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Report of Joint Research Committee for Fusion Reactor and Materials
July 16, 2001, Tokyo, Japan

Research Committee for Fusion Reactor
Research Committee for Fusion Materials

Naka Fusion Research Establishment
Japan Atomic Energy Research Institute
Naka-machi, Naka-gun, Ibaraki-ken

(Received February 1, 2002)

Joint research committee for fusion reactor and materials was held in Tokyo on July
16, 2001. In the committee, a review of the development programs and the present status
on the blanket technology, materials and IFMIF(International Fusion Materials irradiation
Facility) in JAERI and Japanese Universities was reported, and the direction of these R&D
was discussed. Moreover, the progress of the collaboration between JAERI and Japanese
Universities was discussed. This report consists of the summaries of the presentations
and the viewgraphs which were used at the committee.

Keywords: Fusion Materials, Tritium Breeding Blanket, DEMO Reactor Applications, Reduced
Activation Ferritic/Martensitic Steels (RAF), V Alloy, SiC/SiC, IFMIF, Super Critical Water,
Test Blanket Module, ITER
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FELTSUvhRER/ S A—52—(2000.10.18)

Parameters Design (peak) values for Typical values
test blanket module during testing Comments
of TBM’s
Surface heat
fux(MW/m?) 0.25 0.1
Neutron wall 0.78
load(MW/m?) 0.78 (0.94%) .
Pulse length(s) same 400 / <2000
Duty cycle same <03 Typical case(TBD)
. ; 400 sec/1800 sec
Disruption heat | Recessed:0.5(1ms-10ms)
load MJ/m?) | Not recessed:ca60(1ms-1s)
First wall Recessed by 5 cm TBD Sputtering erosion:
protection Need for Be layer under (TBD) Be ca Imm
discussion (0.sSMWa/m?)
Port Available space 1300 mm
dimensions | x 1760 mm

Additional information from the JCT after the TBWG-7 meeting:

average neutron fluence: 0.3 MWa/m? (minimum), 0.5 MWa/m? (target)

number of burn pulses:

*. power excursion <10sec

30,000 (minimum)
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ITER/FEAT parameters

- extended burn in inductively driven plasma with Q=10

(the possibility of controlled ignition should not be precluded)
and with a duration sufficient to achieve stationary conditions
on the time scales characteristic of plasma processes

- aiming at demonstration of steady state operation using non-
inductive current drive with Q~5

- demonstration of availability and integration of technologies
essential for a fusion reactor (such as super conductivity and
remote handling)

- testing of components for future reactors (such as high heat
flux components)

- testing of tritium breeding blanket module concepts, that would
lead in a future reactor to tritium self-sufficiency, the extraction
of high-grade heat, and electricity production

W54 (2)
-R—MMIl: R—FES1. 2,18 (HKIZFRHEHE)
--R—+EH: 1310 mm wide X 1760 mm high
5| EF T MY (recess): 50 mm |
HR—r A EEEROERICARHXITF—(F+RD)
ZRLAR—ZAHY, BLIEE. TAE3—TMRE,
BXaTF—Fi%:7x2.65x2.6m
s CDAR—RTC+ 573 Tl BERERIITCWS(Tokamak
Cooling Water System) vault [Z5 B ATRE,
- T-plant buildingl=% ERET M(18x10m) FEFR
SEERTTa—)L: REER
YU RE BEHELOEAYM ITERFEATORKICE EL
TIXWFEL, R0 DREMERTHEL, BEMH.
AHA(35°C/75C), ER2+ LT,
TBM/frame/shield plug in cask:40 ton 2L F, TM3Zi D
RybtiLHY . BRRERICIIEZE.
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Development of advanced blanket performance

under irradiation and system integration
-materials integration by fission reactor irradiation and
essential basie studies for overall evaluation-

Task 1: Self-cooled Liquid Blanket

"'§{35{5sk 1: FLiBe Cooléd o

SubtaskZ L| cooled WIth Vstru ,,,,, - Task 2: High Temperature
Gas-cooled Blanket

\

Y j Subtask2 Thermomechamcs .

Subtask 3: Capsule Irradlatton

P ~J ,,,,, I
“..____ Subtask2: Material system modeling -

Task 3: Blanket System Modeling

— 40 —
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R & D @f Ferriti/ Martensitic S%E@ES for Fusion

SRR ¥] ;1 fe :Hni'm;

Data base development toward DEMO.

Ferromagnetic effects.

Development of high heat-resistant super
steels and ODS steels.

Development of weldingljoining
technology and ODS-clad processing.

Compatibility with pressurized water and
super critical water.

ARIES-ST: R.Ralfray

" Super
Critical
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Advanced Water Cooled Solid Blanket (2)
-- Double Water (HPW & SCW) Loop Cooling System --

Temp. (K) . U Plasma
700 500 300

—

First Wal High Pressure Water
Neutron : ) and
Multiplier ' ' ODS Clad-JLF-1 Steel

T-Breede
(Low Temp. & High Dose)

Super Critical Water
and

JLF-S Steel

(High Temp. & Low Dose)

Z

v

IS
o
=)

TEMPERATURE (°C)
&
&

=2 R
@
=]

DBTT (neutron, saturation at 10 dpa?)
i

o

0 20 40 6.0 8.0 10.0 12.0 14.0 16.0 20.0
NEUTRON WALL LOADING (MW a&m )
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Y175 —RAOYR o- BT
(R.Klueh et al.) (N.Yukawa et al.)
30 T T T T T T ¥ ;

4
/ ——REVISED
==~ ORIGINAL

NICKEL EQUIVALENT {wt%}
-
@

-
e

DELTA FERRITE (8)
1 1 !
[ 3 10 15 20 25 30 35 40

1) 03¢0 £ B3m) - 0

SO0 E 30 asiab sy B

JHM-1(0.1C-0.2N-22Mn -0.9Ni-10Cr-2W)

JHM -2(0.1C-0.2N-22Mn -0.9Ni-12Cr) FFTFIMOTAT B4 % & > 0, 3
JHM -3(0.1C-0.2N-15Mn -0.9Ni-12Cr) Mn 15 A)—C o *am,lﬁ

et D_Of Vanadium Alloys for Fusion
- from Fundamental Materials R & D to TechnologylEngineering Integration

Development of large-scale
manufacturing technology

; Development of MHD insulator coating Performance Evaluation
| and weldingljoining technolo and lmproyemen
all g gy under SR
Improvement of mechanical properties by L -
compositional and microstructural gz::;z? EE: ‘;f::’;":,:?
optimization - ‘

- Compatibility with liquid Li

1 G : Creamizt

Vzowam
Vel

TechnologylEngineering
Integration for

Blanket/Reactor
Components Fabrication

Shaedd

ARIES-RS: M.S. Tillack
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_R & D of SiC/SiC Composites for Fusion

- from Fundamental Materials R & D to 7echnoIOJy/Enqmeermg Integrat:on -

Development of hermetic joining and

coating techniques | e
Performance Evaluation
and Improvement
under

Neutron Environment
Blanket Environment

Development of high thermal conductlv:ty
materials and design approaches

. High temperature corrosion by impurities
in_coolant gas

Compatibility of structural materials
with Be and breeding materials

Technology/Engineering
Integration for :

Blanket/Reactor
Components Fabrication

|
|
|
|
i
|

BIanketMcdule of DSSTR

Structure Material '+ SICISIC Comp. ( Therm. Cond. of 15WIim/K)-
Vessel Contents : 1¢gPebble Be and 1¢Pebble Li,TiO; ' ‘
Coolant and T Purge Gas : He (10MPa & 600"C,,,I 900‘*Com)

§mall Module |Small Blanket(221.69kg)

- o Be =0.02875m3
=53.50kg
Li,TiOy =0.05509m3
=121 .6kg
SIC/SIC =0.01485m3
. =46.5kg
Large Blanket(301.57kg)
Be =0.03625m3
: | =67.57kg
,, Li;TiOg =0.07509m3
1 =165.7kg
T ; T SIC/SIC =0.02182m3 ~ K -
He coolant =68.3kg 1950 modules S(675),L(1

By Nishio et al (2000)
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_ARIES-ATT DORET (1)

Recent Advances in Brayton Cycle Leads to

Power Cycles With High Efficiency

, He Divertor
2 . Coolant

Brayten Cycle He Inlet snd Outlet Temperatures as a Function of
Regquired Cycie Efficlency

1300

1200 Maximy LiPh
g o MO
g o I I Maximum|He
g = =
2 800
E 700
& S ——

600 — MR e

500 o

0.53 0.54 0.55 0.56 0.57 0.58 0.59 06 a6l

Gross Efficiency

Intercoo® Intercogler P

rator

| e

Intermed

HX

s
¢ Compresp
Compressor 2

ate

& Key improvement is the
development of cheap,
high-efficiency
recuperators.

¢ o Wpet
nn

By F. Najmabadi

berformance Requirement and Present Status ____

e TAURO
Mass Density ~— ARIES-AT
Irradiated (3.0Mg/m3/FS) ~==0-SSTR
Tensile g = Unirradiated ~&-cerasep
ensile Tensile @ CREST-CVI
Strength kg~ =% st b .
(500MPa/FS) y  Strengt
/ (500MPa/FS)
/ \
. j LY \ﬁ .
Irradiated / ~ /- \ Unirradiated
Upper —

Temp. Limit\
(1500°C/FS)
\

Irradiated

Thermal
Conductivity Young’s
(20W/m-KIFS) modulus
(300GPa/FS)

CREST-ACE program (1997-2002)

] Upper
f/ Temp. Limit Additional lssues

(1500°C/FS) Fatigue lifetime
Creep strength
>Unirradiated Joining
Hermetic sealing
Thermal

Chemical compatibility
Tritium retention
Fabrication cost
Impurity control

Conductivity
(20W/m-K/FS)
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_ Very Prehmlna ‘Design Window’

fiicient irradiation database-

Thermal creep?

1500 —
o | N
o | %
5 1000 promommoee TR
© : |
@ E :
Q. ' '
E 5 ;
2 500 F

0
0 1 10 100 1000

Neutron fluence (dpa-SiC)

« Potential issues to be identified: He/H-effects, oxidation at very low P, /Py,
microstructural and microchemical instability at high-T.

SiC Fundamental Issues, Fabrication, and
Materials Supply
Optimization of fabrication process, Task 2-1
Fabrication of miniature components (tube,plate etc.)

High strength, high thermal conductive materials - Demonstration of

Joining,hermetic coating technique High Efficiency
Gas Cooling

Blanket System
using SiC/SiC

- Composites
SiC System Thermo mechanics Task 2-2

Compatibility
Heat transfer performance of gas blanket system

SiC Capsule Irradiation
. : .. Task 2-3
Under High Temperature(1000C, High Fluence(10dpa) Conditions
Data of size stability, thermal conductivity and strength change after irradiation
Compatibility with SiC/SiC and Be, Breeding Materials
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Proposed Design Windows and Available Irradiation Facilities

1oo§

10

Fluence / dpa-SS

0.1
0 500 1000 1500

Temperature / C

Achievable Fluences and He/dpa ratios
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100 -
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10
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CIMTR e
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% i *& ﬁ 1' - A 0 V/A v I rem ~?
AV F I s VR|IV-A VR[S | ANV 2. RARRBE, /b, T-n, ~79%
B H|lm =« — ~|lwb| Vs L A= 0.1 nm=10"""mn - BTN TV EIHAFEDOHALEDTL
ﬁf f , f /f b2 ZI) 7 Iv’l; ‘xzj:z 1 b=100 fmz':lo_zamz C—E“iﬁmbto
./ - ~ y — 3 b £
e k| { bar=0.1 MPa=10°Pa 3‘A,tm[‘;tg.§lns*nimzko)rfg%§hﬂn
_ Cne d 20hF T —IKHEIATH
* sl - % v m | cdosr 1Gal=1cm/s*=10"2m/s’ Z 7
i glr 2 =1 Im/m? 1Ci=3.7x10'"°Bq °
x | wm ~ » 4. ECHMEHA54 T bar, barnkk
B 4 # )\~ Lo Bag s L R=2.58101C/kg U TEOHE ) mmHg #%20% 7 7Y
a
® R # R/ v 4| Gy| Jke 1 rad=1cGy=10"Gy Cerncon, ¥ 7
B B %4 B|vy—-~<at| S J/kg 1 rem=1cSv=10"*Sv °
i -] ®
71| N(=10*dyn) kgf Ibf £ | MPa(=10 bar) kgf/cm’® atm mmHg(Torr)| 1bf/in*(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 B 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
¥ K 1Pa-s(N.s/m*)=10P(#7 X)(g/(cm-s)) 1.33322 x 107* | 1.35951 x 107* | 1.31579 x 10~? 1 1.93368 x 1072
BISE 1m¥/s=10'St(X b — 2 2)(cm?/s) 6.89476 x 107° | 7.03070 x 10~% | 6.80460 x 10°? 51.7149 1
x| J(=10"erg) kgf*m kW+h cal (i) Btu ft « Ibf eV 1cal = 4.18605 J (Gt&8%)
I
W 1 0.101972 | 2.77778 x 10" 0.238889 | 9.47813x 10™* 0.737562 | 6.24150 x 108 =4184d (M%)
¥
! 9.80665 1 2.72407 x 107° 2.34270 9.29487x 107 7.23301 6.12082x 10" =4.1855J (15°C)
% 36x10° | 3.67098 x 10° 1 859999 x 10° 3412.13 2.65522 x 10° | 2.24694 x 10% =4.1868 J (R TXK)
- 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 10°° 3.08747 261272x10°  (m® | pS (LEH)
[ 1055.06 107.586 2.93072 x 1074 252.042 1 778.172 6.58515 x 10%' =75 kgf-m/s
1.35582 0.138255 | 3.76616 x 107 0.3238%0 | 1.28506 x 10”3 1 846233 % 10'® = 735.499 W
1.60218 x 10°'* | 1.63377 x 10-%| 4.45050 x 107%¢| 3.82743 x 10°2° | 151857 x 10"%?| 1.18171 x 107" 1
® Bq Ci )44 Gy rad ;4] C/kg R ® Sy rem
M I g &8
1 2.70270 x 10° " & 1 100 8 1 3876 % 1 100
fie i’ - 4 B
3.7 x 10% 1 0.01 1 2.58 x 107* 1 0.01 1
(864 12 A 26 HHRE)
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