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Fabrications and Evaluations of Hydrogen Permeation
on TiN-M(Co, Ni) Composite Membrane
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ABSTRACT

Recently, the most promising methods for high purity hydrogen production are membranes separation
such as polymer, metal, ceramic and composites. It is well known that Pd and Pd-alloys membranes have
excellent properties for hydrogen separation. However, it has hydrogen embrittlement and high cost for
practical applications. Therefore, most scientists have studied new materials instead of Pd and Pd-alloys. On
the other hand, TiN powders are great in resistance to acids and chemically stable under high operating
temperature. In order to get specimens for hydrogen permeation, the TiN powders synthesized were consolidated
together with Co, Ni powders by hot press sintering (HPS). During the consolidation of powders at HPS,
heating rate was 10 K/min and the pressure was 10 MPa. It was characterized by XRD, SEM. Also, we
estimated the hydrogen permeability by Sievert's type hydrogen permeation membrane equipment.
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Fig. 1 Flow chart of experimental procedure.
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Fig. 2 Photograph of hydrogen permeation equipment.
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Fig. 3 Results of XRD patterns on TiN-M powder and membrane
(H; TiN, @; Co, A; Ni).
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Fig. 4 SEM morphologies of TiN-Co composite powder (a), TiN-Co membrane surface (b), TiN-Co membrane cross section (c),
TiN-Ni composite powder (d), TiN-Ni membrane surface (e) and TiN-Ni membrane cross section (f).

Gato] Wz A dojuf FAFAEA | 3 A
oz 248 Aol Ay,
Fig. 4¢] (b)%} (&) A& TiIN-M &
(©9 (f) AFRE TIN-M ] 2ke
o]t} SEM ## ZA3 HPS ¥4l 7IsiAE
o2 25k Co, Nio] WAl ¥#|i= 4ol
i X-A BA AR A4ds] AZE low
¥ TIN 92 FolF= 9&E sigich upabx
gure] 1A A& S
9 A w7 7 E A

= =
55 & # 30s

whEbA] G
AL o] &3k
S FAlol gt
A Aget FAole) ¥ :

Fig. 5= HPST Ao = TiN-M &2]1te]
2El gl M FAFNE ZA Aot TIN-M
Bguke] 79 Yoichiro Shimposol” &) A%
Pd-Ag ¥4 2 A Feutic) 58 257 54

ko
ro,

e 1o

o onS of R

e 2
oo omome e ox (B

K
o
5

©

o)
)

T

[o

.

° o
=
ol

L,

e+
oo g
4

1o
o ox ol
Mo

=)
2
BN
il
o
:?L

[0
o,
e
ot
)
ng
T
o4

]I.?l_',

i ox ﬂ S,
ofo

ok
oL

1}

_0|L
=
w2

5 ol
N oo

e, i

o
=
2,
M
o
=
2

o

2,

o
]
o,

a3 YL o Yol FAFR L o FA
o MgAA welurt golsh) Wi 1 Az

673K 573K 473K
1E-6 I
B TiN-Co under 0.2MPa
& @ TiN-Ni under 0.2MPa
:g“j - A PdAg[7]
2}
£ e
E S~
E \\\\\\
S IETE .
i
[}
i U [ P -
bl AL
1E-8 1 1 !
14 16 18 20 22
1000/T[K ]

Fig. 5 Arrhenius plot of the hydrogen permeability as function
of inversed temperature.
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TIN-M(M=Co, Ni)

Table 1 The calculated enthalpy (AH) and entropy (AS) of
TiN-M membrane.

AH AS

TiN-Co -186.59(J/mol) -71.55(J/mol)

TiN-Ni

-41.89(kJ/mol) 57.58(J/mol)
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