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Plasma surface interaction under the high ion temperature
discharges in TRIAM-1M

Takeshi HIRAI**, Tadashi FUJIWARA™,
Satoshi ITOH* and the TRIAM group*

Naoaki YOSHIDA*,

Kazutoshi TOKUNAGA™

Material exposure experiments were carried out in the superconducting high field tokamak TRIAM-1M

using the surface probe system.

TEM observation of the exposed specimens clearly showed the anisotropic

radiation damage.due to charge exchange (CX) hydrogen neutrals and the analysis of damage structure en-

abled to estimate the mean flux (from lower side; 4.2 X 10"m~2s"1sr™1) .

plained as the effect of grad-B drift.

“lgr~? This anisotropy could be ex-

TEM observation also showed that the surface was covered with deposition consisted of fine crystals (~

1nm) .

It is considered that the grain-growth was strongly suppressed by co-deposited H and/or O.

By

EDS analysis, only Mo (limiters and divertor plates material) and no stainless-steel composition; Fe, Cr, Ni

(the vessel wall material) were detected in the deposition.
been covered with Mo deposition in the long history.
tively and the distribution in the radial direction was discussed.
It is especially important for long pulse discharges because the plasma

initial hydrogen recycling property.

This fact indicates that the vessel wall had

The amount of deposited Mo was estimated quantita-

The surface modification will change the

density control is greatly influenced by recycled hydrogen.

In addition, damage (melting) due to fast electrons was observed.

This evidence indicates that in-

tense heat load is possible in the SOL even during limiter discharges.
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(a) The schematic view of the surface probe system, (b) The photograph of the surface probe head.

T slit
front view R
Fig. 2 The cross section of the slit at the P-side (a) and
at the E-side (b).
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Fig. 3  The schematic views of the experimental set-up in TRIAM-1M. (a) The top view of the
torus. The specimens at the P-side direct to the center, while the specimens at the
E-side direct to the plasma edge and the tangential direction. (b) The poloidal cross sec-
tion of the torus. The specimens were irradiated with particles in the cones directing to
the five different angles in the poloidal cross section.

45° (to the bottom)|| 30° (to the bottom)
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Fig. 4  Microstructural evaluation in the molybdenum specimens at the P-side.
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Fig. 5  The angular dependence of the areal density of dis-

location loops in the molybdenum specimens at the
P-side.
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Fig. 6 (a) The depth distribution of dislocation loops, (b) ! Aq1+Ao+A3+A4+AS

the depth distribution of damage calculated with
TRIM-code at the ion temperature T; = 0.6keV,
1.5keV, 2.5keV.
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Fig. 7 (a) The fluence dependence of the areal densities
g

of the dislocation loops in the specimens irradiated
with several keV (1.5, 2, 4, 6, 8 keV) hydrogen
beam.

(b) A weighting function based on Maxwellian dis-
tribution for the ion energy spectrum.

(¢) The fluence dependence of the convoluted
areal density of the dislocation loops.
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mounted at the E-side. The specimens were co-

Fig. 8

vered with slits directing to the tangential
direction.

4M M,

n“:?&;;ﬁyﬁm>Ed (3)
ZOREH, AF AL F— E, & L T850eV O LA
F=PRFEIN D, Ld>T, EikofE13850eV
Dl CX fiTMEIC R D, & CX AT OMEIL
850eV U FTOEZ AN F—FTAF YD F—
ARG FVISY 7 A7 2 VoA THNETE 5 LIRGET
BHE, 4.2X10" m AT sr T R LFHEICE 5. —h
Ay bOBWENRGD S D CX FLTHEIL oA
TNHERITOMEGHADVHS N TR VIO HEETH
A5, FHCANT 7-F#EN 25 AS LzfE L ) —Hr
PEREWVWLDIZRBEEZLNA.

3.3 RATMI G ERERIC & 2 MEHES

Fig. 8 |2 E-side ?10.5mm® iz {#& THAR F 112 [ F
P22y haAHF T AL Mo BL YW
o> SEM GEZR$. [A UALE THME A 2 [0 &,
B > TEE T 2B FICEN L Tz HdE
AL, 28° T2 v MZXoT, HESL TV
(Fig. 2(b) &8) HAEHIBE@M L %2722 > 7. Fig. 8 Off
AEHE Ty VEAHAE TR A LCB Y, AT Mo
AE TR O Ly VOB CR O AD D 5 AU
fee LT ab., Iho il ok —BEEm L 7
th, WEREBRICEEE L 722 &b 2 s, Elbo X ) ICHA
o 72 HIICER L2 A G L 722 & h
5, Ihb OB OBRIIEIRREIZG > CGERY T 5
T2 L ABEMIERNT 2 EERmTHIENTE S,
SEHIKGFRO T O —T Ay FIZEELGH ST
IO b ST, FOREN W OFis (3680K)
DEFTERLTWAZERS, BBICIFEICRE
e RNBDSH 5722 LHERITE B, LHW 2 HWV 72 &R
EREN % 47> T\ b TRIAM-IM D4, Z Ok:Z% T
MAEBENO—2 & L CEEETIZL 2BAMDIE 2
554, LHW Ik Y S - @B 12 L 5 [T
WRBBETEA FFICh D N A~ s TS X5
B TdeV " TOMEESNT WA, X510, BHEEFI
LHW (2 & ) TR F— % ZIF R E 2 5 04z 3
NMEZEBT 52 0P MoNTEBY, REET
VIZ—OKREMS 9mMUICAE LA LA T
TIBIZd o 7 BB BT b EERE T ORmIC &
BLIEEE R ABROTREMIZ o E L 5N 5. LHW #*
v 7- @i bliE) (LHCD) Mo & &+ D he 1 ik
BaboTHY, V)3 y—EDRI R
(LCFS) DAVl PEM Th ZOBEf % £/ L 725k
FETH D E N B,

3.4 BHHEEBOSHS LU Z OMMMER

Fig. 9 \CWaH Lo FHERERE O EDS HTH# R % 7R
¥. Fig. 9 & ) FEERIEEEITHRLE LT Mo (U 3



ERI14E AMKEFERERBEBIEHERBE Sk H15 — 21 —
T T T
« 102+ ® . .
— 3 \\ in the SOL | in the shadow
S » \ I of the V.V.
8, g \ I
% g » N 0.31mm |
g o 10 I \ | ]
o = I
3 I |
| g I
10 E 107 I 7
Energy [keV] =z I
Fig. 9 The EDS spectrum of the deposition on the W -‘q:) I
specimen at the E-side (7.5mm outside the limiter ~ A
surface) . 1020 1 L1 ]
5 10 15 20 25

F—BLTTAN—H) ORTROBTHL LA
BAL»ICR o7, THiE Mo DFAN—FREEAL,
X-RA Y N ORBHRO TS5 X< EOEEHME
Hig L7 R % B A IT o 7219964E LLRE D 7 10 —
TEBRLABOKERTH o729, —7, 19954ELIFT D
Ta—TEEREITHRE SN TWEEZEROME
(SUS304) 1242 % Fe, Cr, Ni ZHRFUT T
hotz. TOMEMIET T AYOEERMEGHT, &
i, Fe DIA VIREDNTHL ho2PWZ L, Tbb,
T ATHIIAHE & UTHEET S Fe OBIHAL
BEEEL-HLTWS, ULEDOZ LD SEEOEIER
BOMELOZE X SUS B OEEAFHNEIC Mo D
HEFERASTER L SUS OREFRED WA L7-Z L IZERE

LTWwaEEZLNS,

RBS {2 & 1) E-side {28175 SOL WO HHEB
Mo ) ODEX#EEFMLL. ZOHKE, VU3
Fy—KRE (F9X<) 6 7TmIMIlOBET &b T
T AN EAT) TOES1E30nm BETH 5 LEF
filiT &7z, Fig. 10 12V I ¥ —RE» 5 O FEEEICKSA
L7z Mo DA #7R$. Mo D4Ai1d10mm T TI3IEIT
—%ET 8 X10%'atoms/m? 125ZF L7z, 10mmEL _EAMEI Tl
WERO. 3lnm THREPAHIICHA L 79 X~ DTk
MEBRFRUTICZ 072, COBHEED SOL HTO
BEF MO E 2B L N E
B TH B, Fig. 10 DFAHP ANy 125 o T
WEhibdbE, ERBETFORNBEESEITLIGEN
Lt WHRELZRERHE TE -2 0% AT
R E AL LTLL?, AFH7I v 7 ATREER
0.3lmTHIEL T, 5 X<20 TmDETH
10%atoms/m? (AR) 127425, ZOEFHEMEL HE
TBHERUNANY Y (BT RNy ¥ hEL) O
RABFEL 2T LD, Mo DRV T ANy ¥ HE R
A, Ty VORE 20eV BETY I AT 2 VA
ol Mo DA A Y, BIZIE3MD Mo DA,
Mo* 1L BV —ADELETIZBI LN T X8y ¥

Distance from Limiter Surface [mm]

Fig. 10 The Mo distribution in the radial direction from
the limiter surface.  The point A indicates the
extrapolated amount of Mo by the decay length
(0.31mm) .
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Fig. 11  The electron temperature in the SOL during
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Fig. 12

Microstructure of the deposition on the W speci-
men at the E-side, TEM dark field image
obtained by a part of rings in electron diff-
raction.

Deposition as exposed

Annealed at 973K
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Fig. 13 Microstructure of the deposition on the SUS

specimen at the E-side, as exposure (left) and
ancaled at 973K (right) .  TEM dark field im-
age obtained by a part of the rings in electron
diffraction.
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