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The paper suggests the addition or replacement of the magnetic divertor by lithium limiter as producer of irradiated
blanket, which should prevent tokamak first wall and divertor plates from local high power loads. The main physical
basis of this idea is lithium localization close plasma boundary and poor penetration into plasma center in process of its
puffing, as was shown in tokamak experiments. The mushroom tokamak lithium limiter with capillary porous system
(CPS) can be used for this aim. The hot part of this limiter can work as lithium emitter to tokamak plasma and cold
parts can work as collectors of lithium flowing out of the plasma column. The surface capillary forces of limiter CPS
will return the collected liquid lithium from cold to hot parts of limiter again and close the lithium circulation "limiter-

plasma-limiter".

The bulk of the power flowing out of the plasma core can be dissipated by non-coronal lithium radiation in the
blanket and scrape-off layer. Such scheme was established partly in T-11M experiments with CPS rail limiters. In paper
the main results of lithium behavior and its control in T-11M are discussed.
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An application of magnetic divertor to the tokamak
configuration is well-known tool for the suppression of
impurity efflux from the first wall of vacuum vessel into
the plasma core due to the plasma-surface interaction
(PSI). The impurity atoms in the scrape-off layer (SOL)
are ionized by the electron impact, and move along the
destroyed magnetic surface to the wall or diffuse into the
plasma column.

The main function of the divertor is to enlarge the SOL
thickness for effective capture of the impurity efflux from
the wall, and its redirection into the divertor SOL. The
“mushroom-type” limiters (Fig.1) also are able to perform
the same function. Main advantage of such limiters is
ability to catch the impurity flux from wall by “mushroom
leg” area. Its disadvantage is an open PSI region at the top
(“mushrooms hat”) with high power load.
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Fig. 1. Scheme of “mushroom limiter” [1], AIl array is
direction to "hat” from hot plasma

The sputtered or evaporated impurity atoms have an
opportunity of direct penetration into the plasma.
Relatively low ionization potential and recombination rate
of multi-ionized atoms in low-density plasma result in
their localization at the plasma boundary and subsequent
diffusion towards the hot center. The last process is
enhanced by neoclassic accumulation phenomena resulted
from the “friction” between the hydrogen isotope ions and

the impurities with Z>1 (Braginsky’s effect). This effect,
in particular, explains the increase of Z. value in the
plasma axis region after noble gas puffing (with Z>1) for
cooling of the peripheral plasma and reduction of the heat
loading of the divertor plates.

Very high second ionization potential (~75.6 eV) and
relatively low first one (~5.4 eV) are an outstanding
property of lithium in comparison to other impurities.
Hence it should have mostly a singly ionized state at the
plasma periphery with T.<15...20 eV, and therefore it is
much less subjected to the Braginsky’s effect. Perhaps,
this lithium property is reason of low lithium penetration
into the plasma core after peripheral injection. This
fundamental feature of lithium behavior had been noticed
in all tokamak experiments with significant lithium
injection (TFTR, T-11M, CDX-U, and recently FTU).
The concept of decrease of the first wall energy load by
uniform Li re-radiation is based upon this Li property.

Lithium impurity accumulated at the plasma periphery
provides so-called radiation blanket around the plasma. The
configuration with the lithium peripheral plasma layer had
been demonstrated in the experiments at the T-11M tokamak
with the rail liquid lithium limiter (LLL) with thin (<1 mm)
Li-filled capillary-porous structure (CPS) [2,3,4]. The CPS
edges are plunged into the liquid Li reservoir for the refilling
of evaporated Li in the hot plasma-facing spot (Fig 2). Some
fraction of lithium finally returns back to the colder parts of
LLL, and another one is absorbed by the first wall and also
by the surface of the secondary limiter, which could be used
for the variation of Li impurity lifetime. If the average Li ion
lifetime t in this region is much less than the time of
transition to ionization equilibrium state (coronal
equilibrium) the intensity of lithium radiation (non coronal
radiation) could be 100-1000 times higher in comparison to
the equilibrium level. The level of the blanket radiation could
be controlled by the variation of t. In T-11M experiment the
Li impurity at the plasma periphery provided the re-radiation
level up to 80% of total heat power in Ohmic mode
(~130 kW for 0.2 s plasma discharge). The typical spatial

IProblems of Atomic Science and Technology. 2006, Ne 6. Series: Plasma Physics (12), p. 41-43 41



distributions of plasma radiation for discharges with Li and
C limiters are shown in Fig.3. The main radiation power in
Li case was localized in thin (5cm) layer close plasma
boundary. The lithium spectral line radiation (Lil, Lill, LilIl)
and SXR from plasma center showed the quasi steady state
character. Very low impurity concentration at the plasma
axis (Zer=~ 1.1) had been observed in this phase of T-11M
discharges.
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Fig.2. Liquid lithium limiter function diagram [4]
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Fig.3. Radiative power profiles at the moment t = 190 ms
for two similar C-limiter and Li limiter shots.
The average plasma density <n,> ~ 2.2-10”m™ for both
cases. Diamond (red) points-C limiter,
circle (blue) points -Li limiter [4]

If the limiter temperature was lower than Li melting
point (180.6°C), the visible fraction of lithium impurity
was deposited at the cold edges of LLL, while the plasma
facing central zone had been depleted revealing the
stainless steel mesh in the center of the limiter (Fig.4).

Fig. 4. Li limiter surface after the exposition below the
melting point

Smooth Li surface had been restored by heating up
above the melting point owing to capillary forces
resulting in the Li circulation from the colder collector to
central hot emitter zone (Fig.5).
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This effect might be useful for application in the
tokamak-reactor ITER with “mushroom-type” lithium
limiters located in the equatorial ports for example [4].
According to the experimental results obtained at the
T-11M, an ultimate temperature of the hot Li emitting
zone should not exceed 500...600°C. The colder “legs” of
the LLL “mushroom” might be used as a Li collector. The
surface tension forces of CPS can return the deposited
lithium from “legs” to “hat’.

Fig.5. Li limiter surface after the heating above the
melting point

As results we can close the lithium circuit: “hat”-plasma-
“leg”-CPS-“hat”. The non coronal radiation of lithium ions
during its plasma wandering should work as virtual limiter.
In condition of intensive plasma boundary cooling by lithium
radiation we can hope to decrease the energy flux to “hat”
area up to low magnitude, which can be avoided by water
cooling. That means that the “hat” area in such conditions
can work as lithium emitter to plasma and colder “leg” area
as collector of lithium ions out flux to wall.

One of the most critical point of lithium limiter
concept is control of Li ion lifetime in irradiative blanket
(t control) for dissipation of the power flowing out of the
plasma. The greater is T the more should be lithium
density close a plasma periphery and the increase of
lithium influx to plasma core, if the power flow will be
constant. The well known method of magnetic field line
ergodization [5] as method of t (and lithium density)
decrease can be suggested. The special winding in or
close plasma chamber will be needed for its realization.
Unfortunately it can’t be used really in reactor condition.
We suggested the replacement of helical coils by currents,
induced in plasma periphery between lithium limiters.
Main objection to this suggestion was misgiving of high
lithium out flux to plasma during such operation. The test
experiment was performed in T-11M (Fig.6).
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Fig. 6. Lithium limiter biasing in T-11M:
Total current 1, density, voltage spike Uy; (positive),
1,; and Ly, and Li(l) intensity



The positive bias voltage Ui (<300V) was applied
between Li limiter and plasma chamber. The similar Mo
rail limiter (d=0.2m) was situated in opposite ports of

from the mixture with hydrogen isotopes. Of course, the
details of LLL design for this purpose are to be developed
more definitely after getting more relevant experience at

T-11M (Ap=180°,A06=180°) and was connected by small
resistor (1.5x107 Q) with plasma chamber. The saturation
type electrical current (Iw,) equal 100 A was measured
between both rail limiters during voltage puls. As we can
see, the indicator of lithium emission from limiter - Li(I)
intensity — was almost non sensitive to current pulse. The
alteration of applied voltage polarity does not change
remarkably the lithium emission. That means the

the large tokamaks.
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This lithium limiter concept has also an additional
advantage. That is the possible separation of He atoms

SKCHEPUMEHTLI C JIUTUEM B TOKAMAKE T-11M
U KOHLIENIUA JUMHUTEPHOI'O TOKAMAKA-PEAKTOPA

C.B. Mupnos, E.A. A3u3zoe, A.I'. Anekcees, A.B. I'opoynos, A.B. Bepmkoe, B.A. Eemuxun, B.b. Jlazapes,
U.E. JTwonunckui, /1.10. Ilpoxopos, C.M. Comnuxos, C.H. Tyzapunos

[Ipenmaraercst 3aMeHa WM JOMOJHEHNE MArHUTHOTO TUBEPTOPA JINTUEBBIM JIUMHUTEPOM, CO3/IAIOIINM H3ITyJaf0INi
OIaHKeT, KOTOPBIH OJDKEH Pa3rpy3UTh MEPBYIO CTEHKY U JUBEPTOPHBIE IUIACTUHBI PEAKTOPA OT YPE3MEPHBIX TEIIIOBBIX
Harpy3ok. B ocHoBe 3TO# mzmewm nexaT 1Be OOHAPY)KEHHBIE SKCIEPHUMEHTAIbHBIE OCOOCHHOCTH MOBEACHHS IJUTHUS:
JOKJIN3aIMs JIUTUS BOJIM3M IPaHUIIBI IIHYpa MPU €ro WHXKEKIHHU ¢ epu(epur U ero CpaBHUTEIBHO HE3HAYUTEILHOE
MIPOHMKHOBEHHE B IEHTP MIHypa. TeXHWYeCKH IS 3aMEHbI MpEeIaraeTcsi MCIOoJIb30BaTh «TPUOKOBBIIN» JIMMHUTEDP C
KanmmusipHoid nopuctoit crpykrypoit (KIIC), 3amonnenHo#t sutueM. ['opsiyast yacTh Takoro jJUMHUTEpa (KILISAMKA)
MOXKET paboTaTh KaK WH)KEKTOp JINTHS, a XOJOAHAs («HOXKa») KakK KoJIeKTop. CHIIBI MOBEPXHOCTHOTO HATSKEHUS
JOJDKHBI BO3BpAIlaTh JKUIKUN JHUTHH C XOJNIOJHOW YacTH JHMHTEpa Ha TOPAYYI0, 3aMbIKash TeM CaMbIM KOHTYD
LMUPKYJSIIAN JIATHS IAMHTEp — IulazMa — JTUMuTep». [Ipn 3TOM OCHOBHOHM TMOTOK TETJa, BBIXOJSIIETO W3 IUIa3MBbl,
JOIDKEH TPaHC()OPMHPOBATHECS B HEKOPOHAIBHOE M3IIyYCHHE JIUTUS M MEPEAaBaThCs PABHOMEPHO Ha NEPBYIO CTCHKY
peakropa. Takas cxema OblTa pealm3oBaHa YaCTHYHO B ONBITaX Ha Tokamake T-3M. OOcyxmaeTcs NOBEICHNUE JIUTHS,
00Hapy>KEHHOE B 3THX SKCHEPHMEHTaX U BO3MOXKHBIH CIIOCOO €ro KOHTPOJIS.

EKCIIEPUMEHTMU 3 JITIEM Y TOKAMAINI T-11M
I KOHOEINOIA JIMITEPHOI'O TOKAMAKA-PEAKTOPA

C.B. Mupnos, €.A. A3izoe, A.I. Anekceee, A.B. I'opoynos, A.B. Bepmkos, B.A. €emixin, B.b. J/lazapes,
LE. JIwonincokuii, /I.1O. Ilpoxopoe, C.M. Comnuxoes, C.M. Tyzapinoe

[pononyerbes 3amina a00 JOMOBHEHHS] MArHITHOTO JMBEPTOPA JITIEBUM JIIMITEPOM, 110 CTBOPIOE BUITPOMIHIOIOYH
ONaHKeT, iKMW NOBUHHUII PO3BAHTAXXHUTH IMEPIIY CTIHKY 1 JMBEPTOpPHI INIACTUHM PEAKTOpa BiJ| HaAMIPHUX TEIJIOBUX
HAaBaHTAXCHb. B OCHOBI i€l imei mexxaTe 1Bi BUSABICHI EKCIIEPHUMEHTAIBHI OCOONUBOCTI ITOBODKEHHS JITiO:
JIOKAJTi3aIlis JiTiF0 MOOIU3y MEXH IIHypa MU HOTOo iHKeKmii 3 mepudepii i Horo mopiBHAHO HE3HAYHE NMPOHUKHEHHS B
LEHTp mHypa. TeXHIYHO JUIs 3aMiHH NPOTIOHYETHCSI BAKOPUCTOBYBATH «TPUOKOBHID) JIIMITEp 3 KAMUISIPHOIO MOPHCTOIO
crpykrypoto (KIIC), 3amoBHeHOIO siTieM. 'apsiua 4acTWHa TaKOro JiMiTepa («KalleNIOMIOK») MOXKE MPalIOBaTH SK
IH)KEKTOD JIITIIO, @ XO0J0o/AHa («HDKKa») sIK KonekTop. CHIIM MOBEPXHEBOrO HATATY MOBWHHI MOBEPTATH PIAKUHN JITIH 3
XOJIOIHOT YaCTHHU JiMiTepa Ha rapsdy, 3aMUKAlO4d THM CaMHM KOHTYp LUPKYJLILii JITiIO «IiMiTep — mia3ma —
simitepy. [Ipu 1bOMy OCHOBHUIA MOTIK TeIUIa, 10 BUXOAUTH 13 IUTa3MH, TOBUHHUHN TpaHCPOPMYBATHCS B HEKOPOHAIIbHE
BUIIPOMIHIOBAHHS JIITIIO 1 MepemaBaTHCs PIBHOMIPDHO Ha IEpIIy CTIHKY peaktopa. Taka cxema Oyia peaiizoBaHa
YacTKOBO B JOCBimax Ha Tokamami T-3M. OOroBOpIOETHCS MOBOIKEHHS JITiIO, BUSBICHE B IUX EKCIIEpUMEHTaxX i
MOJKJIMBHH CTIOCIO HOTO KOHTPOJIIO.
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