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As one of the engineering test programs in ITER, the test blanket program, which utilizes ITER as a test bed
to develop breeding blanket systems for fusion DEMO plants, has been planned and advanced. The Test Blanket
Working Group (TBWG) has been organized to review and coordinate test programs on Test Blanket Modules
(TBM). Five breeding blanket concepts have been proposed and discussed in the TBWG, and Japan is participating
in the development of all of these concepts. This paper describes the status of TBM design, blanket technology and
materials development for ITER TBMs. The current design and R&D status of candidate TBM concepts, which in-
clude 1) a water-cooling system with a solid breeder, 2) a helium gas-cooling system with a solid breeder, 3) a lithium
-lead (LiPb) breeding system, 4) aliquid lithium breeding system, and 5) a molten salt breeding system, are presented

and discussed.
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Table 1 Five types of test blanket modules covered in TBWG
and supporting parties.

Japan | EU | US | RF | China | Korea
WSG-1:
Solid Breeder / He Cooled O 0]1010 O O
WSG-2:
LiPb / He Cooled © O O
WSG-3:
Solid Breeder / Water Cooled O O
WSG-4:
Li Self Cooled / V Alloy O ol © O
WSG-5:
Molten Salt O
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Fig. 1 Configuration of a test port, acommon frame and water

cooled solid breeder test blanket module.
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Table 2 Design and operation conditions of ITER test blanket

modules.
. .. Normal Operation
Design Condition Condition
aver. 0.25 MW/m? )
Surface Heat Flux max. 05MW /m? 0.1 MW/m
Neutron Wall | 70 045y MW/m? | 078 MW/m?
Loading
Pulse Length 2000 s 400 s
< 0.3 (400 s burn,

Duty cycle 1200 s dwel) <03
Pulse Number 30,000 (min.) 30,000 (min.)
Aver. Fluence 05 MWa/m? 0.3 MWa/m?

0.5 MJ/m? during
Load in Disruption 1 ms — 10 ms for
recessed first wall

*power excursion < 10 sec
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module.
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Table 3 Major specification of water cooled TBM.

Unit
Structural Material F82H
Coolant H>0
Neutron Multiplier Be, BeTi alloy
Tritium Breeder .Li?Ti03 othe?
lithium ceramics
First Wall Area m? 0.68 x 1.94
Coolant Pressure MPa 15 (25%)
Coolant Inlet /Outlet T 285 /325 (360/390°)
Temp.
Total Heat Deposition MW 1.56
Tritium Production g/FPD 0.223

*Advanced module cooled by super critical pressure water in
later ten year operation period of ITER
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1400 | | [Laver TBEIiayer
1200 U_) > N
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21000 | I I L PO
= ; | o
S 800 n Temp‘+[\ o
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5 600k /\ PG
'—
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0 : 0.00001
0 10 20 30 40

Location in Radial Direction in TBM [cm]

Fig.3 Temperature and TBR distributions in radial direction
of water cooled TBM in steady state.
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Fig.4 Configuration ofatestport,acommonframeandhelium
cooled solid breeder test blanket module.
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Table 4 Major specification of helium cooled solid breeder
TBM by Japan.

Unit
Structural Material F82H
Coolant Helium gas
Neutron Multiplier Be, BeTi alloy
Tritium Breeder LizTiO3 othe.r lithium
ceramics
First Wall Area m? 149 x 091
Coolant Pressure MPa 8
Inlet = 300

%‘;‘I’Il;nt nlet 7 Outlet C | First Wall Outlet = 380

Module Outlet = 500
Total Heat Deposition MW 1.72
Tritium Production g/FPD 0.249
Coolant Flow Rate kg/s 3.75
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of helium cooled solid breeder TBM in steady state.
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Fig.7 Concept of 3 independent sub-module cooling by one

common TBM Cooling System.
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Fig. 8 Schematic view of a test blanket module of gas cooling
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Fig.9 Diagram of cooling system of high temperature gas
cooling blanket system.
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(lower Fig.) as a function of the position in the Li/V test
module.
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2.5 AREHIEAN
2.5.1 HREFEHE
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(NRIEMEEE S & AR E S | b0 OB A D TR
WO T (BeFqo& LiF A K HH T AL F—-1069 &
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DHERTE 5.

BIEEAE COREER | BREIMENDOTGOOTTH
~4mPa), W CTOHEEI AT LADPHBETE 5.
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1Qcm), MHD EJJHEE O E % ol 8T &, mgm
FRICEET 5.
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CHHI AT LA LHELETH 5.

L2 L, el G A oM RE, R & 25k,
14 MeV TS, b5 28858 - [N, 550 R EHIE
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B, 198041 KIEIDOE #3880 F ¢, TR k<
RN, RENEFMT LTI Yy b IIEBOREN
BCSS[13] »# ki &Nz, b A~ 2R (STARFIRE) %%
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SMW/m?Z g e L, +UF 7 25 ik
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/ferritic steel R MM INL. Sy 7 5FHBIC
¥% o 7= Flibe/He/ferritic steel 1%, 240135
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Flibe 75 ¥ 7 v F2RMAT A 12X o T, BilLet,
SRR RRET, DU AEIL, BEGEA R S TR, S
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7 ANV —Ed L L CoMEESE APEX 2535 B30, i
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MEdASER L72[30]. o RiRacko %, 20014
X0 64 T HAME O M[E 71 Y = 7 + JUPITER-I
DEEFAZELLT, L8 A, B, CIZHT5FEERT—
7 R— 2R E M S N B ICE 5 72 [31]. BUEIZAFZE
AT TH B, TRTFTORIEE LT,

- BAVEHF AT 5 R Be 12 & B BIFH DR i 2 R

1ti#EIC (Redox) o Had L

- AR HE T ORI O Ll L

S RBBEEEY I 2L —Ya Pl — R
ERBLNOOH Y, SHO M) F Y AREHIERR, T
B RE COBBImARR MHD) % & OFEBRIIFE AR b
BiaS N CTwab. ZhSERNNOBIEOIIRZ MHT 5.
2.5.2 MEEFEHICET SR

14 MeV OBREEHRETFIREFICL D, Flibe 77 ¥ v b
TR FICT RO KIS A5 s,

LiF +n— TF + He

BeF; + n— 2He + 2F +2n

34 L7 TF B L UF 3R A O TRV, el
@ MSR T, fEM 2=y 7 VA4 ® Hastelloy N % B
FELTHY, SRBEOMEE IR LR 5Nk o 7zn’
(72 LBh T I BN Y LAEK - BILDPED SN
72), HEBAHMEOBIE S SR A NS ICH WS 2

Self-cooled Radiation shield Vacuum vessel
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Fig. 18 The radial structure of Flibe blanket model in FFHR.
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Fig. 19 Experimental results on redox control of Flibe with
dipping Be.
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Be (T HEM % R 2 M TOMERFIEEEL TV 5.

&L, JUPITERII 70 ¥ = 7 MZBWT, LD Redox
FIG ORI T — 7 23 5N, Fig 19 1R T X912, &
% Be \2 & % BAfA o B 72 HF e s 925E S L7z [32].
HE/HiR & 4" A % Flibe WIZHE Ll 2 A5 5 Be & — % RF[H
Flibe HIZit® % &, RSNz HF Z3TXTBe il &k » T
HE SN, HEPKFICRILEN D Z EWEIES 7z, L
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Lo, Be 3B LTBY, B HF » 5 Wi HF 5k
s 52 e 05hdr 5. BUE Be iEMEE & BUCHEBE ISR S
B 2R AT AN H TV 5,

SR, WREIGGTOMEIREC B 5 EAEER D E
HThHb. 7o, BRREZ S HIKT X5 HWT, Fli-
nabe (LiF, NaF, BeF:i&#HREE) =\ 5098, Flibe
R % LiF & BeF,Oid 412 B3 5 058 (BeF &1 &
053 CTlF364C £ TTIA2 DA EILITHEN 2 <, Ktk
LWIMT ) HELPRAMEDLVEDND 5.

2.5.3 {EEBEICET 2WR
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TR THRIC K - THREWEREZ ) 1 S5 LEEDRD
5. 2L, BREHRID80%% 5 s RV F—
Wt LT, BURBRIEEL D #160% 75 Flibe T O BEEARRF
BThibrs, Bk TIIERNTHS[33].

FAL KD TNT V—7 (Fig. 20) (Tohoku-NIFS Ther-
mofluid loop : FEIEIRE<600C, it 8 ~20¢ /4, &R E
~01m? MEAFAZ<07MPa, ZZREALHLE<80LW, K
B EL316SS) Tid, Flibe iARIEIC D HARE L LT
HTS (Heat Transfer Salt : 50% KNO;, 40% NaNO,, 7 %
NaNOs, Aliri142°C) % v TFlibe DIZ#EE 2B L, &
RERFIEIC & BELEE 2 &, BREvEREI B> 7 D FER
ZiioTwh. HTS 3% S OMB EARTEETH D, FICK

Wi EEIC B C Flibe AR & ) UnBE 2 A9 5 72
B, FEERHICHE LR TH 5 [34].

Fig. 21 lZR T L 918, BROFTHEIN TR (DIFEHEE
EIES) ELRBMEE & IR L 28, A—iESRMThdh
EERERTEHE T L) S OBREREZ RS 2 AL
oz, &RERE LCHER (HERIIMNENED 1/4) &1§
ML, LA VAERERS #HEERZE L2YE, Re=
8,500 DI S ERTEIH A O Bz 3 FE M VL P18 B L R B (5 5%
O 3FEBNEZ RS Z EHW S22 - 72[35].

F7z, R L BUZEOMBRE TR, BKET
BB IR TERAEFIENBRREEICBWTE S
A, KR EIC % 2 I VAP Z O ET 5 2 &8
WOk ol S8, FIITE:E Y & RBICHAS
bELZEICLY, FRBERLEZ ELICMERES T
LIITTREEEZ HNB.

2.5.4 MUFILEBHFIHICETIHR

Flibe TORFBRMBEIME N Lid M) F 7 ARILO 5K

THFITH HH, Redox FlIHICE > TTF % Toll$5 &4

Upper Tank ’ |
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(Material Test)

Air Cooler
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(Orifice flanges)

[ 1700 [mm]
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-

Fig. 20 3D image of the TNT loop, which has the total capacity
of 0.1m3 and can be operated at 600C.
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Packed Bed : SUS d=D/4 Tw-Tb=100°C + i
Packed Bed : Cu d=D/4 Tw-Tb=100°C X

Packed Bed : SUS d=D/4 Tw-Tb=25°C % s
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Turbulent Heat Transfer [Empirical]
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Fig. 21 Flibe flow rate to remove the heat flux on packed-bed
tubes in comparison with a strait tube.
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FFHR tritium recovery system (1GWth)

Tritium : 190 g-T/day = 1.8 MCi/day
=" | Double tube

Tritium |
recovery |

Permeation
barrier
< 10Ci/day

Tritium
storage

Permeation
barrier

Flow rate
2.3m3/s

Heat exchanger

Fig.22 Schematic illustration of tritium recovery system for
the Flibe blanket in FFHR2.

B EHE B PEDTE < 22 Y, 500~600C O EiElE T3 4R
BEZ @ L CHEZDIHETICRMRT S & PRSI NS, FFHR
ZEPTE, Fig 22 R T ) 2 "EEMHEL L, He X
T4 =T H R K B EME TR E A EE LTS
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D) T LERCIER - HER, BXUOILKTOE
KFEEX TRy NEER[38] EEPTH 5.
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V7o AEFH. DT BRERIE TR, R HEFE MY T A1
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UHhHTEI 7 ur o SICHHET, BERBIIBIT A0
Lo T, Bz BR GEL B L, SiIC oIS mm
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JEDHERBEIOE VR HEOEAME 2 & TX 5.

(BEHI %)
Single Coolant Lithium Lead (Helium Cooled Lithium Lead)
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Dual Coolant Lithium Lead
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