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Hydrogen isotope plasma driven permeation was evaluated under the
consideration of hydrogen isotope. It was found that large hydrogen isotope effect was observed at
lower temperature less than 800 K, where the permeation flux of H:D was 2:1. At higher temperature
above 900 K, the permeation flux was almost unity. But, the permeation flux of H:D for neutron
damaged tungsten was limited to be 3:2. This fact indicates that the irradiation defects may
influence on hydrogen isotope permeation behavior. For He mixed plasma exposure to undamaged
tungsten, no large hydrogen isotope effect was observed at all the temperature region.



B X C—19, F—19—1, Z—19 (@)

1. WHZEBRAA LM DT 7

BREI 77 X<t pHaiZ b U F 0 A2 G KRR FNA (KR H, EAED BLOE
UFULT) ICEERSND, TOID, RENRIDZEVEOBIRND U F U LINT T A< kf
FIMEHIHRE 2 Z E N L 0D, B U F U AR EZHIT 2 72012i%, 59 5 KK RN
RORELBEM L., T ORMAENRZEFESLLERD D,

2. WEOBER

K AIE 7 F X< sttt % o 7 AT U in b BZEERME T SEMAEIF > AT 2BV T, K
B2 B F U LG KRERMAE (BKFH, BEAZED BIOM) FULT) OBITEH
WZREE T 2 WL E S (FifREk, IRMEY) & KEFNEOTFELZZE L THLMMNZT D &
Ebic, FOKRFBRNMBNEE BT 5,

FRICARIFEClX, 77 X=Xt 317 5 KBRMAABITEINIZ OV CKERMAEZ B E L
THONIT 5 Z LIk KRERMAEZE ORI - RS X OKBRMAZT E DV I 2
L— g NI ERYIER AR ERINCH S NIT 5, S ZIEM L, BE O S K EFNE
BATV I 2 b—ra VEHBEL, Hx ORKE COKERMAEBITIMZITS .,

3. Wik
T4 R~T VT AROERINTERL VT AT UVBLOA T AT U —10% L =0 L%
e L CH W, BRE KHGE A D 72 O 12 &7 FH# R AN AR 22 B R A% (QST) iy & -1 F A 22 AT
D 3 MV & 7 DMEEER (TIARA) 12T, 6 MeV 8kA A MRS (HE{5&E 1 dpa) % =R TITV RS
KMoz U 2R LT, £, A—2 U v VENFRFNC TR RN L ¥ v T AT
VBN HWis, 2otk BKFEOT T X< EENEE (PDP) #E (K1) 1[cTD 77 X~
HEBLOHED DRSS T A~vHBE % 723 K~923 K TfToTz, 7T A~ A7 M &
STHE LAY MAOEEE ., A A ALFRICESE R T T A~ O 7t 2 55 L 7=,
Hoy Doy He WAL, ~A27um—ar ba—7 MFOIZXVHEBIL, LT v o —2ftG L,
ZOFE, EFRBIOES T AEINL 1.0 Pa, FHtllX 10°~10° Pa TH Y, fEE X 550 W,
BH NI X<k _—
757 ZE 1.0 X 10%
m?s!' Chotl, T X~
7T RFETINT
T3 a7 7ua—72ky »
WELER—EE (I- | e ;
V) HENSREH L, S 7
He D %3 MiT %7 =
120.1, 1.0, 10 %D He & -
WML ERbIT-72, |
NS OEBRSKMTKASE
FNLARDER T 7 v 7 A
ZRE L. KFERAIKZE
W ZEENC KT T [FINLAR )
BRBIOZFDHe IRE A
BT, £, Fmike
ZAERET 5 72 PDP &
BR A& 4T o ekt L

S 5 8 7 B B 85 (SEN) & 1PDPEEEE
EHWCTEBEET- T, . e
4. BRI

H/D IRE 7T A~ BT 2 KB FNREEEE 2 50T 5 72 DI B e 7 T X~ BiEhis
AR AR U, AR T NS E S RO B E 2 AT, Dy & He 2458 L C
HETEDLVATLETDHELBIZ, 7T A~HD U/D LEFHMIT 5720112, EofREED G A
T AEREE LT, 77 ARENZB W T, BAKFEOFBEFRIT, 1.34X10% D, s L7200 BHAKED
BB 1.01X10% D, s &ieolz, BKFEOFBEFIIEKZEOFBEEON 1.4 FE2RLTE



CBOKFEOBBENE N ERRENT, I/D EEBbEE 5 Z LT, EEEEns{k L, HD
@é%iﬂ@%ﬁ/m k%<%%¢é DR X T,

He ZINL7- H/D IBAMREICEIT S, HBXIOND OEFEERT T v 7 ADIRERLNEZ 314
L7-e A, K2BLOK3ITRTEHIT10%D He ZHIMNT AT T, EFBBRT T v 7 AN
1 M52 L3RI, He ORMEIENEINT A2 Lo THBT7 T v 7 AHRKEL
Wb Uiz, & 512, PDP EBRETE D SEM IC LD X V7 AT U RHEIEEZBELIZE A, He &
1% F721310 %3252 iz kb, sREEERmICEZ DR NIERR S 1, %A7W®%ﬁﬁﬁ
BENT-, £72. DT T A=l He 7T R<=HFEIMERE B L He XTIVERERL L., D 0N B
52 B He IINZ & - T He ®KRERS i&/ﬁ}T/ﬁﬂ@LMM@%ﬁHL_miD
He /NTVINER U, KFBRNIROYEHEREEL 720 HBXODER 7 T v 7 AL IEH L
MPRIE STz,

T/IK T/K
! 9 I -5 -
200 250 800 750 700 10000 =0 = = '?3
10000 . r T 1 0

- - — “w ® Dfux:H+D plasma

= H ® Hfx:HiDplasma o D D fux: H+D+He(0.1%) plasma
E ::ux:H*rED;HE (0.1 %) plasma £ - A& Difux:H+D+He( 1 %) plasma

A Hflux: H+D+He (1 %) plasma o 1000 - . 110 ) mlee

e ¥ H flux: H+D+He (10 %) plasma ° e ¥ D fux: H+D+He(10 %) plasms
e & - o

D - e -‘-“'-._- -

hy g = 100

- > L

= 100} i S =

= ) c

c S

e = 10F

= ol o

s =

= @

5 oL . . .

o Ll : : . 11 1.2 12 1.4

1.1 1.2 1.2 1.4
. 1000/T / K'
000*1” K

B2He ML= H DEFFZ®T 7 v 7 ZADiR. X 3He iIRINL7-D ODEFEBMT T v 7 ADIR
FEZ AL AL

0.3 dpa FCTHMTHRK LI-Z 7 AT BN RBIT 2 KEBRNIREIRFRE 25l L= & 2 A,
X4 BELOEK 5 IR TEHI2800 KLLF TIEFEMREAM L L TiEi~7 7 v 7 AT REL 2o
77o ZAUITHME T BRET CIIBBEH RGNV 7 2IRICER > THOMTHIENEEL VWD LEE
ZHiVD, KBRS R ZTN Lz & 2 A, IEREH CITKIR 800 K LL T DARIR CTII/KE[FILL
W%%#k%<H@@ﬁ77/7x#mw# 900 K ZHx 2SR TIZIHEDDBBR T T v 7 A

WFIER T2 0, KBRMEDEN NS N EARENTZ, — ., PHEFRBEMIIER CIZH
&D@@ﬁ77/7x WZRNLAB RN R ENT=Z 0D %%ﬁ%#mﬁﬁu%@ﬁéﬁ
HEAERKIFLTNAZ LR ENT, —FH. He IBET T A~RETIIBBR T T v 7 ATBITS
ﬁ&%%%mk%&éwﬁﬁ%hﬁ#ot:&ﬂ%%%%iﬂuww%:%%%ﬁzﬁw:k
DHHBMNE o7z,

T K T K
900 850 800 750 700 900 850 800 750 700
T T T T T T T T 1
H flux : undamage H+D : D flux : undamage H+D
H flux : Fe (1 dpa) H+D D flux : Fe (1 dpa) H+D
H flux : neutron irradiation @ 500 C D flux : neutron irradiation @ 500 C
H flux : neutron irradiation @ 800 C D flux : neutron irradiation @ 800 C

1000 ¢ 1000 -

oo )pnm

oopnm

100 | E

N

o

o
T

*
[ ]

Permeation flux 10" H /m?/s
L S
Permeation flux 10'°D /m?/s

1.‘1 1‘.2 1.‘3 1.4 1-‘1 1‘-2 1.‘3 1.‘4
1000/T K- 1000/T K-!

4 PPETHET L7 WICk T 2 HOEFEER X5 PYETRE L WIZEIT 5 D O %
77 v 7 ADREE 77 v 7 ADREE



5 5 3 0

Yasuhisa Oya, Kyosuke Ashizawa, Fei Sun, Shiori Hirata, Naoko Ashikawa, Yoji Someya, Yuji 194
Hatano, Robert Kolasinski, Chase N. Taylor, Masashi Shimada
Effect of He seeding on hydrogen isotope permeation in tungsten by H-D mixed plasma exposure 2023
Fusion Engineering and Design 113722
DOl
10.1016/j - fusengdes.2023.113722
99(6)
2023
DOl
Mingzhong Zhao, Shota Yamazaki, Takuro Wada, Ayaka Koike, Fei Sun, Naoko Ashikawa, Yoji Someya, 160
Tetsu Mieno, Yasuhisa Oya
Deuterium recombination coefficient on tungsten surface determined by plasma driven permeation 2020
Fusion Engineering and Design 111853
DOl
10.1080/15361055.2019.1705727
Y. Oya, F. Sun, Y. Yamauchi, Y. Nobuta, M. Shimada, C.N. Taylor, W.R. Wampler, M. Nakata, L.M. 539
Garrison, and Y. Hatano
D retention and depth profile behavior for single crystal tungsten with high temperature 2020
neutron irradiation
Journal of Nuclear Materials 152323

DOl
10.1016/j . jnucmat.2020.152323




F. Sun, X.C. Li, L. Zhang, M. Nakata, M. Zhao, T. Wada, S. Yamazaki, A. Koike, Y. Oya 537

Modeling and simulation for surface helium effect on hydrogen isotopes diffusion and 2020
trapping/detrapping behavior in plasma facing materials

Journal of Nuclear Materials 152227

DOl
10.1016/j . jnucmat.2020.152227

12 1 9

Yasuhisa Oya, Nao Inozume, Shiori Hirata, Naoaki Yoshida, Tatsuya Hinoki, Kiyohiro Yabuuchi

Temperature dependence on D retention for damaged W-10%Re alloy

16th International Workshop on Hydrogen Isotopes in Fusion Reactor materials

2022

Yasuhisa Oya, Nao Inozume, Shiori Hirata, Naoaki Yoshida, Tatsuya Hinoki, Kiyohiro Yabuuchi

Thermal annealing effect on D retention for damaged W-10%Re alloy

Nuclear Material Conference 2022

2022

Yasuhisa Oya, Kyosuke Ashizawa, Shiori Hirata, Fei Sun, Naoko Ashikawa, Masashi Shimada, Chase N. Taylor, Robert Kolasinski,
Lauren Garrison, Yuji Hatano, Yoji Someya

Hydrogen isotope effect on plasma driven permeation for neutron damaged W

13th International Conference on Tritium Science and Technology

2022




Taylor, Robert Kolasinski,

Chase N.

14
2022
66
2022
Chase N. Taylor, Robert Kolasinski
2022
2022

Yasuhisa Oya

Effect of irradiation damages and He existence on hydrogen isotope plasma driven permeation for W

AAPPS-DPP2021

2021




Kyosuke Ashizawa, Shiori Hirata, Yuki Koyama, Naoko Ashikawa, Yoji Someya, Yuji Hatano, Fei Sun, Yasuhisa Oya

Permeation characteristics of hydrogen isotope in tungsten under H-D mixed plasma irradiation

1CFRM-20

2021

Yasuhisa Oya

HYDROGEN ISOTOPE RETENTION AND PERMEATION BEHAVIOR FOR DAMAGED TUNGSTEN UNDER H/D MIXED PLASMA EXPOSURE AND THEIR HE EFFECT

1CFRM-20

2021

Yuki Koyama

Deuterium gas driven permeation behaviour for W-10%Re alloy

PFMC-18

2021

Yasuhisa Oya

Effect of deuterium-helium mixed plasma exposure on hydrogen isotopes retention in damaged tungsten

Nuclear Materials Conference 2020

2020




Yasuhisa Oya

Influence of He and/or irradiation defects on the plasma driven permeation behavior in tungsten material

3rd Asia-Pacific Symposium on Tritium Science

2020

http://wwp.shizuoka.ac.jp/fusion/

(Ashikawa Naoko)

(00353441) (63902)

(Someya Yoji)

(20589345) (82502)

(Hatano Yuji)

(80218487) (13201)







