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Table 1. The main structural types of aluminum oxides and hydroxides

[16].

Formula Name Idealized structure
hecp O with Al in two-thirds of the
a-Al:O3 Corundum .
octahedral sites
hcp O (OH) with chains of octahedral
a-AlO(OH) Dispore stacked in layers interconnected with H
bonds, and Al in certain octahedral sites
_ hecp (OH) with Al in two-thirds of the
a-Al(OH)3 Bayrite )
octahedral sites
ccp O defect spinel with Al in 21l of
v—AlO3 - 3

the 16 octahedral and 8 tetrahedral sites
ccp O (OH) within layers: details

y—-AlO(OH) Boehmite

uncertain
ccp OH within layers of edge—shared
y—Al(OH)3 Gibbsite Al(OH)s:  octahedral stacked vertically

via H bonds
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Table 2. Some advantages and disadvantages of the sol-gel method [21].

Advantages Disadvantages
High purity High cost of raw materials
New non-crystalline solid Large shrinkage during processing

Highly homogeneous . .
) Long processing time
multicomponent gels and glasses

Micro—controllable stucture Residual hydroxyl

Much lower processing )
Residual carbon
temperature

Near net shape casting Residual fine pores
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Table 3. Starting materials for experiments.

Starting materials | Chemical formular | M.W. |Purity(%) Source
Aluminum
Al(C3H70)3 204.25 98 Aldrich
1sopropoxide
Copper (II) nitrate
Cu(NO3)2-2.5H0 |232.59 98 Aldrich
hemi(pentahydrate)
Zinc (II) nitrate
Zn(NO3); - 6H.O |297.47 99 Aldrich
hexahydrate
Cobalt Co 58.933| 99up Kojundo
Sorbitan
(Z)-mono-9-octadec Co4H4406 428.62 Aldrich
enoate (Span &80)
Headecyltrimethyl
36404
ammomnium Ci9H42BrN 98up Aldrich
5

bromide (CTAB)




(2) 47171

% 44 (TG/DTA) 54

T BEe =AWkl o3 AjHe] TR B dFREel e dolaA

S ®4387] fs8ted TG-DTA (Thermogravimetry-Differential Thermal
Analysis, NETZSCH STA490PC)E A&ttt 4 2702+

ox
%o

ol A
FH 1350 CT7HA] €& 10 C/mino.& &7 FolA 33t

A B o FE g A FxE gdstr] s X-d 3 2
A 7] (X-ray Diffractometer, Bruker D8 Focus)®] detector type< LynxEye,
detectors= PSDZ CuKa, 40 kV, 40 mA, FAFH$ 26 = 10~80° scan

step 0.02° 7F4 02 6°/mind £E=2 43N

=1
=
4 B Rl dAd,

WAL FAL AR

M
e
EK|

L EW 5E gepny] a4 A7)

& v] 7 (Field-Emission Scanning Electron Microscope,

JEOL-JSM 7500F)%. & 7}t 10 ~ 15 kVolA =A3&4

i 5 =) .
o W EHA A
S =]
1:1]-}\3 RN »

wel EAA R /F 278 Lobws] ske] MEWH R

(Brunauer-Emmett-Teller Surface Analyzer, BELSORP-minill )& <A 3}
At

Nk o
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2TA] MAS-NMR =4

S A] o}

stA Bkl Ale]l migAlE Lolr 7] ¢3te] NMR(Nuclear Magnetic



Resonance, Varian NMR System 500 MHz, solid state, A}7]%: 11.74T)
= Spinning Speed: 9~15 kHzol A =74 3} t}.

2FHE F4E 8 AA AL FA FEH FAE ANESIAT
(Fig. 3). 3 2342+ MFC (Mass Flow Controller), 2 x4d4=3],
heat system, T3 AZ FAEHo glow Faao wLoax Ar)r] 3
stainless steel A& 2] 025 inch tubeZ Az ATt AxH ZIAE
TS Ao AR F 2EEES 98] hE® Srell AAsa 1E AFEf ol A
S e A 7] ol WA Ho mwe] At AEE S Al
718k7] $ell 1AZbE S i 91 7] ol A &

of dF Ao s #dS Fsty] Al T

stel  FEte]l ARd AS stdetdt. GC  (Gas  Chromatography,

olat 2 WA

Acme6000, Younglin)& ©o]&ste] Fad FA7|AY w25 AitstArT).
GCHA oA a9 s2F 4 7t2d dihe SHHEY ddE% 29
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Fig. 4. Schematic of the experimental equipments for hydrogen

permeation.



2. AEH
21 &4 44 2 EZ A=x
2.1.1 ACZ with Span 80 or CTAB

L Al(C{H;0)
[ Hydrolysis }
( Cll(NOs)z'stO
HNO, L Zn(NO;), 6H,0
Span80,CTAB
[ Peptization }
[ Boehmite sol }
[ Drying for48h at120 T }
[ Gel powder formation }
Heat treatments & Characterization
(XRD, TG-DTA, FE-SEM, BET, ?A1MAS NMR)

Fig. 5. Schematic diagram of experimental procedures.



(1) ACZz
O ACZ &9 3A4
gA AZE 3 ATAE aluminum isopropoxide 8.17 g (0.05 mol)

A3 T 72 mL (5 moDol H7F dke 80 TellAd 30 & &S &7 Al

Ll

71 % aluminum isopropoxide, copper (II) nitrate hemi(pentahydrate), ~L

4]

2]3 zinc (II) nitrate hexahydrateE Zt2F 8 : 1 : 1 ¢ &H| &= H7} 3
th o] §H4E 3 A BT 2=E A wdk Azl & HNOs; (0.008
| A HES-S P A AT o] &HES 80 TollA
<

102 &b kA7l & gl A

2

mol)& 7hste] AFSuf 38}

oA 24 AZE WREAIA EFHIT & &

5
15 C/min& 2 3ol 500, 700, 900, 1100, 221 1200 T A 1
~ 3 AZ 3 FT] FellA AT v dAEA, BHe AR, 29
A uATEERE ZAE7]) 9)ste] XRD, TG/DTA, BET, FE-SEM %2 “Al
MAS NMR &< °] &3



(2) ACZ with Span 80
D Span 80°] H7td &4 A
Span 80°] #H7l"E ACZE&ENES AFXE 9alA aluminum isopropoxide

817 g (0.05 mo)E 4=t ZH4 72 mL (5 mol)oll H7F do] 80 TolA 30

¥ For 3IF Azl F  aluminum isopropoxide, copper (II) nitrate

hemi(pentahydrate), ~12] 3 zinc (II) nitrate hexahydrateE 22 8 : 1 : 1
of EHl &= H7} gt} o] &dS 3 A7 H REE A S Rk A
2 10 mol% Span 80= 7}slx, 104 %=

e HNO3 (0.008 mol)S 7}
sto] AbEu] 275k A HESS A FH T o]

Qb AL ChA] Aol A 24 AIE WRbAA 259 & A5 A3
o}

St 3 & 8 NS 120 C drying ovenoll A 12A17F S<¢b AxA|A 2

o

Art. AxE A BUS goate mortars o] 83to] w A A A3 T
2 &% 15 T/mino % 3Fe] 500, 700, 900, 1100, 2] a2 1200 T ol A

1
AR B §7) FAA GAe Starh GA5Y, B2 439, 2d

Uoooly

w

a3

oA 22 ZAEH7] 9189 XRD, TG/DTA, BET, FE-SEM % Al
MAS NMR 5& ©o]&3Ft}.



(3) ACZ with Cetyltrimethylammonium bromide (CTAB)

@ CTAB7F #7148 &9 &4

CTAB7} #7719l ACZENS AZE YA aluminum isopropoxide 8.17
g (0.05 mo)E da 7 72 mL (5 molell H7F 3] 80 ColA 30 &
o &F Azl % aluminum isopropoxide, copper (II) nitrate
hemi(pentahydrate), ~12] 3 zinc (II) nitrate hexahydrateE 22 8 : 1 : 1
of EHl&=E H7F gvh o] &9 3 A ot 2EE FASHH wyk Al
% 10 mol% CTABE 7tstil, 1024 %= +*stal HNO3z (0.008 mol)< 7}3}
of AbEu] st A whES XPAZT o] A4S 80 TelA 107+ &<t
ATl

HEAIZL 5 ghA] A 2ol A 24 AR WRbAlA EFEE £ 84S ol

@ CTAB7} @719 B2 &4

ot s £ gAS 120 C drying ovenoll A 24417 < AZxA|AH LS

[*]

ARk AxH A ELS agate mortars ©]§3te] mASHA EH & &
2+ &% 15 C/mino 2 3}e] 500, 700, 900, 1100, &) 3L 1200 C <A

1
3 AIE Fe w7 Tl AAY s AAEA, He A4, 1A

’

oA F2E 2AEH7] 989 XRD, TG/DTA, BET, FE-SEM, “Al MAS
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1. ACZ, ACZ+Span 80 ¥ ACZ+CTAB ¥29 54
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Fig. 6. TG-DTA curves of ACZ gel powder.
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Fig. 9. X-ray diffraction patterns of ACZ powder at various temperature.
( M : CuAlO, JCPDS 01-078-1605 / ZnAl:O4, JCPDS 01-082-1043, @ :
CuO, JCPDS 00-045-0937, A : Cu2(OH)3(NO3) JCPDS 00-015-0014 /
Zn3(OH)4(NO3)2) JCPDS 01-070-1361, a-alumina : alpha alumina, JCPDS
00-046-1212 )
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Fig. 10. X-ray diffraction patterns of ACZ with Span 80 powder at
various temperature.

( M : CuALO4 JCPDS 01-078-1605 / ZnAl:O4, JCPDS 01-082-1043, @ :
CuO, JCPDS 00-045-0937, A : Cu2x(OH)3(NO3) JCPDS 00-015-0014 /
Zn3(OH)4(NO3)2) JCPDS 01-070-1361, a-alumina : alpha alumina, JCPDS
00-046-1212 )
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Fig. 11. X-ray diffraction patterns of ACZ with CTAB powder at
various temperature.

( W : CuALO4 JCPDS 01-078-1605 / ZnAl:O4 JCPDS 01-082-1043, @ :
CuO, JCPDS 00-045-0937, A : Cuz(OH)3(NO3) JCPDS 00-015-0014 /
Zn3(OH)4(NO3)2) JCPDS 01-070-1361, a—alumina : alpha alumina, JCPDS
00-046-1212 )
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Fig. 12. X-ray diffraction patterns of ACZ with Span 80 and CTAB
powders at 400 C and 600 C.

( W : CuALO4 JCPDS 01-078-1605 / ZnAl:O4, JCPDS 01-082-1043, @ :
CuO, JCPDS 00-045-0937 )
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Fig. 18. FE-SEM micrographs of the ACZ with CTAB powder
heat-treated at (a) 500 C (b) 700 C (c) 1200 C.
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membrane.
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Fig. 24. FE-SEM micrographs of the (a) metal Co powder
and (b) milled ACZ/Co powder.
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Fig. 25. FE-SEM micrographs of the ACZ/Co composite membrane:
before the permeability test (a) cross section (b) surface and

after the permeability test (c¢) cross section (b) surface.
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Abstract

Synthesis and Evaluations of Hydrogen Permselectivity on

Al;03-CuO-Zn0O/Co composite membrane

Saet Byol Rim
Department of Chemistry Education
The Graduate School of Education

Sungshin Women’s University

Nowdays, there is an increasing interest in hydrogen because it is
clean and efficient energy source. The most promising methods for high
purity hydrogen production are membranes separation such as polymer,
metal, ceramic and composites. Recent research in cermet materials for
membrane applications has been attracted permeability and selectivity of
hydrogen. High purity hydrogen could be production simple process by
membrane. Al:O3 has received wide attention, with established use as a
catalyst and growing application in structural or functional ceramic
materials. In this work, the ACZ, target materials, were synthesized from
sol-gel process with aluminum isopropoxide, copper (II) nitrate hemi
(pentahydrate) and Zn (II) nitrate hexahydrate, primary distilled water as
precursors. Moreover, the organic additives were added to ACZ to
increase surface area. Cobalt help to hydrogen dissociation and improved
mechanical properties on membrane. Therefore, ACZ-Co composites

membrane were prepared by hot press sintering (HPS). The ACZ



synthesized powders were characterized by Thermo gravimetry-Differen
tialthermal analysis (TG/DTA), X-ray Diffracto meter (XRD),
Field-Emmision  Scanning  Electron  Microscope (FE-SEM). The
ACZ-based membrane was analyzed to porous surface with increased
strength and density because of mixing cobalt. Hydrogen permeability
characterized by Sievert’'s type hydrogen permeation membrane
equipment. Hydrogen permeation flux though ACZ/Co and Pd Coated
ACZ/Co composite membrane was obtained to 0.0496 mol m? st , 0.0776

2 1 .
mol m ° s respectively.



	Ⅰ. 서론
	Ⅱ. 이론적 배경
	1. 알루미나와 전이금속 산화물의 특성
	2. 졸-겔법
	3. 분리막의 종류와 확산기구

	Ⅲ. 실험
	1. 시약 및 분석기기
	2. 실험방법

	Ⅳ. 결과 및 고찰
	1. ACZ, ACZ+Span 80, ACZ+CTAB 분말의 특성
	2. 복합재료 분리막의 특성
	3. 복합재료 분리막의 수소투과 특성 평가

	Ⅴ.결론


