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Abstract

The components and materials for the ITER Test Blanket Module(TBM) were
reviewed. The TBM consisted of the structural components, the breeder and the
coolant system. Ferritic-martensitic steel, vanadium alloy and SiCy/SiC composite,
which had a low activation property, have considered as a structural material. Li
ceramic oxides(Li;TiOs, LisSiOs4, etc), liquid Li and Li molten salt (FLiBe) have
considered as a breeding material. Water, supercritical water, He gas and liquid Li
have considered as a coolant. Beryllium needed as a tritium multiplier in the Li
ceramic breeder type blanket. The ceramic insulator was applied to mitigate the MHD
effects in the self coolant type blanket.
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(1) Ceramic breeder+ferritic/martensitic steel structure concepts
(1)-1. Water—cooled concepts



(1)-2. Helium-cooled concepts
(2) Pb-17Li+ferritic/martensitic steel structure concepts
(2)-1. Dual-coolant blanket concept
(2)-2. Water—cooled Pb-17Li blanket
(3) Self-cooled lithium-vanadium alloy structure concepts
(4) SiCt /SiC+liquid or ceramic breeders concepts
(4)-1. SiC¢ /SiC+Pb-17Li concepts
(4)-2. SiC¢ /SiC+ceramic breeder concepts
(5) Other concepts
(5)-1. Blanket concept with tungsten alloy as structural material and heat
extraction by lithium evaporation

(5)-2. FLiBe concepts with ferritic or other structural materials

ITER AAAGel Fofstes FHAS, 4, dAloh, v, 3=, T30 :r“é%
TBM working group°l A= (1) He WZ-Agte =24, (2) FY-Aay F24,
He W¥Z}-Li-Pb 524, (4) A71¥7 AAFEHSANV d+ 7+2A4) 2 B Li 8659 5
A S5 5 7HA e AlE B3l Ui FedT FXS 98 subworking groups
TSk, Zh=me] Frouby gl Subworkmg group®] =FWH, gHE HR/A5] &
W Sl digk A ARl o dS EYsta e Folth 57l subworking group & (1)
HoF39 TBMel= 6709 EE o w7lse] #4AlS ®E9siden, W +39
TBMoll = dErto] ZofoJAlE grglom )W 82 Ao A9t BE =59,
DA FFL FHATE AQet e Foxso], O 3L v=, d& Aol &
S e =2 (1), 3), (A Fo FoJois gy oy, A 20 o]d9]
ATE Fote] AF5F AT2Y SAAA MEAAE 1S FHAY, &, HAlof, v

ol Hlstd - 7)ol wdE o go] ATt Table 19

3 A2 FAA ERAY SRR F2A, A, A

=2
, WZhA) ¢t H ) neutron wall load, TBR, oYX &&3 & AA WA gt

-J— o8 1o o©

12

3. ITER TBM #4484 A=

3.1. A
14 MeVe oYX FAA 93k 512 550°C o)Al 2woA AHEdE FLEX2E LA
(TF2A)E A3 2452 A4dES A5k dHdZQ gs s Fx2RA s E Fa%

A (1) AAE S4S thebdlelok shrl, (2) 150 dpa 4ol EAMERS AW 5
Q= WA B4e Adck s, (3) 2AAe tE 4 3

AN -

N

Q
multiplier} FHAS 7FA 3L glojoF stH, (4) FAH ez g +



Table 1. Some Design Parameters for Different Breeding Blanket

3)
Concepts
) Structural | Breader | Coolant | Coolam Wax, Neutron
Exampla Cycle]  Stuctural Matarial
|n-.'n iy |n-.'n iy |n-.'n iy P TBR wll jond
concapt . . . ()| IHetime & criteria
("C) ("C) ("C) {MPa) MWm')
SSTR o000 - Q00 ) 3R A0S ~36 1O - a1
GE0/~280 16(25) 1.2 i-5
[CE/WE) a0 2B0§ 2005 (=40) 100- 200 dpa
HCPB 156 -a/m”
SEO0300 | BO9OVA00 | 5000250 a 1.1 35 3T
[EBMHC) 160dpa swelling
WICLL 15K -a/m”
500266 | 5800286 3267265 165 11 R 33
[LBAWE) 160dpa swelling
Do He=: 4800 15K -a/m”
SE00300 TO0AGD 14 1.1 5.0 45
(LB/SCHHC) He=: 300 150dpa swelling
ARIES-RS 15K -a/m”
JOOV33E0 | GIWE3E0 | 510330 =1 1.1 5.6 4G
(LB+SC) 20 dpa swelling
ARIES-AT TEMW- afm, assLming
10000 754 | 10000754 | 11000 754 11 11 4.8 8.5
(LB+SC) 1% 5iC bumup
A-S55TRZ ~ Oy
1153700 QOOvEOD 10 ~1.3 [ =50 10K -a/m”
(CBsHE) =700
EVOLVE 12000
1300 120001100 0.035 =1 10 =E5 {11
(L& Li-evap) 1100
FFHR=2 15K -a/m”
560 SEOF4E0 | SE0VAE0 0.8 =1 1.5 ie
(FBMAEC) 160dpa swelling
CB : ceramic breeder, LB : Liquid Li breeder, FLE : FLiBe breeder
W water cool, HC ; He coal, 5C ; Self-cool
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Table 2. Chemical Composition of the Different FM Steel (wt%).

Cr w Mn N Ta C Vv B Ti Fe

EUROFER | 891 1.08 0.48 0.02 0.14 0.12 0.2 0.001 | 0.006 Bal

F82H .73 2.06 | 0.083 |0.0027 | 0.018 | 0.092 | 0.189 | 0.003 | 0.0104 | Bal

ORNL-3971| 89 1.08 0.44 |0.0215 | 0.06 0.11 0.23 |<0.001| <0.01 | Bal

Cr W | Mn | N Ta C A% Si Al P S Fe

JLF-1 9.04 | 1.97 | 046 ]0.0237| 0.070 | 0.097 | 0.19 | <0.1 | 0.003 |0.0020/0.0020| Bal

JLS-1 9.19 | 250 | 0.99 |0.0267| 0.050 | 0.094 | 0.081 | 0.050 | 0.003 [0.0040(0.0004| Bal
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Table 3. Typical Properties of Candidate Ceramic Breeder Materials.
ITEM Li;O LisSiO4 LiAlO; | LixZrOsz LiaTiO3
Lithium density, g/cm’ 0.75 0.53 0.122 0.3 0.3
Activation low inte.r— inte.r— high low
mediate mediate

melting point, °C / 1432 1255 1750 1616 >1600

phase change none 655 none 1100 1200

irradiation stability 0 X O O @)

thermal expansion O 0 O O ©

mechanical strength O 0 ©) ©) @)

chemical stability 0 0 ©) ©) ©

water compatibility X O O O O

structural compatibility ) O @) O ©

Be compatibility - @) O O O

Li mass transfer O ©) O ©)

tritium solubility O O O O O

thermal conductivity O O O O
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Table 4. Materials for Different Breeding Blanket Concepts

Breeder Multiplier Coolant Structure
SSTR Li2O or Li;TiOs Be H20 F82H (FM7%)
HCPB Li,Si04 or LizTiOs Be He FM7
WCLL Pb-17Li - H>0O FM7
DC Pb-17Li - Self+He FM7
ARIES-RS Li - Self V-4Cr-4Ti
ARIES-AT Pb-17Li - Self SiCy/SiC
A-SSTR2 Li;TiOs Be He SiC¢/SiC
EVOLVE Li - Li (evap.) W alloy
FFHR-2 FLiBe Be Self F 7
4, Q. °F
7h RS AFgFRY BASE TAGE TREE 2 7 e S8 98 g
o Zelu Ame HRE FAHE A48 AATANE ol dE B 97 Waw
staL low, ABTA, 53] a2 FE2Ae] T ITER ol %9 432 % A=
AdES fsk AT Hee dddEn

5l }
) TBM #4842 2 A8x

i e S e g

- %% : FMS (F82H, EUROFER, JFL-1), ODS-FMS, V-alloy, SiC¢/SiC
- Insulator for avoiding the MHD effect : bulk SiC¢/SiC, CaO coating layer
- Breeder : Li ceramic(Li:O, Li>TiOs, LisSiO4, LioZrOs), Pb-17Li, Li, FLiBe
— Multiplier : Be, Be-Ti alloy

- Coolant : water, supercritical water, He, Li based liquid metal, FLiBe
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