7N(99.99999%)

Nb
Pd

2 (17 11 )

SP

7N(99.99999%)

(SP:Small Punch)
Pd Pd
600K Pd Nb

Key Words: Hydrogen permeable films, Mechanical properties, Small punch test

(SP:Small Punch)

Pd
in-situ
Pd Pd Nb Pd Vv
1
2.1
SP

Swagelok

Pd-Ag Fig. 1

Pd 1

(650  /gf) 2
Nb Pd (N.V.1 N.V.2)
Check valve
v ; Vacuum pump
<] <
\%8 Leak valve
B V3
§ N.V.L

X vax ¢ Kva

P %% | <] NG F/ H,
V9 TRz ve E\—‘i
% ~He
Xvn va

Fig. 1 Schematic drawing ot gas pIping system.

17



2.2 SP
SP SP
SUS304 Fig. 2
SP
1 2
K
673K 300kPa
3.1
Pd 50x50x1mm?® 99.95mass%
(WEDM: Wire Electrode Discharge
Machinge) @10mm
\ 99.7mass% Nb
99.9mass%
30gf
( 1473K 24hr)
10x10x0.75mm?
0.3um Al203
Pd
0.5mm
3.2
( )
Q (mol/s)
Q=APV/RT (1)
J (mol Hy/m?s)
J=Q/S @
@ (mol Hy/msPa*?)
®=Jd/(P,"* P,"?) ©)
V:Reserve tank 2 R:
(8.3m*Pa/Kmol) T:Reserve tank 2 S:
d: Py: P,:
1) AP(Pa/s)
(TDS: Thermal Desorption
Spectroscopy)

3.3 SP
(SP)

2)

3)

(DBTT: Ductile-Brittle Transition Temperature)
4)

Fig.3
Nb 10>=<10>=
0.5mm?*
4 (9.8N m)
V He gas
SP
@2.4mm ()
2.4mm
SP

Fig. 2 SP test jig equipped with formed bellows.

Load,cell
Upper jig e uneher
Nl
] ] ]
; ! ‘ ! 7 A P2.4 sus316L
Specimen = 2| & ball
LOWEr i) mm— I
—10mm

Fig. 3 Schematic drawing of small-punch test machine
equipped with the gas flow system.

18



4.1 Pd
Pd 300
350 400 1 2
100kPa 150kPa 200kPa
Fig. 4
5 1000
Kt 100kPa
150kPa  200kPa
Pd
300 350 400
100kPa 150kPa 200kPa Fig.
5
300 350 400
4.2 Pd Vv Pd Nb
Pd v o9 Pd Nb
300 350 400
100kPa
- Fig. 6
Pd Nb
100kPa 523K
290ks(8hrs.)
2
Fig. 7
Pd Nb 15
Fig. 6
573K
573K Pd %
4.3 SP Cr Nb
Fig. 8 Sp
Pd Vv
573K
(  900N)
Pd Nb Pd \Y, (

19

107 ¢

o~ —O— 100kPa
i - 150kPa
a —— 200kPa
7]
EN
I
©
£
Sl
o %‘\x\
E 10 |- ~ ’@\\\ =
-% r ~ AN
1} A <
2 B
) "o
a
c
@
>
e
k<]
>
I
107 . . . . . .
1.4 1.5 1.6 1.7 1.8 1.9 2 2.1

1000/T(K™)
Fig. 4 Changes in the hydrogen permeability with test

temperature and H, pressure for pure Pd.

1.8x10°°

1.6x107° -

msPa'?

~1.4x10° - B

[
N
<
fay
o
o
T

1x10° -

8x107° |-

6x10° -

4x10° 4

Hydrogen permeability, ®/molH

2x10° - B

100 120 140 160 180 200 220

Pressure, P/kPa
Fig. 5 Hydrogen permeability as a function of pressure for
pure Pd.

o
—

5_5 Nb on non-hvdrogenise | Calculated values for Nb from

Nb on non-hydrogenise alculated values for rom

2} treatment e diffusion coefficient and 1
E  1o° : hydorogen solubility at 0.1MPa.
- E -
o~ E E
E w07l v H

s E

8 E Pd Nb '-._O

£

) -9

o 107

c

(O]

= L

© 1w¥|

'g T RS RS I S
T 1.4 1.6 1.8 2 2.2

-1
1000/T,K

Fig. 6 Changes in the hydrogen permeability with test
temperature and H, pressure of pure V and pure Nb.



120N) 10 . . . . .
Fig. 9 SP Pd \% ©
(b) (@ %
\Y Pd Nb Pd =T |
v 2
=
(8]
=)
g
5 100 T
5.1 Pd £
Pd 800
300 500
95 1 1 1 Il Il
0 5000 1,40°  1.5d0°  2d40°  2.540°  3.d0°
Time. t/s
Fig. 7 Secondary pressure fluctuation on hydrogenise treatment.
SP
T T T T
L . 573K i
1000 Test Temperaturp{\N/b: 523K
Pd coated V
1.2
800 [
<
Q‘_ 600 [ B
e]
I
3
- Pd coated V .
1.01mm 400 (Hygtr)ggin straged)
0.07J
Pd coated Nb
200 [~ (Hydrogen permeated/ 7
o TP L
0 % 1a®’ Vane®™ : WL, |
0 0.5 1 1.5 2
5.2 v ’ Deflection, x/mm
v Fig. 8 Absorption energy obtained by small punch (SP) test
method.
\Y
5.3 Nb
Nb
Fig. 9
Fig. 9 Surface state of pure Nb specimen after hydrogen
permeation; (a)outline of the specimen and
573K Pd ] . .
(b)microcracks caused in the specimen.
Fig.

20



10 TDS Pd
Nb 600K

5.4 SP
SP
(DBTT)
Nb
\Y/
Nb
Fig. 11 SP
Vv
Nb
SP
Pd
Pd Pd
\Y Nb
(1) Sp
Pd Pd \Y/ Nb
(2) Pd Nb 600K
573K
3) SP
17 ()
17560624
1) ’
, Vol.49, No.1, (2004) pp. 47-53.
2)

, 78 , 3 (1992) pp.485-484.

21

3x10°° T T T T
Pure Nb
< 2x10° - R
= Pd coated Nb
—
c
()
=
>3
o
c
o -8
- X107 4
Hydrogen permeated
0 . I L
200 400 600 800 1000 1200

Temperature, T/K

Fig. 10 TDS profiles of various Nb specimens.

RINITII]
—————

Fig. 11 Destruction feature of specimen after SP test;
(a) pure V (He gas atmosphere) and (b) pure Nb
after hydrogen permeation.

3)

(A ),55 515 (1989) pp. 1619-1622.

4) : , , VOL.

55, NO.8 (1985) pp. 13-19.

5) S.Yamanaka: “Influence of interstitial oxygen on hydrogen
solubility in metals”, Journal of Alloys and Compounds, 293-
295(1999) pp.42-51.

6)

, , Vol.44, No.1(1991) pp. 12
7) T.Ozaki: “Preparation of palladium-coated V and V-Ni
membranes for hydrogen purification by electroless plating
technique”, International Journal of Hydrogen Energy,
28(2003) pp. 298-302.
(2005.9.30 )



