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Abstract

This research focuses on studying the effect of
electrospinning device room temperature on PVA
nano-fibers diameter made by electrospinning
device depositing on rotating drum. In this
research, the preparation of nano-non woven
fabrics by electro-spun polymer solution of poly
vinyl alcohol using distilled water as solvent in
temperature range [15-35]C° was achieved. The
relative  humidity 40%, polymer solution
concentration 14% wt., voltage 22KV, tip-to-
collector distance 10 Cm. The results of the five
scanned samples by scanning electron microscope
(SEM) indicated that: by increasing room
temperature  the diameter of nano-fibers
decreased. Also it is important to mention that the
range of room temperature shouldn't be exceeded
in order not to close the orifice of the needle
because of the evaporation of the droplet solvent
changing into solid polymer.
Keywords:  Electrospinning,  Nano-fibers,
Temperature, Poly vinyl alcohol (PVA)
Introduction:

Nano fiber is defined as the fiber having at
least one dimension in nanometer range [1].
Nano-fiber is used for a wide range of medical
applications for drug delivery systems, scaffold
formation, wound healing and widely used in
tissue engineering, skeletal tissue , bone tissue,
cartilage tissue, ligament tissue, blood vessel
tissue, neural tissue etc [2]. It is also used in
dental and orthopedic implants. Electrospinning is
a process that produces a highly impermeable,
nonwoven fabric of submicron fibers by pushing a
millimeter diameter liquid jet through a nozzle
with an electric field, it is a process in which solid
fibers are produced from a polymeric fluid stream
solution or melt delivered through a millimeter-
scale nozzle. The solid fibers are notable for their
very small diameters <1 pm [3]. General
electrospinning setup shows in figure (1).
Numerous parameters act on the electrospinning
process which affects the resulting nano-fiber
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characteristics. Due to the difficulty of precisely
controlling the large number parameters the
reproducible production of nano-fibers becomes
problematical which is an issue for the use and
development of nano-fibers in industries such as
biotechnology & health care. These parameters
can be split up into three subcategories:

Polymer  solution parameters involving
rheological and chemical properties of solutions.
Processing conditions which include applied
voltage, flow rate, spinneret and collector
properties. Ambient parameters where
atmospheric conditions interact with the system to
affect fiber morphology. Varying any of these
parameters even by small amounts can have a
large effect on the structure of fibers produced;
this enables the formation of fibers with defined
features such as fiber diameter, flat ribbon or
cylindrical fibers, level of fiber surface porosity
and bead formation. For instance, the humidity of
the electrospinning environment plays a part in
the formation of porous nano-fibers. However,
there are other factors that may contribute to the
formation of pores on nano-fibers during
electrospinning. Also the solvent vapor pressure
has a critical influence on the process of pore
formation. The mechanism by which the flattened
or ribbon-like fibers were obtained can be related
to solvent evaporation during electrospinning
process. Branched fibers are produced due to the
elongation of the jet and evaporation of the
solvent alter the shape and the charge per unit
area carried by the jet. The balance between the
electrical forces and surface tension can shift,
thereby causing the shape of a jet to be unstable.
Such instability can decrease its local charge per
unit surface area by ejecting a smaller jet from the
surface of the primary jet or by splitting apart into
two smaller jets.

Depending on the intended application these
properties have the potential to be selected and
specifically expressed. For example thinner fibers
may be preferred due to the larger surface area
that they convey but with small diameter comes
an inherent reduction in fiber strength [4].
Aligned and random fiber mats can be formed by
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changing the collector plate and by manipulating
the external electric field [5].

Nano-fibers prepared by electrospinning have
several advantages, such as large surface area to
volume ratio, high specific surface area and small
pore size, superior mechanical properties and
flexibility in surface functionalities [6]. In the
present work a water-soluble synthetic polymer
Poly (vinyl alcohol) (PVA) was used. The aim of
this research is to evaluate the influence of
temperature effect on the diameter of nano-fibers
produced by our electrospinning device.

Some previous researches also discussed this
effect, when polyurethane is electro-spun at a
higher temperature, the fibers produced have a
more uniform diameter. This may be due to the
lower viscosity of the solution and greater
solubility of the polymer in the solvent which
allows more even stretching of the solution [7].
For Polyarnide-6 with a low viscosity, the
Columbic forces are able to exert a greater
stretching force on the solution thus resulting in
fibers of smaller diameter. Increased polymer
molecules mobility due to increased temperature
also allows the Columbic force to stretch the
solution further [8]. In the preliminary studies of
the effect of temperature on PVA nano-fibers
morphology, the morphology of the fibers were
found to be ‘“beaded” for the Ilow
temperature(<40C®), but at higher temperatures,
the fibers became flat. According to their
determinant parameters [9]. In another research,
continuous nano-fibers were prepared by bubble-
electrospinning of poly(vinyl alcohol) (PVA) and
poly(vinyl pyrrolidone) (PVP) solutions at
different temperatures between 25 °C and 75 °C,
respectively. The results show that the average
diameter of the fibers decreased with the
temperature increase [10].
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Figure 1: General electrospinning set-up [11]
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Experimental

1. Materials:

a- Poly vinyl alcohol (PVA), Available in a finely
divided form, its degree of polymerization (1800-
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1700), degree of hydrolysis (98-99%), is made in
MUMBAI-INDIA.
b- Distilled water,
distillation unit.
2. Procedure:

PVA solutions were prepared by dissolving

PVA into distilled water at 85°C, where 14g PVA

added into 86 ml distilled water, stirred well for
an hour.

Electrospinning apparatus (fig.(2)) used in this
study consists of high voltage power supply,
pump, syringe, syringe needle, electrospinning
device room temperature regulator, lamps, fans,
electrospinning device room humidity regulator
and rotating collector.

The solution prepared was put into a syringe
for electrospinning at room temperature while the
syringe needle was inside electrospinning room.
The collector is grounded, syringe needle is
connected with high voltage power supply
electrode and fixed with the syringe which is in its
turn fixed with the pump adjusted flow rate 4ml/h.

A small drop of polymer solution comes out
of syringe needle which can be pulled by strong
electric field toward the collector and solidified
on it to form nano-fibrous structure (nano-fibers).

Five experiments have been done with five
different electrospinning room temperature but
same else parameters as: distance between syringe
needle and collector (d=10 Cm), voltage supply
(V=22kV), relative humidity (R=40%), polymer
concentration (C=14%wt.), polymer flow rate
(F=4 ml/h).

The five electrospinning
are:15,20,25,30,35 °C.

Five samples (non woven nano-fibers mats)
were prepared then scanned under scanning
electron microscope (SEM) and analyzed using
Imagej program to get the average nano-fibers
diameter for each sample at each different
electrospinning room temperature.

made by our laboratory

room temperatures

Figure 2: Electrospinning apparatus used at
this research

Results and Discussion

The results are taken from the electro-spun
non woven nano-fibers mats fabricated under
specified parameters mentioned above.
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Non woven nano-fibers mats produced by
electrospinning device shown in figure (3) using
amplification 6000x.

At electrospining room temprature15 °C

At electrospinning room temperature 20 °C

At electrospinning room temperature 25 °C

At electrospinning room temperature 30 °C

At electrospinning room temperature 35 °C
Figure 3: SEM photos of non woven nano-
fibers mats samples prepared at different
electrospinning room temperatures

The average diameter of each sample was
measured and calculated, as listed in table (1).
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Table 1: the values of average nano-fibers
diameter at different electrospinning room
temperatures

Average nano-fiber Electrospinning room
diameter (Nm) temperature (°C)
562.3 15
509.8 20
382.9 25
264.6 30
253.5 35

From the above table, while the temperature of
electrospinning device room increases the average
diameter of nano-fibers decreases.

The explanation of the reason of the effect can
be due to the fact that increasing temperature,
reducing the viscosity of the polymer solution.
The lower viscosity of the polymer solution
allows more even stretching of it [7]. With a
lower viscosity, the columbic forces are able to
exert a greater stretching force on the solution
thus resulting in fibers of smaller diameter.
Increased polymer molecules mobility due to
increased temperature also allows the Columbic
force to stretch the solution [8]. Generally, when
the temperature of the solution is increased, the
solubility of the polymer in the solvent will
increase. In pure solvents, specific viscosity
decreases with increase in temperature. This is
due to higher polymer chain mobility. The
dependency of intrinsic viscosity on temperature
can be shown by[4],

[n] = Be /vt .. )
where 7 is intrinsic viscosity
Eais an activation energy for viscous flow
B is a constant
R is the ideal gas constant
T is the temperature in Kelvin.

Also it is important to mention that working at
electrospinning device room temperature 35°C

causes needle clogging after few minutes of
working so this temperature is not desired and
working at electrospinning device room

temperature more than 35°C causes a direct

complete evaporation for the solvent of the
droplet leaving a small piece of solid polymer
which will close the tip of the needle and
electrospinning process couldn't be done.

It was noted from Figure (3) that the most
uniform nano-fibers having the least amount of
beads were at the temperature 25°C.

It is important to mention that the increased
temperature the reduced beads which happened
because of reduced viscosity of the polymer
solution (due to increased temperature) allowing
for a more even stretching due to the more
dominant effects of the columbic forces.
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Many experiments have shown that a
minimum viscosity for each polymer solution is
required to yield fibers without beads [12],[13].
And one of the methods to minimize viscosity is
to increase the temperature.

Both of reducing beads and decreasing in average
nano-fibers diameter are usually desirable for a lot
of applications.

Conclusion
PVA nano-fibers were electro-spun under a
controlled  temperature.  The effects of

electrospinning device room temperature on nano-
fibers were investigated. The result obtained by
SEM indicated the impact of: with increasing
process temperature, the average of nano-fibers
diameters and beading effect decreasing. The
average fiber diameter decreased from 562.3 Nm
to 253.5 Nm for process temperatures 15°C and
35°C  respectively.  Electrospinning  room
temperature for nano-fiber production in this
work which yield the most suitable fiber mats for
a membrane purpose are 25°C because of the
highest level of fiber diameter uniformity.
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