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Critical Properties of Charged Filter Membranes for
Their Applications in Filtration
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Abstract—TFiber filter membranes have a high surface area-to-
volume ratio and high porosity making them ideal for various filtration
and separation applications. Using the conventional filter membrane,
a filtration efficiency of > 95% can be achieved. Specific applications
such as air and fuel filtration require nearly 100% filtration efficiency,
which is harder to achieve using conventional filter membranes. To
achieve high filtration efficiencies additional costs are incurred due to
increasing the cost of membrane and operating cost. Due to the
simultaneous electrostatic attraction and mechanical capture, the
electret filters have shown nearly 100% filtration efficiency. This
article presents an overview of the charged filter membrane, its
applications, and a discussion on factors contributing to increasing
charge.
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[. INTRODUCTION

LECTRET filters are widely studied to enhance the

filtration performance of the fiber membrane. The electret
filters [1] have surface charges on the filter membrane and have
shown nearly nine times lower air resistance than a
conventional air filter while maintaining high separation
efficiency. Particle separation occurs based on filtration
mechanisms as shown in Fig. 1. In filter membranes where the
mechanical capture is dominant, the particles are captured
through diffusion, interception, and inertial impaction. In
applications for particle filtration, the electrostatic forces
dominate an electret filter. After a certain time, the electrostatic
forces weaken due to particle accumulation on the surface of
the fibers resulting in a drop in filtration efficiency. At this point
the mechanical capture takes over and maintains a high
efficiency. This combined electrical and mechanical action of
the electret filters is of potential interest in various filtration
applications.

II. CHARGED FILTER MEMBRANE

Electret filters [3] can be produced by triboelectric charging
(polarization of filter membrane), corona charging, and
electrostatic charging. Triboelectric charging uses the exchange
of charge between two contacting materials. It is appropriate for
charging fibers with dissimilar electronegativities. Corona
charging is the resultant ion drift under the influence of an
external electric field from a point electrode at high potential
and a collecting electrode at low potential. It is suitable for
charging monopolymer fiber or fiber blends of fabrics.
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Materials charged by induction during fiber spinning process
combine the charging of the polymer and the spinning of the
fibers as a single-step process where surfaces can become
charged including absorption of ions, protonation,
deprotonation, and dielectric charge accumulation with the
application of an external field.
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Fig. 1 Mechanism of filtration [2]

Tsai et al. [4] and Brown et al. [2] discuss electret [5]
materials. An electret material is a dielectric material exhibiting
real charge electret and oriented dipole electret. A real charge
electret has an excess of charges on the dielectric surface and
within the dielectric volume. Oriented dipole electret contains
an electret that has oriented dipoles. The alignment of the
dipoles determines the true polarization, with positive and
negative charges present near the two surfaces of the dielectric.

Ion exchange membranes are charged electrically conductive
membranes. The ion exchange membranes are sub-classified as
anionic exchange membranes, cationic membranes, and bipolar
membranes. Anionic type ion-exchange membranes transport
anions and reject gases such as hydrogen and oxygen from
passing through. Cationic type ion-exchange membranes
conduct cations to pass through and reject gases such as
hydrogen and oxygen to pass through. A bipolar membrane is
an ion-exchange membrane that is made up of two polymer
layers, with one layer being permeable to anions and the other
to cations. The ion-exchange membranes are fabricated with a
coating or cross-linking process. The ion-exchange membranes
can be classified based on the materials into membranes
containing organic materials, membranes containing inorganic
materials, and membranes containing perfluorocarbon
polymers.

III. APPLICATION OF CHARGED MEMBRANES IN FILTRATION

The charged filter membranes with interconnected pore
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structures are useful for a wide range of applications [6], [7]
needing high capture efficiency. In many applications, fiber
membranes have a low basis weight and corresponding weak
mechanical strength due to the small fiber diameter, low mass,
and random alignment of fibers. To make the membranes free-
standing, the basic weight of the membranes needs to increase,
this will improve the tensile properties of the fiber membrane
due to an increase in the number of interconnected fibers. The
increase in basis weight leads to a smaller pore diameter
limiting the particle separation and increasing the resistance for
fluid flow.

The type of polymeric material used in the fabrication of the
charged fiber membrane depends on the end application. A few
of the common applications of the filter membrane as shown in
Fig. 2 are in filtration, separations, water treatment, biomedical
applications, and fuel cells.

Charged filter membranes are widely used in the
manufacturing of air filter membranes. With the ease of
manufacturing and fabrication of filter elements using the
charged filter membranes, these charged filter membranes show
high particle capture efficiency. Charged filter membranes
show high filtration efficiency due to mechanical capture and
electrostatic attraction.
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Fig. 2 Applications of the charged filter membrane

Applications of the ion exchange membranes are in the
production of drinking water and wastewater treatment. These
membranes are produced depending on the requirement of
electric resistance and water permeability and have the
advantage of reducing fouling.

IV. CRITICAL MEMBRANE PROPERTIES

A. Material Properties

Suitable materials for the electret filters are piezoelectric
materials. Piezoelectric materials generate electrical charges in
response to applied mechanical stress. Polymeric materials such
as Teflon, Polyfluoroethylene propylene (FEP)
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Polytetrafluoroethylene (PTFE), Polyvinylidene fluoride
(PVDF), and Polyacrylonitrile (PAN) were studied [8], [9] for
applications in filtration and separations.

Piezoelectricity refers to the electric charge accumulation on
materials such as crystals, ceramics, and biological materials
under mechanical stress. This is a reversible process, the
materials exhibiting the piezoelectric effect show the internal
generation of a mechanical strain resulting from an applied
electrical field.
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Fig. 3 The concept of a dielectric material is initially nonpolarized in
the absence of an electric field and polarized by an applied electric
field [10]

Fig. 3 shows a dielectric material with randomly oriented
polar molecules when no electric field is applied. When an
electric field is applied the dipoles orient to polarize the
molecule. PVDF and Polyamides are polymeric materials that
exhibit piezoelectricity. Polymeric piezoelectric materials due
to their high flexibility, tractable processing, good chemical
stability, and readily tunable properties make the piezoelectric
polymers attractive for many applications and are of current
scientific interest. Polarization of polymeric materials finds
applications in electronic devices and medical instruments.

Polymeric materials such as piezoelectric PVDF can be
easily fabricated by the electrospinning process and these fibers
can be heated and stretched to align the atomic groups in the
PVDF molecular structure resulting in the dipole moment in the
presence of the applied electric field. Because of this advantage,
the PVDF polymer is widely studied for producing a fibrous
membrane. This polymer also exhibits polymorphism with
common crystalline phases a, 3, v, €, and 8. Ruan et al. [11]
discuss five different crystalline phases o, B3, 9, €, and y
exhibited by PVDF bulk materials. The electronegativities of
the hydrogen and fluorine atoms in a carbon molecule naturally
give them opposing positive and negative charges, respectively.
Yousry et al. [12] study the mechanism for achieving high-
performance functional materials using polymeric piezoelectric
PVDF material. The PVDF molecule has been of research
interest for developing a charged filter membrane [13]-[17].
Two-stage poling of the PVDF molecule is studied by Shu et al.
[18] and Lolla et al. [19]. The resulting charged membrane had
a higher B crystalline phase resulting in higher polarized
charges.

The influence of the feed rate and conductivity on the
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electrospinning jets of PAN solution was studied by Fallahi et
al. [20]. The effect of different composition ratios,
temperatures, and electric fields on the polyaniline-
polyacrylonitrile blends was studied by Raeesi et al. [21].

TABLEI
VARIABLE PARAMETERS DURING POLARIZATION
Parameter Electric field Temperature Stress
. . iaxial 1
Intensity of electric field Constant Uniaxial norma
. stress
Variables

Direction of electric field Ramping rate Isotropic stress

Poling time Dwelling time ~ Cylindrical stress

Uniaxial stretching of the poly(vinyl alcohol) electrospun
nanofiber was studied by Yano et al. [22] by evaluating the
macroscopic orientation and microscopic crystallite and
molecular chain orientation. Ahmed et al. [23] reviewed the
nanofibrous membrane and the microporous membrane to study
the parameters that affect the production of fibers and the
impact on the mechanical properties and applications of the
fibrous membranes. Hence, polymeric material plays a critical
role in fabricating a charged filter membrane.

B. Structural Properties

A charged filter membrane needs to have an optimized fiber
diameter, porosity, and mechanical strength. Various process
conditions affect the filter membrane formation. Filter
membranes were typically made up of fibers collected in
randomly aligned directions. The random orientation of the
fibers and low basis weight results in relatively low mechanical
strength. Furthermore, one of the effective methods to charge
piezoelectric fibers such as PVDF is by stretching and poling
the fibers. By stretching the electrospun fiber membrane, many
of the fibers that were randomly oriented may or may not orient
in the direction of the stretch resulting in no stretch of the fibers.
Also, during stretching, the fibers may re-position relative to
each other instead of stretching. Hence, the action of the stretch
on the randomly oriented fiber mat was not as effective at
creating the piezoelectric effect as one would expect from the
intrinsic material property. To improve the effectiveness of the
stretch, ideally, the fibers should be more closely oriented in the
stretch direction. Teo et al. [24] discuss the progress in
electrospinning techniques for the production and construction
of various nanofiber assemblies. By manipulating the electric
field and collection geometry [25]-[30] several approaches have
been developed to control the deposition of nanofibers to obtain
continuous electrospun nanofibers. Potentially, if the
electrospun fibers were formed into yarns instead of the
membrane, then more of the fibers would be aligned along the
yarn axis. Production of nanofiber yarns has gained attention as
they show significant improvement in the alignment of
nanofibers and the mechanical properties by making some
design modifications to the electrospinning setup.

Bokka et al. [31] studied the orientation of fiber yarns and its
influence on the charge per unit mass. The Fraction of 3 phase
[32] of the aligned fiber yarn was 76% compared to the 48% in
the randomly oriented fiber membrane. Additional post-
processing steps to polarize the fiber yarns showed a very slight
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change in charge on the post-processed fiber yarns. It was
observed that a high dipole rotation achieved in the liquid phase
of the fiber yarn formation caused by the stretching and twisting
of fiber was more effective in increasing the charge than the
post-polarization process where all the fibers were in solid
form. This indicates that the structural properties of the fibers
are also crucial for fabricating a highly charged fiber
membrane.

Some of the desired properties of the ion-exchange
membranes are low electrical resistance, high chemical
stability, good mechanical stability, and high selectivity for
counterions and impermeable to the co-ions.

V.CONCLUSION

The polymer material and structural properties of the filter
membrane are critical factors that enhance the charge on the
filter membrane. The orientation of the fibers is shown to
impact the charge on the filter membrane. It was observed that
the process of producing fiber yarns with piezoelectric PVDF
material had a higher charge value per mass for the yarns than
post-treated membranes for polarization. The polymeric
material and structural properties were summarized to fabricate
a charged filter membrane with a high charge per unit mass. The
highly charged membrane can be used for various filtration and
separation applications.
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