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Abstract Polysulfone (PSF)/TiO, hybrid ultrafiltration (UF) membranes with different nano-sized TiO,
content were prepared by sol-gel method. The effects of TiO, concentration on the rheological and thermo-
dynamic properties of PSF casting solution were studied firstly. A new method used to calculate apparent
diffusion coefficient (D,) in membrane formation process was founded subsequently. After calculating D,
under different conditions, the effects of the rheological and thermodynamic properties on the kinetics of
membrane formation were examined and the relationships of D, membrane structure and UF performance
were evaluated through the methods of SEM observation, porosity test and UF experiments finally. The re-
sults showed that the rheological properties of casting solution were changed from Newtonian viscous be-
havior to non- Newtonian viscous behavior, and the viscosities of casting solution were increased by the ad-
dition of TiO,. The addition of TiO, also reduced the miscibility of PSF solution with non-solvent, leading to
thermodynamic enhancement for phase inversion. The diffusion behavior of solvent and non-solvent in
membrane formation was strongly influenced by the complex correlation between thermodynamic enhance-
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ment and rheological hindrance due to TiO, addition. D, increased with the increase of temperature.
However, it increased firstly and then decreased with the increase of TiO, concentration. Moreover D, had
an accordant pertinence with membrane structure and properties, and could describe the entire membrane

formation intuitively.

Keywords polysulphone; TiO,; organic-inorganic hybrid membrane; rheological and thermodynamic

properties; apparent diffusion coefficient
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Figure 1 The effect of shear rate on the rheology of casting
solution
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Figure 2 The effect of TiO, content on the viscosity of casting
solution
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Figure 3 Cloud-point phase diagram of PSF/TiO,-S-NS system
with different TiO, contentsat 20 “C
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Figure 4 The relationship between the square of membrane
thickness and coagulation time in PSF/TiO»-S-NS system
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Figure5 Viscosities of casting solutions and apparent diffusion
coefficients vs. TiO, contents
20 C, w(PSF)=18%, w(PVP)=4%
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Permeability/

W(TiO,)/% Dj/(mmPss ) Porosity/% (Lo tom?) Retention/%
0 613x10* 42,9 158 98.9
33 972x10* 68.4 307 98.8
73  195x10° 79.2 447 96.5
93 220x10° 84.7 529 95.8
146  1.49x10° 66.3 298 94.4
172 7.38x107* 535 149 93.1
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My w(TiOy)=9.3%, D, =220 107 mm?/s, 17 = 53273.58 m-Pa-s

Surface Cross-section

M, w(TiOy) = 14.6%, D, = 1.49X 107 mm?/s, 1= 14597485 m-Pa-s

B 7 A TiO WAL TEAS . Da 2 n HIK R [W(PSF) =18%, w(PVP)=4%, 20 C]
Figure7 Therelationship of D,, 7 and morphologies of PSF/TiO, membranes prepared from casting solutions with different TiO, con-
tentsat 20 C
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