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ABSTRACT: Polycarbonate (PC) nanofibers are prepared
using the air blowing-assisted electrospinning process. The
effects of air blowing pressure and PC solution concentration
on the physical properties of fibers and the filtration perform-
ance of the nanofiber web are investigated. The air blowing-
assisted electrospinning process produces fewer beads and
smaller nanofiber diameters compared with those obtained
without air blowing. Uniform PC nanofibers with an average
fiber diameter of about 0.170 um are obtained using an
applied voltage of 40 kV, an air blowing pressure of 0.3 MPa,
a PC solution concentration of 16%, and a tip-to-collection-

screen distance (TCD) of 25 cm. The filtration efficiency
improvement of the air blowing-assisted electrospun web
can be attributed to the narrow distribution of fiber diameter
and small mean flow pore size of the electrospun web. Per-
formance results show that the air blowing-assisted electro-
spinning process can be applied to produce PC nanofiber
mats with high-quality filtration. © 2011 Wiley Periodicals, Inc. J
Appl Polym Sci 124: 49044914, 2012
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INTRODUCTION

Nanofibers have attracted interest in many fields
due to their large specific surface area, high aspect
ratio, and high porosity with a small pore size as a
result of random web deposition.l At present, nano-
fibers can be prepared by splitting bicomponent
fibers” or using the self-assembly method,® template
synthesis,* or electrospinning.” Electrospinning is
considered the most efficient and versatile technique
for generating ultra-thin fibers with diameters on the
nano to micro scale.® More than 100 polymers have
been electrospun into ultra-fine fibers."”” However,
few studies have been conducted on polycarbonate
(PC) nanofibers.

PC is a thermoplastic material that is widely used
as an injection molding material due to its excellent
physical and mechanical properties such as heat
resistance and high impact strength.*’ Many
researchers have investigated the formation of PC
nanofibers, but few have used electrospinning.
Recently, several studies have used electrospinning
to fabricate micro- to nanoporous PC membranes
and investigated the effect of the solvent and process
parameters on the morphology of the membranes
electrospun from the PC solution.''* Kim et al®
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prepared antimicrobial nanofibers by electrospinning
PC solution with benzyl triethylammoniumchloride.
Moon et al.'”®> developed a method for preparing
electrospun PC nanofibers. PC electrospun webs
with excellent biocompatibility and porosity have
potential application as filters,® scaffolds for tissue
engineering,'* and composites.”> Although nanofib-
ers have been generated by electrospinning, most
studies have focused on the structure and morphol-
ogy of the nanofibers; few studies have reported the
properties of electrospun webs. Electrospinning,
which is an effective and versatile approach for gen-
erating polymeric nanofibers using a high-voltage
electrostatic field, has recently received a lot of atten-
tion for the production of filter media for high-filtra-
tion-efficiency air filters.'®'® In a typical process, an
electrostatic potential is applied between droplets of
a polymer solution, or melt, which are passed
through a capillary needle, and a grounded collec-
tion target. When the applied electrostatic forces
overcome the surface tension of the droplets, a
charged fluid of polymer solution is ejected as a jet
of a Taylor cone.”” The electrostatic forces draw the
polymer jet thousands of times, making it very thin.
Finally, the solvent evaporates and the deposited
nanofibers are collected on the grounded target as
nonwoven mats.” In principle, the stretching of the
polymer jet is governed by the electrostatic force
and the rheology of the solution.?’ In general, the
electrospinning process has two distinct stages. In
the first stage, a polymer jet is accelerated by the
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electrostatic force, ejected from the tube, and then
thinned until the instability point. Models for elec-
trospun jets in this stage have been proposed by
Feng,**> Hohman,” and Reneker et al.** In the sec-
ond stage, the polymer jet becomes unstable and
becomes either a beaded jet or a chaotic jet. Carroll
et al® conducted theoretical and experimental
investigations of the axisymmetric instability. Theo-
retical models for viscoelastic jets have been pro-
posed by Feng,*' Caroll,” and Reneker et al.** In
addition, Yu et al.”” investigated the effect of elastic-
ity on the formation of beaded electrospun fibers. A
lot of researchers have demonstrated the important
role of extensional rheology in electrospinning.
However, no detailed investigation has been con-
ducted on the influence of the rheological properties
of PC solution on the electrospinning process. There-
fore, the present study investigates the relationship
between the rheology of PC solution and the mor-
phology of PC fibers. Electrospinning usually has
relatively low yields compared with those of tradi-
tional spinning processes.”® Many studies have indi-
cated that high throughput can be achieved using
multiple-jet spinnerets.”*' Recently, some research-
ers have prepared polymer nanofibers using blow-
ing-assisted electrospinning, which combines the
process of electrospinning with air blowing around
the spinneret. Wang et al.** and Um et al.*> demon-
strated the preparation of hyaluronic acid nanofibers
using blowing-assisted electrospinning. Peng et al.**
combined electroblowing and the sol-gel reaction to
generate mesoporous silica fibers. Kong et al.®®
investigated the effect of applied voltage and air
blowing pressure on nanofiber mat deposition by
the electroblowing of polyvinyl alcohol. Lin et al.*
and Wang et al.’*® combined electrospinning with a
gas-jet device to prepare poly(ether sulfone) and
poly(ester imide) nanofibers. However, there has
been few research on the blowing-assisted electro-
spinning of PC.

In this article, the multiple-jet blowing-assisted
electrospinning process is used to prepare PC nano-
fibers. The process parameters include air blowing
pressure, PC solution concentration, and the feed
rate of the solution. The filtration characteristics
such as the Frazier air permeability, filtration effi-
ciency, and pressure drop of the air blowing-assisted
electrospun PC web are evaluated. The filtration per-
formance for various mean flow pore diameters of
the electrospun web is measured.

EXPERIMENTAL SECTION
Materials

PC (Mw 43,000) of bisphenol A with a melt index of
7 g/10 min (300°C/1.2 kg) was purchased from
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Figure 1 Blowing-assisted multiple-jet electrospinning
setup. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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Sigma-Aldrich. Tetrahydrofuran (THF) was pur-
chased from Mallinckrodt Baker, and N,N-dimethy-
lacetamide (DMAc) was purchased from Tedia. PC
solutions for electrospinning with concentrations of
12, 14, and 16% (w/v) were prepared by dissolving
the polymer in a mixture of DMAc/THF (1 : 1, v/v)
under magnetic stirring at 60°C for 12 h.

A schematic diagram of the air blowing-assisted
multiple-jet electrospinning apparatus is shown in
Figure 1. The setup includes a 16-needle assembly in
a spinneret pack that was modified to have air blow-
ing around the needles. The PC solution, held in
four sets of 25-mL syringes connected to a four-tube
distributor, was delivered into a 23-G injection nee-
dle of the spinneret pack through Teflon tubing by a
syringe pump (KDS-200, KD Scientific, USA). The
feed rate of the polymer solution ranged from 0.75
to 3.0 mL/h. A positive high-voltage power supply
(SIMCO, Industrial Static Control, USA) was used to
charge the spinning dope of PC solution by directly
fastening the electrode to the metal needle spinneret
pack. The weight per square meter of the polypro-
pylene (PP) nonwoven support (Mytrex Industries,
Taiwan) was 15 g/ m?. The PP nonwoven support
was placed on a stainless steel collecting screen,
which was grounded to collect the electrospun
webs. The electric field was set to 40 kV and the
distance between the two electrodes was 25 cm. For
the blowing-assisted electrospinning process, an air
compressor was attached to the electrospinning
apparatus to simultaneously provide electrical force
and air blowing driving force to fabricate the nano-
fibers from the polymer solution.

Journal of Applied Polymer Science DOI 10.1002/app
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TABLE I
Filtration Efficiency and Pressure Drop of PP Nonwoven
Web for Various Face Velocities

Face velocity (cm/s)
267 533 80 10.67

13.33

Filtration efficiency (%) 719 645 60.1 555 51.8
Pressure drop (mmH,0) 1.0 2.0 3.2 4.3 54

Solution characterizations

The viscosities of PC in DMAc/THF solutions were
measured in a Brookfield digital viscometer (Model
RVT) at 25°C. Surface tension measurements were
measured using a tensiometer (CBVP-A3) at 25°C. The
electrical conductivity of the PC solutions was meas-
ured using a conductivity meter (WTW, Cond 315i) at
25°C. The rheological properties of the PC solutions
were determined using a rheometer (ARES-LS1, TI
Instruments). A 50-mm-thick plate and a 0.6-mm gap
were used. Dynamic strain sweeps (at constant fre-
quencies of 0.1, 0.5, 1, and 10 rad /s, with the strain am-
plitude varied from 0.03 to 100%) were conducted to
identify the region of linear viscoelasticity. Dynamic
frequency sweeps (at a constant linear strain and fre-
quencies ranging from 0.1 to 100 rad/s at 25°C) were
performed to determine the linear viscoelastic proper-
ties of the storage modulus (G) and loss modulus (G”).

Scanning electron microscope characterization

The fiber morphology was observed using a scan-
ning electron microscope (SEM; JSM-6480 LV, JEOL)
with an acceleration voltage of 5 kV. Before SEM ob-
servation, all of the samples cut from the electrospun
webs were sputter-coated with gold using an EMI-
TECH K550 sputter coater for analysis. The average
fiber diameters of the air blowing-assisted multiple-
jet electrospun nanofibers were determined by SEM
micrographs from a population of more than 200
fibers using Image] software, which was developed
by Upper Austria University of Applied Sciences.””

Measurement of bead density

Bead density was measured from SEM micrographs.
The beads were counted and the area of each bead
was measured using Image] software. The bead
density was then calculated using:*®

Bead density =
(Area of beads in image/Area of image) x 100

Frazier air permeability and mean flow pore size

The nanofiber mat/PP nonwoven web was cut into
5.5-cm-diameter disks and coated with Gatwick wet-

Journal of Applied Polymer Science DOI 10.1002/app

HSIAO ET AL.

ting agent for analysis. The Frazier air permeability
and mean flow pore size were determined using a
capillary flow porometer (1200AEX, American PMI).
The wet up/dry down mode of operation was used.
The Gatwick wetting liquid was allowed to fill the
pores in the mat and nonreacting air was allowed to
displace the liquid from the pores. The air pressure
and flow rates through wet and dry samples were
accurately measured. The air pressure required to
flush out the liquid from the pores and to pass
through the mat is given by:

D =4ycos8/p,

where D is the pore diameter, y is the surface ten-
sion of the Gatwick liquid, 0 is the contact angle of
the Gatwick liquid, and p is the differential air pres-
sure. From the measured air pressure and flow rates,
the Frazier air permeability at a pressure of 12.7 mm
H,O and the mean flow pore size were calculated.
The mean flow pore size and Frazier air permeabil-
ity of the PP nonwoven web were about 9.8 um and
1.35 m3/m?/ min, respectively.

Filtration efficiency

The filtration performance, namely the filtration effi-
ciency and pressure drop, of the air blowing-assisted
electrospun web deposited on the PP nonwoven
support was evaluated. The filtration efficiency and
pressure drop were determined using an aerosol of
0.3 pm NaCl particles at face velocities in the range
of 2.67-13.33 cm/s on a TSI Model 8130 filtration
tester. The results of filtration efficiency and
pressure drop of the PP nonwoven web are listed in
Table L

RESULTS AND DISCUSSION
Solution properties

Table II shows the viscosity, surface tension, and con-
ductivity of the PC solutions. In experiments, the sur-
face tension and conductivity did not obviously
change when the solution concentration of PC in
DMAc/THF was increased from 12 to 16%, whereas
the viscosity increased from 54 to 128 mPa s. Figure 2
shows the linear viscoelastic properties of the storage

TABLE II
Viscosity, Surface Tension, and Conductivity of PC
Solutions
Viscosity Surface Conductivity
Sample (%) (mPa s) tension (mN/m) (uS/cm)
12 PC 54 30.6 0.6
14 PC 81 30.6 0.7
16 PC 128 30.8 0.7
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Figure 2 Dynamic strain sweeps of PC solutions at a
constant frequency of 0.5 rad/s for (a) 12%, (b) 14%, and
(c) 16% PC solutions.

modulus (G’) and loss modulus (G”) vs. strain. G’ and
G” did not change with the strain in the range of 0.15-
1.88% at a constant frequency of 0.5 rad/s. Therefore,
the dynamic viscoelastic properties of the PC solution
were investigated at a strain amplitude of 1%. Figure
3 shows a comparison of G’ and G” for 12, 14, and
16% PC solutions. For the 12% PC solution, G” is
higher than G’ over the entire frequency range, show-
ing that this PC solution is viscous. For 14 and 16%
PC solutions, G’ is higher than G” over the entire fre-
quency range, indicating that these PC solutions are
elasticc. When the PC solution concentration was
increased from 12 to 16%, the viscoelasticity of the PC
solution increased.

Fiber morphology

Polymer concentration and viscoelastic properties of
the PC solutions are considered significant parame-
ters in the electrospinning process.*****’ It was
found that the morphology of the PC electrospun
nanofibers greatly depends on the viscoelastic prop-
erties of the PC solution as shown in Figures 3 and 4.
The 12% PC solution was viscous, therefore larger
droplets and beads were obtained [Fig. 4(a)]. In this
case, the lack of elasticity of the PC solution prohibits
the formation of uniform fibers, resulting in the for-
mation of droplets or bead-on-string structures.
When the PC solution concentration was increased
from 12 to 16%, the PC solution became more elastic
and thus more fibers were obtained and the number
of beads decreased [Fig. 4(b,c)]. The relationship
between the rheology of the PC solution and the mor-
phology of the PC fibers is consistent with the results
reported in the published reports.””*"** The effect of
polymer concentration on the morphology of air
blowing-assisted electrospun nanofibers was investi-
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gated. The other parameters of the electrospinning
process were set as follows: the applied voltage was
40 kV, the TCD was 25 cm, the multiple-jet spinneret
had 16 metal 23G syringe needles, and the feed flow
rate of the polymeric solution was 2.25 mL/h. Figure
4 shows SEM images and diameter distributions of
PC electrospun nanofibers obtained using PC concen-
trations of 12, 14, and 16% in DMAc/THE. It was
found that the morphology of the obtained PC fibers
significantly changed with PC concentration. Large
droplets and beads that accumulated to form a film-
like structure were observed for the 12% PC solution
samples as shown in Fig. 4(a). For the 14% PC solu-
tion [Fig. 4(b)], more beads with fibers were obtained.
For the 16% PC solution [Fig. 4(c)], the electrospun
nanofibers had fewer beads but more fibers than
those obtained for 12 and 14% PC solution samples.
The number of nanofibers increased with increasing
polymer solution concentration; however, nanofibers
with few beads were not obtained due to the limited
change in the evaporation rate of the solvent.

Wang et al.*> found that air blowing could be
used to improve the formation of electrospun nano-
fibers. To investigate the effect of air pressure on
morphology, the parameters were fixed as follows:
the applied voltage was 40 kV and the feed flow
rate of the polymeric solution was 2.25 mL/h. Figure
5 shows SEM images and diameter distributions of
electrospun nanofibers obtained from 12% PC solu-
tion with the assistance of air blowing with air pres-
sures in the range of 0.1-0.5 MPa. The shape of
beads gradually changed from spherical to fiber-like
[Fig. 5(a)]. When the air blowing pressure was above
0.3 MPa [Fig. 5(b)], more fibers than beads were
formed. Figures 6 and 7 show SEM images and di-
ameter distributions of electrospun nanofibers with

—O0—G'of 12wt% PC
—e— G" of 12wt% PC
—— G' of 14wt% PC
—a— G" of 14wt% PC
—4A— G' of 16wt% PC
—a— G" of 16wWt% PC

Storage/Loss modulus (Pa)

1 1 L 1
10" 10° 10' 10
 (rad/s)

Figure 3 Storage modulus (G') and loss modulus (G”) as
functions of frequency (w) for (a) 12%, (b) 14%, and (c)
16% PC solutions.
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Figure 4 SEM images of fiber formations obtained using (a) 12%, (b) 14%, and (c) 16% PC solutions (with diameter

distribution on the right).

air blowing-assisted electrospinning conducted with
14 and 16% PC solutions, respectively. It can be seen
that air blowing pressure has a big effect on bead
formation. The bead size decreases with increasing
air blowing pressure. To further investigate the
change of bead formation, the bead density was cal-
culated. Figure 8 shows the effect of air blowing
pressure on the bead density of various samples.
When the air blowing pressure was increased from
0.0 to 0.5 MPa, the bead density decreased from
80.54 to 11.1%, 46.45 to 5.33%, and 21.0 to 6.04% for
12, 14, and 16% PC solutions, respectively. The bead
density of the nanofibers decreases with increasing

Journal of Applied Polymer Science DOI 10.1002/app

air blowing pressure, because air blowing increases
the driving force, which ultimately may enhance the
stretching imposed upon the forming fibers and thus
fewer beaded fibers.*”

Fiber diameter

The gas flow rate and polymer solution concentra-
tion during gas-jet/electrospinning are the most im-
portant factors in the electrospinning process.’>?°
Figure 9 shows the average diameter of electrospun
PC nanofibers generated at various air blowing pres-
sures and polymer solution concentrations. When
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Figure 5 SEM images of fiber formations obtained using 12% PC solution at air pressures of (a) 0.1 MPa, (b) 0.3 MPa
(with diameter distribution on the right), and (c) 0.5 MPa (with diameter distribution on the right).

the air blowing pressure was increased from 0.0 to
0.3 MPa, the average fiber diameter decreased from
0.168 to 0.120 um for the 12% PC solution. The aver-
age fiber diameter of the nanofibers reached a mini-
mum at an air blowing pressure of 0.3 MPa. When
the air blowing pressure was at 0.5 MPa, the average
fiber diameter increased to 0.169 pm, implying that
the electrospinning process has optimal conditions.
Similar results were found for other polymer con-
centrations. When the concentration of the PC solu-
tion was increased from 12 to 16%, the average fiber
diameter of air blowing-assisted electrospun nano-

fibers increased from 0.120 to 0.166 um at an air
blowing pressure of 0.3 MPa. In the air blowing-
assisted electrospinning process, air blowing enhan-
ces the stretching of the polymer solution jet and
results in the stretching, bending, and movement of
polymer fiber toward the grounded plate. This in
turn increases the splitting of the polymer droplets,
resulting in a decrease in the average diameter of air
blowing-assisted electrospun nanofibers. In general,
an increase of the air blowing pressure increases the
air blowing rate. An increase of the air blowing rate
at the outer nozzle accelerates the evaporation rate

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 6 SEM images and diameter distributions of fiber formations obtained using 14% PC solution at air pressures of

(a) 0.1 MPa, (b) 0.3 MPa, and (c) 0.5 MPa.

of solvents from the surface of the charged jet, which
leads to earlier formation of fibers. For the 12% PC
solution, electrospinning without air blowing
resulted in the droplets and beads bonded to form
film-like structures [Fig. 4(a)]. As the air blowing
rate increased, the bonding stopped and more fibers
with a few beads formed (Fig. 5). This indicates that
an increase in the air blowing rate speed up the
evaporation of solvents, which reduced the bonding

Journal of Applied Polymer Science DOI 10.1002/app

of fibers and increased the driving force to produce
thinner fibers with fewer beads. However, a further
increase in the air blowing rate (air blowing pressure
over 0.3 MPa) decreased the flight time and splitting
time of the charged jet, which led to an increase in
the average diameter of the PC electrospun nanofib-
ers.”® Therefore, the evaporation of the solvent and
the stretching of PC chains induced by air blowing
pressure significantly affect the average diameter
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Figure 7 SEM images and diameter distributions of fiber formations obtained using 16% PC solution at air pressures of

(a) 0.1 MPa, (b) 0.3 MPa, and (c) 0.5 MPa.

and morphology of the PC nanofibers during air
blowing-assisted electrospinning.

Air permeability and mean flow pore size of PC
nanofiber mat/PP nonwoven web

Since the nanofibers obtained from 16% PC solution
had a lower bead density and more fiber deposition
than those of 12 and 14% PC solutions, the 16% PC
solution samples were chosen to further investigate
the effects of fabrication parameters, namely air blow-

ing pressure and fiber diameter, on the Frazier air
permeability and mean flow pore size of the nano-
fiber mat/PP nonwoven web. The effects of air blow-
ing pressure and fiber diameter on the Frazier air per-
meability of a blowing-assisted electrospun web
obtained from a 16% PC solution are shown in Figure
10. As can be seen, without air blowing pressure
applied, the PC nanofiber mat/PP nonwoven web
had a broad fiber diameter distribution from 0.125 to
0.285 um and a wide distribution of Frazier air per-
meability. When air blowing pressures of 0.1, 0.3, and

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 8 Effect of air blowing pressure on bead density
for (a) 12%, (b) 14%, and (c) 16% PC solutions.

0.5 MPa were applied, the fiber diameters were in the
ranges of 0.15~ 0.22, 0.165~ 0.23, and 0.22~ 0.245 pm,
respectively. An increase in the air blowing pressure
narrows the distribution of the fiber diameter of the
PC nanofiber mat/PP nonwoven web. At a 0.5-MPa
air blowing pressure, a uniform fiber mat was
obtained due to the narrow distribution of the fiber
diameter, which led to a decrease of Frazier air per-
meability. Therefore, the fiber diameter distribution
narrows and the Frazier air permeability decreases
with increasing air blowing pressure. This indicates
that the air blowing pressure has a negative effect on
Frazier air permeability.

The effects of air blowing pressure and fiber diam-
eter on the mean flow pore size of the PC nanofiber
mat/PP nonwoven web were also investigated; the
results are shown in Figure 11. Air blowing pressure
and fiber diameter had similar effects on the mean
flow pore size. Without air blowing, a high value of
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Figure 9 Effect of air blowing pressure on fiber diameter
for (a) 12%, (b) 14%, and (c) 16% PC solutions.

Journal of Applied Polymer Science DOI 10.1002/app

HSIAO ET AL.

0.95 |-
—~ 000
c L
€ ossf
‘-“E 0.80 |-
g 075 /
> omof J T
T o065
8 oeol I T/
£ Tt
© 055 J I
a L
£ osof I —=—0.0 MPa
5 0.45 | —e— 0.1 MPa
N o4 [ I J —&— 0.3 MPa
L : —¥—05MPa
030 |-
T = T % T w T b T v T ) T x T x T ® T
012 014 016 018 020 022 024 026 028 0.30

Fiber diameter (um)

Figure 10 Effects of air blowing pressure and fiber diam-
eter on Frazier air permeability of nanofiber mat/PP non-
woven web obtained using 16% PC solution. The applied
voltage and the tip-to-collection-screen distance were 40
kV and 25 cm, respectively.

the mean flow pore size was obtained. When air
blowing pressures of 0.1, 0.3, and 0.5 MPa were
applied, the mean flow pore sizes of the electrospun
nanofiber web varied in the ranges of 5.0~ 8.0, 3.0~
6.7, and 2.2~ 4.8 pm, respectively. Therefore, with
the assistance of air blowing, the fiber diameter
increased and the distribution of the fiber diameter
narrowed, leading to a more uniform and denser PC
nanofiber mat/PP nonwoven web, and conse-
quently, a smaller mean flow pore size.

Filtration efficiency and pressure drop

Filtration efficiency and pressure drop are important
parameters for filter media. Based on the results of
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Figure 11 Effect of fiber diameter on mean flow pore
size of nanofiber mat/PP nonwoven web obtained using
16% PC solution for various air blowing pressures. The
applied voltage and the tip-to-collection-screen distance
were 40 kV and 25 cm, respectively.
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mean flow pore size of the electrospun web, the filtra-
tion performance of an air blowing-assisted electro-
spun nanofiber web fabricated using 16% PC solution
was tested. The PC deposition amount of multiple-jet
blowing-assisted electrospun nanofibers on the PP
nonwoven sublayers was about 3.5-4.0 g/m? The av-
erage thickness of the PP nonwoven web was 74.0
pm. The mean flow pore sizes of nanofiber mat/PP
nonwoven web were 3.1, 3.5, 6.6, and 8.3 pm, corre-
sponding to average thicknesses of deposited electro-
spun layers of 50.6, 48.2, 42.6, and 42.2 pm, respec-
tively. Figure 12 shows the filtration efficiencies
under face velocities in the range of 2.67-13.33 cm/s
and mean flow pore sizes in the range of 3.1-8.3 um.
As shown in Figure 12, the filtration efficiency of the
PC nanofiber mat/PP nonwoven web decreased from
98 to 86% at a 2.67 cm/s surface velocity. With an
increase in the surface velocity, more particles pene-
trated through the PC nanofiber mat/PP nonwoven
web, resulting in an obvious reduction of filtration ef-
ficiency. The filtration efficiency was evaluated using
an aerosol of 0.3-pum NaCl particles. A high face ve-
locity led to strong penetration, resulting in the NaCl
particles not being easily captured on the web surface
and thus a reduced filtration efficiency.

The dependence of the pressure drop of a multi-
ple-jet electrospun web on the mean flow pore size
and face velocity is shown in Figure 13. It can be
seen that the pressure drop decreased with increas-
ing mean flow pore size of the PC nanofiber mat/PP
nonwoven web. At a surface velocity of 2.67 cm/s, a
small difference of pressure drop was observed.
With increasing surface velocity, the reduction of
pressure drop became larger, reaching a maximum
of 5.0 mm H,O at 13.33 cm/s, which translates into
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Figure 12 Effect of mean flow pore size on filtration effi-
ciency of nanofiber mat/PP nonwoven web obtained from
16% PC solution for various face velocities. The applied
voltage, polymer feeding flow rate, and the tip-to-collec-
tion-screen distance were 40 kV, 2.25 mL/h, and 25 cm,
respectively.
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Figure 13 Effect of mean flow pore size on pressure
drop of nanofiber mat/PP nonwoven web obtained from
16% PC solution for various face velocities. The applied
voltage, polymer feeding flow rate, and the tip-to-collec-
tion-screen distance were 40 kV, 2.25 mL/h, and 25 cm,
respectively.

more resistance to air flow through the media. The
high filtration efficiency and pressure drop can be
attributed to the small mean flow pore size that
resulted from the air blowing. The air blowing pres-
sure induced a stretching force, which is similar to
an electrical voltage, leading to an effective pulling
force that forms uniform and high spin-draw ratio
fibers with a narrow distribution of the fiber diame-
ter and a small mean flow pore size of the electro-
spun mat/PP nonwoven web.

CONCLUSION

PC nanofibers were fabricated via the air blowing-
assisted electrospinning of PC solutions in a solvent
of DMAc/THF. The effects of electrospinning pro-
cess parameters, namely air blowing pressure and
PC solution concentration, on the nanofiber mor-
phology and the properties of the nanofiber mat
were examined. SEM images, bead density calcula-
tions, and fiber diameter measurements indicate that
an air blowing pressure of 0.3 MPa with a 16% PC
solution are the optimum conditions for the fabrica-
tion of PC nanofibers. The air blowing pressure is
the predominant factor in fiber formation. The
filtration efficiency of the air blowing-assisted
electrospun web was much higher than that of the
nanofiber mat produced using conventional electro-
spinning. Air blowing enhances the stretching of the
polymer solution jet and results in the stretching,
bending, and movement of polymer fiber toward the
grounded plate. The process investigated in this
study produced PC nanofiber mats with few beads,
a small mean flow pore size, and good filtration
performance.
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