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The Characteristics of Hydrogen Permeation through Pd-coated NbssTi2sNiz; Alloy Membranes

Yeong Min Jung, Sung Il Jeon*, and Jung Hoon Park'

Green House Gas Center, Korea Institute of Energy Research, Daejeon 305-343, Korea
*Department of Chemical Engineering, Chung Nam National University, Dacjeon 305-764, Korea
(Received September 27, 2011, Revised November 30, 2011, Accepted December 20, 2011)

2 9% YL E F&& VNS R 3 NbseTinNiy &5 w89 £4 T3 &4 9 53514 Mg Ao A AFE +9
T o] & Y3t A 10 mm, F7 0.5 mme] NbseTinNiy T 22 %& A2ty om, 2714 Z4(H, 100%, Ha 60%
+ CO; 40%)°] FH7FAE 450°CY] oA FAAZ o 4o wE 4 53 EA4 A3 A4FS 7AYot & 43
oA AU & FRFL 5% 48 FHAZ 78‘-?‘ AYerE 3 baroll A 5.58 mL/min/cmzi el &3 *37}/\

ZAd mE Z7te] A9 EF Sievert’ s lawel & F3talglon, o]4bslgiets] TR7ts ALA, BERFL F4 24 T
ao v#H st ZA3AY. B AP F XRD £4& 531 NbseTinNia &5 #8199 o4tsletio] ojs 5}51”—1 &+
gol tigk APE Fs AT

Abstract: We make a studyof the hydrogen permeability and chemical stability of NbseTixNi metal alloy membrane.
For this purpose, we produced the NbssTixsNizy membrane which has 10 mm diameter and 0.5 mm thick, and experiment
the hydrogen transport properties under two kinds of feed gas (H, 100%; H», 60% + CO, 40%) at 450°C with variation of
absolute pressure.The maximum hydrogen permeation flux was 5.58 mL/min/cm’ in the absolute pressure 3 bar under pure
hydrogen. And each case of feed gases about gas composition, the permeation fluxes were satisfied with Sievert’s law, and
the hydrogen permeation flux decreased with decrease of hydrogen partial pressure irrespective of temperature and pressure.
After permeation test, we experiment the stability and durability of NbssTi23Niz; alloy membrane for carbon dioxide by XRD
analysis.

Keywords: niobium, titanium, nickel, metal alloy membrane hydrogen separation

.M & 314 dBE Hold = WY =okE aeta Ut
ole] MA #3} 7]1ES AEdtE FBE FHES AR
34 dso A ASE Tt dF E¥e 1 + oA gB& FHlsty g TR oA ouA
oL WRGE WED 2 Zof AL AR W ] FHska Yok 2 F BF F shtelA W
e QAP I ol fROE WED B o] FoiA| durzle & = 99% A= A4 quAde
a1 glen Jo bt 87He U ¢E wE 2 g2 dqUAE 5 5 Ut Fae 4T AHAR
st . aEY 3y A5 AdE F3 34 el 7ol Ftoll 7p7hE o] EAstaL 3lom, A
A8 ARl e A4 9 5o olfE UF FHS Folle w7 W] P X

—+

WA A e-mail: pjhoon@kier.re.kr)



)
ox
of
rg,

Aol gree
k. 28U $4 AUAE A4S
G ER, BA, B, S o)
ook & It ol AL YUk,

FAol EFo] o A4k gl

offl
|

N

l"“

=

mﬂ:

™

ol o
By
ooy 4
2
o e

o

e

B

lo b

re o

-

2

iy

:?L_', —lE‘
R - e

o

ox, = pr

rx
)

ol
-
)

H 09.\‘.'.
iy
1o Mo
4 m
P 2
N
v
o
N
2 P

B x0 o
> rr

e

AT A
(el

o
b P

-
i
K

)

I I

EY
2 3

ol N
ox,
oft ki

tlo i

{1 e}
o 93:

SN
B ool qn o
2L g ofN gt
B

yo 2 o 4 -
(o 4n
L.
> o
ol
ol

v

b
o

fo X 4y & b X oo 2 W ot rf R Lo

& =opE 41 ot
2 LN

s %

o 1l

o

ox

Ko

o

ok

=

X

S

Mo

e

B>

2

)

F

i

B
4

AN
N
)
Kl
o ¢
o
=

4

[1-3]. 22 2
Aol A g =g
SHAE ZeEd

i

iz}

Moo 2125y

e ox N oax ol rff (o B kU T ot ¥ %
oL
2
o
2
>
ful
=
32
l
=
e
e
+ 2

gi‘
¥R
o

o

ofy

B P AN b
o

b
>
oo
OO
*

20 dl o @
r
= 4
w e o X b
:?g

I

A
1=
=
o

<

\

>
rir
2 Ay MoAT oo Rooff ot

ox,

de
2

N

N

R
rot
Ku)
+
o)
o
&
ot
M
Y

1R oot
o EU i
™
ol = X
B oo o
Rl AW to ot P~ O

o
fo 4

A SHATH6-9].
o2 Hekgd U2

tlo ¢

¥
o P ogo tle
{ _{m

(&
-

2o o P

2w

2. 4 ¥

2.1. 2219 HM=x
Ao AH83 NbseTinNiy 82
S5 H(vacuum arc melting) 2.2 A X359, &5
o4&, Hebg 282 YyAS 47 11.20 g, 4
2 T8 EE ol otz

oz ERE ARE

=

gQ

fo M Mo o

BT ArblE B o EH
i3

8 A o] 27 (Reactive

magoel A 22 @ A 1%, 2012

ion etching)
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Fig. 1. The schematic diagrams of permeation test cell.
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Fig. 2. SEM image of the surface of NbssTisNiy; alloy
membrane before hydrogen permeation test.
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Fig. 3. SEM image of the cross section of NbseTiz3Nia
alloy membrane before hydrogen permeation test.
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Fig. 4. Hydrogen flux values of Pd-coated NbssTix3Niy; al-
loy membrane according to absolute pressure (1.5~3.0
bar) and time (0~180 min) using pure hydrogen (H, 40
mL/min) as feed gas at 450°C.

WEE HoZd. FF7IAE MFCE 89 40 mL/

min® &S FASAL, 4 494y 2478 &

& Aietd 3.0~1.5 barE ZAEHQT. L& 450°C
2~ 0]l

£ fABIATE Fig. 4004 & 0], NbseTiosNipy "‘El

T AKX

oro At 3 barol A 5.58 mL/min/em’S HS
Holx glom, o] & AFHoA T3 V-Ti-Ni £
Aol Bty njsd ”%94 FiygFolth9]. =3

Aoki ATE0] 20059 HEF NbseTinNiy 24 o]
B9 Hx@ FE9] FoEFe Hola YTH10]. 1.5 bar
ANAH= 4.17 mL/mm/cszl QgS Holy glom o=
Aok 3 barell Hlste] oF 25% 7baF HAG Fholth
e Wl mE EARFWSE Sievert's lawel we}
Uebd 23, 4 FARFL Sievert’s lawol] ohet oY

o AlFol vldEsle EH5S HolH Regression? 2

FgAE A s YrkFig. 5). BEtA FFIIAE
o 100% 2 AHEE o, NbseTinNi #829&
T3 T4 B e YR F4 Z4E Ao
EEARGAZ HFLEgdE ¢ 4 o Fig 62
NbseTiNip; #2159 4 T3 A3 T XRD £4
AF}E Ho|i gt} £4 T3 A £ XRD data
€ HY NbTi ol Hlud ZsiA Jeva glon
NiTi 43 Zetgol Sl ok 93 2ol st
of £4 B3 A¥ T XRD 84S 33 23} NbTi
139 A5t Ag Aol vle) 25 Zagoy dA4

o2 = W3E HolA ¥ Yt} Feed sided F3
% XRD dataZ HH 20~30 Ao]o] 2709 =9} 50

AEgel, A 22 A A 1%, 2012

6
5<
€
E 4 Y
o
£
S 5
E
X 2
T
o Hy
14 —— Regression
0 T T T T T T T T T
00 02 04 06 08 10 12 14 16 18 20
0.5 0.5
Pfeed 'Psweep

Fig. 5. Isothermal variation of the hydrogen flux as a
function of square-root hydrogen pressure difference in
pure hydrogentests. Experimental data fitted to Sieverts’
law correlation are represented by dash line.
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Fig. 6. XRD pattern of permeate and feed side of Pd-
coated NbssTi3Niz alloy membrane before and after hy-
drogen permeation test.
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Fig. 7. Hydrogen flux values of Pd-coated NbssTi23Niz; al-
loy membrane according to absolute pressure (1.0~2.5
bar) and time (0~130 min) using hydrogen/carbon diox-
ide (CO2 40 % vol/vol) gas mixture as feed gas at 450°C.
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Fig. 8. Isothermal variation of the hydrogen flux as a
function of square-root hydrogen pressure difference in
presence of hydrogen-carbon dioxide (24 mL/min H, + 16
mL/min CO,) gas mixture. Experimental data fitted to
Sieverts’ law correlation are represented by dash line.
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Fig. 9. XRD pattern of permeate and feed side of Pd-
coated NbssTiz3sNip; alloy membrane before and after hy-
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permeation test.
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