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Abstract Polyacrylonitrile (PAN) membranes are widely ap-
plied in many chemical engineering fields. In this research,
novel asymmetric PAN membranes with high hydrophilicity
and permeability were prepared from a PAN/polyoxyethylene
(40) nonylphenyl ether (IGEPAL)/NMP system via immer-
sion precipitation. Pure water was used as the gelation medi-
um. The effects of adding IGEPAL, the coagulation bath
temperature (CBT), and the PAN concentration on the mor-
phology, wettability, and permeability of the prepared mem-
branes were studied by scanning electron microscopy (SEM),
contact angle measurement, and permeation experiments. The
results demonstrated that both the hydrophilicity and the per-
meability of the prepared membranes were significantly en-
hanced by the addition of IGEPAL surfactant to the casting
solution. Also, it was found that decreasing the PAN concen-
tration and increasing CBT resulted in the formation of mem-
branes with high permeability and sublayer porosity.
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Introduction

Membrane separation processes offer a number of advan-
tages: they require less energy, have a reduced environmen-
tal impact, and require less capital investment [1]. Polymeric
membranes are currently used for a wide range of industrial
separation applications, extending from microfiltration to

reverse osmosis. There are several ways to prepare porous
polymeric membranes, such as sintering, stretching, track
etching, and phase-inversion processes [2]. Most polymeric
membranes with porous structures are prepared by the
phase-inversion process. In this technique, a thin film of a
homogeneous polymer solution is contacted with a second
liquid which is a nonsolvent for the polymer but which is
miscible in all proportions with the polymer solvent.
Exchange of solvent and nonsolvent across the interface
causes phase separation in the polymer film, which can lead
to a variety of characteristic asymmetric or symmetric struc-
tures [3, 4].

Because of good thermal stability (up to 130 °C), suffi-
ciently chemical stability, hydrophilicity, and good solubil-
ity in common solvents, polyacrylonitrile (PAN) is one of
the most most popular membrane materials; it has been used
for water treatment, enzyme immobilization, pervaporation,
and ultrafiltration [3, 5, 6]. Compared to other polymeric
materials, PAN also shows good resistance to chlorine and
cleaning agents such as sodium hypochlorite and sodium
hydroxide. Nevertheless, applications of the PAN membrane
have been sometimes hindered by its brittleness and the
collapse of its pores when dried [6, 7].

The fouling phenomenon is explained by the hydrophil-
ic–hydrophobic interaction between membrane surfaces and
permeates [8]. Generally, the anti-fouling properties of a
membrane can be promoted by improving its hydrophilicity.
Based on this idea, various modification strategies for PAN
membranes have been reported, such as coating, adsorption,
surface plasma treatment, surface grafting polymerization,
and chemical modification [5]. Higher hydrophilicity of
modified PAN membranes can result in increased flux and
membrane lifetimes, and can decrease the operating costs [9,
10].

However, previously mentioned modification methods suf-
fer the drawback of requiring additional complicated steps.
That said, a promising in situ modification of hydrophobic
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