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1. INTRODUCTION

The phase inversion method is widely used to prepare a variety of
polymeric membranes ranging from micro-filtration to gas separationl. The
final morphology obtained by immersion precipitation strongly reflects the
thermodynamics and kinetics of the system involved. The equilibrium
thermodynamics of the ternary system of polymer/solvent/ nonsolvent is still
very important to understand and predict membrane structure®.

Polysulfone (PSf) and polyethersulfone (PES) are important polymers as
membrane materials due to the chemical resistance, mechanical strength,
thermal stability and transport propeﬁe53'4. There are several reports on the
experimental phase diagrams in ternary mixtures of PSf/so]vent/nonsolvent5’7,
and PES/solvent/nonsolvent’. It would be interesting to investigate the
solution thermodynamics containing these two polymers since PES is slightly
less hydrophobic than PSf*®.

2. EXPERIMENTAL

Cloud points were determined by the titration of polymer solutions with
water at various temperatures (20 °C, 30 °C, 45 °C, and 60 °C). Quantities of
materials were determined by weight.

The water was added to the clear polymer solution by a microsyringe until
turbidity was observed. After turbidity was observed, the temperature of the
bath that contains the sample flask was raised by 30 °C above the titration
temperature. If turbidity disappears within several hours, the bath temperature
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was lowered to the titration temperature and more water was added.
The thermodynamic interaction parameter between PSf and PES, gz, can
be expressed as followsg,

83 = {In ¢1 + (I _¢1 )(g13¢3 + g14¢4 )(1 - ¢1 )}/¢3¢4

where ¢,’s are the volume fraction of each component and can be obtained

by the sorption experiment.

Films of PSf and PES were prepared by solution casting on glass plate.
Samples (about 50 mm x 50 mm with a thickness of 80-100 mm) were
weighed and were immersed into distilled water at 20 °C. They weighed until
no weight change was observed and the volume fractions of each component
at equilibrium were calculated.

3. RESULTS AND DISCUSSION

Cloud points for the quaternary system of PS{/PES/NMP/water were
determined by a titration method at 20 °C, 30 °C, 45 °C, and 60 °C. The cloud
point curves of the blend of PSf and PES do not fall in between the cloud
point curves of pure PSf and pure PES and the miscible region is narrowed
when PES is added to PSf. This is probably caused by the immiscibility
between PSf and PES.

The immiscibility induces polymer/polymer separation and results in the
narrow miscible region. Because of this, the quaternary system shows two
distinct types of phase separation; polymer-rich and polymer-lean phase
separation (polymer/liquid separation) and PSf-rich and PES-rich phase
separation (polymer/polymer separation).

The calculated binodal curves based on the Flory-Huggins theory fit the
experimental cloud points well and the model describes the phase separation
behavior of the solution containing the PS{/PES blend appropriately.

LCST behavior was observed in some region. When the polymer
concentration is higher than 15 wt-%, the amount of water for initiating the
phase separation of the polymer solution decreases with increasing
temperature.
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Fig. 1. Experimental cloud points for the quaternary system of PS{/PES/NMP/water at
20 °C: (a) Quaternary phase diagram in tetrahedron; (b) Cross-sections through
quaternary phase diagram at a constant weight ratio between the concentrations of
PSf and PES (concentrations were converted into vol%).



