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1972 Kulcinski: 15t wall in UWMAK.

1973 Kaminsky: He blistering in Nb.

1974 Kaminsky: Neutron-chunk(?) from Nb.
1975 Sttot: Ti-gettering in ATC.

1978 McCracken: Recycling in DITE.

1981 Wilson: Recycling from SUS304.

1983 Baskes: DIFFUSE-code.

1984 Viesack & Eckstein: TRIM-code.

1987 Winter: Carbonization in TEXTOR.
1987 Dylla: He/D wall conditioning in TFTR.

1987 Hirooka: Erosion-redeposition in PISCES.

1989 Winter: Boronization in TEXTOR.

1996 Mansfield: Lithium-coated divertor in TFTR.

2012 Kugel: Liquid lithium divertor in TFTR.
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1958 ZETA DD-neutron(?) episode.

1968 Artsimovich: t/t;~50 in T-3.

1969 Peacock: T,~1keV in T-3.

1982 Wagner: H-mode in ASDEX.

1984 Wagner: ETB in ASDEX H-mode.
1987 Stracken: Supershots in TFTR.

1991 Jackson: VH-mode in DIII-D.

1991 JET-team: DT-shots in JET.

1994 Strachen: DT-shots in TFTR.

1997 JET-team: DT-shots in JET.

1999 JET-team: ELM-free DT-shots in JET.
2006 Ohyabu: Superdense mode in LHD.
2011 Kukushikin: Final ITER-divertor design
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1975 Ti-gettering in ATC

TOROIDAL FIELD COILS

o OHMIC HEATING COILS

== SHAPING AND COMPRESSION
—90¢m MAJOR RADIUS PLASMA coILs

Stott et al. Nucl. Fusion 15(1975)431.
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FIG.4b. Radial profiles of the electron temperature, T, and density, n,.
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In 1987 Carbonization in TEXTOR
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ground pump residual gos analysis

Fig. 1. Schematic sketch of the carbonization techmique as

developed at TEXTOR.
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Fig. 8. Operational regime of TEXTOR with ohmic heating for
comventionally RG-cleaned and for carbonized surface condi-
tions [30],

Winter, J. Nucl. Mater.145-147(1987)131.
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In 1989, Boronization in TEXTOR

:oel - - — — S E— 100 " 1

after boronization 728s | 1 T T

80 C total ‘l = 1 / 1

I i rand | \ A= eqaronized .

BO | = | f ]
. | J

: BC— a r',/ 1

40

concentration [nt 2]

e b | # T ]
a depth [nm] - r/ g’ __.—--"";-‘_._ . 1
i' o boronizes .

. ) e 5 @ o
before beronizatien

B0 C total 4.7 2

T Y j | v
1 L1} 1 z 4 E B
b #C ]
| 5, Fe/110%m-]

] Fig. 7. Fraction of the radiated power P_, relative to the
ohmic input power P, for carbonized and boronized walls
] and limiters. Data for carbonized wall conditions have been
o Pt taken from ref. [10].
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Fig. 2. AES depth profiles of redeposits collectied at r ~ 46.7
em on the electron drift side Ta-targets after boronization (a)
and before (b) when TEXTOR was carbonized.

Winter, J. Nucl. Mater. 162-164(1989) 713.
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| L-and H-modes in ASDEX Edge transport barrier in ASDEX
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FIG. 2. Global energy confinement time vs average f-r lem)

ling density for toroidal limiter {triangles) and divertor

. L2, i - Be filu d
discharges (othar aymhbols). 75 (plusses and crosses) FIG. 2. Radial profiles of the SX (2-um Be filier) an

Li-beam intensities in the L phase prior to the H transi-

is deduced from thermal profiles and 75" (open cireles, tion and shortly afterwards (8X, Ar =20 ms; Li, Ar =55

solid circles, and triangles) is determined from the ms). [,=375 kA, Br=22 T, A,=33x10" em™7,

diamagnetically measured By i Pr=08 MW. The inset depicts the observation
geometry.

Wagner PRL(1982). Wagner PRL(1984).
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Lithium effects on confinement Supershot confinement in TFTR
0.4 Confinement Time H-Alpha Emission + DT, 4 Pellets o DT, no Li
lrony o TR s DT, 1-2 Pellets * D, no Li
with Li Q4prrrrprrorr )
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e s Neutral Beam Power (MW)
Time (s) FIG. 2. Enargy confinement time plotted as a functon of neutral beam

heating power for () D-only MBI with no L1 conditoning, (C1) DT dis-
charges wathout L1, and D-T discharges with L1 conditiomng (one to two

FIG. 6. Reduchon m edge electron density and D and CII hne emmssion pellet=—imiangles, four pellsts—diamonds). The values for D-T discharges
and comesponding mcorease m enerzy confimement fime for a T-onky dis- without Li are about 15% higher than the D-only vahues, illustrating the
charge (thick line) with good 11 conditioning. and several D-onky shats for favorable isotope scabng discussed in Ref. 5. With tritivm faehng pls Li
comparizon (thin lines). - ) conditioning, the values are two to three times the ITER-89F scaling (Ref

3).
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Superdense Core in LHD
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After N. Ohyabu et al., PRL97(2006)055002.

FIG. 1. (@) Ilustration of a SDC plasma. (b} Density and
temperature profiles of an SDC discharge with By =375 m
are  depicted. The density nomalization  factor g =
4.5 X 1P m™ P =10 MW,

After N. Ohyabu et al., Phys. Rev. Lett.97(2006)055002.

From the LHD superdense - core plasma exps.:
1 9.+

2n, (dT /dR)

(after G. Becker, Nucl. Fusion 44(2004)L26)

1
X =§(Ze+xi)=—
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Hirooka, Fusion Eng. Des. 85(2010)818.
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D-recycling and impurities in NSTX
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Kugel et al., Phys. Plasmas 15(2008)056118
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Stored energy in NSTX
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Fig. 3. Total stored energy from EFIT analysis and electron stored energy from vol-
ume integration of Thomson scattering measurements of n,, T, for similar H-mode

discharges with and without lithium coating of the lower divertor,

Ono et al., Fusion Eng. Des. 85(2010)882.
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In 2012 Liquid

lithium divertor
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Kugel et al. Fusion Eng. Des. 87(2012)1724
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Buoying impurities: LiO,, LiOH

Li+0, =Li0o,

H,+1/20, = H,0

Li + H,O = Li(OH) + 1/2H,
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Hlrooka et al. Fusion Eng. Des. 89(2014)2833.



PWI-BIZE: SEOBEDBIERRKRE

ITER-divertor design DEMO-divertor

e W-armor + F82H heat sink
Max. heat flux:5~8MW/m?
Plasma current~20-30MA
Heating power~500MW

PFC power width: A =~ 1mm

* Need for an innovative
PFC concept !

Fig. 5. ITER divertor design 2000 |3].
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Thermal cycle cracking

(DBTT(~400°C) results in W-PFC cracking) Hyd rogen-i m pla ntation CraCki ng
PM-W CVD-W
5 B X
& ol
- :
2
Tritium may be co-deposited into cracks.
£ Cracking can reach the bonding surface.
7 Possible metals and/or alloys:
. Ga(T_=29.8°C, z=31)
Max. Temp.~1300 C(50MW/m?) Li(T_=186°C, Z=3, T-breeder )
After S. Tamura et al. J. Nucl. Mater. 307-311(2002)735. Sn (T =231°C z=50)
m ’

Li,,Pbg, (T_=235°C, Z=69*, T-breeder)
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After M. Ono (PPPL NSTX-U)

After A. Ying (UCLA)
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TEMHD: JxB-force driven liquid metal PFC

After Jaworski (PPPL) PoP experiments in HT-7(@AS-IPP)

Heat flux O B
IJxB force

S N
T s e T o A Ry e = =

Convectlon externally uncontrollable

":T:'u;_, -_ e TR, A L IEEDE R YOO

PRl " Cooling channels: = = "7 Bes

b -';t.--’:

Rrgedi DL.ItlEt Inlet | EEEEEES Li flows in nchs, falls at the
* edpe and retums. I:r.'rlhE' surface

Lithium reservoir |

Hot, passively Zuo et al. Fusion Eng. Des. (2014) in press

{not cooled) or
heated

JEMHD limiter
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ACLMD: JxB-forced convection liquid metal PFC

Acively Convected Liquid Metal Divertor
After Shimada and Hirooka ACLMD-PoP experimental setup

Liquid metal inlet

Liquid metal

xB v _
j =
JxB
fxB

Shimada and Hirooka,
Nucl. Fusion 54 (2014) 122002

Liquid enclosure

Permanent magnet

Hirooka et al., TOFE-2014, Anaheim
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ACLMD: JxB-forced convection liquid metal PFC

Table top setup in a globebox Successful PoP experiment!!

Liguid metal: Ga,, In,, - Sn, c
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