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ABSTRACT

The electric field distribution of the Neddle-Plate (NP) electrospinning setup has been reported
due to the simple classical electrodynamics solutions. The charge is assumed to distribute
uniformly in the collector (plate) and needle (nozzle). The electric field is only influenced in the
early stage of the electrospinning process. The electric field and the jet fluid's viscosity have
caused the straight jet's bending. The high density of the fluid can preserve the direct jet length
much longer. The electric field gives the initial angular momentum of the jet due to the whipping
motion of the jet. The electric does not influence the whipping motion for the area away from
the nozzle. Then, the whipping motion solely due to the influence of the charge repulsion of the
jet fluid and the evaporation of the solvent.
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INTRODUCTION

Electrospinning is a method to produce nanofibers by accelerating the jet of the electrically
charged fluid of polymers at high voltage. The configuration of this system consists of the
nozzle in which the fluid of the polymer is ejected and the collectorf!l. The shape of the
nozzle can be a needle, hole, or plate with a bulge in which the polymer is ejected, and
almost the collector has a shape like a plate. Then, the electrospinning setup can be nozzle
as needle-plate (NP), hole-plate (HP), and plate-plate (PP), respectively!*2l,

The nanofibers produced by electrospinning resulted in a smaller diameter than the fibers
created by conventional methodst*l. The electrospinning method produced nanofibers in
the range of micrometers until nanometer scale®*). These small fibers are potentially using
for many applications, such as membrane of filtration and composite materialst®%, Beside
the size of the fibers, the electrospinning produces high surface area of threads. It has
attractive as catalyst support and drug deliveryf® 1912 Mostly these nanofibers have used in
many applications such as life science, medicine, and industry[®: 13151,
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Although many applications can be developed from the nanofibers produced by
electrospinning, but the controlling fiber diameter remains obstacles. Many variables of the
physical quantities have influenced the producing nanofibers in the electrospinning process.
These physical quantities are from the set up of the electrospinning itself and the fluid of
polymer. The physical quantities from the set up of the electrospinning are the electric field
and distance between the nozzle to the collector™? 1628 The physical quantities of the
solution of polymer that influence the electrospinning are the viscosity, charge density, and
evaporation rate [2 16 19-20]

The electric field was the crucial factor for controlling the diameter of the fiber in the
electrospinning process. The different set up of the electrospinning produces different
strength and uniformity. Based on the previous result that the PP system produces uniform
electric field™], while the other two systems in which HP and NP system produce a slightly
non-uniform electric field and very nonuniform electric field respectively!*-2.

Previously, it was reported that the electric field's effect on the nanofibers' size was produced
by the electrospinning method. Poly(ethylene oxide) (PEO) is a common polymer for
electrospinning because it can spin at moderate voltages in direct current (DC) mode.
Experiments with PEO aqueous solutions show that the uniformity of the electric field will
affect the spinning results. Specifically, more uniform electric fields produce fibers due to
the higher bending speed. Increasing the voltage on the electrospinning needle causes the
change in the average electric field to be greater, resulting in a smaller fiber size[.

Furthermore, Zheng et al. reported a comparative study between the HP and NP setup of the
electrospinning?. Their results showed that an increased electric field at the spinneret
produced a straighter jet and a smaller envelope cone for the needle-plate (NP) setup. In
contrast, if the electric field intensity is uniform and higher and more uniform electric field
intensity in the bending region of the hollow-needle (HP) arrangement, it produces tiny fiber
diameters due to a higher flogging frequency, decreasing the velocity of the bending jet and
increasing the jet path for stretching!?l.

Although the NP showed the nonuniform electric filed, the NP set up remains interesting
due to the lower operating voltage than the other set up of the electrospinning and simplicity
to arrange this setup. However, the electric field distribution in the NP set up has not been
fully discussed. In this paper, we report the analysis of electric field distribution in the NP
set up that would influence the resulted fibers for certain applications.

METHODS

The experimental set up of the NP electrospinning showed in Figure 1a. It consists of the
needle with syringe pump in which the fluid of polymer is ejected. High voltage (HV) is
used to generate the electric between the needle and the plate in which represented as anode
and cathode or otherwise. Figure 1b shows the scheme of the NP set up in which L, z;, dq
represents the length of the needle, controllable needle-to-collector distance and charge
element, respectively. We consider that the diameter of the needle is much smaller than the
area of the plate; therefore, the collector can be assumed as an infinite plate. The charge
density in the needle and the collector are expected they distribute uniformly.
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Figure 1. (a) The set up of the needle-plate (NP) electrospinning, (b) The scheme of the NP electrospinning,
(c) The component and the modulus of the electric field between the needle and the plate, (d) The component

and the modulus of the electric field near the tip of syringe..

RESULTS AND DISCUSSION

Based on our model, we can construct the equation to represent the electric field of the NP
electrospinning set up. The electric field consists of the vertical and radial components
respectively. As shown in Figure 1, the vertical is represented by the z-components of the
electrical field. Otherwise, the radial components are described by the x-components. The
equations of the electric field components are as follow:

z-1,)dz

(
+(z-2,) ]% ?

L
o
5. = 2¢, +'£[X2

I dz
EX = —k/lX! m (2)

in which E, and E, represent z-components and Xx-components of the electric field,
respectively.While A is the element charge of the needle and k = 1/4me, (&, is the
permittivity of free space, &, ~ 8.85 x 10712 C2/N m2). The equation (1) and equation (2)
representing the z and x components of the electric field respectively. The first component
of the equation is the contribution from the collector, whereas the second component is from
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the needle. The equation (2) only get the contribution from the needle. The equation (1) and
(2) can be solved as follows :

e 1,20 3
o L{((L—zl)2+x2)+(zf+x2)}rA ®)

E__1 L-z, +_ 4 (4)
@ XL ((L—zf)2+x2)y2 (Zf+x2)%

where @ = kQ which represents the conductivity of materials. In our case we ignore the
influence of the conductivity of the materials, which imply in equation (3) and equation (4),
respectively. The plot of the equation (3) and equation (4) are shown in Figure 1c. The zoom
of the electric field near the nozzle is shown in Figure 1d. From both figure we can confirm
that the electric field has influenced only near the nozzle. The x-components dominantly
affect the motion causing the bending of the jet fluid of the polymer. The jet of the fluid can
pertain the longer straight shape depend on the viscosity of the liquid. The high viscosity of
the polymer will produce longer straight path.

The Figure 2 shows the components of the electric field with the various distance of the
needle. The electric field near the nozzle has a significant influence on the motion of the jet.
The jet whipping of the motion is causing by the influence of the electric field, the repulsion
charge in the fluid, and the evaporation. The components of the electric field contribute to
the initial angular momentum for the motion of the jet. Then the influence of the electric
field vanished, which the jet moves far away from the nozzle. The motion dominantly
influences from the charge repulsion in the fluid and also from the evaporation. The radius
of whipping becomes large, along with the moving away of the jet from the nozzle. The
increasing radius of the whipping is caused by the reduction of the mass due to evaporation.
The momentum conservation law then leads the increasing of the jet velocity. The
increasing of the velocity due to reduction of the mass causing the jet take larger diameter
of the motion than the before. The charge repulsion also gives the contribution in the process
of the elongation of the jet. The interation between the same type of charge in jet fluid
causing repulsion between the charge due the Coulombic Force. Both contributions from
the evaporation and the repulsion of the charge give contributions to the final diameter of
the fiber produced by electrospinning methods.
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Figure 2. (a) The x-component of the electric field and (b) the z-component of the electric field with the
various distance from the needle.
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CONCLUSION

Based on our model, we can construct the equation to represent the electric field of the NP
electrospinning set up. In this set up the electric field influence only in the near of the nozzle.
The x-components of the electric field give control for the bending of the jet in the early
stage of the electrospinning. The electric field also provides the initial angular momentum
for the motion of the jet. In the area which far away from the nozzle, the electric field does
not influence the motion of the jet. In this stage, the charge repulsion and the evaporation
are dominantly influencing the motion of the jet.

NOMENCLATURE
[ Length of the Needle m
7, Controllable Distance Between the Needle to the Collector m
dg Element of the Charge C
E. z-components of the electric field N/m
E, x-components of the electric field N/m
Greek letters
L element charge of the needle Wm2K?
g, The Permittivity of Free Space C2/N m?
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