:'#)&-U()&-&+5.1(>&&

•  e&@(.35*&+5h()&F-1&6(E(.#+(6&'#&:.(-)&&
'@31&651'>&&

•  I(1365-.&651'&*(-15)(6&/M&*(:@-$3:-..M&
631'5)/3$%&6('(:'#)>&&

•  ii>i&Z&#2&651'&:.(-)(6&-U()&'F#&?(&+5h1>&

G((&+#1'()&7c_e;)*+,$%"&-.)!")/'.0)/-0-&1(")
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Dust quantity correlated with disruptions on Tore Supra 

!  O.(:')#1'-,:&651'&6('(:'#)1&3$1'-..(6&#$&
H#)(&G5+)->&&

!  D51'&13%$-.1&1#)'(6&/M&65)-,#$&-$6&
E#.'-%(>&&

!  D51'&:#))(.-'(6&F3'@&1(E()3'M&#2&
631)5+,#$1>&

G((&+#1'()&7c^e;&*8!3.0)3-.'90.)23(6),'.0)
,-0-&1("),'3!":);9%.6%),!.&<%3:-.)!")
4(3-)=';3%7)?>&I#:@(N&('&-.>N&))
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First steps in electrostatic dust removal for tokamaks 

18 

e$&(.(:')#1'-,:&651'&:#$E(M#)N&#)3%3$-..M&
6(E(.#+(6&/M&=eGe&'#&)(*#E(&651'&2)#*&
1#.-)&+-$(.1&#2&+.-$('-)M&)#E()1>&&&

e&1+3)-.&+-k()$&#2&')-:(1&31&/3-1(6&'#&
:)(-'(&*#E3$%&(.(:')#1'-,:&+#'($,-.&
F(..>&&&

H)-$1+#)'&(t:3($:M&2#)&'5$%1'($N&:-)/#$&
%.-11&1+@()(1N&-$6&1-$6&F()(&*(-15)(6>&
83!-.-")-0)%9>?)@-$>)=&!>)A".03>)BCDEEF))
!");3-..)

Before! After!
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Dust detection and removal demonstrated: 

!  O.(:')#1'-,:&6('(:,#$&#2&15)2-:(&651'&6(*#$1')-'(6&#$&=GHK&-$6&&
H#)(&G5+)->&&

!  83)1'&1'(+1&3$&(.(:')#1'-,:&651'&)(*#E-.&6(*#$1')-'(6&F3'@&9&-$6&S&651'>&

!  H(1'1&F3'@&S&651'&6('(:,#$&+.-$$(6>&&

!  85)'@()&6(E(.#+*($'&$((6(6&2#)&VHOI&($E3)#$*($'&
R*#)(&)5%%(6N&)-63-,#$&@-)6($(6rT&

–  B. Rais, et al., Rev. Sci. Instrum., 82 (2011) 036102.  
–  F.Q.L. Friesen, et al., Rev. Sci. Instrum., (2011) in press.  
–  C. H. Skinner et al., Rev. Sci. Instrum., 81 (2010) 10E102.  

Don’t miss posters: 
•  “First results from dust detection during plasma discharges in Tore Supra”  

H.Roche et al.,  P26A 
•  “Advances in Dust Detection for Tokamaks”   

Rais et al. P27A B 
•  “Computer Simulations of Plasma-Carbon and  Lithiated Carbon interface” 

P. S. Krstic et al., P 28A 
•  “Time dependent low-energy deuterium interactions with lithiated graphite…” 

C. N. Taylor et al., P09B 
19 /21!
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Broad advances in lithium applications to fusion 

!  "3&:#$63,#$3$%&)(65:(1&)(:M:.3$%N&15++)(11(1&O"P1&-$6&3*+)#E(1&1'#)(6&&
($()%M&#2&63E()'(6&+.-1*-1>&e.1#&($-/.(1&2-1'()&1@#'&:M:.(>&&

!  ""D&3*+.(*($'(6&3$&cYgY&'#&'(1'&D&+5*+3$%&3$&.34536&"3>&
<  ""D&15)2-:(&'(*+()-'5)(&)-31(6&-/#E(&"3&*(.,$%&'(*+()-'5)(N&

<  $#&13%$30:-$'&"3&#)&P#&3$B5C>&

<  G#&2-)&D&+5*+3$%&[&+()2#)*-$:(&13*3.-)&'#&.3'@3-'(6&%)-+@3'(>&&

<  G+(:')#1:#+M&3$63:-'(1&15)2-:(&31&$#'&+5)(&"3&<&'@31&:-$&-h(:'&D&+5*+3$%>&&

!  =GHK&6-'-&.3$\(6&'#&*#6(.&.-/&(C+()3*($'1&-$6&25$6-*($'-.&:@(*31')M&
:-.:5.-,#$1&&
&&<&3$13%@'&3$'#&D&+5*+3$%&/M&"3A9&:#*+.(C(1>&&
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