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Fig.1 Schematic diagram of the V-NIPS process

Tab.1 Aperture parameters of membranes

Membranes 0# 1# 2# 3# 4# S# o# T# 8
Time/min 0 5 10 15 20 25 30 30 10
Temperature/°C 15 15 15 15 15 15 15 25 60
RH/% 50 50 50 50 50 50 50 32 15
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Fig.2 Quality change of casting solution
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Fig.3 Structure of the membranes under different pre-evaporation conditions
(a): VIPS-5 min/15 °C/RH50%; (b): VIPS-10 min/15 °C/RH50%; (c): VIPS-15 min/15 °C/RH50%; (d): VIPS-20 min/15 °C/RH50%; (e): VIPS-25
min/15 °C/RH50%; (f): VIPS-30 min/15 °C/RH50%; (g): VIPS-30 min/25 °C/RH32%; (h): VIPS-10 min/60 °C/RH15%
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Fig.4 Mechanism of different hole morphology formations
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Fig.6 Average diameter of the membranes
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Fig.7 Water flow performance of polysulfone membranes
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Tab.2 Aperture parameters of the membranes

The most Bubble point Minimum Average pore Bubble point Minimum pore
diameter/um diameter/um diameter/um diameter/um pressure/MPa pressure/MPa
O# 0.0939 0.1135 0.0422 0.0925 0.42232 1.13610
1# 0.0586 0.3115 0.0478 0.0616 0.15306 0.99717
2# 0.0371 0.3150 0.0329 0.0394 0.15060 1.44063
3# 0.0239 0.2669 0.0236 0.0353 0.17867 2.02262
44 0.0269 0.1639 0.0139 0.0267 0.29093 3.42507
S# 0.0148 0.6939 0.0141 0.0230 0.06871 3.38948
6# 0.0167 0.3188 0.0119 0.0219 0.14957 4.00117
T# 0.0253 0.2701 0.0139 0.0247 0.17654 3.42570
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Fig.8 Water flux of polysulfone membranes with time
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Fig.9 Mechanical properties of the membranes
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Modulation of Polysulfone Membrane Structure and Properties by
Evaporation-Induced Phase Separation

Jin Xu, Yinrui Yu, Yan He
(College of Electromechanical Engineering, Qingdao University of Science and Technology, Qingdao 266061, China)

ABSTRACT: In order to slow down the mass exchange between solvent and non- solvent during nonsolvent
induced phase separation and delay the phase transition process, evaporation- induced phase separation was
introduced before the casting solution was immersed in the coagulation bath. The internal structure and properties
of polysulfone membranes were changed by adjusting the evaporation induction time, ambient temperature and
humidity. The results show that the mass of the casting solution increases approximately linearly with the increase
of pre-evaporation time, and the rate of water vapor immersion into the casting solution is higher than that of
solvent evaporation in the casting solution. Meanwhile, the cross-sectional morphology shows that the shape of
membrane pores gradually changes from typical finger-like pores to cellular round pores of uniform size, and the
thickness of cellular round pores in the epidermal layer also increases throughout the membrane cross-section until
the finger- like pores in the membrane cross- section gradually disappear at 25 min. The increase in ambient
temperature (decrease in humidity) accelerates the mass exchange between NMP and water vapor leading to the
appearance of finger pore structures. The porosity is decreased from 78.39% to 61.12% at the same evaporation
temperature, the average through- pore size is decreased from 0.0616 pum to 0.0219 um, and the water flux
decreased from 948.85 L/(m’- h) to 4.533 L/(m*- h). However, the mechanical properties of the membranes are all
improved after the pre-evaporation process.

Keywords: evaporation induction; immersion rate; exposure time; pore size



