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Direct measurement of hel iumembrittlement on grainboundary by laser
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It is necessary to clarify the influence of the nuclear transmutation helium on the grain
boundary embrittlement of the materials from the viewpoint of utilization of the
high-burnup nuclear fuels and the viewpoint of the plant life management of the power
station of safer operation. A laser shock spallation method was developed, by research
activity concerning especially reproducibility, the detection limit and accuracy of reduction
of grain boundary strength were clarified, and the feasibility to direct measurement of
helium grain boundary embrittlement was shown.

BT AR
(EHHAL : 1)
LA IEEE & @t
2009 £FJE 6, 000, 000 1, 800, 000 7, 800, 000
2010 £EJE 4, 000, 000 1, 200, 000 5, 200, 000
2011 4 2, 600, 000 780, 000 3, 380, 000
w 12, 600, 000 3, 780, 000 16, 380, 000

WoesyEr - T5
BHFEOSE - #IB - A TE - H 1%
F—U— R~V oAb, BFEMESRmE, SR, L——ERER

1. BFZEBHAA 4 MO 5 T RV — O FVE A ICBR S D G

JRF DB O miRA b, BIEREO E R bE
FEALAZ BN E 4R O 5P NS & AR T A
HZEVAETDHAAY T LADOEEBIZOVWTH
LT HZENRRTIFOREREHO -
WRDODHNTWE T, £/, RFOTZHOD
BEBIZEI> Ty ET A —~DKET S
BanbbdZ EbEMINT WET, LV

FoHHWIE LY ERECHER SN SR
AF, EROE TRV F —HE IR S
DA TIX. E6IEAY U ADREITE
HT D& EERMERER T TT,
INETEEOMEFIZLD A~ U LM
{EDOFEGENEEHM, ~V U7 A5, WHERE
BRI A—HIZLTHEROEETDHGEEN



HDHZEPERINTEE L, ULy
SR LIZ oW TN v an iz En
PHHEECEDL ) RMHEETRAET S
D, HDHWEEDEFTCRET D0 ERFET
HHRVMEAETITIEE-TEBY FHEA,
NV AN E ZTEL BN EHD T
DA IR E DR DOFRE N~V T LITAF
ERREBIC K > TED X I I T DA A
HTENMETT, NI LDOGAAEET IV
b U CHBREFRIE TR DI )53 #i % HeE
L7200, FUETONY 7 L5050 & Bl e 1
B CERIL L2 TR A ITENAT
1IThbhTEELE, LOLaRnSRAE
OFRERIEICHEH T A2 E Tl
el EiliaR T L — 2 20—k b T
WET, ABFFRIIHRE &~ O F R E ik L
U CRERA 72238 F nfREME SRR S C & 7=
LWL — P —HBRRBRIEICL D ~Y T A
B R MaAb ORI T L — 7 A —% b
EHESETHHEDOTT,

2. WHEOHEM

ET VRSB OV EZ L L, ~ Y
7 A F B E W TR SR R~ D~ Y
T AEIMEATV, ~U » ANk LTs T Lk
R BRI B HIEEH L ST H 2 b
ZDOETIVEE R &2 VT L — i
XD HIECTREREZCEDZ L%
AT AU U LADOFEREER 8B NT A
— & L LT~ U LR AN OEE T L
EHLMNCTHZEEHWERNELE L,
B, ANY U NRINERT, EE LN
NHIES CRIH CE R oo OUME
BRIZ M L8 A T LTz, KRR O R HEIRE %
EHAEL XD & T 5T B e JLAE
REWBTRAITOE Lz, ~U w7 AR5k
BERENE~DERH R LE L,

3. WHEDTE

FHEH B IXLL T O Y T,

1) EFEYEEEEEI & 57 A o /R
2) BARBRA ORI X 5 EY L

3) L—V—ERRHEREE AW T Ve
O 5 i 9 I

4) T VREHIE TOIS ST ARSI ORE
5) 4@ AR i o R RO & EAL
6) 4B ERER T OIS AR O m EAL
7) L—W— IR O &AL

8) L ——MERBRIC L DMl FIEOkE
AR O Fh H

(1) b—¥ —MERBRE

L— P — R RBRIEIT L A L —— R
FHz X 0 BEHIE I 23R X8, #6 R m
DDA TS 558 E 2 E T 5 FIETT,
L — W —fE BRI CHEARE A ET D

I, FFEES LT ARWREBHCE S
POVA L—P—Z W L, OB D
NOHRE 2 THHc L D e 538 & ki
EAREHZE M ISV A L —F— 2 R L |
BEARBOHBEOH BZ HERT 5 ERZ1T D

PVERH Y £, A THWZ L —§ —1f
BEABEE M 1 IR LET, L—— R

EEERER D 7~ D DB S

BRI R X < ZODERRIZHTHZ &
MNTEET, — 2K 2 1T 3 BN B/ H )
NNV A L= —ZBET 5 2 L TREHIC

..........

M1 L—

.........
........
........

PECERE R

Convex lens

4] 2 Jis ) % JE A S 2 AL TEAMBL

S ;

v, A“‘
L

(4 3 ZEN 3 BRI AE 0D 72 3D DT Pk E S 8]



ISR AEFRAESEDLHR, b O — 2K 3ITR
Tl L — P —E2FH L7 TR T, A
ETIEmE LA L —F— & L TRAH
771600m], 7<)V Alig Tns @ Q A4 F Nd: YAG
L —¥% — (Continuum £-H! Powerlite
Precision II Scientific Laser System) %
Moy, Ptz —F— L LT E
532nm T v 7 VE — KO8R [ A
(DPSS) L —H— (Laser QUANTUM #t#! torus)
ZHAWE Lz,

(2) mIREEEBEAEICE 2T AREO
YESL D 1]

TNV REOOE S E LT, EiREIEE
AL o THEAERLE LIz, HAREb
iR, =, FE UL LE
L7, K473 &9 IR o%s
1] % $5 0 CHFEE L 7= 1% 3 Kca E4a 3MPa D
EZAMN L, BEZ2 900°C T 2 BRREMRE: L
¥ L7,

(b)

D
Mtll -
‘~

etal

X 4 FEFAFE ARG & 2 R oo fERLBERS

(3) SR OFEAR FIE

NS Ko TREHF I Z b5 5
F1o(E AL u(t)Z VTN o &
IR TZENTEET,

oft)= i i M
::Q)§QE®%E&H%€E¢@W

B T3, RUFERMETTE O — Rt E 5
B ERLET,

o’u, 9%
o @
R E BRI A5 2 &b, KO
BRI T- LET,
o(x=0,t)=0, -
{v(x =0,t)=2v(t)=V,(t)

2T XITAMEN S OALE, Vo)L A H
T OEMLRE TT, ZOFMEER-TX I
RKQ)EM LD I ICRT LN TEE
T

X X
LKXJ)—uf{t+ETJ+uf[t—E?J
(4)
0
v(x,t)=5u:vf[t+%)+vf(t—%]

Lo T, REHICAM SN D IE 1T (5)
DE IR ET,

L ey [
:;pcf{vo[ué]—v{t—;]}

x = hERATHZ L THEERBESN AO
FEO R MmN DI INI RO X 912725,

o(x= h,t):;pcf{vo[u ch J Y [t_cJ} (6)

AHEBTIE Nd:YAG L —HF—DFREHIZ &
0 BEE R DR D /N DI ) B BEA TR
ELEZRITHZILELELEL,

4. WFFERRE
ROHIER LTI 2, L—F—ME
2 & B R ENOEEE ORIE NS R 7
D5 LR IR 2 R 5 B TR L <
WETHREFHTT, WL ONOEAEME
W LTHIEL., $BEABOES 2~ 7
AAFTUEADARERESETHET S Z
ENTELZ 2R LE L, 22 ClidR
o T NEEEMELE LEGE0RTE
PREOREF 2R L, ~V U LAEAIZLD

KR WA E R E DO FTREM: 2 R L E 1,
—~ 60 1

é V(035)|:|1 86VE, ¥, 0L,07VE

= 50 * 7,08 0LWE 7

> 20 2)00.78VE
%‘ * 0.35mm
% 30 = 0.8mm
A N A I

bo |/
% 10 W/ e ¥,(3) 10.59VE 5 3mm
> V(s)uomf Substrate: Cu (| o 5mm

o

0 500 1000 1500 2000
Laser energy, E/mJ

X 5 HiEMR DR KRAEHED L —H —H
TIEAFE
5 DINDIE S OFIFMUZ 3 L TR

DT FILX—H TV AR L —Y — % W5
LB E0EIEMEEDOREREL L —



PF—HHOBEME L TELDEZLDOTY, L
— W — D DOIFIF 1/2 Fe TENLEE N L
¥, FLEEIICHEAF L, BB °E
NEENEL o TWET, X6 IXFEREIZTF
oW E LIEGEEOKETT, R—Hh
e TR R E AN E X e Em < Ao
TWET,

200
o Substrate: Ti |
:E; V() 03.29VE
>150 ¥,(0.5) ] 4.06VE
2
8
© 100
>
§ * 0.3mm
= 50 = 0.5mm
s V,(2) 02.35VE A lmm
0 ° 2mm

0 500 1000 1500 2000
Laser energy, E/mJ

X 6 F 42 2 HM DI KRENHE D L —F
— A E

Dl X5z, EMRIEBESICLET IV
FEOERL L, 53R OBFEEIC X 25 K
(b0 b — W — BRI X B SR i o A
T A OT -2 ERELELEZ, I
HaEU T, L—V BRI 2 & b
L. ¥rIZHEBMECHD»BHENRIZ L - T,
R S5 & fE SR IR AR T O fR H PR
RRPREE LU, ~U v LR R L E
BHE~DER 2R L E Lz,

5. ERRERLE

UdEssamc) (G 6 1)

D Hitoshi Akamatsua, Manabu Satou,
Takashi Sato, Amit Jain, Vijay Gupta,
Akira Hasegawa . Evaluation of
bonding strength between yttria
coating and vanadium alloys for
development of self-cooled blanket .
Journal of Nuclear Materials. ZHif .
417, 2011, 1253-1256

® Kazuto Imasaki, Akira Hasegawa,
Shuhei Nogami, Manabu Satou,
Helium effects on the tensile property
of 316FR stainless steel at 650 and 750
C. Journal of Nuclear Materials, 2t
A. 417, 2011, 1030-1033

@® M. Satou H.Akamatsu, T.Nagasaka
and A.Hasegawa . Evaluation of
adhesive strength between vanadium
alloys and yttrium oxide by laser shock
spallation method, Materials Research

Society Proceedings, ZHi A | 1298, 2011,

55-60

@ Manabu Satou. Evaluation of Adhesive
Strength of Oxide Layer on Carbon
Steel at Elevated Temperatures .
Materials Research Society
Proceedings. At A . 1215, 2010,
133-138

(® M.Satou,H.Akamatsu,A.Hasegawa .
MEASUREMENT OF ADHESION
STRENGTH OF SOLID-STATE
DIFFUSION
BONDING BETWEEN NICKEL AND
COPPER BY MEANS OF LASER
SHOCK SPALLATION METHOD .
Shock Compression of Condensed
Matter -2009, &7, CP-1195, 2009,
1131-1134

(Fa%ER) G314

@O Manabu Satou . Measurement of
Bonding Strength between Tungsten
Coating and Reduced Activation
Ferritic Steel . 15 th International
Conference on  Fusion  Reactor
Materials, 2011410 A 18 H, F v —
VAR KE

@ Manabu Satou. Evaluation of Adhesive
Strength Between Vanadium Alloys
and Yttrium Oxide by Means of a Laser
Shock Method . Materials Research
Society 2010 Fall Meeting, 2010 4 11
A 30H, RA N, KH

@ Manabu Satou ., Adhesion strength
between vanadium alloys and ceramics,
Tenth Japan-China Symposium on
Materials for Advanced Energy
Systems and Fission & Fusion
Engineering, 2010 4F 10 A 21 H., 5=#B

6. HFFTALA

(D) AT e FeE

Y& & (SATOU MANABU)

NP THERSE - KRR TR - S
e 5 40226006

(3) HEEMF IR

B 5 (HASEGAWA AKIRA)
HALKRT: « KRB TRl - 2%
WoeEF5 : 80241545

| & (NOGAMI SHUHEI)

WAL KRS « KRBT TR - HEEGR
WIEEE S : 00431528



