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History of the Joint Projects in
Japan-US Fusion Cooperation Program

Project Name Period Representatives Test Core subjects
(JFY?) Coordinators Facilities
RTNS-II 1981~1986 M. Cohen RTNS-II Low dose D-T neutron irradiation
D. Doran/
K. Kawamura
K. Sumita
FFTF/MOTA 1987~1994 T. Reuther FFTF High fluence neutron irradiation
F. Garner/ EBR-II
A. Miyahara
S. Ishino
A. Kohyama
JUPITER 1995~2000 F. Wiffen HFIR Temperature variation effects
R. Jones/ ATR Transient effects for ceramics
K. Abe HFBR Radiation creep
A. Kohyama
JUPITER-II 2001~2006 S. Berk HFIR Key issues for advanced blankets
G. Nardella STAR
S.J. Zinkle MTOR
D.K. Sze/
K. Abe
A. Kohyama
S. Tanaka
TITAN 2007~ G. Nardella HFIR Mass and heat transfer
B. Sullivan TPE/STAR | Irradiation-tritium synergism
D.K. Sze/ MTOR Coating & joining
K. Okuno PISCES
T. Muroga

JFY* : April to March




Objectives of TITAN
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To obtain fundamental understanding for establishing tritium and thermofluid
control throughout the first wall, blanket, and heat exchange/T-recovery
system of MFE and IFE systems by experiments under specific conditions to
fusion, such as intense irradiation, high heat/particle flux and circulation in
high magnetic field.

The results will be applied through the integrated modeling to advancement
of design for trittum and heat control of MFE and IFE systems.



Task Structure and Research Subjects

Task Subtask Facilities Research subjects
Taskl 1-1 Tritium and mass SATR/TPE Tritium retention and transfer behavior and
tritium and | transfer in first wall PISCES mass transfer in first wall
mass 1-2 Tritium behavior in STAR Tritium behavior through elementary
transfer blanket systems systems of liquid blankets
phenomena : :
1-3 Flow control and Flow control and thermofluid modeling
: : MTOR .
thermofluid modeling under strong magnetic fields
Task?2 2-1 Irradiation-tritium HEIR Irradiation effects on tritium retention and
irradiation- synergism STAR transfer behavior in first wall and
tritium structural materials
synergism 2-2 Joining and coating Synergy effects of simultaneous
integrity HFIR production of tritium and helium on
healthiness of joining and coating integrity
2-3 Dynamic Effects of irradiation and simultaneous
deformation production of tritium and helium on
HFIR : :
dynamic deformation of structural
materials
Common MFE/IFE system Integration modeling for mass transfer and
Task integration modeling thermofluid through first wall, blanket and
System recovery systems of MFE/IFE
integration

modeling




Area of Interest by the Tasks

Plasma

"D
RN

l@

Strage
Recovery

Turbine

I 1-1 Tritium and mass transfer in first wall I

I 1-2 Tritium behavior in blanket systems I

| 1-3 Flow control and thermofluid modeling
| 2-1 Irradiation-tritium synergism |

| 2-2 Joining and coating integrity |
I 2-3 Dynamic deformation I

| MFE/IFE system integration modeling |




TITAN Structure (as of April, 2010)

Representatives
Coordinators

JP: K. Okuno (Sizuoka U.)

JP: T. Muroga (NIFS)

US : D. Sze (UCSD)

US : G. Nardella/B. Sullivan (USDOE)

Task Subtask Facility TC (JP) STC/Deputy (JP) TC (US) STC/Deputy (US)
Task 1 1-1 Tritium and mass | TPE T. Terai Y. Ueda (Osaka U.)/ D. Sze R. Doerner
Transport transfer in first wall PISCES (U.Tokyo) | N. Ohno (Nagoya U.) (UCSD) (UCSD)
phenomena K. Tokunaga (Kyushu U.)

1-2 Tritium behavior STAR T. Terai (U. Tokyo)/ P. Sharpe
in blanket systems S. Fukada (Kyushu U.) S. (INL)/
Konishi (Kyoto U.) P. Calderoni(INL)
1-3 Flow control and MTOR T. Kunugi (Kyoto U.)/ N. Morley
thermofluid T. Yokomine (UCLA)/
modeling (kyushu U.) K. Messadek
(UCLA)
Task 2 2-1 Irradiation-tritium | HFIR A.Kimura [ Y. Hatano (Toyama U.)/ R. Kurtz M. Sokolov
Irradiation synergism STAR (Kyoto U.) | Y. Oya (Shizuoka U.) (PNNL) (ORNL)/
synergism Y. Katoh (ORNL)
P. Calderoni
(INL)
2-2 Joining and HFIR A. Kimura (Kyoto U.)/ T. Yamamoto
coating integrity ORNL- N. Hashimoto (UucsB)/
HL (Hokkaido U.) M. Sokolov
(incl. T- (ORNL)
2-3 Dynamic =y A.Hasegawa Y. Katoh (ORNL)
deformation (Tohoku U.)/
T. Hinoki (kyoto U.)
Common MFE/IFE system A.Sagara A. Sagara (NIFS)/ R. Nygren [ R. Nygren (SNL)
Task integration modeling (NIFS) H. Hashizume (SNL)
System (Tohoku U)
integration T. Norimatsu (Osaka U.)
modeling
Laboratory | ORNL : R. Stoller (ORNL)
Liaisons INL : P. Sharpe (INL)
IMR-Oarai (Tohoku) : T. Shikama (Tohoku U.)
IFE K. Tanaka | Kodama(Osaka U.) M. Tillack
Liaisons (Osaka U.) | Yoneda(UTC) (UCSD)




US Facilities being Used
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Key Facilities and Shipping of Irradiated Samples

STAR/INL

NRA measurements at
U. Wisconsin
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PIE at The Oarai Center,
Institute for Materials
Research, Tohoku University




1-1 Tritium and mass transfer in first wall

Tritium sensing with Imaging Plate after exposure to T plasma with TPE

TIP measurement: 2 h T=480K TIP measurement: 24 h
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Tritium diffusion
into bulk in W is
smaller than that in
F82H

f W with He/Be/D mixed plasma with PISCES
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Nano-structure by He plasma Damage evolution was suppressed by the mixing °



1-2 Tritium behavior in blanket systems

Tritium solubility measurements on Lead Lithium Eutectic (LLE) by isotherm

method in STAR
i @ pressure gauge

Aluminatube
|:®= Vol2 =®=
vi | T2 V1
§$V2 heater
v
vacuum

pump

Outline of the facility
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H concentration is
proportional to squire
root of the pressure

Measured solubllity of PbLi from Allied Metals batch #1 in alumina tubes
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The result on solubility vs.
temperature suggested
Interaction with the
containers influencing the
results

Measurements using tritium
will start soon.

Test of tritium permeation
barrier is foreseen.
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1-3 Flow control & thermofluid modeling

Liquid metal flow distribution in a magnetic field
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Uniform flow dlstrlbutlon occurs
when electromagnetic force (Ha)
and Inertia (Re) :N = Ha?/Re >90

A themofluid test loop for LLE has been

constructed
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MHD modellng & S|mulat|ons

Ha=65
Direct numerlcal simulation

of MHD turbulent flow

HT-UDV system
for LLE flows
(HT-UDV probe)

Mitigation of MHD
pressure drop by FCI
or insulator coating
will be tested

Gas purification




2-1 lrradiation-tritium synergism

D/T plasma exposure to neutron-irradiated W 50 C 0.025dpa

=
o
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400 600 800 1000 1200
Capsule samples Temperature / K

Thermal Desorption Spectroscopy of
D in n-irradiated W

D/T plasma exposure to neutron-irradiated W was
successfully carried out by shipping specimens from
ORNL and INL

TDS showed a peak at high temperature only with
neutron irradiation

D/T plasma _ _ o o |
exposure in TPE Higher dose neutron irradiation and T-ion implantation

are scheduled 12



2-2 Joining and coating integrity

Joining of advanced low activation materials
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Vacuum Plasma Spray coating

Solid State Diffusion
Bonding was
successfully done
for joining ODS
steels without loss
of bond strength.

Joining of dissimilar
materials is being
investigated

ODSS/RAFM
RAFM/316SS
V-alloy/316SS

High heat load tests

VPS-W showed no
crack after electron
beam heating test at
4.8 MW/m?2 for 100
cycles.



Joining (Materials and Processing)
| Cremcuompostos | Tewn. | Pes | Pend | Ew
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Pure Tungsten (Nilaco,1.5mmt, 99.95%)
ODS steel Fe(Bal.)-15Cr-2W-0.2Ti-0.35Y,0, 1240°C 10MPa 30min. Vg(i.
5x10“4Pa
Insert Fe-3B-5Si Amorphous
Materials (Metglas Co., 0.025mmt)

< Solid diffusion Bonding >

Graphite Sleeve

Samples
Thermocouple
Heater

Vacuum Furnace

10MPa
(FRET-18, Fujidenpa) Bonding >

Hot press, < Transition Liquid Phasé




Microstructure(TLPB)

@ W-Insert boundary
Inter-diffusion layer

(Sum)

No C diffusion.

€ B diffusion into inter
diffusion layer

@ Y-Ti oxide particles
formation at ODSS-insert
material boundary

@ W diffuses inte ODSS




Microstructure (TLPB)

Hardness Measurement

S 4 W
~ 0 | L 1 L 1 L | I | 1 SRl 20 + T PRIl S O "3
§ -100 80 -60 -40 -20 O 20 40 60 80 100
o
B 20 p—
® - TLPB
T 16 Lo tid

12 -

8 F =

4 B JUEE. B LS

- TestLoad = 1gf =«
| L || i 4| L |

100 -80 60 -40 20 O 20 40 60 80 100
Distance (um)

4@ SSDB: C-rich inter diffusion layer at W-ODSS interface (5um),

high hardness=15GPa
» TLPB: B-rich phase at W-Insert interface, no hardness change.




Experimental(Mechanical testing)
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4 Microstructure observation
Element mapping FE-EPMA(JEO

4@ Mechanical strength
Hardness: Nano Indenter (ENT-1
Torsion test: (Instron5581)

ASTM F734-95 Modified

F =shear stress= 16

;-;Load cell and
~ pulling wire
= i, Rotation Fixed

Specimen
holder ke

FEM analysis of stress state in the
< Small Torsion Test Machine> torsion specimen

H. C. Jung et al.,
The proc. of ICFRM-14(2009)



Shear Strength(SSDB & TLPB)

Tortional Tests at RT

350
200 [ OSDB I TLPB
R - Average shear strength:203 MPa | Average shear strength:299 e’
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4@ No plastic deformation was observed in both the bonds.
4@ SSDB: Average shear strength:203 MPa

& TLPB:Average shear strength:299 MPa



Fractured surface

@ SSDB: GB fracture in W, W-rich phases are left on the surface.
& TLPB: W-ODSS bonding in the center of specimen is still not fractured.



Testing of SiC/SiC Joints

LPS Joint Ti Diffusion Joint
CVD-SiC NITE-SiC NITE-SiC/SiC CVD-SiC

T !
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Kyoto University



2-3 Dynamic deformation

Radiation creep measurements of SiC by Bend Stress Relaxation
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Development of irradiation capsule
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Stress relaxation ratio is
independent of the
applied stress
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Swelling

Irradiation creep and
swelling are in clear
relation at 300 and 500C,
but not at 800C and above

Irradiation creep is the

critical issue of SIC/SiC
for application to Flow

Channel Insert

BSR method was applied
for the evaluation

Radiation creep test
capsules with steady
stress loading using
bellows are under
designing for application
to SIC/SiC and metallic
materials
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MFE/IFE System Integration Modeling
(Common Task)

. . . . e g — ommon Tas
Fabrication of working table for integrated TaSk2-1 2.3 ot ;gg;,ﬂ ’ yk\
. . . = integration
modeling by contribution from all other tasks T || mosing
Reference reactor design Ul ) v
| Recycling
Modeling of component processes Tes-

. . . . \Firstwall / X ritium
Listing up of major parameters for design Y/
Methodology toward integrated modeling \_ Taski-2 J

N,
Example of the working table
item task parameters model physics assessment /coupli;g Coupling
- remakrs
erosion 11 N,Te,Ti,ISOL,G REDEP ssheath Input: plasma
(edge), impurity HEIGHTS esputtering |edge, angular-
BLANKET
nuclear response material, plasma  |[MCNP, TRIM coupling for |all material
functions from source, geometry, |ANISN activation property
LM thermfluid Geometry, material [HIMAG 3D good for complex |also
properties, potential geometries and 3D |applicable to
TRIT
RECOVERY
extraction ASPEN,
Wilms/Merrill
MATERIALS dose, dose rate, codes: binary thermomecha
material, particle molecu_lar co_llisions, _nics, tritium

The activity of this task will play a key role for summarizing the TITAN
achievements in the second half 22



Emphases in the Second Half

(1) Unique results are being obtained for irradiation-tritium
synergism studies. These activities will be enhanced.

(2) The task on thermofluid of LLE in magnetic field will
enhance the analysis of the impact on tritium transfer
Including modeling studies.

(3) Neutron irradiation and post-irradiation examination for the
coatings and joints will be accelerated including timely
shipping of the irradiated specimens to Japan.

(4) Interaction between each task and the Common Task will
be reinforced for enhanced contribution to the integration
modeling and the reactor design.

23



Summary

1. TITAN program successfully completed its first half period
with progress toward its objectives and with significant
scientific accomplishments that address key issues for
several attractive first wall and blanket systems.

2. Restructuring and some redirection have been made for the
second half period according to the budget reduction.
System Integration Modeling will play a key role for
summarizing the achievements.

24



Activity for MFE/IFE Common Technology

. Technical exchange by 106
personnel assignments and

WOrkShOpS X - Disruption

. Promotion of fundamental “’4
research on issues common

PISCES
ELM

T 108 Pulse bias
to MFE/IFE based on the 3 Laser pulse /
available funding g 102 | (freeunmode) TPE

Laser pulse

. Common Task takes care of (Q switeh mode) Divertor
summarizing contribution to 1 First Wall
MFE/IFE based on modeling ~ 10:  10¢ 10+ 102 1 100 sec

.. L. Pulse Duration

. Efficient use of the existing |
facility for MFE/IFE common Pulse heat load in
research, e.g. pulse heat PISCES

tests in PISCES
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W coating on F82H (Effects of Heat load)

Heat Load(MW/m?)

F82H 5mm
W I1mm Time

Heat Load(MW/m?)




Heat Loading Tests
Thickness Effects (W/F82H 16 cycles)
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Surface Temperature Measurement

y=46.3x+884
W F82H 3mmt || F82H 5mmt
3 ; y=46.0x+851 | [Heatload| Sur. temp Sur. temp
% t000 F82H 3mm ] MW/m?2 K K
©
S Boo l 7.5 1223
.“-E’ 6.5 1164
© 500 - 6 1113 1173
£ | Fe2Hsmm, 5.5 1090 1150
n 00 &0 A A A A
| FB2H amm 4.8 1083 1090
4 5 6 7 _
Heat Load ®Cracking occurred when the
(MW/m2) surface temperature increased up

® The 2mm thickness

reduction of F82H results in a
33K reduction of the W-surface

temperature.

® Heat load resistance was

increased by 1.2MW/m?2.

to 1150K.

Current PVS-W shows no crack up
to the surface temperature of 1150K.
28
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