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G
oals of the CD

X
-U

 lithium
 experim

ents
u

Effects of liquid lithium
 PFCs on plasm

a operations in a tokam
ak

–
Recycling and fueling

–
Im

purity reduction
–

Perform
ance enhancem

ent
–

Radiation losses and core lithium
 accum

ulation
u

Practical im
plem

entation of liquid lithium
 system

s
–

Safety issues
–

Im
pact on diagnostics and heating system

s
–

M
otion of the liquid during PF ram

ps, disruptions, halo current strikes

–
Cleanup:

u
Present system

 is a full toroidal liquid lithium
 belt lim

iter
–

Experim
ents w

ill continue through 2003.
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CD
X

-U
 lithium

 tray lim
iter installed Spring 2001

• D
ischarges run on bare SS tray to

establish baseline prior to lithium
filling

• 34 cm
 m

ajor radius, 10 cm
 w

ide,
0.64 cm

 deep

• Fabricated in tw
o halves w

ith a
toroidal electrical break
     -Isolated from

 vessel
     -H

alves connected to
      electrical feedthroughs

• H
eaters beneath for tem

perature
control up to 400

oC. Typ. ops 200 -
250

oC
• TiC coated heat shield on
center stack

• Tray tem
perature m

onitored w
ith

therm
ocouples around edge

• H
eat/lithium

 shield betw
een tray

and low
er vacuum

 flange
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Liquid lithium
 PFCs reduce D

a , oxygen em
ission

D
ata from

 the O
RN

L tray  filterscope

l
 Liquid lithium

 in tray (250
o C)

s
 Cold lithium

 in tray
n

 Bare stainless steel tray

O
-II

4416Å
D

a

• D
a data not available for the bare stainless steel tray
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er is slightly reduced for
discharges lim

ited on liquid lithium

u
D

ata from
 Johns H

opkins tangential
bolom

eter
l

 Liquid lithium
 in tray (250

o C)
s

 Cold lithium
 in tray

n
 Bare stainless steel tray
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Central soft x-ray em
ission indicates that plasm

as
lim

ited on liquid lithium
 have higher core T

e

u
Edge carbon em

ission
indicates that rise in
em

ission is not due to a
carbon influx

l
 Liquid lithium

 in tray (250
o C)

s
 Cold lithium

 in tray
n

 Bare stainless steel tray

N
ote scale!
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 spectroscopy indicate som
e

lithium
 influx

•
Core lithium

 em
ission does not increase w

ith liquid lithium
 operation,

com
pared to the solid.

fi
T

e  increase com
plicates interpretation

l
 Liquid lithium

 in tray (250
o C)

s
 Cold lithium

 in tray
n

 Bare stainless steel tray
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V
essel interior w

as coated w
ith lithium

 during D
ec 01

Recycling, im
purity results com

pared w
ith tray data

u
Spectroscopy of edge plasm

a visible light em
ission at the centerstack

indicates that cold, solid lithium
 coatings saturate in CD

X
–

Possible lithium
 deuteride form

ation
–

D
o not reduce recycling during a discharge

u
Cold coating D

O
ES strongly reduce oxygen in discharge

l
 Centerstack em

ission w
ith hot tray

s
 Centerstack em

ission w
ith cold tray

®
 Centerstack em

ission w
ith coated centerstack (cold tray)

Lim
ited 

oxygen 
data
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Reduction in tray D
a w

as less apparent after ~6
m

onths operation
u

D
ata taken after overnight argon glow

 (original data follow
ed 24

hour glow
)

Da emission (arb. units)
H

ot £
  and cold s

  tray     

O
H

 current (kA
)
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N
ew

 spectroscopy yields no evidence for an increase
in edge T

e local to the tray
u

Lithium
 6708/6704  line ratio is sensitive to the electron tem

perature.

fi
Requires m

ore
extensive data, analysis

H
ot Ø

  and cold ¥ tray     

O
H

 current (kA
)

Ratio of Li6708 to Li6704 (arb. units)
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C
D

X
-U

 vented for tray cleaning

u
Prior to vent, sodium

 hydroxide added to tray in attem
pt to prom

ote w
etting

–
N

o significant effect on w
etting

–
Reaction products obvious on tray

u
A

ir circulated through vacuum
 vessel for several days

u
Lithium

 hydroxide distribution indicates lithium
 covered m

ost of tray
u

Coating w
ell adhered - reaction betw

een lithium
 and stainless steel?

–
Com

plicated by sodium
 hydroxide experim

ent

A
fter vent but before cleaning

A
fter cleaning
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N
ext step is to achieve m

ore uniform
 lithium

 layer in tray by
filling w

ith liquid instead of solid lithium

u
D

ifficult to rem
ove im

purity layer on solid lithium
 pieces

u
Flow

 over tray surface w
ill im

prove w
ith liquid lithium

u
Liquid lithium

 still requires special conditions
–

Fill m
ust be perform

ed under flow
ing argon atm

osphere
»

M
inim

ize lithium
 hydroxide form

ation
»

Inhibit w
indow

, vessel coatings
u

O
ther plans:

–
Explore high M

ach num
ber gas jets for “core” fueling

–
O

H
 system

 im
provem

ents
–

Im
plem

ent ESC m
odeling of equilibria
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Schem
atic of U

CSD
 liquid lithium

 injector concept

Flow
ing A

r
(~1 atm

)

U
C

SD
 L

iq. L
i

injector (~250
o C

)

C
D

X
-U

lim
iter tray

segm
ent

(~500
o C

)

L
i
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.

Liquid lithium
 filling technique dem

onstrated w
ith

m
ockup of CD

X
-U

 lim
iter tray

u
M

ockup has one-fourth of total
area of CD

X
-U

 lim
iter tray

–
V

iew
 from

 below
 show

s
heaters identical to those
used in CD

X
-U

 tray

u
Position of m

ockup in test
cham

ber at U
CSD

–
CD

X
-U

 tray and
m

ockup both m
ade of

stainless steel
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Liquid lithium
 spreads across surface

of CD
X

-U
 lim

iter tray m
ockup
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Liquid lithium
 w

ill be injected into both halves of toroidal
lim

iter tray from
 tw

o locations on CD
X

-U
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Sum
m

ary
u

Im
plem

entation of liquid lithium
 PFCs has

been show
n to be feasible

u
Liquid lithium

 PFCs are found to reduce
recycling and im

purities
–

Enhanced tokam
ak perform

ance
–

Effect still observed in CD
X

-U
 nearly a

year after original lithium
 loading

u
Cleanup, recovery w

as straightforw
ard

u
A

 new
 tray w

as installed earlier this year.
–

N
ew

 filling technique to be im
plem

ented
(PISCES-B group, U

CSD
)

–
N

ew
 discharge cleaning techniques

u
W

e have further proposed the extension of
these experim

ents to a device w
ith full lithium

w
alls - the Lithium

 Tokam
ak eX

perim
ent

(LTX
)

E-beam
 source

Recirculating
lithium

 lim
iter

(lithium
 source)

Lithium
-coated, heated

conducting shell

H
eat shield

LTX


