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Abstract: The polyethersulfone (PES)-titanium oxide (TiO2) hybrid membranes were prepared by immersion precip-
itation phase inversion method. The casting solution for the preparation of PES-TiO; hybrid membrane was provided by
adding TiO; nano particles into the basis polymer solution of 14 wt% and 20 wi% PES/N-methyl-2-pyrrolidone (NMP).
The TiO, loading [wt% (TiO»/NMP)] in cating solution was varied from 0 to 60 wt%. Membrane performance and mor-
phological change of the resulting PES-TiO; hybrid membranes were discussed in aspect of TiO; loading, by viscosity, co-
agulation value and light transmittance of the casting solution, measurement of tensile strength, pore size and contact angle,
surface and cross sectional SEM images of the hybrid membrane, and ultrafiltration experiments using the hybrid
membrane. According as increase of TiO, loading in the casting solution, viscosity is increased and coagulation value be-
comes lower, therefore the thermodynamic instability of the casting solution is increased. It is found that when TiO, load-
ing is increased, 1) precipitation rate becomes faster while instantaneous demixing is maintained, 2) pure water flux, mem-
brane pore size and compaction stability of the resulting membranes are increased, 3) tensile strength and contact angle are
decreased. Dead-end ultrafiltration of bovine serum albumin (BSA) solution using the hybrid membrane shows that mem-
brane performance (flux of BSA solution) enhanced up to 7 times compared with the results obtained using the pure PES
membrane (not containing TiO; particle), due to the increase of hydrophilicity.
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Table 1. Specifications of PES and NMP

Item PES NMP
Density 137 glem’  1.028 g/ent’
Molecular weight 58,000 g/mol  99.13 g/mol
Mw/Mn (GPC in DMF)* 3.8 -
Boiling point - 204°C

* GPC: gel permeation chromatography
DMEF: dimethylformamide

PES (Ultrason E6020P)S AFE-31$ 2.0, PESS &u]&
< Y= AldrichA9] N-methyl-1-pyrrolidone (NMP)<&
AHESE T AlZAM 93] AAE PESSH NMPS] 4
S Table 19 UYEMNSITE PES |28 £4o H7}A
4 §715 YAEE 5Y Degussarte] P-25 TiO, U=
AzHF BA=7) 100 nm)E AHL3HHTH PESY B
£ 2= Milli-RO/Milli-Q" A=|(] =, Millipore Co.)
oA A4tE E&S(resistivity 18.2 ML+ ecm)S AHESH
Aok AzE 7Y FdoFH 48 A Lo EFR
+ bovine serum albumin (BSA, "= Sigma Co., frac-
tion V, 96~99% albumin, MW = 67,000 g/mol)= A}
#3190 BSA €98 0.15 M NaCl €98 ALg3}o]

1 gLe 552 Azsigon, 49 F A& 93t
BSA 8§99 2E& HA3d7] A sodium azideE 10
mg/Ld $EE FFAA
2.2, AsEx|
2.2.7. 50T EHFA

A2 A7 o3 vt AE PES-TIO, Bt A
A I gl R B R R B g —)—‘T—Eé Hrystr] e
FEHEE S48, BFEHAEE Fig 19 BAE
AHgste SR8 AT o] AXE FY0 W B2E g
Z), $31F, BAENHEEE 5.1 mm’, 9= United

Detector Technology Co., Model UDT455), tAE %
ZAS 71 &A=, Cole-Parmer Co., Model G-08376-
1002 P45} 91, JRErEY ¥ F9¢ Avs
) 98 gnze e BaAE SHE,

2.2.2. &2q0{nt AEHER|

PES-TiO, H&7e ¢4 A% &4, ¢+ 4
(pure water flux, PWF) £33 BSA §9& pjdo=z
g gojols} Aol Ao 74 (dead-end type) =
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Fig. 1. System setup for light transmittance measurement
during PES-TiO; hybrid membrane preparation.
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7 ) @& AHEFzr] 571E 1839 PWFZ} 20 LMH
o) 20 wi% PES 34 PES/NMP &9 2717 24 &
PES-TiO, B¢ Az 71# M2y §9 PSR
ARG o] 271A) 7]Z22AMA Tio, YA
ZH[TiO, (g)/PES (g)]S Table 29} 2] 2|3l PES/
NMP &89 TiO, YAE 71 T A2dA 6AlZt
5o FE3 wHAA Tio, YAV & B4ad B3
AZE AT N2E £9& A=
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Fig. 2. Setup for dead-end type ultrafiltration system.
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Table 2. Composition of PES/NMP/TiO, Casting Solu-
tions

Composition of TiO;, loading
PES/NMP (wt%) [TiO2/PES (wt%)]
0
5
14 10
15
30
60
0
5
20 10
15
30
60
A7RAe $2E4 242 BT, BEAE 2
A o0& 2o ARG F2B el Table 29
7 8de A2 F FA 25 30°CE AL 9
= Hgol7h BA 9E Fig 19 $22 B2 ARAD
o Al 1 Wl FdonRE We PEAA Sz
A Auigte] dojutz JE 2o EH] AN
i, g TR He FAAZL wet dAztez A
F3to] BEA 3] SFH ABE 7|EA A 155}
E
ST

SFEE E3E W) $&(= Z AA
E3d o) jE5)z
A LRSI,

2.3.2. Fgtatel M=

TiO; YA F/FE L8 Table 29) A% 8
z24e Agstd IAZIAP R BE3E AxYE
v, 1 Azate oed 2o wA AoA A2E
£ dHFS AR FIF Yo L F Gardner
knife (&, Yoshimitsu Co., YBA-5)Z A&3le 7
g FAEF 120 pm)E 15 cm % 20 cm A7) E 7 AH
i, A 25 30°CY «5(HI&m) el IAAA

< AT oy &ue} ¥l &) 7he) FES
Au e A Sz WA of 6ATE Bk AAAZ
o HAFTHORE dol HFUE T oM 2443t
o AXAEHE ARANAT

2.3.3. Sgte 22| - FxX EM Y|

1) 933 E &34

TiO, &S 283ty A=xH PES-TIO, &34
g4 725 ¥3E Hr1etr] 98 universal test ma-
chine (¥]= Lloyd Co., LR 30 K)& AR&3}a] 2Ho) <)
BBAEE ZASUT AR E FA 2 Table 29 24
o8 AzxH A7 Bt HE 8719 AF(Z7] 5 mm
x 15 mm)E PHAste S50

2) %9 443 £4 97l

AZH PES-TIO, £§29 TiO, &gl wa =to
gas FEE Hyrlskr) s Fig. 29] AFd}a] &
o3 FAE AL GRE Ay Egus
ETE WAFOE 3 atme) ZAYHNAN 247 S A
ot} o td3le] w2 pWFY 74 ARE A3}
o TiO, FFF Wstel W2 o] s Y5 H7)
AT oWl PWFe 94 ARRIA(EY 2o A
AAEE o B ZHIT o] 25°Col M &5
o 952 rol B Rz i ¥ o)E f&
g WO 2 o] AT

|

PWF (I/m’ - hr) = Ql(Ax A1) (1)

Where, QO : permeate volume of pure water (/)
A : effective membrane area (m”)
At : time difference (hr)

3) % 7= ¥

TiO,d THHFg sl Azxd EdvEy w9
g 9d TR FA AAEEHSEM, €E, LEO-
1530FE)S Abgste] #a3tyTh SEM 234 Al 2 A

£ &TE 53 o A3 AHAZ F, oF 2443
T A2AA FA%Y, Axd AEE 94 24E
oj&std UNHOR YAAA RYEPy F& 2B
B 9o YANN & Fo2 AF FHANA ¢ 59 P
©Hel SEM ojuA & #FE}S .

4 A¥27) 34

2+e) MF7]E Porometer (R]=, Porous Materials
Co., CFP-1500)% AH83t] &4t 2H& Porome-
teroll AEE & e QfHARE] £ e oj=
ZIMA e AFE B3 FAE a7 FE 24
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Table 3. Viscosity of PES/NMP/TiO, Casting Solutions

Composition of TiO; loading Viscosity (cp)
PES/NMP (wt%)  [TiO2/PES (wt%)] y P
0 387
5 412
10 451
14
15 483
30 731
60 1067
0 1391
5 1631
10 1807
20
15 2003
30 2384
60 4427

Table 28] A O2 AzH 7} H2H 2959 A&
£ ZA3ld o]& Table 39 YENIT. o] A3} PES/
NMP &9 A7t9 Ti0,9 $iFol 571842 &9
o et Fhstd et kA Tioe] &%l 7}
G4E Zujo} w8 7o) HETTF =HAY, ol
A% AzE 2 7z WIE £ A0E JAHD

3.1.2. A8 A9 Coagulation Value

Table 298] 24 2+ 2b 2w &Ho] 93y
AFHE AA3E UAZA coagulation valueS =3
3. o] #d H,ONMP E94(50 : 50 FFu)H)o=
7z M A4S FHAIY cloud pointd] =€ w7}
A A7tE FmL)eE s =l old cloud point
+ TiO7t A7He A28 £8E IHAFEAN H0/
NMP E4H& A7MAALd N2y 99 97184
of #AFH= ANHoZ AHosHt. 7 Ay LA
3l £4 8 coagulation valueE £33t Fig. 39 U
EFHQIT) o] AF TiO9 gF#o] F71842 coagu-
lation value7} A} wrolx A9std Jejrl A3
A& & F Atk ol& Boom 5[22]°] #MAIZ PES/
NMP/PVP = &4 AoAe 988 JejAFH F
Abst st
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Fig. 3. Effect of TiO, loading on coagulation value of
PES/NMP/TiO; casting solutions.
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U U2 A ALEEa Qo B =RdAs Aus

oft

o ssgn 542 0 Ak 29a] 94 o
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PEHE ABOE sz, of Yol EsE A
AR B WE Fo 1Y AR4EE

ok «“FAAFF A2 5 PG A9 A-9 &
Bale A2 Agsth: s 2"E %‘i‘ig
AANZD ¥ FEATY HF Fhol o= A
EgslertE BHsho, Tﬂ’fil(lnstantaneous demix-
ing) TE A A& (delayed demixing)E T3
Fig. 19] Yehd FEAE ZHFAE A3t Table
Zk Moy G s I AL ] w
g FENT ¥sE 2335t o] F Figs. 4~59 e

o{oE
ﬂi—;logl_,ﬂl
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N =

l-
_1
H
K-

Ti0, loading
[TIO,PES (wt%)]

Light transmittance (%)

204

036912 18 24 30 3P 42 48 54 &
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Fig. 4. Effect of TiO, loading on light transmittance;
Basis 14 wt% (PES/NMP).

100 ¢
TiO, loading

[TIO/PES (wt.%]

Light transmittance (%)

20 A

036912 18 24 30 3B 42 48 5 60
Immersion time (s)

Fig. 5. Effect of TiO, loading on light transmittance;
Basis 20 wt% (PES/NMP).

At o] A3} TiO,o Ffr#ol F/HE4E IAR&KEV}
Bl s & 4 At guty o oo g By
g 2 Z4 AYSFE AFEE0F AAp By, 2o
OF3% 9 AFar|7t & o] JAHE AR dA
Atk & 9| coagulation value =4 A3} TiO, T
Fo] FNEFE d9sha Al FAEAH. o=

Strathmann S[5], Reuvers 53 Mulder [23,24]7F A Al
3 AN E UEhd o9F S0 A o]t Tioo
gy ol F7hsel wet A2’ §99] H=TF AX &
die} vl e o] nPLEEIF =AY RELE 2
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Table 4. Tensile Strength of PES-TiO, Hybrid Membranes

x

Composition of TiO: loading Tensile strength
PES/NMP (wt%)  [TiO/PES (wt%)] (N/m)
0 215.5
2074
10 201.9
14
15 191.5
30 163.3
60 176.9
0 514
5 4522
10 450.7
20
15 371.1
30 359.3
60 3177
E3F Figs. 4~59 FFAL Wslo|A B BE 4
Foll sl F4F4E £MEHE YEpeH, ou
BArols 4R AdRee BEHA Euh o) Hl
&}l E3ef 3ol 3 NMPE ZEHEF 1L
7ol gulg AMgstR S wE Y eEst By
H, £3 E9dH 02 BT MY SAof Utk
A73YA e =R S Mulder [24]9 B3 &
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Fig. 6. Effect of TiO; loading on membrane compaction
in PES-TiO; hybrid membranes; Basis 20 wt% (PES/
NMP).
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Fig. 7. Cross-sectional SEM view of PES-TiO; hybrid membranes; Basis 14 wt% (PES/NMP).
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Fig. 11. Short-term trends of (a) normalized flux and (b)
flux enhancement of PES-TiO, hybrid membranes;, Basis
14 wt% (PES/NMP). [1 g/L BSA solution, 4P = 2 atm].

Table 7. Short-term and Long-term Flux Enhancements
for Ultrafiltration of BSA Solution using PES-TiO, Hybrid
Membranes; Basis 20 wt% (PES/NMP) [1 g/ BSA sol-
ution, 4P = 2 atm]
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lhr 347 350 410 245 267 274
2hr 425 541 5.58 257 3.54 358
5 hr - - - 321 45 528
10 hr - - - 487 7.13 8.5
15 hr - - - 363 587 725
20 hr - - - 3 5.87 7.25
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Fig. 12. Short-term trends of (a) normalized flux and (b)
flux enhancement of PES-TiO; hybrid membranes; Basis
20 wt% (PES/NMP). [1 g/L BSA solution, 4P = 2 atm].
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Fig. 13. Long-term trends of (a) normalized flux and (b)
flux enhancement of PES-TiO, hybrid membranes; Basis
20 wt% (PES/NMP). [l g/L BSA solution, 4P = 2 atm].
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