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Abstract: The alumina hollow fiber membranes were prepared by spinning and sintering a polymer solution containing
suspended alumina powders. For determine pore structure of hollow fiber membranes formed by different solvent-nonsolvent
interaction rate, dimethylsulfoxide (DMSO), dimethylacetamide (DMAc), triethylphosphite (TEP) were prepared in dope sol-
ution by solvent, polyethersulfone (PESf) and polyvinylpyrrolidone (PVP) were used as a polymer binder and additive. The
pore structure of hollow fiber membranes was characterized using scanning electron microscope (SEM). The alumina hollow
fiber membranes prepared by DMSO, DMAc were had the asymmetric structure mixed sponge-like and finger-like morphol-
ogy, while TEP solvent were had single sponge-like structure. The prepared hollow fiber membranes were analyzed gas per-
meation and mechanical strength experiment also. The hollow fiber membrane having single sponge-like structure was had
high gas permeation performance. On the contrary to this, more finger-like morphology was less gas permeation
performance.

Keywords: alumina, ceramic membrane, pore structure, hollow fiber membrane, gas permeation
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Fig. 1. Fabrication mechanism of membrane pore structure.

= 7|2 722 Aostnat L AsAE £
02 Al 7HA S AFgste] FFAMGS Az
o, SEM 24<& E3) g wel wslsls 7]1
s i—}%%}%‘ﬂ}. 2 e NAERE, ABE,
AAR=E 374 Hom 713 724 BE 54 Hiz‘z}

—|—'

[e]

o
TEE Fig. 13} 20| Svj-vl 8] 45 4o
HAc) B340 2 Luj-ufujE WE AE
2’4 FZ(finger like morphology)7} 3/ =1, t
745 87 TZ(sponge like morphology)7t %73
[21]. & AFAE Bl &uje} 3ol e Luj
At 71 FER7F OB FFALS Az,
545 HrbstAh

|

Membr. J. Vol. 26, No. 3, 2016



214 Jin Woong Che + Hong Joo Lee - Jung Hoon Park

Table 1. Dope Solution Composition and Extrusion Condition

A B C
Dope solution Composition
Solvent type dimethylsulfoxide dimethylacetamide triethylphosphite
Solvent (g) 201 201 201
PESf (g) 36 36 36
ALO; (g) 360 360 360
PVP (g) 3 3 6
Extrusion condition
Dope solution temperature (°C) 20
Coagulant temperature (°C) 20
Air gap (cm) 10 10 10
Inner coagulant rate (ml/min) 10 10 5
Extrusion Pressure (N, bar) 1 1 2

| Solvent || PESf || ALO; || PVP |
| 1 1 ]
| Dope solution'stiring (36 hr) ‘
<

| Degas (1 hr) ‘
I

| Spinning |

!

| Phase inversion |

!

| Washing ‘
T

| Drying (120°C, 24 hr) |
=

| Sintering (1300 C) \

Fg. 2. Process of alumina hollow fiber membrane fabrication.
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+ dimethylsulfoxide (DMSO, 99.8%, Samchun Pure
Chemical CO., LTD, Korea), dimethylacetamide (DMAc,
99.5%, Samchun Pure Chemical CO., LTD, Korea),
triethylphosphite (TEP, 99%, Junsei Chemical Co., Ltd,
Japan)E A8} o™, 1EA vIIHEE polyether-
sulfone (PEST, Ultrason” E6020P, BASF, Germany)E
A3 T Keeracelll Al 0.5 um Ato] 29 &Fru
AHE TS T ARRstEloH, AT WA S A

o Twa=
Z317] $18ll A7FA polyvinylpyrrolidone (PVP, Sigma
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Pressure gage
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Bubble flow meter

Fig. 3. Schematic of gas permeation measuring equipment.
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Fig. 4. SEM image of alumina hollow fiber membrane.
(A), (B) hollow fiber membrane prepared by DMSO, (C),
(D) hollow fiber membrane prepared by DMAc, (E), (F)
hollow fiber membrane prepared by TEP.

2 FFete 9 ¥(shell side)E FHAZOH, Tt
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Table 2. Solubility Parameter of Solvent and Water

Hong Joo Lee - Jung Hoon Park

54 (MPa'?) §, (MPa'?) 5n (MPa'?) St (MPa'?)
DMSO 18.4 16.4 10.2 26.7
DMAc 16.8 11.5 10.2 22.7
TEP 15.7 10.5 10.2 21.46
Water 15.6 16.0 423 47.8
TEE A F AUt o 0g, 0p 0w 22 wAFE I(dispersion component),
=/ &3 (polar component), T4&Z2Y & I(hydrogen
16 SRT bonding component)E WFY3SH= solubility parameter
o e O o, o obae B Avsenis)
¢ _ SuiTh ©) b= VTt 8+ 6 ®)
P L
Hlguel 3 7pd & HEE s ‘/}E}‘é T e T
A Ae o] gstd Al A FEAELY ZHIEE 2 2% EF} parameter - 1028 BT M, 2
718 4715 Adstel wlasteth AT} parameter @t ©]-&3te £ TS AT
4= . DMSO, DMAc, TEP 2.2 & FA a3} pa-
2.4, 714N 4z &4 rameter %)\-g 7};1131’ HI%UHC’] 23} ;o:§]_x4o] AA W
HAAl =] A o] Fo| FEAl THEAYE FF R I NPAR R S 41\__\1:_7} 02 gn= /\}%o}oq A
Atgto]l AAA Aok AR E A E FIALY AEE Z% F3ALe BHo SEM BAATE Fig 49 U
o8 Aol o adel G5 WG AVIH A= 5 gygin. Fig 4. (0)2 DMSO vl A3l A
A& Bt 71F 7o ©E A5 EAS EHS AT 28§ 2o dHol, WA 2 AL 7k 2320,
LEvI A AEE SAE] A AHE 1630 um= oW A& T3l AZsATh FFA UF
AX Z= =4 ZX|(Microtester, Instron E1000, USA) o= 2 A4 27} FAET 9B WAt }_7]_ =
o sty ¥ AEE SAHSAT EyvY | A= Aol Hgy 7122 2=th DMSO LU Al43
(0= oFdl A2 AT 5 SInH24] 3 wApo] Wig Aol ofs) whaA o)t o OM
N7 (air gap)= TH3H7] A FEEY AN F2E F
oy o Em L Dy A AAZ Aoz BT Fig. 4.(c), (d)= DMAc £v2
™ (D= D) AzF FTEG FEALY GHoln, 97 8 WHe
Z¥ZF 1700, 920 pmO] ATk T3 AR TEAA Wi gl
A71A F, & ool A welttel hEHE € gne) mE A4 727l 49T 7 Aold By 7
o] IM)olH, L& E=e A Aol(m), D&t D; z7F 45Ut DMAc €& A8 4§ doqRl S
T A WA A2 e, AdEA QR gao] U R-guAel o3 FHol o
of YR A4 FxE Ao, Fxol7t HA
3. 2ot « & e 9o Aol oojS A R-F A 9
3 o7t doju} 978 A 25 P43 oR
3.1. B3MY 713 7= 24 R
Hgujel Js g L5 43T F e & 2 DMSO$%} DMAc T3AES 2 243 WAZA
1|81 2] solubility parameterdk-& Table 20 EAI3H4 02 Az3gort AT 940 tE AL & 4 9]
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Table 3. Hollow Fiber Membrane Pore Property

DMSO DMAc TEP
Outer diameter 2.32 1.70 1.73
Inner diameter 1.63 0.92 1.03
Pore size (um) 0.1836 0.1608 0.2452
Surface Porosity (m'l) 2893 4791 1961
Porosity (%) 58.9 57.8 63.9
“ ", pwso 7FA = TEP $vl& Az SFvy FF3AY 71F
£ of & DMAc EE 39%E A T2E MAE EFEY F3A
- TEP . - -
E - =8 of W3l ¥& 71FEE UEPAT, DMSO &7l A%
—_— 9 - -
g - 3 FFAEY] 1FEE 58.9%E DMAc 42 A%
s ] R F FEAel vig EA SA=EAH, YR Ad)
S e e
x 710 ° AR F22 8 L TES ZE A0R B,
8
= ©1
[
E I 3.3. 718 #=o| mE 7|MFot §4
o 5 '_/{——v——ﬁ_* ~ _
2 7 F3AT st 24 AFIE A3E
O 4

T T T T T T T 1
15000 20000 25000 30000 35000 40000 45000 50000 55000

Mean pressure (Pa)

Fig. 5. Gas permeation of alumina hollow fiber membrane.
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OH

[‘
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Fig. 59 =AgtGl o, 7|4 3= Hole & ngos
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Hmi 713 74 ou:] DMAc _Q_HHE_ )\].9_5]. Z:v_/\]_ul-_o/]
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Table 4. Mechanical Strength and Porosity of Alumina Hollow Fiber Membrane

DMSO DMAc TEP

Bending strength (MPa) 54.67 48.03 30.01
3.4. 714N 4= X FESAAAE A F27F 2D T3] w2
FTEAT BAE 54 AAS Table 40 =ASHGT ZAEE BYow, Arlgel B dTE FFALE

DMSO & & A3 S3AH S I7 =71 54.67 MPa e x EAS AT

2 713 71om, DMAcgWE AHES A9 48.03 & A7 71E TR BE e Az e Al
MPa, TEP €7 & AH83F 4 $-+= 30.01 MPaZ2 713 & Nstgon, 713 Fzd wet oy EAo] W= A
At Azt FEAHY ARE SALS As 54 : Al

ANZgo] glo] sk, AU F2E Zte FFA
HIFE 2 45 54S YeRd. DMSO €&
AT FEALL o g3 &L 7|E A7
2 gE T3 v Ade 25 de As ¢
T en, B2 JAA AEE Y. B2 BT
ZQl TEP W& Az FIALS & 718 279
F VFER AWEA X FRE AT, ¢ 7
AX A= EA4S YeEldt DMAc €12 Az F
FAES 71F Z7]E DMSOE A% F3Aeo] H
3 Zoy o FWI/|EZEE DMSOE AZd FEA
TR W 7AA RS Uit

4.2 B
vl gujol 45AE 271 OE g ol&d 7T
Aol TS AzdRA o, FIAL
M2 BAste] 2 gujd mE 713 7=

Nk do ft o
w2
e

U R LY
N e BN
o

RS
DMAc &M1& AH&E 45
Ezﬂ L}zi ﬂl—_ Z.T'_}\].D]-o] zﬂ}_g} S\)i]:]' DMSO Q_UH

& A8 4§ DMAcel HIs| iAoz wE Aol
7b doju Wil & X]*J TE7F A H N, DMAC
o A% U R 9% BE A F27h e,

NAFERER, 71¥E 34E T3 71E 72 ©E

N3 54e nBAAG. B PRI IR TEP §
M AzS FFAGY JAEREE 50 kPaclH 2
Mg Ee AARHEHS deith ool wal A4
F27t YHEFE A7l Fohee] Be AR
54 2olv], DMSO § 30 A= 334

Mgl 2 26 @ A 3 F, 2016

{i E%% 20149 % w2 srRo PO (A))
A3 9 AgaFATAE e Ade i
TJYth(No. 2014M1A8A1049314).
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