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Effect of bipolar configuration on morphology of electrospun webs

Sandip Basu, Manjeet Jassal* and Ashwini K. Agrawal

SMITA Research Labs, Department of Textile Technology, Indian Institute of Technology, New Delhi, India

(Received 28 June 2012; final version received 4 February 2013)

The diameter of the nanofiber and area of deposition are the two most important properties that define the mor-
phology of nanofiber webs. This study aims at exploring the effect of electrospinning parameters on the area of
deposition of nanofibers. The area of deposition of the nanofiber web was found to be dependent on the process
parameters such as needle to collector distance, collector voltage, and flow rate as well. Based on the observations,
a simple model has been proposed to explain the behavior of electrospinning in a bipolar configuration.

Keywords: electrospinning; area of deposition; areal density; coverage

Introduction

Electrospinning is a process of producing nanofiber
web through the action of external electric field
imposed on the polymer solution or melt. The large
surface area to mass ratio and high porosity of these
nanowebs are the key properties determining their per-
formance in a broad range of applications (Reneker &
Yarin, 2008; Teo & Ramakrishna, 2006). However,
for the potential of the electrospun nanowebs/struc-
tures to be fully realized, it is important to control the
morphology of the nanowebs. Diameter of nanofibers
and the spatial distribution of nanofibers are two
important parameters that define the morphology of
the nanowebs. Very little has been reported in the lit-
erature on controlling the special distribution in terms
of area of deposition or areal density by controlling
the electrospinning process parameters (Barhate,
Loong, & Ramakrishna, 2006; Heikkila & Uusima,
2007). In the past, a few studies have reported the
effect of shape of the collector (Li, Ouyang, McCann,
& Xia, 2005), shape of the tip and or collector (Kong,
Lee, Lee, & Kim, 2007) and incorporation of insula-
tors around the tip (Ying et al., 2008) on the deposi-
tion behavior of nanofibers. It has been reported that
the molecular orientation of the nanofibers improves
with increasing distance (Naraghi, Arshad, & Chasio-
tis, 2011). The stronger effect of charging the jet by
conduction as compared to charging by induction has
been pointed out by Kilic, Oruc, and Demir (2008).

Recently, it was reported (Basu, Agrawal, &
Jassal, 2011, 2013) that the diameter of the nanofibers
is primarily dependent on the solution properties and

independent of electrospinning process parameters
such as needle voltage (NV), collector voltage (CV),
flow rate, and the distance between the needle and the
collector. In the study, the minimum electrospinning
voltage (MEV) was defined as the voltage where max-
imum conversion of polymer fluid into nanofibers was
observed to occur. However, the spatial distribution of
nanofibers represented by areal density and area of
deposition (i.e. spread on the substrate) in the ran-
domly laid nanoweb was not reported in the above
study. This paper intends to investigate the effect of
various electrospinning parameters in a bipolar
arrangement on the areal density and area of spread of
electrospun web in polyacrylonitrile (PAN)–N,N-
dimethylformamide (DMF) system. The study reveals
that among these parameters, the needle to collector
distance and CV had the greatest effect on the area of
deposition of electrospun web.

Experimental methods

Fiber grade commercial acrylic terpolymer, with aver-
age Mw of 75,000, procured from Pasupati Acrylon
Ltd. (Moradabad, India) was used for the experiments.
The terpolymer had about 8% methyl acrylate and 1%
2-acrylamido 2-propane sulfonate as comonomers in
addition to acrylonitrile. Laboratory grade reagent
DMF was used as a solvent.

The terpolymer was dissolved in DMF to obtain
homogeneous spinning solution of concentrations in the
range of 8–14% (w/w). A vertical electrospinning set-
up was used for all experiments. The electrospinning
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was carried out using an infusion syringe pump KDS
100 from KD Scientific (Holliston, Massachusetts,
USA) with a flat tip needle (internal diameter = 0.6mm)
as the spinning head and 40 kV dual polarity high volt-
age power supply, Model: DES40PN from Gamma HV
(Ormond Beach, Florida, USA). The syringe pump was
used to control the flow rate, while the high-voltage
supply was used to charge the needle and the collector,
as needed. A 30 cm diameter circular steel plate of
1mm thickness was used as collector, which was con-
nected to the high voltage supply. The solution was
pushed out of the syringe at a fixed rate in the range
from 0.1 to 2ml/h for different experiments. The poly-
mer droplet was charged by conduction via connecting
the needle with the positive high voltage supply (NV).
It was also charged by induction by connecting the col-
lector with the high voltage of opposite polarity (i.e.
negatively charged CV). Both the NV and CV were
independently controlled. In the experiments, the poly-
mer solution droplet was thus charged by a combination
of conductive and inductive charging. The net voltage
applied on the polymer for all spinning conditions were
at their respective MEV. The determination of MEV for
a particular set of spinning conditions and its relation
with NV and CV are reported in our earlier studies
(Basu et al., 2011, 2013). In order to investigate the
effect of CV on the area of deposition, the MEV was
maintained by tuning the NVas the CV was varied. The
distance from the tip of the needle to the collector was
varied from 5 to 30 cm. The temperature and relative
humidity were maintained at 25°C, 50% relative
humidity (RH) for all experiments.

To investigate the behavior of spinning jet, still
images were captured by high resolution camera
(10MP) using high intensity light source. The pattern
of deposition on the collector was analyzed by carry-
ing out a frame by frame analysis of a video.

The area of deposition (or spread) of the nanowebs
was estimated by measuring the average diameter of
the circular deposition. In order to eliminate the effect
of amount of nanofibers on the area of deposition, a
constant volume of polymer solution of 0.05ml was
electrospun in each experiment. The coverage or total
projected area of fiber per unit area was calculated as:

Coverage ¼ w� l; (1)

where w is the projected width of the nanofiber, l is
the total length of the nanofiber generated by spinning
the above polymer solution at a given diameter (Sim-
monds, Bomberger, & Bryner, 2007).

The diameter of the nanofibers was measured
using nanoweb samples collected after electrospinning
0.05ml of polymer solution under a particular set of
experimental conditions. The nanowebs were dried

under vacuum for 2 h and coated with silver and
imaged using scanning electron microscopy (SEM),
Model: Steroscan 360 from Cambridge Instruments
UK and Quanta 200F from FEI (Hillsboro, Oregon,
USA). The SEM micrographs were then analysed for
diameter using software Image J from Research Ser-
vice Branch, National Institute of Health, USA. Fifty
fibers were randomly chosen from each quadrant of
the SEM image and their diameters were determined.
The mean and standard deviation of the 200 readings
were calculated for each sample.

Results and discussion

Area of deposition of nanofibers in nanowebs

Effect of distance

The effect of distance on area of deposition (also
known as spread of nanofibers on collector plate) was
studied using a charged needle and grounded collector
at MEV. Electrospinning of PAN solution of three
concentrations 10, 12 and 14wt.% was carried out at
flow rates of 0.1 and 1ml/h. The area of deposition
was plotted against distance and is shown in Figure 1.
It was observed that area of deposition for 10wt.%
polymer solution at 1ml/h increased from 50 cm2 at
5 cm distance to 707 cm2 at 15 cm distance, which is
the size of the collector plate, and therefore, maximum
possible area for deposition. Beyond 15 cm of dis-
tance, the deposition took place over the entire area of
the collector plate. For 14wt.% PAN at 1ml/h, the
area of deposition increased from 20 cm2 at 5 cm to
707 cm2 at 30 cm of needle to collector distance. Simi-
lar observations of increasing area of deposition with
increasing distance were made for other concentrations
and flow rates used in the experiment. There are two
possible reasons for this observation. First, when

Figure 1. Effect of distance on the area of deposition of
nanowebs.
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a grounded collector is used in electrospinning
i.e. CV= 0, the charged needle induces opposite
charge onto the collector’s surface. This creates the
attractive force between the charged nanofibers and
the collector and the fibers are deposited onto the col-
lector. As the needle to collector distance increases,
the extent of induced charge on the collector also
decreases, because the increase in MEV is not propor-
tionally higher with the increasing spinning distance.
This is likely to affect the net attraction, and consecu-
tively, the spread of the fibers on the collector. Sec-
ond, the deposited electropsun fibers may also take
some definite time to dissipate the charges present on
their surface. This is because the polymeric fibers are
insulating in nature. Since the induced charge on the
collector is opposite to that of the deposited fibers,
the former helps in dissipation of the later. While the
charge is being dissipated, the further deposition of
the fibers is diverted to uncharged location on the
collector due to repulsion of the depositing jets with
the already deposited fibers. Since the induced oppo-
site charge on the collector is a function of the dis-
tance, the charge dissipation rate from the nanofibers
to the collector may be expected to decrease with
increasing spinning distance. Consequently, the area of
deposition is likely to increase with distance. The
change in spinning behaviour because of the distance
is clearly visible in Figure 2, where the spinning jet is
spread out to the entire collector plate at 25 cm and
the same reduces to a much smaller area when the dis-
tance reduces to 15 and then 5 cm.

Effect of polymer concentration

Figure 3 shows the area of deposition as a function of
polymer solution concentration. The area of deposition
decreases substantially with increase in polymer con-

centration from 10 to 14wt.%. This is likely to be
because of changing amount of charge on the spinning
fibers with change in concentration. The surface area
of the nanofibers decreases with increase in polymer
solution concentration. As the electrostatic charge
resides on the surface of the fibers, the charge carrying
capacity of the electrospinning jets can be expected to
be proportional to the surface area of the spinning
fibers. Therefore, the nanofibers generated using
higher solution concentrations are expected to carry
lower charge to the collector per unit time, resulting
in faster dissipation of charge from the deposited web.
This lowers the extent of repulsion between the depos-
iting jets and the already deposited fibers resulting in
lower area of deposition. The other contributing factor
is the net force on the electrospinning jets in the spin-
ning line due to the electrostatic repulsion among
themselves and the gravitation pull due to the mass of
the fibers. Since the diameter of the spinning fibers is
higher for the higher polymer concentration, the gravi-
tation is expected to be higher per unit length. Also,
since the charge carrying capacity is lower with
thicker fibers, the mutual repulsive forces are also
expected to be lower. Together, the spread of the
deposited webs would be lower. The effect of polymer
concentration on the spinning behaviour is photo-
graphed and shown in Figure 4, where spinning jets
from polymer concentration of 10 and 14wt.% have
been compared.

Effect of flow rate

Figure 5 shows the effect of both CV and flow rate on
the area of deposition. It can also be observed from
the figure that with higher flow rate, the area of depo-
sition increases. This can easily be appreciated by
considering that at a higher flow rate, the cumulative

Figure 2. Photographs of electrospinning jets 14% PAN at
1ml/h flow rate, at needle to collector distance of 25, 15
and 5 cm (showing reduced area of deposition with
decreasing distance).

Figure 3. Effect of varying PAN dope concentration (10,
12 and 14%) on the area of deposition at a flow rate of
1ml/h and needle to collector distance of 25 cm.

The Journal of The Textile Institute 1073

D
ow

nl
oa

de
d 

by
 [

In
di

an
 I

ns
tit

ut
e 

of
 T

ec
hn

ol
og

y 
- 

D
el

hi
] 

at
 0

8:
24

 3
0 

M
ar

ch
 2

01
5 



charge carrying capacity of the jets increase. This
causes an increase in mutual repulsion of the spinning
jets and the charge dissipation time from the deposited
nanowebs to the collector plate. However, the effect
of flow rate is smaller in comparison to the concentra-
tion of the polymer solution.

Effect of CV

The area of deposition of the nanofibers was found to
be strongly dependent on the CV. Figure 5 shows the
plot of area of deposition against CV at different flow
rates for 14wt.% polymer concentration at 25 cm dis-
tance. There was a sharp decrease in area of deposi-
tion from 707 to 64 cm2 with decrease in CV from 0

to �20 kV. On decreasing the CV further, to �40 kV,
the area of deposition decreases to 28 cm2. Initially, a
small decrease below zero in CV allows controlling
the deposition area to a large extent, beyond which
the decrease in area is smaller for a comparatively lar-
ger decrease in CV.

This can be seen clearly be seen in photomicro-
graphs of Figure 6, where electrospun nanofiber from
PAN concentration of 14wt.% spun at different collec-
tor plate voltages of 0 to �40 kV have been com-
pared. This may be explained on the basis of two
reasons. First, charging the collector with an opposite
charge causes quicker dissipation of charge from the
deposited nanofiber web on the collector. This facili-
tates the deposition of newly formed nanofibers over
the older layers. The rate of dissipation of charge is
expected to increase with decrease in CV (i.e. in the
present case increase in negative voltage). However,
with reducing area of deposition, the same of amount
of polymer would get deposited in many more number
of layers, and therefore, much lower CV (i.e. more
negative) would be needed to overcome the resistance
built-up by the higher number of deposited layers and
to dissipate the charge a little faster. This results in
nonlinear decrease in CV with decrease in the area of
deposition. Second, with decrease in CV, the electric
field lines will tend to converge more on the collector

Figure 5. Effect of varying flow rate (0.1, 0.2, 0.5 and
1ml/h) on area of deposition for 14% PAN concentration.

Figure 6. Photomicrographs of nanofibers electrospun with
14wt.% concentration and CV of (a) 0 kV (b) 10 kV (c)
20 kV (d) 30 kV and (e) 40 kV at flow rate of 1ml/h.

Figure 4. Photographs of electrospinning jets of 14 and
10wt.% PAN concentration at 1ml/h flow rate (showing
increasing area of deposition with reducing polymer
concentration).
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plates resulting in converging of the spinning jets in a
smaller area. As the opposite charged jets are
converged, the repulsive force increases among the
spinning fiber jets, and therefore, significantly lower
CV is required to bring them closer even by a small
distance. This is because the increase of electric repul-
sive force between two charged jets is inversely pro-
portional to the square of the decreasing distance.

When the effect of CV is compared with that of
polymer concentration and flow rate, as shown in Fig-
ures 3 and 5, respectively, it can be observed that
effect of CV on area of deposition follows the same
trend with change in both flow rate and polymer con-
centration. For different flow rates and polymer con-
centrations, the area of deposition is high at near zero
CV. This decreases sharply with small decrease in the
CV, i.e. up to �10 kV. Lower than �10 kV, the
decease is slower, which eventually levels off. The
decrease is sharper for lower flow rates and higher
polymer concentrations. However, the changes with
flow rates and polymer concentration are rather small.
For example, the area of deposition increases from
201 to 284 cm2 on increasing the flow rate by an order
of magnitude from 0.1 to 1ml/h at CV of �8 kV. Sim-
ilarly, the area of deposition decreases from 452 to
283 cm2 on changing the polymer concentration from
10 to 14wt.% at 1ml/h. These results indicate that
CV has a much greater role in controlling the area of
deposition compared to the changes in flow rate and
polymer concentration.

Figure 7 shows the graph of area of deposition
against CV at different needle to collector distances of
5–25 cm for 14wt.% PAN at 1ml/h flow rate. At a
needle to collector distance of 25 cm, the area of
deposition decreases drastically from 707 (which is
limited by the size of the collector plate) to 64 cm2 on
decreasing CV from 0 to �20 kV. A further decrease
of CV from �20 to �40 kV reduces the area of depo-

sition from 64 to 28 cm2. The initial decrease in CV
below zero (i.e. negative voltage) was highly effective
in reducing the area of deposition. At the lowest dis-
tance of 5 cm, the area of deposition is already low
(10 cm2) even at CV= 0. This value tends to reduce
further on decreasing the CV below zero. The results
indicate that though the collector plate voltage is
important in reducing the area of deposition at all dis-
tances of spinning, it is more useful in controlling the
area of deposition when needle to collector distance is
to be kept large (in this study 20 cm and above). This
may be due to the fact that at a low spinning distance,
the opposite charge induced on the grounded collector
plate by the NV is already high. A further increase in
opposite charges by charging the collector plate at a
higher voltage, helps only to a smaller extent in reduc-
ing the repulsion between the spinning and deposited
nanofibers.

Effect on areal density

Areal density is expressed as weight of polymer per
unit area of deposition. This is an important parameter
in electrospinning as it is often used for deciding the
extent of electrospinning in an industrial set-up. Fig-
ure 8 shows the effect of CV and polymer concentra-
tion on average areal density of the nanowebs at a
flow rate of 1ml/h and a needle to collector distance
of 25 cm.

The average areal densities were determined for
the nanowebs spun from constant volume of polymer
solution for all cases. This means that amount of poly-
mer changes in the ratio of 1:1.2:1.4 as the concentra-
tion of the polymer solution changes from 10 to
14wt.%. It was observed that with decrease in CV
from 0 to �40 kV, the average areal density of the
nanowebs increases at significantly higher ratio com-
pared to the ratio of the polymer weights used for

Figure 7. Effect of CV on area of deposition at 14% PAN
concentration and 1ml/h flow rate.

Figure 8. Effect of CV on average areal density of the
nanoweb at varying PAN concentration of 10, 12 and 14%
and a flow rate of at 1ml/h.
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spinning. For 10wt.% PAN, the increase was from
0.07 to 0.37 g/m2 (an increase of 430%), while for 12
and 14wt.%, the increase was even more marked from
0.08 to 0.63 g/m2 (690%) and 0.1 to 1.39 g/m2

(1290%), respectively. This is due to the fact that the
area of deposition of the nanofibers decreases both
with decrease in CV and with increase in polymer
concentration. However, unlike the area of deposition,
which was a much stronger function of the CV, the
average areal density changes significantly with both
CV and the polymer concentration. By changing the
polymer concentration by 40% (i.e. from 10 to 14wt.
%), the average areal density increased by about
280% for the CV of �40 kV.

Figure 9 shows the effect of CV on average areal
density at different spinning distances. It is interesting
to note that the average areal density changes slightly
with change in CV at large spinning distances such as
25 cm. However, as the spinning distance is reduced,
the effect becomes stronger and shows the maximum
change at 5 cm. At this spinning distance, the average
areal density increases by over five times for increase
in CV from 0 to �12 kV. The effect on average areal
density at still lower CVs could not be studied due to
electrical breakdown of the air between the needle and
the collector. The results indicate that the average
areal density of nanofibers (in terms of polymer depo-
sition in g/m2) may be easily controlled over a wide
range (i.e. from 0.1 to 22 g/m2) using a bipolar config-
uration.

Effect on coverage

The coverage of the nanofibers is defined as the
projected area of fibers for per unit area of deposition,
i.e. the ratio of projected area to the deposited area.
The coverage would, therefore, depend upon the
diameter of the nanofibers and their area of deposition

on the collector plate. Consequently, all the parameters
that affect diameter and the area of deposition would
also influence the coverage of nanofiber web. Since the
spinning distance and CV have the greatest effect on
the area of deposition, the two parameters were also
observed to have the greatest effect on the coverage.

From Figure 10, it may be seen that the coverage
values of the nanofiber webs could be changed from a
very low value of 0.34 to a very high value of 76.08
using just these two parameters. The coverage value

Figure 9. Effect of CV on average areal density of the
nanoweb at flow rate of 1ml/h and varying needle to
collector distance (5, 10, 15, 20, and 25 cm).

Figure 10. Effect of CV on coverage of the nanoweb at
varying distance of 5, 10, 15, 20, and 25 cm and a flow rate
of 1ml/h.

Figure 11. Photograph of the electrospinning jet using
14% PAN, at 1ml/h flow rate, and needle to collector
distance of 25 cm.
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of greater than 1 indicates that the fibers were able to
cover the same area many times over. This would
change the tortuosity of the path of pores present
inside the nano-nonwoven webs, and may therefore,
affect the performance properties in applications such
as filtration.

Proposed model for the area of deposition in
electrospinning

In the literature, it has been proposed that during
electrospinning, the extruded jet first travels in a
rectilinear path and then enters into a region of bend-
ing instability to make a whipping jet. This path taken
by the whipping jet can be traced by a cone of a par-
ticular angle. This ultimately determines the area of
deposition by the electrospun fibers. As per this

model, it is expected that spread increases with
increase in the spinning distance. The spread of spin-
ning jet due to bending instability starts very close to
the spinning needle and remains unaffected as it trav-
els to the collector plate.

Figure 11 shows a spinning jet of polymer solution
concentration 14wt.% at a flow rate of 1ml/h and dis-
tance of 25 cm. It can be seen from the photograph
that as the polymer solution is extruded from the nee-
dle, it travels in a rectilinear path and then converts
into a shower. The shower shows continuous lines of
scattered light running from top to bottom with dark
spaces between any two lines. This kind of pattern,
which is unlikely to be obtained by spirally whipping
spinning jet, indicates that the shower is probably cre-
ated by splitting of the extruded polymer into a num-
ber of spinning jets. Splitting of spinning jet at low
polymer concentration has been also reported by Eda
et al. (2007). The cone formed at the splitting point
extends to a very small distance, �1–2 cm, then the
jets converge down to a smaller angle of spread,
termed as ultimate cone angle (UCA), depending upon
the set of parameters used in the electrospinning pro-
cess, and then follow a linear path to the collector
plate. Even with grounded collector, the convergence
of jets would depend upon the magnitude of the vari-
ous electrospinning parameters.

From the results discussed earlier, it is clear that
many factors have strong influence on controlling the
area of deposition. These include, distance of spin-
ning, concentration of polymer, flow rate and counter
voltage on collector plate, etc. All these factors influ-
ence the convergence of the split jets to the UCA,
because they affect the repulsive and the converging
forces experienced by the spinning jets. The repulsive
forces arising from the repulsion among the spinning
jets in the spinning zone and the converging forces
are imposed due to the electric field and gravitation
force experienced by the spinning jets in a vertical
spinning set-up. The two together determine the UCA
in the electrospinning.

The repulsive forces among the spinning jets,
which increases the UCA, depend upon the amount of
surface charge carried by the spinning jets per unit
time, which in turn are dependent mainly upon the
flow rate and concentration of polymer solution.

The converging forces have an opposite effect on
UCA and ultimately the area of spread. The high volt-
age that is used to charge the polymer droplet creates
a spherical electric field all around the droplet. The
polarization of the droplet occurs in whichever direc-
tion it succeeds to find a grounded surface. In the
absence of a grounded collector the electrospun nanof-
ibers are scattered all around the spinning needle (as
depicted in Figure 12).

Figure 12. Schematic representation of electrospinning
process without any grounded collector.

Figure 13. Schematic representation of electrospinning
process with grounded collector.
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When a grounded or oppositely charged plate is
positioned in close proximity to the charged droplet,
the polarization and ultimately the jetting takes place
in the direction of the plate, which acts as a collector
of the nanofibers. The stream of nanofibers travels
along the electrostatic field towards the collector and
is deposited on it (Figure 13).

As the density of electric field is increased near
the collector plate, greater converging force is applied
on the spinning jets (Figure 14). The factors that affect
the field density are applied MEV, the distribution of
MEV between the needle and the collector, and the
distance between the needle and the collector plate.
Additionally, thicker filaments also experience higher
gravitation pull in the downward direction resulting in
higher degree of convergence.

In an ideal situation, the balance of repulsive and
the converging forces, which decide the UCA, should
decide the area of deposition of the fibers on the col-
lector. In such a situation the area of deposition on the

collector should have been same as the area of spread
formed by the splitting jets. However, from the vari-
ous photographs shown in Figures 4 and 6, it can be
seen that the area of deposition is always much higher
than the area of spread formed by the jets. This has
been explained on the basis of additional repulsive
forces that come into play between the spinning jets
and the deposited fibers as the jets approach the col-
lector plate.

In order to understand the behavior of the
repulsive forces between the spinning jets and the

Figure 14. Schematic representation of electrospinning
with oppositely charged collector.

Figure 15. Photographs of the deposition of nanofibers on
the collector plate with time of spinning.

Figure 16. Photograph showing swing of a electrospinning
jet at much lower position.

Figure 17. Schematic representation of electrospinning
showing development of counter charge on the charged
collector.
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deposited fibers, the deposition pattern of the spinning
jets was studied with the time of electrospinning. Fig-
ure 15 shows the photographs of the deposition of
nanofibers on the collector plate with time of spinning.
As can be seen from the figure, the deposition takes
place in an outward whirl pattern on the collector
plate. Our observation during the spinning has shown
that the outward whirl swing of the spinning jets orig-
inate near the end of the rectilinear path. However, the
swing of the jet may also take place at a much lower
position, close to the collector plate, as can be seen
from Figure 16. This swing of the spinning jet indi-
cates that repulsive forces are present between the
spinning jets and the deposited fibers.

The nanofibers carry with them a certain magni-
tude of charge, which resides on their surface. As they
are deposited on the collector, the charge on the
nanofibers is dissipated onto the oppositely charged
collector plate. However, a finite time is required for
the process of charge dissipation from nanofibers to
the collector plate to complete. The newer nanofibers
that are travelling towards the collector are repelled by
the similarly charged nanofibers on the collector
(where charge dissipation has not completed) and are
deposited elsewhere. This process continues until the
charge from the nanofibers is dissipated to the collec-
tor. Fresh layers of nanofibers then start to deposit
over the same area again. This model is depicted in
Figure 17. Thus, the nanofibers are deposited over an
area of the collector plate, which is much larger than
the spread area of the jet formed on the collector. The
extent of swing of the spinning jets, and thus the area
of spread, would depend on the rate of dissipation of
the charge, which in turn would depend upon the volt-
age of the oppositely charged collector and the contact
of the nanoweb with the collector.

The above model adequately explains the effect of
various electrospinning parameters on the behavior of
deposition of nanofibers observed in an electrospin-
ning system.

Conclusions

In this study, the effect of electrospinning process
parameters on the area of deposition of nanofiber web
was studied in a bipolar configuration. In contrast to
the behavior seen for the diameter of the nanofibers,
the area of deposition on collector was found to vary
significantly with all electrospinning parameters such
as solution concentration, flow rate, needle to collector
distance and the CV. Among these parameters, the
needle to collector distance and CV had the greatest
effect. The electrospinning parameters appear to deter-
mine the cone angle made by the spinning jets, which

has been defined as “ultimate cone angle (UCA)”.
This in turn influences the area of deposition. How-
ever, the area of deposition was still found to be much
higher than the area covered by the spinning jets. A
simple model has been proposed to explain the depo-
sition behavior of the spinning jets with changing
parameters. Based on the above understanding, the
diameter and the area of deposition may be indepen-
dently controlled to obtain desirable morphology of
the nanowebs for different end uses.
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