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Phattharaphong Khumkhom. (2008). The Construction of Electrospinning Equipment for
Making Polymer Nanofiber. Master thesis, M.Ed. (Physics). Bangkok : Graduate
school, Srinakharinwirot University.

Advisor Committee : Lecturer Siriluk Ruangrungrote , Lecturer Suppalak Angkaew.

Electrospinning has become a powerful technique for preparing number of
nanofibers including polymers. Since this equipment is a very expensive unit, it is then
preferable to seek for a low cost and home-built one with comparable quality.
Electrospinning equipment consists of three main components; the high voltage power
supply (HVPS) unit, the collector screen, and the syringe pump. The HVPS unit is a key
component while its cost normally determines total cost of the equipment. This work
presents a construction and testing of home-built electrospinning equipments using low cost
transformers as the high voltage power supply. Three electronic parts were assembled into
a HVPS uniti.e. an AC/DC converter, a high voltage transformer, an output voltage
controller (a current stabilizer with overload shutdown protection). Two versions of the
HVPS units were created. The first version used a coil from automobile ignition unit which
yields maximum usable potential up to 10 kV, and the second one used a flyback
transformer from a television set which gives maximum usable potential up to 25 kV. The
syringe pump with a flow rate controller was also constructed. The unit uses a driving screw
(speed controlled by a step-motor) to push and inject small volume of polymer solution.
Both versions of the equipments were used to produce polymer nanofibers and evaluate the
electrospinning capability. Moreover, size and morphology of the poly(vinyl alcohol)
nanofibers electrospun from our home-built equipment were studied as functions of various
physical parameters such as electric potential, distance between syringe and collector, and

polymer concentration.
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1Ramakrishna, S.; et al. (2005). Electrospinning and Nanofibers. pp. 1-21.
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ﬁm : Blonski, Slawomir. (2003). Nanofibers by electro-spinning of polymer
solution.Proceeding of the 5th Euromech Fluid Mechanics Conference, 2003 August 24-28;
Toulouse, France.
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ﬁm : Deitzel, J.M.; et al. (2001). Controlled deposition of electrospun
poly(ethylene oxide) fibers. Polymers. 42 : 8163-8170.
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fiun : Berklanda, Cory.; Packa, Daniel W.; & Kim, Kyekyoon K. (2004).
Controlling surface nano-structure using flow-limited field-injection electrostatic spraying

(FFESS) of poly(d,l-lactide-co-glycolide). Biomaterials. 25 : 5649-5658.
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! Stitzel, J.D.; et al. (2008). Electrospinning. (online)
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‘ﬁm . Stitzel, J.D.; et al. (2008). Electrospinning. (online)
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ABSTRACT

Electrospinning has become a powerful technique for preparing number of nanofibers including
polymers, ceramics and composite materials due to its simplicity and ability to produce large amount
of nanofibers in a short time. Since this machine is a very expensive unit, it is then preferable to seek
for a low cost and home-built one with comparable quality. Electrospinning equipment consists of
three main components; the high voltage power supply (HVPS) unit, the collector screen, and the
syringe pump. The HVPS unit is a key component while its cost normally determines total cost of the
equipment. This paper presents a construction and testing of home-built electrospinning equipments
using low cost transformers as the high voltage power supply: HVYPS. Three electronic parts were
assembled into a HVPS units i.e. an AC/DC converter, a high voltage transformer, an output voltage
controller, and a current stabilizer including overload shutdown protection. Two versions of the HVPS
unit were created. The first version used a transformer from automobile spark-plug which yields
maximum usable potential up to 10 kV, and the second one used a transformer from a television set
which gives maximum usable potential up to 25 kY. The syringe pump with a flow rate controller was
also constructed. The unit uses a driving screw (speed controlled by a step-motar) to push and inject
small volume of polymer solution. Both wversions of the equipments were used to electrospin
nanofibers from several kinds of polymers for testing. Size and morphology of the poly(vinyl alcohol)
nanofibers electrospun from our home-built machine were studied as functions of various physical
parameters such as voltage, distance between the syringe and collector, and polymer concentration.

Keywords: Electrospinning, nanofibers and HVPS.

1. INTRODUCTION

Electrospinning is a process by which sub-micron polymer fibers can be produced using an
electrostatistically driven jet of polymer solution (Deitzel, et al., 2001). With this idea, electrospinning
has been of great interest in the past decades due to its capability of generating polymer fibers
ranging from 5-500 nm. However, the electrospinning equipment is a costly imported unit, it is then
preferable to seek for a low cost and home-built one with comparable quality. In general,
electrospinning equipment composes of three main compeonents as the HVPS unit, the collector
screen, and the syringe pump. The HVPS unit is such an important part to determine total cost of the
equipment. Therefore we aimed to construct and test our home-built electrospinning equipments
using low cost transformers as HYPS. Two versions of the HVPS units were constructed and used to
make electrospun nanofibers from several kinds of polymer solution. Size and morphology of the
poly(vinyl alcohol) nanofibers electrospun from our home-built machine were investigated as functions
of various physical parameters such as voltage, distance between the syringe and collector, and
polymer concentration.

2. MATERIALS AND METHODS

2.1 Materials

Poly(vinyl alcohol):PVOH solutions were prepared firstly by dissolving PVOH into distilled water at 80
°C then adding 4, 8, 12 and 16 grams of PVA powder into 100 ml of water respectively, and mixed
well at room temperature.

2.2 Electrospinning equipments

Fig. 1 shows the diagram for electrospinning equipment set-up which makes up of three main
components as the HVPS unit, the collector screen, and the syringe pump. The distance between
syringe needle and collector screen is adjustable. The syringe pump with a flow rate controller was
also constructed. In this unit a driving screw (speed controlled by a step-motor) is used to push and

The 2™ Intemational Conference on Advances in Petrochemicals and Polymers (ICAPP2007), 1
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inject a small volume of polymer solution. The collector screen is connected to ground and the syringe
needle is connected to positive polarity from HVPS. When polymer solution is pushed out of the
needle, it is induced and dragged by strong electric field toward collector screen and solidified on the
plate to form a nanofibrous structure.

1. Syringe pump can control
the flow rate of polymer
solution

2. Syringe

3. Syringe needle is
connected to positive
polarity from HVPS

4. HVPS

5. The polar is connected to
negative polarity from
HVPS

6. Collector screen

7. Ring stand

Fig 1 Diagram electrospinning equipment

2.3 Testing of home-huilt electrospinning equipments

Both versions of the equipments were used to electrospin nanofibers from poly(vinyl alcohol):PVOH in
order fo test their abilities. Size and morphology of the poly(vinyl alcohol) electrospun nanofibers were
studied as functions of various physical parameters such as various voltage (from 10 to 25 kV),
distance between the syringe and collector (varied from 10 to 25 cm) and polymer concentration (from
4 to 16% wiv).

2.4 Characterization
The morpheological appearance of PVA nanofibers was observed by using a scanning electron
microscope (SEM; HITACHI S-3400N). The electrospun mats were deposited with a thin layer of gold
prior to SEM observation. With these SEM images, the average diameter and shape of nanofober
could be determined.

3. RESULTS AND DISCUSSION

3.1 High voltage power supply (HVPS)

Two versions of the HVPS unit were created. The first version used a transformer from automobile
spark-plug which vyields maximum usable potential of about 10 kV. The second one used a
transformer from a TV set which provides maximum usable potential up to 25 k. These both versions
of HVPS were assembled into electrospinning equipment (as shown in Fig. 2a and 2b) and have been
used to spin nanofibers from several kinds of polymers. The complete assembly of home built
electrospinning equipment is shown in Fig 3.

(2a) (2b)
Fig 2 Two versions of HVPS as (2a) the 1% version used a transformer from automobile spark-plug
and (2b) the 2" version used a transformer from a TV.

The 2™ International Conference on Advances in Pefrochemicals and Folymers (ICAPFP2007), 2
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Fig 3 A complete assembly of home built electrospinning equipment.

Four major electronic parts were assembled into the 2" version of HVPS unit i.e. an AC/DC
converter, a high voltage transformer, an output voltage controller, and a current stabilizer with as
overload shutdown protection as shown in Fig 4.

AC Input —b{ Oscillator H Fflyback transformer H Rectifier ‘—b DC output

Fig 2 Block diagram of the 2™ vesrion of HVPS with output voltage of 25 kV.

3.2 The SEM micrograph of electrospun PVOH nanofibers

Fig 5 shows of the SEM micrograph of PVOH nanofibers electrospun from our first version of home-
built machine {(operating at 10 kV and 5-cm needle-to-collector distance). The morphology indicates
that the nanofibers were not completely dried before depositing onto the collector plate, which results
in many sagged fibers. The higher spinning voltage coupled with longer needle-to-collector was
needed to get the complete nanofibers. The new version of electrospinning equipment with higher
voltage out put was required.

Fig 5 SEM micrograph (5000x)
of PVOH nanofibers obtained
from our 1* version of home
built electrospinning equipment.

Then, the second equipment based on a TV transformer (with a maximum usable potential up to 25
k\) was built. The new setup was used to produce PVYOH nanofibers. In this case the morphology of
the obtained nanofibers was studied as functions of various physical parameters such as voltage,
distance between the syringe and collector, and polymer concentration. In brief, three main
conclusions can be made. First, the lower of PVOH concentration, the smaller diameter of nanofibers
could be attained as seen in Fig 6a-6d. Second, the voltage increment of electrospinning yields
smaller diameter of nanofibers, evidently in Fig 7. Finally, the fiber size decreases with the increasing
distance between syringe needle and collector screen, apparently shown in Fig 7.

~(6b)

Fig 6 Selected scanning electron micrographs (¥500x) of PVOH electrospun fibers with various
concentrations as (6a) 4% w/v, (6b) 8% wiv, (6c) 12% w/v and (6d) 16% w/v.

The 2™ Intemnational Conference on Advances in Petrachemicals and Palymers (ICAPF2007), 3
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Fig 7 Effect of the applied voltage and distance on the fiber diameter.

4. CONCLUSION

Two versions of the HVPS units were produced for our home-built electrospinning equipment set. The
first version used a transformer from automobile spark-plug is unacceptable because of its limited
yielding potential up to 10 kV only, although its total production cost is less than 4,000 Thai Bahts. On
the other hand, the second one used a transformer from a TV set could give better maximum usable
potential up to 25 kV which is preferable with the total cost at 15,000 Thai Bahts. Moreover, both size
and morphological appearance of PVOH nanofibers electrospun from this machine reveal good
results in terms of physical parameters as voltage, distance between the syringe and collector, and
PWVOH concentration as mentioned in the previous section. Of great practical importance, our second
home-built electrospinning equipment set is valuable with the benefit of low cost production and fine

quality.
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