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Abstract — Porous alumina membranes were prepared by anodic oxidation using DC power supply of constant current
mode in an aqueous solution of sulfuric acid. The aluminum metal plate was pretreated with thermal oxidation, chemical
polishing and electropolishing before anodic oxidation. Membrane thickness, pore size and distribution were examined
with several anodizing conditions; reaction temperature, cumulative charge, electrolyte concentration and current density.
Scanning electron microscopy was used to determine pore size, pore density and membrane thickness. The pore size and
thickness of membrane were dependent on the cumulative charge, the reaction temperature, the current density and the con-
centration of sulfuric acid. The membrane pores obtained uniformly had almost straight cylindrical forms having average
pore diameter of 20-40 nm and thickness of 30-60 um.
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Fig. 1. Schematic diagram of experimental procedure.
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Fig. 2. Experimental apparatus for anodic oxidation system.
1. Refrig. bath circulator 4. Cathode(Ti)
2. Reactor 5. Anode(Al)

3. D.C. power supply 6. A. V.R.
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Table 2. Surface roughness according to pretreatment process

Non Thermal Chemical Electrochemical
Pretreatment " Compressing .. . o o
eated oxidation polishing polishing
Roughness 0.17 0.17 0.65 0.23 0.05
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Fig. 3. SEM photograph of alumina membrane at various temper-
ature.
[Conc. : 15 wi%, Currunt density : 20 mA/cm’, Cumulative charge :
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[Temp. : 0 °C, Electrolyte conc. : 5 wt%, Current density : 5 mA/cm’]

barrier-2] w7} ol ol AbshEe] FA7) 7
Ashge] £ ool B GAgoe A5 dsk



FFastel 1% chpa BRI e Az 657

45
—@— Swt%
40 —— 10 wt%
—a&—- 15 wt%
—¥— 20 wt%
35

Pore Diameter[nm]
v
<
|

20

15 T v T
0 10 20 30

Current Density[rnA/cmz]
Fig. 6. Pore diameter vs. current density at various electrolyte con-

centration.
[Temp. : 0 °C, Cumulative charge : 1,000 C]

& 5] el AdFe AFdAde] st o] Lx Ak
18RS, 2o A A #8437k Sehg
&
2

3

7kt AbshEe] g3l vl % = DAt ol e A4k
efste] porousFo] AR Hed FUR Fx A AR
=7} V85 AR AFEE ool oA, 257} Hel 4
tod Aafele] Do) g FrhebA ot whebx] AT 2
Al BHAdEE Zlolrt. g 5 = 2o AFLEr}t Fo1
ol et o] 2AE Aprt Zrhste] Fatahibg 27l Ak3} e
A&7} Z71e 2 A bamierdS TR A7) B4 A
St Ay apole} o] 238 FAA HAdste] Hste Ao A
Al ek 3, Fabdeene] Ferh Swi%e] A EEellA AR
7kt A5 Aol ARl Ade] dedl ol AEE 2764
FHEZF G 51 wh-A)zYe] Ao AAAE el 2l A1z A
Aol ezwlo] AlF FHoR Fai7t dofut AlFHh Ao
A7) dEo Y=

%2 9 ofy

ofy

n S o Mt oto

3-5. MY =0 HE

Fig 7& 1713 1000C, Ashels] £2 0°Colq 2 HFas 3
A A Fue) whE AFAAE B4R Hold). Fig.
Hhs} o] AR, AARLE 24L AT 2 AFUEeIA B4
Aalae) FErk 10w 23604 AFAAE A1 20, o] B
o1gel it Asjels) s} BIRSE 0
st glth. ol FAR AFUE & FAdg
4 AldAe) FErt F7105E Aalde] e fajde) 2z 2
719 S barrierZo] ARhE 0.2 gol 2] WalHto] 7
sl Heh weby #4 delde] o) 21eeE o e AT
O R L EERE ER DL ERLE EEE MRS
7t g ATUEE AR5 oleh B, A e A5
b FEHE Ao b 2

Al
R
e
P
to
e
r
o X2
l
=
o
rr

N
ot
‘H
S
=]
)
h
o2
J
[
)
rE
oo
i (e3

40
—®— 5mA/cm®
—8— 10 mA/em’
35 —&-- 20 mA/em’
f\ —¥— 30 mA/cm’

Pore Diameter{nm]
3
|

[
G
|

20 1 T T 1
0 5 10 15 20 25
Electrolyte Concentration[wt%]

Fig. 7. Pore diameter vs. electrolyte concentration at various current
density.
[Temp. : 0 °C, Cumulative charge : 1,000 C]

o] % 2 ICPE ¥Aslod Fig. 8ol YJehigich. Fig. 8ol o 4=
Q)= whe} 2o Ao vl Z7|beEE Aol Fo) et
o]-2-& Z7IstaL slo, ARUEI) F&FF A Aoy Fof o
Fulu o] -2 Z7lsla gt} 53] AFUE SmA/m™] A Fx
o] W ofgke] =A et glr}. ol U AFUEE FFA)
5 JE A9 ubsAIzke] AAH o2 Pl Asol Fof whe) x
ZEA|7ko] Aoy g8)7} o] dojytr] dolch.

L

b Asjd oz FFastel ofa) Al=E &Rold el AHT
2% 2] A5te] XRD 24 A% A3t $449) G5
& st on, Axd Be] J¥-E Hsl7] s8] FIR 24
o

43 A2 Fig. 9ol vhebligict. Fig. 9of) viehd nhe} o] 1,150

70
—®— 5mA/cm’
g —&— 10 mA/em’
g 60 -| | —A—- 20 mA/cm?
g ~¥— 30 mA/cm®
=
«
i1
5
g 50
<
5]
@]
= |
:é/ 40 M——
) " A —4
v‘“‘——v_‘_\\‘////
-
30 T T T T
0 S 10 15 20 25

Electrolyte Concentration[wt%]

Fig. 8. Ion concentration vs. electrolyte concentration at various cur-
rent density.
[Temp. : 0 °C, Cumulative charge : 1,000 C]

HWAHAK KONGHAK Vol. 36, No. §, October, 1998



658

% Transmittance
1.

T T T T
1000
Wave Number [cm™]

1500

Fig. 9. FT-IR spectra of alumina membrane.

cm ' F-Zol A okt Al-0 A&} 550-850cm ol 4] 7}E Al-0 A g
(750cm™" B-Z-ollA] tetrahedral Al-O bond, 550cm™’ ¥-Zol|A] oc-
tahedral Al-O bond) 54 peak& Wo]ir gt} o] A8} odF=}H[14]
o 218k ALO:®] FT-IR ¥4 Awle} Yx)3kw Qe #o2 Hol oF

F4sto] ol A2 Absiere] QR Rulele & 4 Sk

3-7. 89| £ U JIEHP=

Fig. 102 Asole] &% 0°C, 34k As)d 9] 55 20 wi%, A7
% 20mA/cm’, A7) 1,000Ce 2702 ofkZA1slE sisle] A%
| obFoig 2he] S vhehdl SEM ARzlelt}. Fig. 10(a)olA] b
e wiof zro] o] s} FA|7} wl-¢ FURE vlo] FAIHS o
4 em, Fig 10b)y= oha3 9] oa-g ojste] mel Aoz
AAA Q) AlFTFz7) A wdE o] ]88 gl 4 9ot

Fig. 112 1,000Ce} A7)z FFASE 3 74 £ ol
Al B3 A FER7M AFLEE 250 wpE T} 2
2] FAE vlxe AHAZ Hade] L7} Zo1e) o} Sags
7} F7hete] A" AR e T4 7} dA s gholds & 5
AUtk ol L2t FE4E sG] 23 o2l L)
A-go] dato] mrio] £A1E olo] AT HAT 4 ¢le-e
A F1 E-& AT gl w3 AFUET} F2SE o]
o7} =i A Abslete} A& e E3bE ] AHFUEANA Al
2.2 uhgAI7be] AH o2 Zojxf Asfelel] o7 a7}t go] o
oi} who] gholx]= A o2 AL}

Fig. 12 "sfle} 2% 0°C, 34k AslA e BT 15wi%, 452
5 SmA/em’, A7)2k 1,000 Ce) 27 02 FFAeHE o] Az
dFuit wke] WS vjehd SEM ARxlelt}. Fig 12(a)ellA] M=
nhe} ro] ak=akalA] 2710 AAJE barrier 5] ¢ AlFte] )
2] oo n], 873 vl (Keller model)®} -§-A}8)F 2to] A< o
At} Fig. 12(b)y= 34t Alef ol o}F4ksbA] WA barrier 2+
ditgg-f o o F-9] ohFopg whe] Apzlo]r}.

2 d7elxe 2 Aslzdel whE AT} AEUEE Table 3
off etigdet. v 57} Foblof wlat, A -L12ol|A] 34t A4
He] F=r} molalol e} Haelol] 2§ a)atgo] hilse] T
el Alge] £4hg ol vhgA 2hozaie) o] go] ofa] g, wke
25 10 CellA] Bz nie} 2ol Asfale] Fxrl o AFHr s

I

do 4 o

slst2st 36 H|5S 19984 108

taky

No. 153 1SkVU 8.5um x30,680

(b)

Fig. 10. SEM photograph of alumina membrane cross-section.
[Temp. :0 °C, Electrolyte conc.:20wt%, Current density : 20 mA
fem®, Cumulative charge : 1,000 C]

60
10 wt%
50
40

30

20

15 wt% 20 wt%

50

40

Membrane thickness [zm]

30

20

—

| 2= o

20 30 0 10
Current density [mA/cm2]

20

Fig. 11. Membrane thickness vs. current density.
[Cumulative charge : 1,000 C]



o
3
b
—E“
)
lo

(a) Barrier layer

Fig. 12. SEM photograph of back side of alumina membrane.
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(b) Dissolved barrier layer

Temp. : 0 °C. Electrolyte conc. : 15 wt%, Current density : 5 mA/cm’, Cumulative charge : 1,000 C
P ) y

Table 3. Pore diameter and pore density according to experimental condition

Temp.[C] 20 10 0
Conc. [wi%] Current der}sity Pore densi}y Pore diameter Pore densi}y Pore diameter Pore densi}y Pore diameter
[mA/em’] [peace/cm’) [nm] [peace/cm’] [nm] [peace/cm’) [nm]

5 5 9.2%10" 20 2.1x10% 38 2.4x%10" 37
10 3.8x 10" 33.3 3.7% 10" 30.8 3.2x 10" 31

20 43%x 10" 30.8 3.9% 10" 29.2 5.9%10" 22

30 4.6x 10" 31 3.8x10" 32.6 3.8%10" 23

10 3 - - . - 4.0x 10" 31
10 - - 3.4x10" 30.8 5.4x 10" 31

20 - - 3.6x10° 30.8 40%10" 34

30 - - 4.1x10"° 30.8 3.5%10" 31

15 5 - - - - 5.0x10" 22
10 - - - - 3.6x10"° 26

20 - - 4.7%10" 28 3.9x%10" 29

30 - - - - 38x10" 30

20 35 - - - - 55%x10" 23
10 - - - - 3.5%x10" 24

20 - - - - 55%x10" 24

30 - - - - 4.8x%10" 24

*-: The pores were not seen by surface dissolution.
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