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Fibrous structures with nanoscale diameters offer a multitude of fascinating features, such as excellent mechanical
behavior and large surface area to volume ratio, making them attractive for many applications. Their large surface
area also gives themhigh functionalization ability. Among themany techniques available for generating nanofibers,
electrospinning is rapidly emerging as a simple process in which careful control of operating conditions and poly-
mer solution properties enables the production of highly porous structures of smooth non-woven nanofibers. Com-
pared to traditional phase inversion techniques for membrane fabrication, electrospinning allows the formation of
interconnected pores with uniform pore size and porosities exceeding 90%. As a result, electrospunmembranes are
increasingly being applied tomanywater purification applications such asmembrane distillation and pretreatment
of feed prior to reverse osmosis or nanofiltration processes by the removal of divalent metal ions, grease and other
contaminants. Although the use of electrospinning for membrane fabrication has previously been reviewed, the
rapid increase in developments over recent years has necessitated the need for a review on the preparation and ap-
plication of electrospun nanofiber membranes as the barrier layer for water treatment, with emphasis on the rein-
forcement and post-treatment of electrospun polymer membranes.

© 2014 Elsevier B.V. All rights reserved.
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1. Introduction

Currently, about 11% of the world's population lacks access to drink-
ing water. The World Health Organization anticipates that water short-
ages may affect up to 4 billion people by 2050 [1]. Although water
constitutes more than 70% of the earth's surface, 97% of this is too
salty for human use. Moreover, most of the remaining 3% is trapped
underground or in glaciers and ice caps, leaving less than 1% of the
world's water supply available to us [2]. With fresh water resources
quickly running out, the need for more efficient and low cost water
treatment methods is critical to help meet our ever growing water
demands.

Membrane-based technologies have gained popularity over the last
few decades due to their high separation efficiencies, relatively low
costs and ease of operation. A membrane acts as a barrier between
two phases that allows substances to be selectively transported from
one side to the other [3]. Membranes are classified as porous or dense,
depending on their structure [4]. Transport properties and selectivity
of a membrane are strongly dependent on its pore structure. The two
different transport mechanisms in porous and non-porous membranes
are shown in Fig. 1.

1.1. Nano-porous membranes

Nano-porous membranes consist of a film in which molecules are
transported via the solution-diffusion mechanism, i.e. dissolution in
the membrane matrix accompanied by diffusion through the mem-
brane thickness. Transport is driven by a pressure, concentra-
tion or potential gradient across the membrane [5]. Nano-porous
membranes are typically used in desalination processes such as reverse
osmosis (RO) and more recently, forward osmosis (FO). Nanofiltration
(NF) membranes have very small pores (1–10 Å) and are also consid-
ered dense [6]. RO is increasingly being applied to desalination with
very high salt rejection rates, although it is limited by very high pressure
requirements. In FO desalination, the osmotic pressure difference pro-
vides the driving force for separation [7]. A draw solution with higher
osmotic pressure than the feed is used on the other side of the mem-
brane to allow water to flow in that direction, using the natural
osmotic pressure gradient between the two solutions. Compared to
RO and thermal desalination processes, FO does not require high hy-
draulic pressures or temperatures [8]. Nano-porous membranes are
also used in pervaporation for separating organic mixtures and in gas
separation due to their ability to separate very small molecules [9–14].

In order to achieve sufficiently high fluxes, the dense layer is fab-
ricated to only a few hundred nanometers in thickness. A porous
supporting layer is therefore necessary for mechanical integrity espe-
cially in high-pressure applications such as NF and RO [6,15]. This
support layer should exhibit mechanical, thermal and chemical stability
[16]. Most thin film composite (TFC)membranes are based on an asym-
metric porous support prepared by phase inversion [17]. However,
electrospun scaffolds are now replacing conventional support systems

in TFC membranes with improved performance due to the unique
interaction between the barrier and support layers [16,18–26]. Com-
mercial phase inversion support layers cannot be easily extended to
FO as their thickness causes resistance to diffusion, eventually leading
to poor membrane performance. Transport properties of TFC mem-
branes can be enhanced to better suit FO by controlling the structure
of the support layer without compromising its mechanical integ-
rity and suitability as a substrate for interfacial polymerization [27].
Electrospun membranes are a promising choice for developing high
flux FO membranes as their interconnected pore structure permits a
shorter path for diffusion of molecules, allowing higher flux to be ob-
tained [28–32]. Another advantage of using electrospun membranes is
that they can bemade thin,while retaining goodmechanical properties.
Recently, some studies have reported the use of electrospun nanofibers
for high performance pervaporation membranes [33,34].

1.2. Micro-porous membranes

Micro-porous membranes are used for other pressure-driven
processes such as microfiltration (MF) and ultrafiltration (UF). Selec-
tivity is determined by the pore size and pore size distribution across
the membrane such that only particles smaller than the pore size are
allowed to pass through.MFmembranes can separate particles between
0.1 and 10 μm, whereas UF can remove particles between 0.001 and
0.1 μmin size [35]. Fig. 2 shows the smallest particle rejected in different
membrane processes. Control of pore size, pore size distribution as well
asmechanical strength is necessary for efficientMF andUFmembranes.
Micro-porousmembranes are also used inmembrane distillation (MD).
MD is a thermally driven desalination process in which the membrane
retains water on one side and allows only vapor to pass through its
pores. MD membranes should be hydrophobic, highly porous and me-
chanically stable with a narrow pore size distribution and high
liquid entry pressure (LEP) [36–38]. Combined with the right choice of
material, electrospinning offers control over these parameters, making
electrospun membranes a suitable candidate for MD processes [36].

1.3. Electrospinning

Nanofibers are a unique class of nanomaterials with many interest-
ing properties owing to their nanoscale diameters and large aspect

Fig. 1. Transport mechanisms in porous membrane (left) and non-porous membrane (right).
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Fig. 2. Size of particles rejected in different membrane processes [35].
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