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Abstract: The asymmetric hybrid membranes of polyethersulfone (PES) and ZrO, nanoparticles were prepared via new
one-step procedure combining simultaneously the phase-inversion method and the sol-gel technique. The optimum contents
of Zr(PrO)s and HNOs catalyst were determined by the adsorption experiments of phosphate anion onto the resulting
hybrid membranes. The maximum adsorption of phosphate anion is obtained at the conditions of 0.15 mL Zr(PrO),
addition per 1 mL PES and 30 mL HNO; addition per 1 mL Zr(PrO),. Variation of morphology, performance and
incorporated ZrO, amount of the resulting hybrid membranes were discussed and determined using SEM, pure water flux,
TGA, ICP, XRD and contact angle measurements. Increasing Zr(PrO), addition into casting solution, pure water flux is
increased and ZrO, amount in the hybrid membrane is maximized at the conditions 0.15 mL Zr(PrO)s addition per 1 mL
PES. The prephosphatation of PES-ZrO, hybrid membrane was studied to modify the surface characteristics of membrane.
Ultrafiltration of bovine serum albumin (BSA) solution was performed in a dead-end cell using both a bare
{non-phosphated) and a phosphated hybrid membrane. It is revealed that both the permeate flux and BSA rejection were
increased as about 40% by prephosphatation of hybrid membrane. These results may be explained on the basis of the
increase of membrane hydrophilicity, which was determined from contact angle measurements.

Keywords: hybrid membrane, membrane preparation, phase-inversion method, sol-gel technique, polyethersulfone, ZrO,
nanoparticle
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Fig. 1. System setup for dead-end type ultralfiltration.
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53 2 AT V8 184 & EF 5Y BASFA
o] PESE AH&tHom, §ul2& "= Aldrich AH¢]
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4% ¢ BEF 9 A A A w39 FHE
AR ALH F5 EZAJEE Fluka A9 zirconium
propoxide [70% Zr(PrO); propanol solution]S A}-&3}
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Abe] ZHHNOs)E AHEsh T A E Ajate] ) guj
ZE Milli-RO/Milli-Q" A (v]=, Millipore Co.)ol| A
ALY =58 Agstdt. 42" PES-Zr0, ¥ g
< WY 3 FoF Jgo] LY EFEE v
= SigmaAhe] BSA (fraction V, 96~99% albumin, Mw
= 69,0005 A&3l%TH BSA £99 pHE g e
P GA 2N 488 2AFPT

2.2. steoimt AEER|

PES-ZrO; B =9 &4 FAF(pure water flux,
PWF) £4 7 BSA €4& o2 3 d9jofa 49
of AHg¥ 323 (dead-end type). AT A 2] F4
T & Fig. 19 YRS A8AA ] AA 74 &
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Table 1. Preparation Conditions of PES-ZrO, Hybrid
Membranes

mL HNOymL Zr(PrO);’ mL Zr(PrO)/mL PES"

0
1
5
10
Part I 20 0.1
30
40
50
60
0
0.02
0.05
Part T 30 0.10
0.15
0.20
0.30

* Based on 1 L H,O
**Based on 14 wi% PES/NMP

29 A%z o] slste] z-sgch A4E BHEE
2 W&3 250 mL, & 2HF 145 cm’o] HEE A
Aste a2 AFshdot

2.3, Algdy
2.3.1. PES-ZrO; =8t 2o ®M=x ¥ M Mot =4 2

HA du AP o ZA PES/NMP £9Te Apg3to
Aoz ndE PES =L ARs PWF/}
100 Imh (L/m” - hr) @ 50 Imh7} H& F 717 &9
3 & Az 20 A5 o quidgs 53 14
wt% PES/NMP A|(PWF = 100 Imh)$} 19 wt% PES/
NMP A(PWF = 50 Imh)& 5% 9 Alz9 7|#x12

B AR dudg-e 53 AT 14 2 19 wt%
PES/NMPA Y| Zi(PrO)g H7MNA Azxd Ax" &
AE fEld fol A2EG F Ado] FfEH IR
Wol AAANA Auigs &4 g FA go|e
WHO 2 PES-ZrO, B3 #E AZdAT.

SIZE WollA e dHsE-A w8 Al o9 70,
nPa FAL vgn Fo FrkE A9 Fu)(E
hHel ol G Wtk wekA HA wguje] Hrt
AN HAHY AN FEE AAse A9 Y ET.
HAHo A4 5= AR L Table 19 Part 9 VeI
A3 o] A8 S8 PES/NMP/Zr(PrO)s AS %
A€ 0.1 mL Zr(PrO)/mL PESEZ UA3IA A3 4
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LA A A UV Vis EFF A (7=, Kontron Instrument
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EYo vl 9L Yotrr] 93 PWFE A4S
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of 2/\]@ §= 2h& =3} AA FFeFo] AL
=23 F A3 o4=€e 2 amolA PWFE ZH33 T
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PWF = Q/(4%A) (1)

ol 7], PWF : Pure water flux (L/m’ - hr)
QO : Volume of permeate (L)
A : Effective membrane area (m2)
At : Time interval (hr)

& o2 PES/NMPA H7INZ Zr(PrO)e A3
ks ARG Ao AR HAHY At & 30
mL HNOs/mL Zr(PrO),E A& JejolA Table 1]
Part o] uUebd A3} o] PES/NMPA #7H4
Zr(PrO)® %% 0~0.3 mL Zr(PrO)y/mL PES MY E
W3lA A PES-Zr0, B¢ & A2 ¥, A FF 43
& Y3t A FEo] ANF Bol oJRAAE 2H&
2 9 Zr(PrO) $=& A3

)y 5 ZZolA PES/NMPA o<

Wugel, & 16 @ A 4 &, 2006

Table 2. Characteristics of Testing Liquids at 20°C[16,17]

. London Surface free
. Polarity . .
Surface properties [mJ. /mz] dispersion energy
[mI/m’] [mJ/m’]
Deionizedwater 51 21.8 72.8
Glycerol 26.2 37.2 63.4

Zr(PrO), A7} W¥ste] et Al2d 2o gtz ¥
32 SEM (¥, Hitachi Co., $-2500C)& Al-&3td &
ettt SEM 23 A 23t 9t ’\]E’L—“— AA Ax Ul
AN Ao E YAAA Rz F& AH Yol 1L
g & Foz AF FAANFAG

2.3.3. ZrO; ERE 24

Zr(PrO),8] H7}FE 2t Axd B3 o
FAE 7Zr0, 5 TGA, ICP ¥ XRDE Ar&3te £48}
Ak Zr0,9 AL TGA (Ul SDT 2960)& A&3l
o Ai BY7)oA 1,000°C7HA 10°C/minZE 7}E 3+

et o, =g B3 o YA FE 2 mLe| 4
A F, A7) FHFTE 7Hste] 90°CE /HEAA 4
ZWA)7)3, o]Z A pH 70 E w7tA] FFFE
2 AH, 7t F &9 EAsE Zrd ¥ ICP
(Z% 2, Jobin-Yvon Co., JY 138 Plus)E AHE3te &
AstArk. =% PES wt HA A9 zAddA Az
PES-ZrO; B3 =& 800°ColA 3A17F 9k Az
% XRD (¥]=, Scintag Co., XDS 2000)Z A}§-3}
0~40°¢ 26 WHAA 7109 A& FUsAt &
M zAE target® CuKe, A ¥ AFE 50 kV, 16
mA, 27 £EE 10°C/minZ 3FF T}

g o JIN'

2.3.4. EHEYH &3

A7 2494 AzH PES-Zr0;, £ = AFAE
of 2 u ®WY AL ARE A7) Yl Rame-
Hart Goniometers AF8-3}4] sessile drop™[14]2.8
7+ 4. 1A B %€ 0.02 M KHPO,
£ 300 mLoll @7k AibAE A7 2 AZ3H
ot A © B g3 AsA ¢ BEF 7S
ARNA Aol BEDL 5 ulY testing liquids B =
] 48 g4 F 52 U SHF @S A BHEA
#Fo2 AR 7 o g EHEA Z4& 103
ol WESIATE AHSE ANEEAL FFHTY 284
E24 1 54L& Table 20] YERRSITH
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Fig. 2. Effect of HNO; content into non-solvent on pure
water flux of PES-ZrO, hybrid membrane.

2.3.5. gelofzt AN

PWF7} 50 L/m’ - e/} ©= 19 wi% PES/NMPA &
71202 sl HA At 2AsA PES-ZrO, EF
&S A F3ka, o] & 0.02 M KH,PO, €9 300 mL
o 4X3 S 27 YA A7 F BSA £49f §
o 4gs FYPsHT. dd AP datA g
H B oy QixgEA ¥ B 9 F FRE U
o2 AN 1A EF & Fig 19] Jebd o
B2Eo AZAFL 3 amolA 2412 59 &2 GH
5% %, 1 g/L BSA €99 pHE 482 243} B
o EYAMAZ, A8 hEQ 2 amolA FYHFE
T[T BFRFE A ANDA(EY 3R 4
AALE BHRAFL ZA3ld A (HEEE A4
I, ol 48 7] 1% 49 FHYFoE UFo
normalized fluxE T3} ch

€4 MAEE =YY FFd Fof BSA FEEH
B 739t} ojn) BSA FXE Bradford H[15]2.8 &
AMAA UVNVis EFFEAZ 589 nmo|A FJESE =
At FAFERT, A F 2 WAZE A4sido

SR = {1-(—2—)]>< 100 @)

o 7]A, SR : Solute rejection (%)
C, : BSA concentration in feed (g/L)
C, : BSA concentration in permeate (g/L)

mi HNO Jm! Z(PrO),
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Fig. 3. Effect of HNO; content into non-solvent on pho-
sphate anion adsorption of PES-ZrO, hybrid membrane.

3. @Y o

3.1. PES-ZrO, =8t 2to| X ®at =A
AT 24 dBge FAY date A2 Ay
© 2 PES-Z10; 2% Elrﬁ Az o 9o HH A7 =
e B 29 PWFS & F&EF 24 AREZEH A
Akt
PES/NMP/Zr(PrO)s A4 24€ 0.1 mL Zr(PrO)s/mL
PESE YA A FejelA Bl &u) Foe) S
A A AHANEFE 2Elstd Az B HEY
£ &35t Fig. 29 Yetidth o] 23 PWF=
.74 W3 Zujd 4] wiguole] Hrige] 7t
g5 gaggerl, olv & st FUMES4E &
mjol NMPS}F Bl &ujQl 3o A%y} ZATEEA
Mg §do] AQEHORE k3 Hejrt Ho 4
o o B}y XU o] FAHI| ffEojt}. B
gtojlo] ol F&#% ARE Fig. 39 JehhiEnl, &)
H7}eko) 30 mL HNOs/mL Zr(PrO%E Z718 of 714

Al FFZol ks, 1 o) Ful Hrjekel] ois)
Me 238 9l FFFo] AasAT. PES-Z10, 2§
2t Ho %1} < 9F 13 mg/g membrane®] 2.1,
A FaFo] S5 Ho] A B fEsite A

€ 15l B @fﬂ o A PES-ZrO,
A o) HrtFo

B3 o Ao
2 30 mL HNOy/mL Zr(PrO), S A3
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Fig. 4. Effect of Zr(PrO)4 content into casting solution
on pure water flux of PES-ZrO; hybrid membrane.
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Fig. 5. Effect of Zr(PrO)s content into casting solution on
phosphate anion adsorption of PES-ZrO; hybrid membrane.
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(d) (e) (f)

Fig. 6. Cross-sectional SEM view of PES-ZrO, hybrid membranes with change of Zr(PrO)s content into casting solution. (a)
0 (pure PES membrane) (b) 0.02 mL Zr(PrO)¢/mL PES (c) 0.10 mL Zr(PrO)«/mL PES (d) 0.15 mL Zr(PrO)s/mL PES (e) 0.20
mL Zr(PrO)s/mL PES (f) 0.30 mL Zr(PrO)»/mL PES.
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Fig. 7. TGA curves of PES-ZrO, hybrid membrane with Fig. 8. Zr amount of PES-ZrO; hybrid membrane with
change of Zr(PrO)s; content into casting solution. change of Zr(PrO)s4 content into casting solution.
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Fig. 9. XRD patterns of pure PES, ZrO, particle and
PES-ZrO, hybrid membrane.
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Table 3. Surface Properties of PES-ZrO, Hybrid Membrane

. London Surface free
Polarity . .
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Fig. 10. Permeate flux and BSA rejection of PES-ZrO; hybrid membrane (1 g/L BSA solution, pH 4.8).

waHel, A 16 B A 4 &, 2006



A3/ E AR g Zr0, U=gA}t §-8 Polyethersulfone 8H9]edz} oo} &)z 311

¢

7Vt polarity7} F718t, ol 2 Qla} 2 EAgo] <
3 4% ¢+ o

3.5. 5§ gto| 3telojn EM

AA A zAqA AzE PES-Zr0, B3 T
0.02 M KH,PO; €9 300 mLl 4 h < 27} 214+
g} & B9 o A EEA ¥ B S e
2 2 atm oA 3E2] AT A2EHE AE3}
ol BSA |99 EFd 84 WAEE 43t 1
A#E Fig. 109 YRRt} o] A3 PES-ZrO, &%
9S4 AR A7t A E SR gL 79
w3 Ezga BSA HiAIE7F AN 1 h AE A
I T BT O 40% AE FUIEIHT ol& QAR
A3l HF 2to] M43 Fo2A Tl g ey
| 243187 W& OE *Mrﬂt} ua 2 d3E
S8 Ay &4 B3E FA e A2
Aoz Azd PES-ZrOz B3 oo E3 Qi 9
ZFEAE Agse AENSAA 9l Fo AEA
Z By A48 A 9o A Ao aFHU
Apgo] ZltiE

o4

4. 2 E
A E.4 weg FAY FYsE Y2 A
Hog UxIr)e zr0,E #§HAZ wdAE PES-

710, % e Azxsty 1 EAE AT78d PES-
710, B% 29| HA AL 2AE PWF X33 4
T8 S 53 AAsH e, Axd B 4o F=x
¢} E4S SEM, TGA, ICP, XRD ¥ &7t =4 43¥
S B FHsty, AAAY AFGEIH)Y B 1€ o
402 3 BSA 8§99 A7 AFE HEF AR
o] 2E8S dSlth

1) gy 4 98-S FA FYste YHoE
PES-ZrQ, B3 & AxE w9 4 Az 24L& 7
28 £H¢] 1 mL9 PES F 0.15 mL¥ Zr(PrO), A7}
2w g 1 Lo 1 mL Zr(PrO)s ¥ 30 mLe HNO; &
g H718E 9 ojdth

2) MAE LAY Zr(PrO), A7}EFo] Z713to
2} macrovoids 42 B0 WA Y HiH FFEEF
O loosed] o™, 53] 0.15 mL Zr(PrO)s/mL PES®]
z494 Azd B 2o 7 €L Zro7t $iH
o] Y&& ¢ 4 gtk

3

N’
e

A AZEiH)Y T FF PES-ZrOz =23 o
o2 3 BSA %@H 39 o3 HAY

S 53 %
FA JA AZE g A AxAY A B
e Fr»}ah% BSA HA =7} 25 oF 40%

o
AsgEn, ols BE %e auHe APoz
ol 253 57 Aol

2 o nd o o

J{m 0[)1 1o off oX

4 A

o] =E& 20058dx FEHEL GedTALAY
of AFHl Aol st AFEHAE(This work was
supported by the research grant of the Chungbuk
National University in 2005).

1. H. Strathmann and K. Koch, “The Formation
Mechanism of Phase Inversion Membrane”, De-
salination, 21, 241 (1977).

2. A9, o4y, ¥A45, “HE Polyethersulfone
gl AxA F719 A7 2, YEH Y,
12(2), 75 (2002).

3. A. J. Reuvers and C. A. Smolders, “Formation of
Membranes by Means of Immersion Precipitation.
Part [I. The Mechanism of Formation of Membranes
Prepared from the System Cellulose Acetate-Acetone-
Water”, J. Memb. Sci., 34, 67 (1987).

4. N. M. Wara, L. F. Francis, and B. V. Velamakanni,
“Addition of Alumina to Cellulose Acetate
Membranes”, J. Memb. Sci., 104, 43 (1995).

5. W. Doyen, W. Adriansens, B. Moienberghs, and
Leysen, R., “A Comparison between Polysulfone,
Zirconia and Organo-Mineral Membranes for Use
in U Ultrafiltration”, J Memb. Sci., 113, 247
(1996).

6. L. Genne, S. Kuypers, and R. Leysen, “Effect of
the Addition of ZrO, to Polysulfone based UF
Membranes”, J. Memb. Sci., 113, 343 (1996).

7. S. P. Nunes, J. Schultz, and K. V. Peinemann,
“Silicone Membranes with Silica Nanoparticles”, J.
Mat. Sci., 15, 1139 (1996).

8. S. P. Nunes, K. Peinemann, K. Ohlrogge, A.

Membrane J. Vol. 16, No. 4, 2006



312

10.

Alpers, M. A. Keller, and T. N. Pires, “Membranes
of Poly(ether imide) and Nanodispersed Silica”, J.
Memb. Sci., 157, 219 (1999).

. C. Joly, S. Goizet, J. C. Schrotter, J. Sanchez, and

M. Escoubes, “Sol-Gel Polyimide-Silica Composite
Membrane: Gas Transport Properties”, J. Memb.
Sci., 130, 63 (1997).

P. Ubirajara, Rodrigues-Filho, G. Yoshitaka, Maria
do Carmo Goncalves, and-C. C. Ricardo, “Composite
Membranes of Cellulose Acetate and Zirconium

" Dioxide: Preparation and Study of Physicochemical

1L

12.

Characteristics”, Chem. Mater., 8, 1375 (1996).

J. Randon, P. Blanc, and R. Paterson, “Modification
of Ceramic Membrane Surfaces using Phosphoric
Acid and Alkyl Phosphonic Acids and Its Effects
on - Ultrafiltration of BSA Protein”, J. Memb. Sci.,
98, 119 (1995)

B. Putman, P. V. Meeren, and D. Thierens, “Reduced

Wyl A 16 @ A 4 F, 2006

14.

15,

17.

18.

Bovine Serum Albumin Adsorption by Prephospha-
tation of Powdered Zirconium Oxide”, Coll. Surf.
A, 121, 81 (1997).

. A. H. F Mary, “Standard Methods-For the Examination

of Water and Wastewater”, American Public Health
Association, 15th Ed., pp. 420 (1977).

A. W. Adamson, “Physical Chemistry of Surfaces”,
Wiley, New York, 4th Ed., pp. 21 (1982).

M. M. Bradford, “A Rapid and Sensitive Method
for the Quantitation of Microgram Quantities of
Protein Ultilizing the Principle of Protein Dye
Binding”, Analytical Biochem, T2, 248 (1976).

. S. Wu, “Polymer Interface and Adhesion”, Marcel

Dekker, New York, pp. 27 (1982).

D. K. Owens and R. C. Wendt, J. Appl. Polym.
Sci., 13, 1741 (1969).

A. Stevenson and A. M. Priest, Rubber Chem.
Technol., 64, 545 (1991).



