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Table 1. Properties of various fuel gas.

2}sho 1 %] S P =] A At E SRR
(107°)) (cm/s) () (%)
T 2 291 585 13-59
| gk 33 37 537 6.3-14
2 30 43 450 2.2-9.5
6
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D Knudsen &%t (Knudsen diffusion)
ZNA el B A AE (N7F Fo] 71Ea7] (el HlE) o

)
o
1A 2AEY] AATES FAE ¢ e AER FE v, 7

B A BAE o] EEo] AujAolth o] A% AL AT

St A o] F3A H+d o]d EES Knudsen % T AHE

(free molecular flow)o]&tar gtth, A utk4 © & Knudsen number (NKn=A/r)

7 olnd A4S wels oA fE4el AwpHelm 10 o4

Knudsen f&°] A ujz el HtHo] o]5 F7F WA= F 714 5 E

o of +=

Aol Z&3te] Hold % (transition flow)e] dojdttz & 5 gt}
Knudsen f+&°l &3 7[A9 H +AE5E V [m/sle 4 (DY 2ol 714
T M Aol wkvj sty ol sk w7ty Fod ogk 7| AT Fik,

= 2 @9t ok

V= (B M)
Py, = 8r(P, Pz)lﬁi ________________ (2)
3L(27MRT)?

Knudsen r&°l o§ T35S et s dds THst= A &
B2 Frtstnz F3Es 4Ea (P, -P)E Uwe FHE&S 7He & o E
of FastA dAS e ZA HARE X tisiAe= JTol W EHA
frh vk ZEElure] 7]Feo]l AAY wde] EAEtY HAARFEo dojd
AeollE Jtelle bge] F4F% FHE EI FMEnE EE9e 5

_10_

Collection @ sungshin



e
o
rlo
2
lo,
4
g
i
Ry
Ho
-
il
il
1%
o
rlr
N
M
o
fr
>
ofo
i
-
%0,
s

3L(27TMRT)%
o] Ed71A9 A% Knudsen Ol AIF ok, (Knudsen ideal
separation factor)= T3} o] 7]A|ExZ v o] AFLoz YeEo] A
T oRem, 7k E 714 BEA AL A vle) ¢ @y s FistEw
NA &= BAE Aol7F S5 o] HIHFA o7 w2 EHEES
71t g = Qv
Ak (ap) = VMy/M, ———————————————————— (4)

@ EAAREE (Molecular sieving)

Ba ojzute] 7)FgAv|7F By AER ZolxA HA E3 Ho 9
© 2AE T e RTIEY & A AdHS S3ehA XEA Ha #e
YA FoHel A8 FadASS dEiA @ wEb A =27 Aol

THES BHT F don & wet A Fage EHEss 7

=l
e = v ol ZAAZY MAUEE e 7 e =E2Es A

A

=

@ &3 A (Solution diffusion)
L3 gt ws AAR sto] v dFo dAHI dHAe AR A
=9 71A7E 9 FHAA S FH 9 Fa SAkEa, A

Wolq A BAE gFHE dgow tgw g w

I -
o e
T
T
K H
.
=2
ke

L
fru
o
i
_1

5
&
Q

@

1) 2= 9 gioA 714 Ex7F 2 (Absorption)

2) 1S 9 xHo v Y A A9 &3] (Solution)

_11_

Collection @ sungshin



3) &ald 1A AT = W] ARy S Tl F4E (Diffusion)
4) AdS = Filol el GalzHH 71A7F o2 (Release)

5 A= 9 mHdA 1A EAZ ©3F (Desorption)

s
=2
o
m
=|
_0|L
s
4
[0
o
Ny
lo,
off
ki
g
=
4
AC
=
T
=2
1o
-
N,
il
kv
)
=

ot} wroF gdlY A QAU A Bk A wEA H 3 A o
A=A A (2)o A9t o] CyxE Sievert's €98t AARFEH 2o $=w

of gt w40 dHol BA .

h
i
o

Wz ool FHe Fael FHA5E e

z,
\
g
[N}
I3
[
|
|
|
|
|
|
|
|
R
&£

T3 7149 AYAH  F3A (permselectivity)S 2] Al 4= (separation

factor)E Sret™ ol= 54 koA =T 1A T3 A vz A

FEgelA e fa goES REGL Fhel FEd Y

o
2

(o]
[d
fru
.

_12_

Collection @ sungshin



s

5 el A 9
o5

3}
=

of uwEth

t}. Hurlbert [14] Sl

]

pas
&

o Aol M

(bulk diffusion)®] €<% A wjdA 7 =,
1

0]
pul

=
T

A

o]

e (4)

(?ut)
t}+= Sievert W

}

0]
pul

-P

n
mn

u] 2]
A sk

QP

=
L

A B 2
g5 2o FA7F 20 m o)

a3

2

Ao deA S=dH oA 7]

k1PN

=

]

o17lel M 1y = & &9 2&(hydrogen permeation flux), Q

Al %= (hydrogen permeability), 1
D%

HAa

T2t

Z

iR

)

0

)

o
B

ZE

A o]t fa ol

[e)

=

Lol 7p7bs2 gk

= ol

F A 7Y

kA
= L

3

&

qEedS L+ (151

il 7k
|20l 9

o

Nfo

olo
T

B/
B

_1!
.F_H

L2 e S =

.

o ¢

=
=]

o

]_O

=]
gl

wyl

147k o e}

)

g

el

&

%

=
R

RS,

I

=

t& % grain boundary §-3 #&°] AFS=E <l

>

}7] Bt} grain surface
s

°

7}

grain size”}

=
T

)

grain sizeZ 3zt

B

o

nano-size scale® A%

[e)

= o
=2 =

2-9] grain

a} ol
b

ZebE

970 Aot apepA
5 ant 5],

=

sk

Collection @ sungshin



Knudsen diffusion Molecular sieving Solution diffusion

E— —_—

Retentate flow Retentate flow
o o
® °
H @ o o ®
o
] o
Permeate * !
Permeate flow Permeate flow
Size exclusion Solubility difference

Fig. 1. Separation/diffusion mechanisms of membranes according to pore

sizes.
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Fig. 2. Solution diffusion mechanism through metal membrane.
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Baverite Aging Gibbsite _Formula:
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Fig. 3. Schematic representation of formation of various Al:Os-hydrate.
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Table 2. Starting materials for experiments.

Starting materials | Chemical formular | M.W. |Purity (%) Source
Aluminum
AI(C3H70)3 204.25 98 Aldrich
1sopropoxide
Copper (II) nitrate
Cu(NO3)2-2.5H,0 1232.59 98 Aldrich
hemi(pentahydrate)
Zinc (II) nitrate
Zn(NOs), - 6HO |297.47 99 Duksan
hexahydrate
Cobalt Co 58933 99up Kojundo
Nickel Ni 58.69 99.9 Kojundo
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Fig. 4. Schematic of the experimental equipments for hydrogen permeation.
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Fig. 5. Flow chart of experimental procedures.
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Fig. 6. Flow chart of experimental procedures.
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Fig. 7. TG-DTA curves of Al:Os powder derived by the sol-gel process.
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Fig. 8. TG-DTA curves of ACZ powder derived by the sol-gel process.
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Fig. 9. XRD patterns of the AlbO3 powder at various temperatures.
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Fig. 10. XRD patterns of the ACZ powder at various temperatures.
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Fig. 11. XRD patterns of the ACZ powders at 1400 C in air (a) and 1400
T in vacuum (b). (CuAl:O4, ZnAl:Osy; = | Cu; )
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Table 3. Standard potential at 298K [55].

Reduction half-reaction E? /V
AlY + 3¢ — Al -1.66
Zn”" + 2 — Zn -0.76
Co™ + 2 — Co -0.28
Cu” + 2 — Cu +0.34

o -
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Fig. 12. “"Al MAS NMR spectra of the ALQOs; at various temperatures.

(six—-coordination; *, four—-coordination; #, SSB; spin side band)
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Fig. 13. TAl MAS NMR spectra of the ACZ at various temperatures.

(six—-coordination; *, four—-coordination; #, SSB; spin side band)
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Fig. 14. Surface area of the AlO3 and ACZ powders at various

temperatures.
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Fig. 15. FE-SEM micrographs of the AlOs powders heat-treated at 500 C
(a), 700 T (b), 1200 T (c) and 1400 C (d).
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Fig. 16. FE-SEM micrographs of the ACZ powders heat-treated at 500 C
(a), 700 T (b), 1200 T (c) and 1400 C (d).
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Fig. 17. XRD patterns of the AlLOs/Co (a) and Al:O3y/Ni (b) powders

following the mechanical alloying process. (Co; v, Ni; v)
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Fig. 18. XRD patterns of the AlO3/Co (a) and Al:O3/Ni (b) composite

membranes. (Co; v, Ni; v)
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Fig. 19. XRD patterns of the ACZ/Co powder following mechanical alloying
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Fig. 20. An Ellingham diagram for the reduction of metal oxides [60].
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Fig. 21. FE-SEM micrographs of the Al:O3/Co composite membrane:
surface(x10k) (a), surface(x50k) (b), cross section(x10k) (c) and cross

section(x50k).
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Fig. 22. FE-SEM micrographs of the AlO3/Co composite membrane:
surface(x10k) (a), surface(x50k) (b), cross section(x10k) (c) and cross

section(x50k).
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Table 4. Coefficient of thermal expansion [64].

10°/C
Material
High Low
Nickel and its alloys 1.7 1.2
Cobalt 1.2 -
Al203 0.7 0.6
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Fig. 23. FE-SEM micrographs of the ACZ/Co composite membrane:

surface (a) and (b) cross section.
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Fig. 24. Hydrogen permeation rates through AlO3/Co (a) and AlO3/Ni (b)

composite membrane at various temperatures and pressures.
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Fig. 25. Van 't Hoff plots of the hydrogen permeation rates of Al:O3s/Co

(a) and Al:O3/Ni composite membrane.
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Fig. 26. Hydrogen permeation rate (a) and Van 't Hoff plot (b) through the
ACZ/Co composite membrane.
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Abstract

Evaluation of hydrogen permeation and preparation on Al:Os,

Al1,03-Cu0O-Zn0O/Co, Ni composite membrane

Jihee Park
Department of Chemistry
Graduate School of

Sungshin Women's University

Hydrogen has attracted clean energy media as high—quality and renewed
energy source in recent years. On the one hand, a ceramic catalyst and/or
catalyst support such as AlOs; has often preferred choice due to their
specific properties such as thermal stability and high surface area. The
AlOs and AlO3-CuO-ZnO was synthesized by using the sol-gel process
with aluminum isopropoxide and primary distilled water as the precursor
and solvent. In this synthesized process, metal oxides caused to precursors
such as copper and zinc nitrate were added. To prepare membranes, cobalt
and nickel metal powders were used to increase the strength and
durability. The composite membranes were produced using hot press
sintering for consolidation of powders following reactively mechanical
alloying process. The -characterizations of the synthesized powders and
composige membranes were measured TG-DTA, XRD, “TAl MAS-NMR,
BET and FE-SEM. Hydrogen permeation evaluations were examined at

various temperatures under increasing pressure. Hydrogen permeation flux
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through AlO3/Co, AlO3/Ni and ACZ/Co composite membranes was
obtained to 2.36, 0.374 and 0.18 mol m > s respectively. Reaction
enthalpy was calculated to 4.5, 2.7 and 1.8 kJ/mol using a Van't Hoff

plot.
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