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ABSTRACT: On the basis of electrostatic
repulsive force electrospinning technique fabricates
fibers of diameter from nano to micro size range.
The technique attracted much attention due to its
nanoscale output. Nano or micro fibers are used in
making of biomedicine and drug delivery.
Electrospinning is easy and less expensive method.
Electrospinning comes with some parameters
related to instrumental, solution based and ambient.
The optimization in parameters of electrospinning
provides effective and efficient fabrication of
l. INTRODUCTION

Electrospinning  technology  fabricate
ultrafine fibers from polymer solution. The
technology is based on the electrostatic force where
high voltage is applied on polymer solution which
makes fibers of micro to nanometer scale.[1] Fibers
are prepared from various methods such as phase
separation, self-assembly, template synthesis and
mechanical drawing. Electrospinning is a
conventional technique, it requires simple tools,
easy to operate and cost effective than the other
methods.[2] the electrospinning system used in
different fields such as filtration, cosmetic mask,
military protecting clothing, wound dressing[3],
drug delivery,[4] enzyme immobilization[5] and
tissue  engineering.[4] The  electrospinning
technique provide alterations in parameters which
are capable of control morphology, porosity and
topography and density of fibers.[7]

In 1882 Rayleigh introduces the principle
of electrospinning. Formhals patented
electrospinning as for fabrication of small diameter
fiber in 1934.[7] In the second patent of formhals
they improved the drawbacks from earlier
apparatus.[8] Researches on electrospinning
process investigated the effect of various
parameters on fiber’s morphology and properties.
Investigation on impact of parameters helps to
control the morphology of fibers and making them
applicable for various applications.[6] Electrospun
fibers exhibit high surface area to volume ratio.[9]
They are used as anode in lithium ion

fibers. The change in these parameters helps to
control morphology, size, porosity, surface area
and topography of parameters. Electrospinning
technique provide wide range of material selection
and flexibility in parameters control, due to such
property technique having widespread applications
in drug and gene delivery, wound dressing and
tissue engineering.

KEYWORDS: Electrospinning, Drug delivery,
Parameters, Morphology, Optimization.

batteries[10]conducting and magnetic materials in
micro or nano devices.[11] Due to the surface
property of Electrospun fibers are used in the high
performance air filters.[12] The different fields of
applications need desired structures of fibers. The
optimization in the parameters of electrospinning
help to control the fibers structure and properties.

Il PROCESS

Basic setup of electrospinning contains
three major parts, syringe pump with needle, high
voltage supply and a collector. Syringe pump is
filled with polymer solution and having needle at
end. One end of high voltage is connected to the
syringe and other to the collector.Various types of
collectors are used to obtain different structures of
fibers [14]

Process is starts with filling of polymer
solution in syringe pump which control the rate of
dispense. Needle is placed at a distance in
centimeters from collector for proper solvent
evaporation from fiber. The high voltage is applied
in the setup. As the force applied on the syringe to
push the solution, droplet get formed. At
application of high voltage, solution overcomes the
surface tension and conical shaped geometrical
shape forms called as ‘Tylor cone’. The
electrostatic force make the continuous fiber jets
runs toward the collector. When the fibers get
ejected solvent evaporates and dry polymeric fibers
are deposited on the collector.[1]
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Figure 1 : Electrospinning setup

1. INSTRUMENTAL PARAMETERS
1) Voltage

The voltage applied to polymer solution
produces electrostatic repulsive force. The force is
required in certain value at which polymer solution
overcome its surface tension and resulting in fiber
formation. Fiber formation is depend on applied
high voltage. Change in voltage directly effect on
orientation of the molecular chain and affect crystal
nature of fiber. Two types of voltage are used in
electrospinning, direct current (DC) and alternating
current (AC). Magnitude of voltage influence
morphology and structure of the fiber.[15]
application of AC current forms multiple jets on
surface of liquid and DC current forms only one
jet.[16] the appropriate value of voltage is depend
on type of polymer solution used for
electrospinning.[6] increase in the applied voltage
decreases diameter of polymer. Further increase in
thevoltage more the polymer ejection and fibers
produces of large diameter with bead defects.[17]
2) Flow rate

Flow rate of the Electrospun solution
influence the shape of polymer. Amount of
spinnable solution is determined by solution flow

rate.[15] With higher flow rate of solution
production rate of electrospinning can be increased
but at uncontrolled process effect on morphology
of fibers.[18] Minimum flow rate help to
accelerate the material transfer rate. A proper flow
rate maintain the stability of Tylor cone at nozzle
during electrospinning process. At constant voltage
increase in the flow rate increases the diameter of
prepared fiber.[15] at high flow rate insufficient
drying of fiber jets leads to bead defect and flat or
ribbon  like  fibers are  observed.[19]De
Schoenmaker et al. explains there is a limit of
increase in fiber diameter. They reported increase
in flow rate from 2 to 4.5 ml/h increases diameter
of fiber, when flow rate increase beyond 4.5ml/h
the diameter of fiber decreases. Fiber jets are
ejected at applied voltage, when the flow rate
exceeds the rate then imbalanced mass leads to
formation of unstable jets and beaded fibers.[18]
3) Distance

Distance between the nozzle and collector
effect on size and morphology of Electrospun fiber.
The distance isrequired for evaporation of solvent
and deposition of fiber on collector.[15] A
particular distance is required to prevent defects of
beaded, merged and flattened fibers. The distance
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is depend on electrospinning solution and
experimental conditions. As the distance between
nozzle and collector increases, thin and uniform
fibers get formed. The fiber deposition area also
increases with increase in distance.[18] Too far
distance between nozzle and collector reduces the
strength of electric field and velocity of jets, such
state obtains fibers of large diameter. Too close
distance makes fibers with beads defects. [15]In the
conventional method of electrospinning 10 to 20
cm distance is a effective spinning distance.[19]
4)  Receiving device

Different type of receiving devices are
used to obtain random fibers, pattern fibers,
ordered fibers and three-dimensional fibers. Metal
collector obtain smooth fibers. Grounded solid

A

n n

Rotating disk

Rotating mandrel

D

collector (Fig.2D) with aluminum foil as collector
obtain randomly oriented fibers. To obtain fibers
with different patterns, guide wire collectors
(Fig.2E) are used. When rotating devices are used
as receiving device, more aligned fibers get
obtained than stationary target. There are three
different types of rotating devices; rotating mandrel
(Fig.2A), rotating disk (Fig.2B) and rotating wire
drum (Fig.2C) and. Coagulation of water and
ethanol can be used for collection of three-
dimensional fibers. Fibers get solidified in liquid
bath (Fig.2F) and collected by rollers.[15] Fibers
can be arranged by adjusting the rotation speed of
collector.Conductive frame collector obtain better
alignment than non conductive frames.[20]
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Figure 2 : Electrospinning receiving devices (A) Rotating mandrel, (B) Rotating
disk, (C) Rotating wire drum, (D) Solid collector, (E) Guide wire collector, (F)
Liquid bath collector.

V. PROPERTIES OF POLYMER
SOLUTION

1) Polymer concentration

Electrospinnability of polymer solution is
depend on the concentration of polymer. Molecular
weight of polymer directly affect rheological and
electrical properties of polymer. If same polymer of
different molecular weight is used for
electrospinning then fibers of different diameter
will produces.[21] The use of high voltage on
lower polymeric concentration makes charged jets

does not produces continuous fibers, the discrete
droplets ejects from capillary. In the
electrospinning  solution  increased  polymer
concentration increases chain entanglement and
viscosity of solution.Electrospinnability of solution
is depend on viscosity and surface tension of
solution which is due to the concentration of
polymer in solution. As the polymer concentration
increases in solution, diameter of fiber also
increases. When concentration increases above the
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certain limit the flow of solution disturb due to high
viscosity of solution.[6]

2) Viscosity

Ability of solution to forms fibers is
depend on the viscosity of electrospinning solution.
viscosity, molecular weight and concentration of
polymer combine determines the morphology of
fibers.[19]In the electrospinning solution polymer
of greater molecular mass and longer molecular
length properly entangle molecular chain in
solution and achieve viscosity. To prepare such
solution the molecular mass of polymer is
determined and then concentration of polymer is
considered. If the concentration of polymer is
increases then viscosity of solution is also
increases. Morphology of fibers can be controlled
by adjusting the viscosity of electrospinning
solution to a certain limit.[21] solution of lower
viscosity forms droplet without complete drying
during electrospinning, it unable to form
continuous fibers. For higher viscous solution high
electric strength is required. The use of two
solvents in  preparation of solution for
electrospinning achieve better fiber production due
combine effect od solvent.[19]

3) Surface tension

The force applied in the plane of surface
per unit length called as surface tension.[21]
electrospinning solution made of mixture of
polymer and solvent. Surface tension of solution is
the attractive force between molecules of
electrospinning solution. The surface tension is
depend on composition of constituents.[19] To
produce smooth and continuous fibers the applied
electrostatic repulsive force on polymer solution is
need to be in greater than its surface tension.
Uniform fibers get forms when increase in the
concentration of solution, it reduces the surface
tension to the certain value. At constant
concentration, smooth and continuous fibers are
prepared by change in the solvent composition or
addition of surfactant which helps to adjust the
surface tension of solution.[15] In electrospinning
solution multi-solvent system optimize the surface
tension and viscosity parameters.[19]

4) Conductivity

Conductivity is  defined as the
electrification ability of polymer solution.[15]
conductivity affect the electrospinning of polymer
solution and morphology of fibers. Increase in the

charge-carrying capacity rises the conductivity.
Solutions of higher in conductivity and lower
conductivity experiences respective tensile force in
electric field. As the conductivity of solution
increases, the diameter of Electrospun fiber
decreases.[19] The polylectrolytic nature of natural
polymer makes poor fibers than the synthetic
fibers.[21] semi-conductive and insulating liquids
with sufficient amount of voltage produces stable
jet of fiber. The conductivity of solution can be
adjusted by addition of salt. Sodium phosphate,
potassium  phosphate, lithium chloride and
ammonium chloride are used to change the
conductivity of solution.

V. ENVIRONMENTAL PARAMETERS

1) Temperature

In the electrospinning process the
temperature affect the molecule of solution,
conductivity, viscosity and evaporation rate of jets.
As the temperature increases to the boiling point of
the solvent used, increased evaporation of solvent
molecule makes pores in Electrospun fiber.[21]
Increase in the temperature improves the
conductivity and reduces the viscosity of solution
used in electrospinning. Temperature in the process
of electrospinning improves the properties of
solvent and impact on fibers prepared. Improved
conductivity, viscosity and evaporation rate
controls the fiber by decreasing size of
diameter.[15]
2) Humidity

Humidity of environment impact on fiber
size and porous nature of fibers prepared by
electrospinning. Humidity and temperature are
related to each other. Humidity decreases as the
temperature increases. Decreased humidity help in
evaporation rate of solvent during process. In
higher humidity fibers with thick diameter get
produced due to effect on volatility of solvent in
the electrospinning process. Fibers of porous
structure produced when hydrophobic polymers
with organic solvent are used. Number and size of
pores changes with change in the humidity in
environment.[22]
3) Air pressure

Electrospinning process mostly done in
the atmospheric pressure. Using of air pressure
during process affect rate of evaporation. The
change in air pressure affect diameter and
deposition of fiber. Morphology of fibers can be
optimized by using pressure. If the pressure goes to
unstable then ejected fiber also get unstable and
affect deposition of fibers. Unstable fiber
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deposition leads to affect the consistency of

Electrospun fibers.[23]

Table no. 1 : Parameters and their effect on fibers structure

Electrospun fibers morphology
Sr. no. parameters
Lower value Higher value
Voltage Fibers of minimum diameter at high At too high value of
1. voltage .
voltage, beading occurs
. . . Fibers does not dry
5 Flow rate Fibers with smaller diameter before  reaching  to
collector
Distance Minimum distance required for drying L
3. the fibers Beading in fibers
Polymer
4. co_ncen_tratlon/ Beads and junctions in fibers !:lber diameter
Viscosity increases
5 Surface tension Diameter of fiber decreases plameter of  fiber
increases
6. Conductivity Affect electrospinning inform bead free
fibers
Temperature . o Viscosity decreases and
7. diameter size increases .
Smaller fibers forms
8. Humidity At optimum level thin fibers obtained | Thick fibers obtained

VI. CONCLUSION

This study reviewed all parameters which
control the morphology of Electrospun fibers.
Parameters are associated with the basic
components of electrospinning setup. The
instrumental parameters and solution properties are
interrelated with each other. Viscosity of the
Electrospun solution and applied voltage are should
be at critical value to obtain continuous fibers. The
distance between needles to collector need to at
particular where solvent get evaporates and dry
fibers get deposit but it also work on intensity of
applied voltage. Concentration of polymer is make
impact on viscosity and surface tension of liquid
for electrospinning. The change in these parameters
affect the size and porosity of fiber. Electrospun

fibers are used in various fields where they need
different structures of fibers. All these parameters
allow to control the morphology of Electrospun
fibers by controlling these parameters.
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