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Development of porous hydrophilic hollow fiber membranes prepared
by non-solvent induced phase separation and thermally induced phase
separation.
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Membrane filtration is an attractive method for drinking water production,
because it is capable of disinfecting water and removing its turbidity at relatively low
pressure. In recent years, ultrafiltration has recognized as an effective method in water
purification process. The advantages of membrane filtrations are that they are capable
of removing a wide range of substances, and able to produce water with constant
quality. Membrane filtrations offer relative simplicity of operation and low energy
requirements for operation and maintenance in comparison to conventional treatment.
Membrane systems tend to be more compact and have lower chemical usage (less
chemical cost, and reduced waste generation). Many researchers have focused their
investigation on the production of membrane with high performance for this
application.

Porous polymeric membranes can be prepared by several ways, such as phase
separation, sintering, stretching, and track-etching. Most of commercial membranes are
prepared by phase separation method. Phase separation method is divided into
nonsolvent induced phase separation (NIPS) and thermally induced phase separation
(TIPS). Three main techniques for NIPS are air~casting of polymer solution, precipitation
from the vapor phase and immersion precipitation method. In the membrane preparation
process via NIPS, a polymer is dissolved in the solvent, and the homogeneous polymer
solution is cast on a support or is extruded through a spinneret and subsequently
immersed in a nonsolvent coagulant bath. Phase separation occurs because of the inflow
of nonsolvent to the solution. In the membrane preparation via TIPS process, a polymer
is dissolved in a diluent at high temperature. Upon removal of the thermal energy by
cooling or quenching the solution, phase separation is induced and the porous structure is
formed. '

Polyethersulfone (PES) are well known in excellent chemical resistance, good
thermal stability and mechanical properties. This polymer is widely used in membrane
preparation for various applications. On the other hand, pure PES membrane is
hydrophobic and low fouling resistance, which is the main drawback in practical
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application. Improving hydrophiclity of membrane surface has been reported as a
method to reduce membrane fouling. The addition of a third component to a casting
solution has been one important technique in membrane preparation. Organics and
inorganics added to the casting solution have been reported as poreforming agents and
membrane-modifying agents.

In this study, we used the surfactant Tetronic 1307 as a third component to
produce polyethersulfone (PES) hydrophilic hollow fiber membrane via NIPS process.
Pluronic F127 were also used as a third component to produce poly(vinyl butyral) (PVB)
membrane prepared via TIPS process. The effect of the addition of the surfactant
additives on the performance of the final hollow-fiber membrane was investigated. The
results of this work are summarized below.

1. Effect of Addition of Surfactant Tetronic 1307 on Polyethersulfone Porous Hollow
Fiber Membrane Formation.

Polyethersulfone (PES) has been widely used as membrane material due to its
excellent chemical resistance, good thermal stability and mechanical properties. The
main drawback of pure PES membrane is its hydrophobicity which often causes fouling
of the membrane in water teatment. Therefore, PES was modified, generaily by
polymeric additive blending, in order to increase their hydrophilicity.

In this work, polyethersulfone (PES) hollow fiber membrane was prepared via
nonsolvent induced ﬁhase separation (NIPS) method, and effect of addition of surfactant
Tetronic 1307 on membrane performance and characteristics was investigated. The phase
diagram of PES/NMP/water system was clarified. When the polymer solution involved
Tetronic 1307, amount of water required to induce the phase separation decreased, which
indicated that Tetronic 1307 is one kind of nonsolvent. Kinetics of phase separation for
PES/NMP/Tetronic 1307 system was studied by the light scattering measurement. With
the addition of Tetronic 1307, the delayed phase separation was observed and the
structure growth rate decreased. The SEM images for all of the membrane showed the
formation of finger-like macrovoids through the cross-section. Membrane surface
morphologies were measured by atomic force microscopy (AFM). The obtained results
indicated that membrane with 7wt% Tetronic 1307 had higher roughness parameter than
original membrane without addition of surfactant.

Ultrafiltration results showed that the addition of Tetronic 1307 brought about
the increase in water permeability and the decreased in rejection of dextran with
molecular weight of about 10,000. The contact angles of water on the membrane outer
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surface decreased with addition of Tetronic 1307. This means the membrane surface
became more hydrophilic. Thus, the addition of Tetronic 1307 was useful to improve the
water permeability and to obtain the hydrophilic membrane surface.

2. Performance of Polyethersulfone/Tetronic 1307 Hollow Fiber Membrane for
Drinking Water Production

Membrane filtration is an attractive method for drinking water production,

because it is capable of disinfecting water and removing its turbidity at relatively low
pressure. In recent years, uitrafiltration has been recognized as an effective method in
water purification process. The advantages of membrane filtrations are that they are
capable of removing a wide range of substances, and able to produce water with constant
quality. Membrane filtrations offer relative simplicity of operation and low energy
requirements for operation and maintenance in comparison to conventional treatment.
Membrane systems tend to be more compact, and have lower chemical usage (less
chemical cost, and reduced waste generation).

The objective of this study is to investigate effect of addition of Tetronic 1307 on
the filtration performance of PES hollow fiber membrane. The filtration performances of
membrane were studied by using deionized water and bovine serum albumin (BSA) asa
model protein in order to analyze membrane fouling. Experimental results indicated that
the membrane with Tetronic 1307 showed higher fouling resistance in the comparison
with original PES membrane. Flux recovery of PES membrane with Tetronic 1307 was
three times higher than that of orginal PES membrane. The membrane morphology
before and after fouling by BSA solution was observed by using a scanning electron
microscope. A cake layer formation on the surface of PES original membrane was
clearly observed, while it was not observed on the surface of PES blend membrane.

3. Effect of hypochlorite treatment on performance of hollow fiber membrane
prepared from PES/NMP/Tetronic 1307 solution
Hypochlorite post-treatment of PES membrane containing polymeric additive
have been introduced as a method to enhance water permeability. In this work, effect of
hypochlorite treatment on the performance of PES/Tetronic 1307 blend membrane was
investigated.
Polyethersulfone (PES) hollow fiber membrane was prepared by blending with
Tetronic 1307 in order to improve their hydrophilicity. The membranes were post-treated
by hypochlorite solution of 10, 100, 500 and 2000 ppm. The effect of hypochlorite
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treatment on the performance of PES membrane was investigated. Experimental results
showed that the water permeability of treated membrane was 2-3 times higher than that
of untreated membrane in case of blend membrane prepared from PES/NMP/Tetronic
1307 solution. On the other hand, hypochlorite treatment showed no effect on water
permeability of the membrane prepared from PES/NMP solution. Elemental analysis and
ATR-FTIR measurement results indicated that hypochlorite treatment led to
decomposition and leaching out of Tetronic 1307 component from the membrane. The
change of membrane surface structure by the hypochlorite treatment was confirmed by
AFM measurement. The hypochlorite treatment brought about no significant impact on
mechanical property of the membranes. This indicated that the hypochlorite treatment of
PES membrane prepared with surfactant was a useful way to improve the water
permeability without the decrease of membrane strength.

4. Fouling reduction of Polyethersulfone hollow fiber membrane modified with
hydrophilic surfactant prepared via Non-solvent induced phase separation (NIPS)

Membrane fouling is still a crucial problem especially in application for water
treatment. When fouling takes place on the membrane surfaces, it causes flux decline,
leading to an increase in production cost due to increased energy demand. The selection
of membrane material and a special treatment on the membrane are required to avoid
membrane fouling.

This paper reported the fouling resistance of polyethersulfone (PES) hollow
fiber membrane modified with hydrophilic surfactant Tetronic 1307. Several methods of
fouling experiment were carried out to investigate effect of addition of non-ionic
surfactant Tetronic 1307 on membrane fouling. Effectiveness of chemical agent (NaClO)
in reduction of BSA deposition on the membrane surface was also evaluated. Permeation
results showed that the fouling of PES blend membrane with Tetronic 1307 was lower
than that of original PES membrane in the case of BSA filtration. The treatment of
NaClO solutions with 100 ppm was capable to remove BSA cake formation, and
effective to improve relative permeability. The permeability of PES blend membrane
with Tetronic 1307 reached to be the almost two times higher than the original
permeability when the membrane was treated with NaClO solution of 100 ppm because
both BSA and Tetronic 1307 could be decomposed.
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5. Preparation of hydrophilic poly(vinyl butyral)/Pluronic F127 biend hollow fiber
membrane via thermally induced phase separation.

Thermally induced phase separation (TIPS) is one of the most useful
technologies to prepare the porous membranes. In the TIPS process, a polymer is
dissolved in a diluent at high temperature and then by cooling the solution, phase
separation is induced. In this work, Poly(vinyl butyral) (PVB)/surfactant with high
molecular weight (Pluronic F127) blend hollow fiber membranes were prepared via
thermally induced phase separation (TIPS) from PVB/Pluronic F127/diluent (PEG200)
system. The properties of the blend membranes such as the water permeability, particle
rejection and water contact angle were investigated. ATR-FTIR and elementary analysis
have been used to verify the existence of pluronic F127 on the membrane surface and in
the polymer matrix. The morphological analysis has been done by using scanning
electron microscopy (SEM).

The phase diagram of PVB/PEG200 system was obtained and the addition of
Pluronic F127 to this system led to the decrease of the cloud point. In order to know the
kinetic property in the membrane preparation process, a light scattering experiment was
carried out in cooling process of the PVB solution. The result indicated that the initial
interphase periodic distance formed from the phase separation of PVB/Pluronic
F127/PEG200 system was smaller than that of PVB/PEG200 system and its growth rate
was lower in the former system. In the preparation of the hollow fiber membrane, the air
gap distance in the membrane preparation condition highly influenced the water

permeability.
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