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STRUCTURAL

MATERIAL
a I
Austenitic

Steel

-~

Ferritic Steel
(LA, ODS)

V-Alloy

BREEDER

Li Ceramics
(Li,O, Li,TiO,,
Li,SiO,,
Li,ZrO,, etc.)
+ Be

Molten Salt
(LiF-BeF,)
+ Be

Liquid Metal
(L)

(Li-Pb)

~

Molten Salt

Liquid Metal |f

COOLANT

4 )
H,O

Supercritical
H,O

He

(LiF-BeF,)

Liquid Metal
(L)

Liquid Metal
(Li-Pb)

- /

DESIGN EXAMPLE

ITER blanket
Low power density
Induced radioactivity
SSTR(JP)
DEMONET-HCPB(EU)
DEMONET-WCLL(EU)
A-SSTR(JP)

ARIES-I(US)
DREAM(JP)

ARIES-RS(US)

ARIES-ST(US)
KOYO(ICF, JP)

ARIES-AT(US)
TAURO(EU)

FFHR(JP
\WUFE-HU(CF), USy




Conceptual Designs of DEMO Reactor Blankets

T breeding material

Structural material

<<MCF-SB>>
Li4SiO,

Li,O

Li,TiO,

<<MCF-LB>>
Pb-17Li

Li

Pb-17Li
Pb-17Li

LiF-BeF,
<<|CF>>

LiF-BeF,
Li-Pb

LAFS
LAFS

SiC

LAFS

V-4Cr-4Ti

ODS steel/SiC Inserts
SiC

Ferritic steel (V-alloy)

AS (SUS304)
AS,FS
SiC Mesh tubing

Coolant Design
He (250/550C) HCPB (EU)
H,O (285/325) SSTR(JP)
H20 (290/540 C) A-SSTR(JP)
He (350/650 C) ARIES-I(US)
He(600/900 C) A-SSTR2, Dream(JP)

H,O (265/325C) WCLL(EUV)

Li (330/610 C) ARIES-RS (US)
Pb-17Li(550/700 ) ARIES-ST(US)
Pb-17Li(350/650 C) TAURO (EU)
Pb-17Li(450/860 ) ARIES-AT (US)
LiF-BeF, (450/550 ) FFHR(JP)

LiF-BeF,(650 C) HYLIFE-II(US)
Li-Pb(300/500 C) KOYO(JP)



Coolant Temperature and Efficiency in Several Blanket Concepts

60 More attractive,
but more challenging (SiC/SB/He)
OREAN
S (FSISB/Super CODREAMT
g -critical H,O TAURO
O (SIC/LIPb/LIPD)
5 40T
T (FS/Flibe/Flibe)
(FS/SB/H,0)
WCLL (FS/LiPb/H,0)
20 '
200 500 900

Coolant Temperature ( C)
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Reactor design activity in NIFS collaboration

Helical core plasma Thermo-mechanical analysis
K.Yamazaki H.Matsui

Blanket system
(NIFS) (TohokuUniv.)

S, Tanaka
(Univ. of Toky9Q

Ignition access

Structural Materials

& heat flux /7 Blanket  Salety
O.Mitarai e mm— }Sh o %% (Helical reactor desigr
(Kyusyu Tokai /Core mww Tan1z esmses ooy / Sytem Integration
Univ.) Plasma T / | A.Sagara
laMeV neutro; § :;f;;‘g -@a (N | FS)
surface heat flpx hightem =7 \
| m& T-dsngeger Device system code
o , M H.Hashizume
Advanced Chemistry i (TohokuUniv.)
first wall S - Trid
T.Norimatsu Im i
OsakaUniv. Purter | | .
( ) ] = 1 T-disengager system
Advancec Turbine S.Fukada, M.Nishikaw:
: KyusyuUniv.
thermofluid (Kyusy )
T Kunugi Thermofluid H :
: - eat exchanger & gas turbine system
(KyotoUniv.) MHD Thermofluid " Jered y
S.Satake system (KyusyuUniv )
(TokyoUniv.Sci) K.Yuki ' A
(TohokuUniv.) June 6.2008, A.Sagaa

BERMRENTVARCHEL, REUZFAMI 5-DICE IR T LERFHARNLEITL TRETH S,
KEFTOHRE L TORFUEIXRIEF+5  (cf. KEDAPEX)



He cooling

self-cooling
Flibe

the
T-breeder

7

cylindrical
suppor

helical
coils

insulation

rmal

Self-Cooled Flibe Blanket (SCF)

LAFA(JLF-1) or V-alloy
/ Flibe(+Be) / Flibe (450C/650C)

Total thermal Power 1300 MW
Peak neutron wall load 1.7 MW m-2

T recovery outside
Low activation, High safety

vacuum chambertarget

radiation shield

550°C

w

LCFS
0

450°C
\cool antin

coolant out

Vl 17 8
\ \ Be (60 vol.%)
JLF-1(30vol. %)

T T T I —» R & reflector
6 7 8 9 10m
) Self-cooled Radiation shield Vacuum vessel
First wall T breeder

& &
Thermal shield T boundary

100 cm

No MHD pressure drop
challenging

Compatibility of structural
materials with Flibe

Tritium permeation and recovery
Thermal hydraulics of Flibe

FFHR (JP)

cf. HYLIFE-II (US): ICF
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|11 JUPITER (1995 2000

Japan-USA Program of Irradiation Test for Fusion Resear ch)

D

(2)



Task 1. Self-cooled Liquid Blanket

Subtask 1: FLiBe Cooled

Subtask 2: Li Cooled with V Structure Task 2: High Temperature

Gas-cooled Blanket

Subtask 1: Fundamental Issues

Subtask 2: Thermomechanics

- . _ Subtask 3: Capsule Irradiation
Subtask 1: Design Based Integration Modeling

Subtask 2: Material System Modeling

Task 3: Blanket System Modeling



Japan-US joint project JUPITER-II
From FY2001 to 2006

INEEL 1-1-A: FLiBe Handling/Tritium.Chemistry 1-1-B: FLiBe Thermofluid Flow Simulation
2-2 : SIC System Thermomechanics

J 3-1: Design-based Integration Modeling
3-2. Materials Systems Modeling

1-2-B: V Alloy Capsule Irradiation
2-1 : SIC Fundamental Issues,
Fabrication, and Materials Supply

2-3 . SIC Capsulelrradiation 1-2-A: Coatings for MHD Reduction
A.Sagara
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. ( )
0.5 >20 dpa/ ~
6.0 > 1 dpa/

7.5 >0.1dpa/
. 70%
. 40

*) 20 dpa/

2MW/m?

1018 n/m2/s

170m x 60m
26m
11m
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Approximate calendar year

Advanced Power plant

Power Generation Plant

ITER

Materials and Blanket System Development

2015

2020 2030 2040

Design

I:

Design Construction Operation

4 4
(Licencing (Blanket tesz)

Il*

Blanket Module Test

Reference Material (RAFM) and System

Advanced Materials (V-alloy, SiC/SiC --)
and System

IFMIF

IIIIII*

«

Irradiation Test, Materials Qualification and System Performance Test

(Staged construction and operation)
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HALNA-1k
(K77 1kJ X 10Hz)

HALNA-100
(K7 100J % 10HZ)

HALNA-10

(HA1 10J%1Hz)
REBFICHELIHz R

HALNA: High Average-power Laser for Nuclear-fusion Application
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temperature [K]

EGEOEE LR NHEOHEHN 4
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