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Report on the Cooperating Researches Utilizing Fusion Engineering Facilities Completed in
the Fiscal Year 2009
(Joint Research)

Division of Fusion Energy Technology

Fusion Research and Development Directorate
Japan Atomic Energy Agency
Naka-shi, Ibaraki-ken

(Received July 23, 2010)

The Division of Fusion Energy Technology of the Fusion Research and Development Directorate
IS carrying out cooperating researches with universities, research institutes and industries using Six
fusion engineering facilities; Caisson Assembly for Tritium Safety Study (CATS), Fusion Neutronics
Source (FNS), JAEA Electron Beam Irradiation System (JEBIS), RF Test Stand (RFTS), MeV Test
Facility (MTF) and Divertor Acceptance Test Stand (DATS). In the fiscal year 2009 (from April 1,
2009 to March 31, 2010), 20 activities were carried out as the cooperating researches. This report
reviews the results of 5 activities completed in the fiscal year 20009.

Keywords: Artificial Diamond Detector, Irradiation Effects, Functional Ceramics, Divertor,
Neutron Spectrometer, Microwave, Rocket, Fatigue Test, Micro Structure

These works have been performed in JAEA as joint researches with Hokkaido University, Tohoku
University, Tokyo University, Kyoto University and Institute of Laser Technology.
Editor : Takeo NISHITANI
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ZOFERE 2 1R T L DI 10mm X 10mm (AR — A_R— A BN FREEFEEZ B, A X R 10%
EWVIESE A A Y RARICIE—RICEN RN E B SN R TERENTZRETH
D3, FERHARE & IR ENSGE LT ER I NETOERTO N> TS, £
A b 6 BIEAESL S A Y ROFHBZITV, 25 5 b T Rk /L X —5REE 5. 20035 H 7z,

X2 Ak L7z CVD HifEEh & A v > R b BUE U 72 s 25 O Bl

PEFRMIRL L A ¥ & v RIZRET VX F 3 v VRRITHEN B AR 2 3MeV THIE L 72 2 fff
DRFEA A % 10" fil/em® FREEAS L, CVD {EIC LV S & A Y& NG, BRIt
IR F U TICEDVAR LAY FEZ AN (L L TWD, ZOFETIHA LV
FRETIZ K0 Bl Lo ITREE RBa 23 5| kD3 2 Alee el T & 5 & O D 14MeV HIPEFIZ
X LT A%E DT RV —SREENER S TR Y . H21 FEICIEE 1 I12h D X ) Ih St
EEZGEREAR L, o EICIDFHMEE T o T2, &N D NS DX —4 » N CTHRIEDH
ELUFEBRD X v B SN2 14MeV HIVE B BBAIE 21T 5 Z L BNk o T,

1 H21 EFEEBRICHEf L7~ Lift-of £ {EIC L Y BB L L7~ CVD kg 2 A v R

Fawslt = CH4/H2 | MR | £ AE/E | AE/E | EIINEBE/ | W&
(mm) E (Torr) | ( & | ( 1E | EBRHR
(‘C) ¥) L) V) /(V/cm)

#1 (AIST120823) | 0.095 | 10% 900 160 4. 4% 0.73% | 200(21k) A —
H K

#2 (A1ST290519) | 0. 08 10% 940 160 13% 1. 0% 200 (25k) g

#3 (A1ST280730) | 0.2 10% 940 160 15% 3. 3% 100 (5k)

#4 (ATST290708) | 0.1 10% 910 160 BER | 4.5% 40 (4k)

#5 (A1ST290722) | 0.4 10% 930 160 21.7% | 13.2% | 250(6. 25k)

#6 (E6 Hifhgh) | 0.5 — — — 2.83% | 2.43% | 200 (4k) = L
A
k6%l

#7 (HU025) 0.08 10% 900 160 15.7% | 6.7% 150(1.88k) | d& X
ERk




JAEA-Review 2010-042

LAFELDOBEIVEHOTFE

PERRIFD X A ¥ RIZOWTITEREHEREG R ZITV, 3B O L 7o ZEk ki
900 &£, 160Torr TERK LTS DORGEN I S Lo 7o, WHEELIRRIZE &M & S HITRE
ThEdh & A LEEIE O s 2 ¥lE 95, £2dbRkTIEA 7 AlilEE21T - 7= @i 11a Y
A L TS AREED TR Y, MiEE S 5ICm LSS MHE 2 %l LT 14MeV
P2 B E BRI D T2,

AILFFERICEAT DRV X B

[1] K. Sato, J.H.Kaneko et al., “Evaluation of CVD diaomonds for a DT neutron energy
spectrometer” , ICFRM-14, (September, 2009, Sapporo).

[2] Ve, A fi,  “mndEA R CVD BifSah & A Y& RIZ X D 14MeV H 128 BA 4
E” R FE - ROKRE 2009 459 AL
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CVD—SlC 14 MeV neutron irradiation at R. T.,
9.2x10™ n/m?-'s, (about 0.01 Gy/s)
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AT, A BRETEE R MBI A = X DOV TR FETH 5,

AILFRBFFEICET DR Y 2 B

[1] B. Tsuchiya, A. Morofio, S. M. Gonzales, E. R. Hodgson, S. Nagata, K. Toh, T. Shikama,
"Doserate dependence of radiation induced conductivity for hydrogen-doped perovskite
ceramics at 473K", J. Nucl. Mater. 386-388 (2009) 342-344.

[2] B. Tsuchiya, A. Morofio, E. R. Hodgson, S. Nagata, T. Shikama, "Change in hydrogen
absorption characteristic of SrCe0.95Yb0.0503 - d by electron beam modification”, Solid
State lonics 179 (2008) 909-912.

[3] T. Shikama, B. Tsuchiya and E. R. Hodgson, "Effects of Neutron Irradiation on the
Properties of Functional Materials for Fusion Applications: Role of Hydrogen in Radiation
Effects on Oxide Ceramics", J. Nucl. Mater. 367-370 (2007) 995-1002.
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[1] Vel —. R, |EBOE, B L, BHx—, L= HAFKES TRt
BT E TR A R L= SR R OB BRSO | BE 24 BT X< -
KR sf4, 2007 411 A 27 H.

[2] K. Sato, K. Inoue, T. Yoshiie, Q. Xu, E. Wakai, C. Kutsukake, K. Ochiai, 13th International
Conference on Fusion Reactor Materials, 2007 4+ 12 A 11 H.
[3] K. Sato, K. Inoue, T. Yoshiie, Q. Xu, E. Wakai, C. Kutsukake, K. Ochiai, J. Nucl. Mater.

386-388 (2009) 203.
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FHL-ZOBESCEENEARBRARLY—2ALT, BRRE
FHRRFARBBREFARFAR L > 2 —OFERPEFIREF AR
(FNS) ITRE SN -EHERPEFREZEICODEICE YRS LB
FEEMSiCEH (CVD-SiC) ZEEE L 1=, 14 NeVDBEEPHEF EEIRIC
BSWTHEHLENSZDIZTEI00 VOEREEZMNML TERER
BEREL. Bont=T—2IZHAREELEE L TRIAFZERE
EZRO. BRAEFRFSNOD-SiCOEIIFEIITT HBHER
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"

CVD-SiCEE¥
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e

CVD-SiCt5 2y  RAH  *T. Nozawa (JAEA)
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?5'31‘&‘7 + 1)y 7 —.g,—!m—!ﬁp
A TOHE = Mi4 | HE c 0 N B
CVD SiC 30.5% | 0.007% [ 0.008% [ < 1
SR Na Mg Al P S K
6 1 <1 <1 <1
Mg Rohm&gsgsﬂﬁé Ca Ti v Cr Fe Co
m S - 99.9995% 1 <1 <1 1 5 3
ZE [g/cn’] Ni C G Y Z A
(AR ) > < I1 1u 1a <1 < r1 <g1
gh 1758 E [MPa] 415
S E S [GPal 460 Ta In Si BT - %FERARLY
K7V 0.21 56 130 Bal S #ifElEmass ppm
B aREE DAL :
[10_6/‘01 4.45 C: BREEFRMNIRILE, N : MBI EE X,
(FET;14OO C) 0 : MERMBERIMERIUE. T O : GD-NS;E
ﬂ{xk(,g-ﬁ[)W/mK] 285-300
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BEHREH ZOHER (14 V) GEEERSERFRILY—
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| Sample holder
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14 NeVEEHPHEFRATIZE TS YVt
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60 F COVD-SIiC, 14 MeV neutron irradiation at R.T., 3
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CVD-SiC, 14 MeV neutron irradiation at R. T.,
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ZRERMEFERTHPEFD
BIZHEBDEN

RTNS-II, 563K, JMTR, 573K,
0.017dpa 0.044dpa
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KERAE(PIEFARIMILVEEREER)

Bt
V-4Cr—4Ti (heat 2), F82H (% Bh& WFIRFEH#)

Rt
BREDHEFERS - BAREREFARAERFAD14MeVLRLE ETFIRFNS
BARPIEFRERH - RBRZRFIFEERFT OSMWERZE AR F 47 (KUR)

MB5HEE
FR. 673K
KURZE R BT (LK [E#iIEE (Hyd) .
KUR673KHE 5 (X ¥5 7 i {E1 BB 51 & (SSS)

R R SER
15 B F H iR an Al E &

=R

il

#8185 (dpa) (EEHLLEWIRILE— V: 24 eV, Fe: 24 eV)

Facility  Irradiation Neutron fluence, Total dose (dpa)
temperature $/m-cm2 VACrATi -
2.63 X 10'6 1.19 X 107 7.64 X 107
5.13 X 101 232 X 107 1.49 X 107°
RT .
241 X 10" 1.09 X 107 7.00 X 107
FNS 5.59 X 104 2.52 X 10® 1.63 X 10
2.24 X 106 1.01 X 107 6.51 X 107°
673K 4.73 X 10" 213 X 107 1.37 X 107°
3.49 X 10" 1.58 X 10 1.01 X 107
8.05 X 10'8 226 X 1073 1.08 X 1073
Hyd. RT 1.14 X 10V 320 X 107° 1.53 X 107°
2.06 X 10'6 577 X 10 276 X 10
SSS 673K 6.38 X 10" 324 X 107 1.57 X 107
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Jog of screw dislocation is edge dislocation

— Easy absorption of interstitials

NilSEFHAN)AIVERL DAL

Ko,
1.0X10°dpa 4.9%107dpa 2.9x10%dpa

7.4%10"*dpa 3.2x10%dpa 6.4x10°dpa

Fusion neutrons at 563K Fission neutrons at 573K
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ANYFIVERGL D Bk D dpatk 7

103: T R e LR
[2] 7 ~ 1
il 0 | No effect of
2 f oe 1 cascade size on
e il free defects?
T ol
§101 3 E
[a) a Neutrons irradiated Ni ]

I o Fusion neutrons, 563K |
e Fission neutrons, 573K
100 LR | o g L R ] B
10 107 107 10"

Total dose (dpa)

YIHR7T—R TR IV —fFHT

The calculation of the number of subcascades

do(Ey)
N jnSC(ER) dE, dEy
nSC(ER):O ED(ER)<ESC
=1 Eg <En(ER) <2Eq
EL(ER)

- 2E,. <E (Ey).

Ep : the damage energy
Egc: the threshold energy for subcascade formation
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ldpaZ =Y DY THRT—FDH

The number of subcascades (1/dpa)

Threshold energy for
subcascade formation (keV)

Fusion neutrons

Fission neutrons

1

10
20
50
100
500

3.0x 1072 2.9x 102
3.0x103 26x103
1.5x 103 1.2x103
5.8x 104 3.4x104
2.8x104 1.1x10%
2.9%x10°% 9.7x107

The number of subcascade is proportional to dpa if the
subcascade enegy is lower than 20keV.

Our calculation shows that the subcascade energy of Ni is
10keV. (J. Nucl. Mater. 179-181 (1991) 901)

he congcentratio
the number of subcascad

of freelgsmigrating defects is proportional to

ANYAIVERGI DB G E (dpa) kT

IFree defects are
{formed in each
subcascades.

iThe number of
Isubcascades is
iproportional to the total
{damage (dpa) in the

103: R ) AL e ) A
L »]
L
8102 .
2 e
S
E10'} 5
=) i Neutrons irradiated Ni ]
I o Fusion neutrons, 563K )
e Fission neutrons, 573K {case of Ni.
100 Lrawi | gt Ay Llaass

Number of Subcascades
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() EB#E—. AL, ERBE. BRIl EHF—. FHEBE=%
BRANZAEPEFEAITRPEFZERHFL-EEMHD
BEEEOLBRIF24E TSV -KEEES. 2007F11H27H

(2) K. Sato, K. Inoue, T. Yoshiie, Q. Xu, E. Wakai, C. Kutsukake, K.
Ochiai, 13t International Conference on Fusion Reactor
Materials, 200741283 11H

(3) K. Sato, K. Inoue, T. Yoshiie, Q. Xu, E. Wakai, C. Kutsukake, K.
Ochiai, J. Nucl. Mater. 386—-388 (2009) 203.
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EREE
1. EFE—LBHEE.

2. REMKBELEE

Electron

Electron
gun #1

Photograph of Experimental Setup
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Thermal load on the surface :

under the E-beam condition of 65kV and 2.28A,
with 3 different beam duration times of

1.0ms:1100~1200 MW/m?
1.2 ms:1400~1450 MW/m?
1.5 ms: 1460 MW/mZ.

In the case of short duration time, the effect of different
acceleration voltage rise time changes the value of thermal
loads. The longer the duration time is, the smaller the rise time
effect becomes.

2RTRERE R E - BB
(E)FHHE  (B)IAVE—S
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Irradiated Sample Materials,

a) Carbon

b) Graphite

c¢) Tungsten

d) CFC (Carbon Fiber Composite)

Sample Target Structure,

a) Simple, Plane, 2-D Structure

b) 3-D Structure with Combined Double Samples, with Complex
Boundaries and Sharp Edge Corners

¢) Single Structure with Gradual Slope Boundary

F1TN—T OB
B ATURAMBERERLERFABEORBIHESR

REDO—RUHEBED LLE
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Simple estimation of the threshold thermal load
on divertor surface with ELM

For Carbon Divertor Case in a Reference:
Q/ At'2 =45 MJ/m?/s12
Q : the ELM energy flux [MJ/m?]on the divertor surface,
/At : the deposition time duration [s]
For this Tungsten Case:
Q=10 [MJ] JEBIST 1 U X —FJIE,. &EH) ,
At=0.73x103 [s]  (HEFERI PR IRr REWEAE)
Q/ At'2 =270 MJ/m?/s12
BsRE{EE SEE 270/45 =6 (Tungsten / Carbon: )

E2UN—TORBEHER:
R—&EfFICRRNZEERDISS.
A OMEY T ILERET,
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Damage patterns on the graphite sample
after the electron beam irradiations.
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Measured surface profiles of CFC (carbon fiber composite) after
1.5ms electron beam ablations. From up to down and left to right,
with the total numbers of the thermal load accumulation 1,5, 10

and 20, at the same places.
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Ablated thickness vs. total shot number.
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Ablated volume vs. total shot number.
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Specifications

N

v

Frequency 170GHz
Output Power P <1IMW
Beam Profile Gaussian
Beam waist 40mm

Electrical efficiency 50-60%

Repetitive Pulse operation

* Pulse duration 0.5~ 3msec
* Peak Power ~ 600kW

* Repetition rate ~ 200Hz

HRE: =R

[EHZELEEH : 0.01-1atm
FrN\—ERZE  500mm

T/ FEENEE . 190-610kW
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Widening the beam size Concav
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: Two pairs of parabola mirrors Convex

Aperture

300

e —
DE—LTAT7AIVETFXTER

&=F T

Pulse repetition frequency : 100Hz
Power : 400 kW, Average power: 40 kW
Measured thrust : 3N (75N/MW)

L=5m
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Continuous thrust generation for 1.2 altitude was demonstrated. ®100. L300, 109
Power: 600kW, PR frequency:100Hz,:1.25msec, Average power 75kW (A18)
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