JAERI-Research llllil(lIﬂllww)ﬂ@@w@lﬂllll!II! =
2002-037

3
NJE L

Iy

BE75AVEE FICEI HRBEENOKZEREH DI

f

DE HER AN W

HEXEREFAMAEM

Japan Atomic Energy Research Institute




AUB— M, AARRFHBERSRERCAT LTV HERESETT,
AEORMESbEIE, HARFIFRFTEERDHEERE (T319-1195 KIRBIH
HEWEH) HT, BRLELEA, 2B, ZOEMCMEENETFILFSER 2
F— (F319—1195 HIRIRINEIERRMEAT A AR T ABEHN) CHEIC L 5 EREM 2R
TiRo TR FET,

This report is issued irregularly.

Inquiries about availability of the reports should be addressed to Research
Information Division, Department of Intellectual Resources, Japan Atomic Energy
Research Institute, Tokai~-mura, Naka-gun, Ibaraki~ken T319—1195, Japan.

©Japan Atomic Energy Research Institute, 2002
WMERRT HERTAVRH




JAERI—Research 2002—037

KR7 9 XAHFAET BT AHBEEMNOKEEBEE OFFM

HAE e S 720 = A V¥ — ¥ 2 7 LBF5EER
N IERE R

(20024E 11 B 15 B%38)

HI BT E S O BES T IS b 2k E-S BT IR 2 RERE L LT,
BRI 25Cr-35Ni REE& L Nb T 4 F—#F, KU, WBHM & U TRRBERELHEA T L AH.
HRABKFEBEN N — 2 4B Zr. RUNi O 5 DOMEEOKESBEE OB T, HEHEERE
R DB A & FRESEA L 7o REERBNEUEIR 7 5 X<l % BV -tk Z5 8BRS E 2 5 L
T R—AESE TR T T X< L AT B OAEEBOBERTFRER BRD/NA 7 AMREL 7
Wi L7o IR 75 X <RI X 2 kBB O IBEEB AR O BRI B S 1L, 530K B
T OEIRM DK EEBEEIIAE - R AR EIER VL L7z, Nb i Zr D & 5 2k EC it
A LF S RCAENEBHELAEY v & —ME LTOBEFHR SN BEHRTR.E
T & RB LKA LK EEBEOEAENE R L EAE L OERETHESROBER

RENTKEBEROTE TN B L CHEE ORIEAEE B OIERER OE % 554 L7,

BAERFZERT | T 319-1195 SIS IRFTER B A B 5 B4R 2-4
¥ OAREFER NSt eF (FE134E 12 AL FEHEmEIMER)



JAERI—Research 2002—037

Evaluation of Hydrogen Permeation of Fuel Cladding Materials under Low Energy Plasma
Hiroaki OGAWA* and Kiyoshi KIUCHI

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received November 15, 2002)

The difference in hydrogen permeation among candidate cladding materials such as 25Cr-35Ni stain-
less steel, Nb liner and reference materials such as 18Cr-8Ni SS, and Zr of Zircaloy base metal were
evaluated by low energy plasma permeation simulated to hydrogen excited by heavy neutron irradia-
tion. RF excitation source was arranged for the experimental apparatus in cooperating with temperature
and bias control. Comparing with the thermodynamic gas driven permeation (GDP) in the same hydro-
gen pressure, the hydrogen permeation rate by the plasma driven permeation (PDP) was markedly ac-
celerated at low to medium temperature range. The temperature dependency showed a knick at around
530K due to hydrogen-defect interactions. Comparing with Zr, Nb showed the high hydrogen solubility
without the degradation by hydrate formation that is required to a getter material. The difference in PDP

among candidates was analyzed with a new dissolution model for hydrogen.

Keywords : Low Temperature Plasma, Fuel Cladding Materials, Heat Transfer, Eleciron Density, Electron
Temperature, Gas Driven Permeation, Plasma Driven Permeation, Hydrogen Solubility, Hydro-

gen Diffusion, New Dissolution Model.
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Fig.2 The matching circuit used for controlling RF plasma source.
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Fig.3 The gas guide unit for méasuring gaseous species by the quadrupole

mass spectrometer.
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Fig.5 Dependency on the hydrogen flow rate as function of the intensity of hydrogen ion
current by the quadrupole mass spectrometer.

Table 1 The experimental conditions for evaluating hydrogen permeation rates by PDP.

18Cr-8Ni
25Cr-35Ni
Sample (50pm) Nb
Zr
Ni
RF output power (W) 100W
Gas puressure (Pa) 10
Temperature (K) : 297 ~ 1073
. Gas driven permeation (GDP)*
Permeation type Plasma driven permeation (PDP)

*Reference GDP at 10Pa the pressure
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Fig.3-1a Effect of hydrogen pressure on electron density and electron tempera-
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Fig.3-1b Effect of hydrogen pressure on electron density and electron tempera-
ture of the hydrogen plasma with RF=60W .
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Fig.3-1c Effect of hydrogen pressure on electron density and electron tempera-
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Fig.3-1d Effect of hydrogen pressure on electron density, electron temperature
and H_ intensity of the hydrogen plasma with RF=100W .
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Fig.3-2b Arrhenius plots on hydrogen permeation rate of 25Cr-35Ni stainless steel.
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