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Hydrogen Permeation Properties of
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DOCKYOUNG LEE-, YOONBAE KIM-"

*Advanced Functional Materials Research Center, Korea Institute of Science and
Technology(KIST), P.O.BOX 131, Cheongyang, Seoul 130-650, Korea

ABSTRACT

Hydrogen as a high-quality and clean energy carrier has attracted renewed and ever-increasing
attention around the world in recent years, mainly due to developments in fuel cells and environmental
pressures including climate change issues. In this processes for hydrogen production from fossil fuels,
separation and purification is a critical technology. (Nig-Nbao)os-Pds alloy ingots were prepared by
arc-melting the mixture of pure metals in an Ar atmosphere. Melt-spun ribbons were produced by the
single-roller melt-spinning technique in an Ar atmosphere. Amorphous structure and thermal behavior
were characterized by XRD and DSC. The permeability of the (Nig-Nbag)os-Pds amorphous alloy
membrane was characterized by hydrogen permeation experiments in the temperature range 623 to 773
K and pressure of 2 bars. The maximum hydrogen permeability was 3.54 X 10°[mol - m" s - pa'l/z]
773 K for the (Nig-Nbso)os-Pds amorphous alloy.
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Fig. 1 Schematic of processing steps for fabrication routes
for experimental procedure
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Heat of mixing enthalpy
(NigoND3o)100-xPdx

d — i | Heatof| ..
» negative ‘: Mixin Nl Nb Pd
—— Near zero 9
Ni - -30 0
Nb -30 - -53
Pd 0 -53 -
Atomic size Melting
point
Ni | 0.1246mm 1453C
Nb | 0.1429mm 2467 C
Pd | 0.1375m 1552

Fig. 2 Alloy design for the Ni-Nb-Pd metallic glass
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(Niso=Nbao)es—Pds HI &2

Fig. 3 Schematic diagram of the experimental apparatus for

hydrogen permeation measurement
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Fig. 4 X-ray diffraction patterns of  melt
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%

C B
oo
kool

%
il
2

1o % AcH
(o
f
24
BN
e,
Z
o]
&
1o,
=

DAL NP et}
_‘,‘:_I‘
12
ol
Lo
N
do
of

o T oox g gy ol
hin

to £ o
32
o

o,
o
=

I
=0
4
B dm
M
k)
=

L

4 fu
o
o

ot

==t
-
ol
fot
42
lo,
Hz
ofl
Kui
fow oo

_0|L
2
o
o

,_.
ol -
oX,

i
i)
oX

oo = O
|o 2t

o

ox

2,

bl

=

I

>

N

t‘g:

9
(NigoNbyg)gs Pds H]

3
5ol thate] FaTFAHES

= e
> o
oX,
o,
o

K=
g e

£ 8
[

Fig.

i)

rfo

IR

o 9 X
o
i
ot
oj

£ Lo

o

823K 773K 723K

&
=)
T

Permeability[mol/m s Pa'?

1E-9 L L L
12 1.3 1.4

1000/T[K ]

Fig. 7 The H, gas permeability of the membrane

363 Trans. of the Korean Hydrogen and New Energy Societ(2008. 8), Vol. 19, No. 4



=

o
=

|

[e}
i

3

-

3

i3z}

sl dojupan ofeld
7z

=

3
eSS

=

(Niso=Nbao)es—Pds HI &

o

Zek A el

o aieue] 74

)

&

g

o] TYglol M=

=

=

2

HEx 9] 7]

21)

o]

1.

Fig. 8 Free energy and chemical potential changes

during diffusion

o

Knudsen #Hitel]l €3k Zlolel7| Btk F3habr

A FaRATE
TaAAE 52

M)

4. 2

it

ol
o)

7] A ol A

L
L

ul
-

A -0 A]

O
R4

L

o]

=
=

2EMH)S A

A
z

27

]

=
fnl

[e]

Held +4

24z o] w1
0

A

olA ol5o] v AAg s, o] FAUA

oA el 4%

ERES
7}

=

2

—

-
ofpy
ojn
M

~
10°

r W T

& 5}
tol A

0|

A9

=

SF—L
e

)

=

al

8

(NigoNbsg)gs—Pds 1l

(Nigy-Nbuo)os—Pds
Nigs—Nbos—Zrjp A E A7 H T} 3

T
i

o

Adr
!

=y

ze)
-
o)
X
ar
il
of

ofp

o|J

364

2008 83

k=)

M19& X4

x
=

o] 71 7]
Azte] ghrtolt). 8aFE gibbs ATl U A
3 ==

=y

>N

[=1d
S

WIUIEPN

al
=

a4

L

L

o] Fig. 8ollA =

A



o, 7172 AR 5 glck web %3t
4 Fol ded FRUAt BehEe Be 8
25o} BeE Ao s,

2 I

QAR AP LA 7] %7 AL
o] Aoz FPHAen ofo] A YL,

gnes

1) S. Hara et al. : An amorphous alloy membrane
without noble metal for gaseous hydrogen
separation", J. Membrane Science, Vol. 164,
2000, pp. 289-294.

2) B. McCool, G. Xomeritakis and Y. S. Lin. :
"Composition control and hydrogen permeation
characteristics of

sputter deposited

palladium-silver ~membranes", J. Membrane
Science, Vol. 161, 1999, pp. 67-76.

3) S. Hara et al. :
amorphous-Zrss \Hf\Nigs—alloy ~membranes"”, J.
Membrane Science, Vol. 211, 2003, pp. 149-156.

4) Y. Zhang, T. Ozaki, M, Komaki, C. Nishimura. :

"Hydrogen permeation of Pd-Ag alloy coated

"Hydrogen permeation through

V-15Ni composite membrane: effects of overlayer
composition”, J. Membrane Science, Vol. 224,
2003, pp. 81-91.
5) A. G. Knapton :
diffusion membanes", Platinum Met. Rev., Vol. 6,
1962, p. 44.
6) R. Ekambaram, P. Thamburaja and Nikabdullah. :

"On the evolution of free volume during the

"Palladium alloys for hydrogen

deformation of metallic glasses at high
homologous  temperatures”,  Mechanics  of
materials, Vol. 40, 2008, pp. 487-506.

7) K. Mohri: IEEE Trans. on Mag. MAG-20, 1984,
p. 942 .

8) S. Jayala kshmi, E. Fleury, D. Y. Lee, H. I

iy
{0

Chang. and D. H. Kim : "Hydrogenation of Ti Zr

Co amorphous ribbons and its effect on their

structural and mechanical properties",
Philosophical Magazine Letter, Vol. 88, 2008, pp.
303-315.

9) A. Inoue and X. M. Wang : "Bulk amorphous
FC20 (Fe - C - Si) alloys with small amounts of
B and their crystallized structure and mechanical
properties”, Acta Mater, Vol. 48, 2000, p. 279.

10) T. Masumoto. Materials  Science  of
Amorphous Metals, Ohmu, Tokyo, 1982.

11) L. Ma, L. Wang, T. Zhang and A. Inoue. J.
Mater. Sci. Lett., 17, 1998, P. 1893.

12) Q. K. Jiang. X. D. Wang, et al : "Zr - (Cu,Ag) -
Al bulk metallic glasses", Acta Mater, Vol. 56,
2008, p. 1785.

13) Wang D, Tan H, Li Y : Multiple maxima of
GFA in three adjacent eutectics in Zr - Cu - Al
alloy system - A metallographic way to pinpoint
the best glass forming alloys Acta Mater, Vol.
53, 2005, p. 2969.

14) Han T, Zhang Y, Ma D, Feng YP, Li Y :
"Optimum  glass formation at off-eutectic
composition and its relation to skewed eutectic
coupled zone in the La based La - Al - (Cu,Ni)
pseudo ternary system" Acta Mater, Vol. 51,
2003, p. 4551.

15) Q. K. lJiang, et al. :"Zr-(Cu,Ag) - Al bulk
metallic glasses", Acta Mater, Vol. 56, 2008, pp.
1785-1796.

16) Himendra Jha. and Jagadeesh Bhattarai
"Corrosion behavior of sputter-deposited W - Nb
alloys in NaCl and NaOH solutions", J. Alloys,
Compounds, Vol. 456, 2008, pp. 474-478.

17) H. S. Chen : Rep. Phys., Vol. 43, 1980, p. 353.

18) L. Y. Chen, et at. :

enhancement of plasticity in a monolithic bulk

"Free-volume- induced

metallic glass at room temperature" Scripta mater,
Vol. 59, 2008, pp. 75-78.

365 Trans. of the Korean Hydrogen and New Energy Society(2008. 8), Vol. 19, No. 4



(Nigo—Nbao)es—Pds HIEE =249 =AE) E4

19) M.H. Lee, D.H. Bae, W.T. Kim, D.H. Kim, : 21) D. A. Porter and K.E.Easterling: Phase
"Ni-Based Refractory Bulk Amorphous Alloys Transformations in Metals and Alloys, 1991, p. 60.
with High Thermal Stability", Mater. Trans. JIM, 22) Shin-ichi Yamaura, Akihisa Inoue et al, "The
Vol. 44, No. 10, 2003, pp. 2084-2087. effect of additional elements on hydrogen

20) A. Inoue : "Bulk amorphous alloys with soft permeation properties of melt-spun Ni-Nb-Zr
and hard magnetic properties”" Mater. Sci. Eng. amorphous alloys" Mater. Transactions, Vol.
Vol. A226, 1997, p. 357. 44, 2003, pp. 1885-1890.

St=aA 2 AUUXIESE ==& HM192 H4s 20084 8€ 366





