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Integrity of the First Wall in Fusion Reactors

Ryoichi KURIHARA

Department of Fusion Plasma Research
Naka Fusion Research Establishment
Japan Atomic Energy Research Institute

Naka-machi, Naka-gun, Ibaraki-ken

(Received May 13, 2004)

Future fusion power reactors DREAM and A-SSTR2, which have been conceptually designed in the Japanese
Atomic Energy Research Institute, use the SiC/SiC composite material as the first wall of the of the blanket because
of its characteristics of high heat-resistance and low radiation material. DEMO reactor, which was conceptually
designed in 2001, uses the low activation ferritic steel as the first-wall material of the blanket.

The problems in the thermal structural design of the plasma facing component such as the blanket first wall
and the divertor plate which receives very high heat flux were examined in the design of the fusion power reactors.
Compact high fusion power reactor must give high heat flux and high-speed neutron flux from the plasma to the first
wall and the divertor plate. In this environmental situation, the micro cracks should be generated in material of the
first wall.  Structural integrity of the first wall would be very low during the operation of the reactor, if those micro-
cracks grow in a crack having significant size by the fatigue or the creep. The crack penetration in the first wall can
be a factor which threatens the safety of the fusion power reactor.

This paper summarizes the problems on the structural integrity in the first wall made of the SiC/SiC

composite material or the ferritic steel.

Keywords: Fusion Power Reactor, Plasma Facing Component, First Wall, Micro-crack, Structural Integrity, SiC/SiC

Composite Material, Low Activation Ferritic Steel
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HREIZZIERE— & RaE5,

422 BEHIL

ARRICEKSMTIEANL. TIXMCEHNE L EE—BREREELRITT
EEZONSD, IIMEROFHEL L. TS XN 1.0mm OELE L,
BEthEE LTI,
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(1) 2XTEMHRET IV ZRN, E-BOBBEICBI2BENREZELL.

Q) BARKMEL TmBEZIR L ZBO) TROZIBES A FICBIT 2B8UEEICL S
HTEMEZEH L.

(3) FREFLNSEE 7.5 mm OB ICEKR THES 1.0mm OXREBFEL T, 2K
HBICRET DI AEEH L,

423 BEREMH .

2R AR ERIEE TN 2 ANWTRIERIC X 2T RN 2L 2. M4 105w
TEOIT, S 10 MPa. {8E 700 CD He HATHHTBEX 4 mm OFE—BEC TS
AIMS5 0.5 MWm* REBAFHR #2235 & U THELRAE2RE L. MEHT Sic/sic &
GMEIZREEL T, B8R 15 WK, MEHERERAE 16.5 MW/m'. MEIZFEERE
1100C. MEIFFAIR S 200 MPa, EZER 6000 WmYK &L=, 727U, 7524w k
®BHD Li,0 X7 )& FHE L 2 HEEES TRAELZB0T. RTIVEEERTZIAUIA
HABHAM EEDHITRBAINDEDT, FE—BEAOEEIININE L TERL-,

SIZ 2 KT MARERETTIVOEREMEEZ RS, EFINOMEITY Hlazh
RU. ToD—HOHY,Z HRAZERE L, & 1LICHETTIOMBHEEZ =T,

4.2.3.1 BWI&LE
SRITERTORERIC X DT ERZENT SO, MEHHEE R OB k.
RHIMBMRERZ L FIZRT,

- Bunig % : 15 (WnvK)

- He# : 1200 (J/kgK)

© SIC/SICRFEFERE  © 16.5X10°(W/m?)

- InHIMHER ;700 (C)

- A BRE R 6000 (W/m¥K)

- Bt R : 0.5 (MW/m?)
4.23.2 HEREERM

MR PEIE R NS HMIE S 2 LA FICRT .
- TR : 200,000 (MPa)
- RT7YV U 02

- BIEER : 3.3X109K
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- WHMIEN : 10 (MPa)

424 EHORNE—BE DRI RMAT

B 6 i3, RAITRLAZERHDIBENWE—EED 2 KT AT T IV D532 DN TIEREES)
M OBFTRRERT., BRRKREIL Y XEREICEL. £ 960CTH->77, K713,
B TR R 2 SRS AN U TR L 2B —BE OB EIC X 22 S TS 4
MOBKERZRT., EFINOWBPHRINS EBFRICI O PREN TS5 T~
EWT 5,

BREPRRORSRESLVORAANEHITT S XRIREICREL., 2hEh
1094C & 247 MPa 1273272, NHBREZERTI-RE2HNWTHELZHEERE, ns
AtERRIIBIRD SiC/SiC BEMOABRBELHBICHEVZEVOBIETH D, H8
DGR D OITIE, BURER LREE X 512 X B SiC/SiC BaM oz
¥EEN5,

X 81 X 7 TRUZZEE A0 SEFRP RO 3 DOMEICBIT 226 8% kD,
WRBIZW > AN R, YAHWMEMNE., Z HREMEEBEL TS, ZOMHNEA
B7% 43 fiTibR5 3KV Uy REFTIVIGEIRHZEME L TEA T, BAERKRD
BAaNEDE DT T 20N ERANTIEDDANEMEE LR, K93, T OHMER
BOBEHERZRICE LD,

425 EHRERT DHEBEDO BRI

BREFE—BII T I AN D8EZIT THEICL2ITREL 2, 20T
NMERICRITTEEZFIMT ZICH20. 2RTCEEZHVWTERE— R, 2256
WCHBITDINMEZEH L2, [ 1012, 2 Kol Mg ER I L 2T E T 2 RT.
X 111, X 12 TR ARERGRMEN I — R ADINAT ZFHNWTRDEETH S TO
mEMEZ, HRERMBITI— R ADINA ICAN L TROEBEELHT— RE®RFL T
ALTND, EREHBHTER S TNZIONH S, K13 KUK 1413, 2 Kchlid
WMILERICLD ML AR HROY HH @) SISm0 ERES T,
BREZAVWTHEL TWS )., ESRERBISHNER L, M0 KREREHEICR
S THBDBEER TR,

RIZ, KGR ERENBERICL 25 EREZRY. K 15 3. B0 7S5 ATfE
HIZHES 1.0 mm OEREHFTHRE TR ICE 2MITHEIMER L -82E 0TS
NAMERENAHEEDITRT, COFRERTTINONMEH EBREMIT. 23
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EROTRADEFNERUTH S, RFHEFEEETINZRANT 50 HIORERAT Y
T TR RO R VIR LEETo 2, EREO- DO m O RIX, B &
RPEATAIEICEDESHENACZRICHRIND XIS ICL ., SR TRIEZRIH
WENBZ LK, BMBETIAROEHITIZ HIZPHFEL TFAN 1.5 mm O
PrEAECK,

ZHEAROTIEIE. EERMIERIGCIRETH 5 Z 05, 5IRIENIREEIR.
ZRIR OB WHFA TR 5N, ERADOIEHIIERETIRETH 2. ERE
D BB TIERHRBISHU LOSEEDIRHENRFEAL 2, mAVKIZIE 10 MPa [E
HHMER L TWBDOT, ERNELRBITE, BRAMENCTID5BRVEISNMNERE
Wb 3, 5. F—BEAOBRENGZDSEM 16 ITRT XD, ERMAOR
BRMERICK > THU LD 950 T, EREmBITIE TTIOFRE) TEMEERND
SERISHMMRET S, JHESMEDOL DB NF/INT A—F BRI OMERtEZEX
N, ZHBERTDEDWCRB, EL. ZOBFTIIIU—THREZERL TV
WAL 1000CIEWBES TIZ, EREMOISHEN YY) —TInHEICX D T 5 e
HRH 5,

4.3 SiC MMt IT & 2 S RERM IR

43.1 BtE ,

SiC/SiC EEMEHT., BREFUN THEBARAY—E B EORE&AMEIE L
THREINTRY., TOBEREHIIDVWTE L OMERBENREI N TN B,
FALT A % SiIC I3t T3 v 7 AME QD BAETIIHERMEIVNE <, SHNERL®
T, LAML SIiC/SiC BEMEITIE, < MU v 7 AHIZFHELZZRITH U T SIiC #iHE
WX BHEIERNRBHFHFTE S,

432 BITET I EERGH
EEETFIVIIEHFERD 12 D&EE % . ADINA IZI3— (L Em O T AEENZ N D,
3RITLY Uy REE (20 i/ BEFE) ZANVTHERLE., SFEETIVER 17 1ITRT,
HETTIO 12 MHEERHEGEEL HLUEHAZR) . RIAICBREERIZLS
BTN (K9 TRUZEHER) Z@GIKICmArs. £/, BUES lmm QRS
EHCBIL TiE. BMEN—EIZRD LI L, BRFEOFHZK 18 ITRT,

X 19 IR TR E T SiC/SiC EEME—BZ2 =7tV Uy RERTETIMEL T
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TIAMEBEIZ Imm FEI O —-ZREMEL . ERMAE—LERZTIT v L,
10p & SOnBEDE—LEFRZY Yy FERFH RITHEGEL T (EHEED 0.1%, 3.3%
IZHY) BENEREM AR A, S Imm OEFHREZETEE ORI Z 4mm &
U, WEXHEELUTHAMES 10 MPa. E—BEDEIRIZH Y T 2 M ENL 2 B EHH
MA 72D, GRIOFGFETIE, BEHFBLIO7 ) —THRIZEEL Tz, BEaft
MEETIVEERL, VU vy NEROMERMEIZY > V8 200GPa, BEIRIERS 200MPa
EU. E—ABRIIY > TEK 270GPa, BEIRIES 400MPa DIEBEE Lz, K20 ICE—
LEFOMEREZ RO Z720I128F & Uz SiC #HEDIS1-0F Az L 3o,
40 A7y TULORMERS TEER VR LEZTo2, M 21 1T, MERHLENIC
E—ABREROMITRVIREBTEN LIS 06 AL AR E— RERT, 28,
E—LBRZMOMTIRNVKETOZRAOBRIINI0OI /O THo =,

X 223, 10 I 70FOE—LABERZID T 7ARETHRYT L 2851046 S5k L
FREBE—RZRT, MEFRHERMEVRLUBRITIK 21 EFHCICLTH S,

433 ZZLIHOMIE S FEN

BRI AEBMERTE L. SREROBIEBNF/INTA—F ) BHMHEZRD =, )
BHERE, SREMAEOMENKESBRLUZRETHED RS- 0T HBEZ2ERT
BHENTA=FTHY, F—BOLIREANBEYOBIEFMIEYITHS, M 23
ICERERBEO O J BB E RS, K242, FRERZED 5 DORKITHL TR
Dz 1] MAEEZZRMICE-—LAERNFLIHEEEENVERIIOWTERLTNWS, &
HeAO—-BARMORER TRDE J BOERREHVOTAHEZLETHREL T AW DK
WEZRLTWS, 2HBLUBORKTIE ) BOENZIE—E T DM DR
ENTWZ0000%, EHAIIE—LERNESHE50 J EoHEIZ. E—LEEN
ENFEXOBE<ARD, E—LABENKNVWITIERLS RS, 2O EMNS, SiCHSICHE
BMOT N w7 ZICZRMBFEELZE L THESMIC SIC FENTE > T IUTEH
WSERLIZSLKRDZEND Mo, BB, SICSIC BEMOBIEHMEMIZ 7 KN/m
(Kic=3.3 MP/m")FIETH D EEOLNTVEIN, BT TRD~E 1 BHOEE ESEE
EHBRLUTEHORENREZFHML LD & LA, SiC/SIC BEMDOBIER MEE &
TBH5EDD, SICY MY vy ADOWEMIEE B L= R eflEE£Z 5,

434 SiC $HED B ZhZ L7 ) —THE
BRAIFREET2EDINIENS, EROH LB —REFREERITZ2E 25T v T



JAERI-Tech 2004-052

LTEBLZDT. BITETIVIZIE, SICSIC EEMHP< N v 7 21T EBNKEL -
BRCERER/EL (TUwD2)) T5SiCHEE~ M) w7 ZAREE DB XHkEH
ROV =TI —2a  HREZRL TN, TS EBRICHEET 20138
L. MHRBREOUKEVLETH S,

Henager & Jones“td. C I—5 1 >~/ & BN I—F 4 >~ @ 2 B4 D Nicalon #i# T
AEL CVI TR L /= SiC/SiC BEMZERAWT 1100C T TERREEREITO & &
BILERTY DO THMEO) S v—2 a VB ET I TERERZ ML TV 5,
. FELS® 3, SiCSiC H#EMPOEERBEZY /7 ORETINEZRVWTEET
ELFIEZHEL TS, LML, ZNSOBITFETDH, EBREREOLEICBVLT
TRTRREN, ERTV v P TO5EHRE LT ) — TR 2RI - 23HlT 212
. ISR TFEEGFERENOMm LITMA T, MTORZ Y ERAT -0 DEER
T DREAERNBLETH S,

SiC/SiC HEMEI BN BB Th 258 B L OEEHAMEZ BT 21213,
SiC MHESI ZHREICKD T N v 7 APIZE R OMD E RN EREITR S, 20
KOBBHRTOI/V ORBEKLESHERO LS B~y OB %R T 5T
ELTHEMEO OPEGAY 2 a kO EMBEINTHD., SiC/SIiC BEMP D
NERDOFBICD T HEATELINSHOBETH B,
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5. ¥3
FROBMEBNFZBARET 2 L THFILFNIIRDBEERERO-DTHLT I 27
v ME—BEOEBEREMEBIVLEHIT DN TIER L UHEITZ21T - 72,
BRERISICE > TRAE LR EFOmEBR FE BICAN LU THE & OBERIC
Ko TERLUIEAY T LANTNRBIE N EDOE VR UIEATER L M/ SRS &
BoT, AERERIIRETDIANALZRE L, £, BE. F-BMEELT
BOAEREBELT7 251 MHIZDWT, DEMO DT T 24y MEZIZFE BT
Bl U = e E /-1 ICFRO LB KNWREF R T—KENSHONDHA.
T4 MABKBAKFEROBE., etz E0 5 REL BN =,

E—BO 2 FBHOEMMEITHS SiC/SIC EEMIZDNWT, SiC YR w7 AHTO
SiC MHMED S ZHRZBIRICK ORMICERT 2HMNEHNEGHE - RELU THEERERIC
730 IR D@ & AT U 7z, AR RRERMFT O — B2 H W Tl FREARE T )L
EHHEE E— LA BRTETIMELZ S RITETINEER Lz, TOMRE, EREFT S
SiC/SiC BEME B OGRS 2 MM T2 AE L 2572, BIRD SiC/sic
BEMTIIHMESHE LI T %H 0. FBITTRELRE 33 2L DHBRENDTISIZ
SiC MAEIC L 2 ZRHIENRMHIFTE D, 4%, ARTIEEZE LN >LEERHTY v
DTS EHRERESCI Y ~7°1E2%t;E}Hﬁ&i&hﬁﬁﬁﬁ%?)b@ﬂ&z& ZHED S
DIz, 27 0E<y DBENERICHE TE 298 {LEFOFIENER TER WK
HLTWSFETH S,

AL TIE. SiCSIC BEMICERNREL OB EREHICERBL TEHOLE
HEFMLZ, LHL. SiC/SIC EEMEIOENZBROENETH 288t K OEE
HFEMZEHT BT, SIC S ZIREFICEDT MY w7 AT B OMD E2IERK
LB S, SIC/SIC BEMEE—BMBICERLESS. N FUAEERS
AMTH BN LREROMPDERDBMEE T N v 7 ABOBRRZEHD > TE@EY
HENOHENET B, TOBE. B—BOBSMHIIMEINLZELTH, JIEMHKE
(leak tight) DHEEMEIIMER I NZNT LIT/2 5, SIC/SIC BAEMEZRMARE 8L
LTHERATABE BHMELTAY T LAH ALY HEBEDENTTEN S 2554k (5K
B HA) T3tk OKERZIZUF UL Z2ERT 2D, BHRKEZSEEICT SR
EDOMBNBEELEZ S,
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x1 RFICAVESICSICEESHOHES S

MGiEE 15 W/m/K
Jng} 1200 J/kg/K
KRR AE 16.53 x 10° W/m?®
AU AHREDREGEE (6000 Wm?/K
RERE 3.3x 10°/K

=E 2500 kg/m?
Yo% 200 GPa
K7V 0.2

(=27 N 200 MPa

£2 E—LABZREEABEOAAEZFGLABER

B oW ] L I .
D:lE X AWER | SHE | EvE | RARNH(MPa) R
. mm | mm2 % (GPa) | FLza lmirEsm] gm1 | @®m2 | @®m3 | @®4 | @8
[ 1 - - - 1102 | 4075 | 1.33£-03) 8.05€-03| 9.74€-03| 9.61E-03| 9.55E-03
2 | 1.00E-02 73 5.73E-03 0.6 200.0 868 2289 | 2.85E-04| 2.026-03| 2.57E-03| 2.68E-03| 2.77E-03
3 | 5.00E-02 73 1.43E-01 14.3 200.0 586 986 | 8.41€-06| 2.076-04| 2.256-04| 2.37E-04| 2.37E-04
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High Temp. Cooling Channel

Thermal insulator

Shield Pebble (SiC ¢ 10)

Tritium Breeder (Li;O ¢ 1)

Neutron Multiplier (Be ¢ 1)

Partition Wall

First Wall

Branch Pipe

Low Temp. Cooling Channel Thermal Insulator

M1 BRESHNFOTSTy b EDa-—I

Co-axial Cooling Channel Inter-coil Structure

Blanket Module

Poloidat Coil

Divertor

Exhaust Duct
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