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Abstract. Electrospinning is one of a method for fabricating nanometer to micrometre fibres.
Some parameters that affect the formation of nanofibers in an electrospinning method such as
solution, process, and environmental parameters. This research aims to synthesize and
characterize polyethersulfone/polyacrylonitrile (PES/PAN) nanofibers and to analyze the effect
of electrospinning parameters on PES/PAN nanofibers. PES/PAN fibres were prepared by
dissolving PES with a concentration of 10% (w/w), 15% (w/w), 20% (w/w), and then added 0,5
gram of PAN. The results of fibre morphology with a variety of solutions showed the PPG1 fibre
bead and the fibres for PPG2 and the fibre for PPG3, the morphological results of the PPG2
samples with variations in the tip collector distance indicated the fibre. The results of the
diameter analysis showed that the effect of solution variation showed fibre for PPG1, PPG2,
PPG3, namely 481 nm, 776 nm, 1339 nm, respectively while the diameter variation of the tip
collector distance is 5 cm, 10 cm, 15 cm, namely 1266 nm, 860 nm, 401 nm, respectively and
the voltage variation at 10 kV, 12 kV, 14 kV, namely 698 nm, 681 nm, 680 nm, respectively.
The results of morphology and diameter show that the solution parameters and the
electrospinning process affect the shape and diameter of the fibre. Fabricated fibres can be used
as matrices in air filtration systems.
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1. Introduction

Electrospinning is a technique that has been utilized widely in recent years due to its simplicity and
versatility. Electrospinning can be used to produce polymer fibres on a sub-micrometre scale, ranging
from about 50 nanometers to several tens of micrometres [1]. This method involves the coulomb force
obtained from an applied electric charge and the breaking of the polymers solution under the effects of
exposure to an electric charge [2,3]. The electrospinning process can happen if there is a potential
difference between the place where the solution is placed and the collector. The morphology, size, and
surface of the fibre can be adjusted according to process parameters such as voltage, the distance
between needle to the collector, needle shape, flow rate, and collector geometry: or by adjusting solution
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parameters such as molecular weight, polymer concentration, conductivity ad viscocity [4—8]. Some of
the parameters above can influence the formation of nanofibers. The result of nanofibers is small, has
high porosity and high strength, so nanofibers are widely used for drug [9-11], supercapacitor [12,13],
air filtration membrane [14-16], and water filtration membrane [17,18].

Some researchers have successfully synthesized nanofibers using various polymers for example
polyvinylidenefluoride/collagen(PVDF/col) [19], Polyethersulfone/Polyvinylpyrrolidone/polyurethane
(PES/PVP/PU)[20],Polyvinylidene fluoride/polyacrylonitrile (PVDF/PAN) [21,22], polyvinyl
alcohol/polyacrylonitrile (PVA/PAN) [23], polyethersulfone/cellulose acetate (PES/CA) [24].
However, PES/PAN nanofibers synthesis is rare. PES is widely used in any sector such as gas
purification, water purification, wastewater treatment, and biomedical application. PES has a harder
benzene ring, softer ether bonds, and a conjugated structure [25]; moreover, PES has excellent
performance such as good thermal, oxidative, and hydrolytic resistance [25]. However, if a single PES
is synthesized without mixing with another polymer the result is chemical resistance decreased and has
high hydrophobic properties [18]; therefore PAN is suitable to mix with PES because PAN can increase
the chemical resistance of PES and reduce its hydrophobic to hydrophilic properties.

In this research, the PES/PAN polymer will synthesize. The fibre's morphology and diameter will be
analyzed, and the influence of process parameters such as concentration, tip collector distance, and the
voltage will be evaluated.

2. Experimental Methods

2.1. Materials

Polyethersulfone (PES) with the molecular weight of 98.000 g/mol was purchased from Sigma Aldrich,
Singapore. Polyacrylonitrile (PAN) with the molecular weight of 150.000 g/mol was purchased from
Sigma Aldrich, Singapore. NN-Dimethylformamide (DMF, assay 99.0% min) was purchased from
Sigma Aldrich, Singapore.

2.2. Synthesis of Fiber
Polyethersulfone/Polyacrylonitrile (PES/PAN) were prepared with parameters shown in Table 1

Table 1. Solution Parameters
Sample PES PAN DMF

(w/w) (gr)
PPG1 10% 05 90%
PPG2 15% 05  85%
PPG3 20% 05  80%

PES dissolving with different concentration 10% (w/w), 15% (w/w), 20% (w/w) and then added 0,5
gram PAN. Then dissolved with DMF using hotplate- magnetic stirring (Theruma Sci, Japan) for 24
hours at room temperature 80°C and rotational speed 300 rpm labelled PPG1, PPG2, PPG3. The solution
was put into a syringe equipped (Terumo, Japan) and spun using electrospinning (Nanolab ES/DS 106,
Malaysia). The process parameters used to produced PES/PAN fibres are: flow rate is 0.5 ml/h, high
voltage is 12 kV, and the distance of the tip of the needle to the collector is 10 cm, fibre rotating is 220
rpm, and the temperature set at 35°C.

The morphology of PPG 1, PPG 2, PPG 3 fibres was observed using a fluorescence microscope
(MiF) (Optika B-380 Material Science MET, Italy). Analysis diameter size of the fibres using ImageJ
1.52a (National Institutes of Health, USA) and the data analysis in normal distribution using OriginPro
2018 (Origin Lab Corporation, USA).
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3. Result and discussion

3.1. Morphology and Distribution of PES/PAN/rGO Fiber
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Figure 1. (a-c) Result MiF with variation concentration PES, (d-f) graph diameter distribution
fibres with variation concentration PES
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In figure 1(a-c) shows the fibre resulting using electrospinning with sample PPG1, PPG2, PPG3 with a
digital microscope magnification (1000x). The result shows that the greater concentration of the
solution, the fibres tend to have a larger diameter. The graph of fibre diameter distribution in Figure 1(d-
f) shows that the average diameter is 481 nm;776 nm; 1339 nm. At a concentration, 10% of the fibre
has a small diameter and bead. The optimal parameter at high voltage 12 kV and distance of the tip of
the needle to the collector 10 cm is sample PPG2. Because at higher concentration, the more polymer
chains are dispensed at the specified time to be spun [7,26].

Viscosity is a fluid ability to inhibit force or motion [4]. Viscosity is related to molecular mass and
polymers concentration in the solution. Molecular mass is a molecular chain of polymers. Polymer with
a high molecular mass has a greater viscosity because there is more molecular chain that binds [27].

Fibres are influenced by the concentration and viscosity of the polymer used. Low polymer viscosity
will make intramolecular interaction not strong and caused the solution cannot forming fibres [28]. So,
to form fibres, the concentration of the polymers must be increased to make intramolecular interaction
sufficient to overcome the tensile force [29].
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Figure 2. (a-c) Result MiF with variation tip collector distance (d-f) ) graph diameter distribution
fibers with variation tip collector distance

Figure 2 shows the result from PES/PAN with variation tip collector distance such as 5 cm, 10 cm, and
15 cm. The solution used was the PPG2 sample. The greater distance between the needle and collector,
the fibre tends to have a smaller diameter [1]. This is confirmed with figure 2(d-f) fibre diameter
distribution graph that shows with distance needle-collector is 10 cm produces an average fibre diameter
of 1266 nm;860 nm; 401 nm. So, in sample PPG2 and high voltage 12 kV, the optimum distance was
10 cm.

Distance affects the time for jet before reaching the collector and evaporates the solvent so that when
it reaches the collector, the fibre looks dry. At the close distance, the electric field that surrounds is more
significant than caused time for the fibres to collect in the collector is smaller, this makes fibre look wet
and stick together because of the evaporation process not perfect [4]. The distance between the needle-
collector will cause the required voltage greater, and the result of fibre smaller [30].
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Figure 3. (a-c) Result with voltage variation (d-f) graph diameter distribution fibres with a
voltage variation

Figure 3 shows the microscope image from PPG2 with variation voltage such as 10 kV, 12 kV, 14 kV.
Solution concentration and distance needle-collector were set at 15% and 10 cm. The result of fibre
diameter tends not to differ significantly. The average diameter is 698 nm;681 nm; 680 nm. So, the
parameter for high voltage did not have any significant effect on the fibre morphology of PPG2 and
distance between the needle-collector 10 cm. This is because fibre could elongate at long distance that
causes the solvent in the solution vaporized before reach the collector [31,32].
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4. Conclusion

PES/PAN morphology has been successfully produced using the electrospinning technique. Nanofiber
was produced optimally with variation concentration of PES 10%, 15%, 20% (w/w) with addition of
PAN 0,5 gr. The result of process parameters of electrospinning is sample PPG 1, PPG 2, PPG 3 with
the average diameter is 481 nm;776 nm; 1339 nm shows that the greater concentration of the solution,
the fibres tend to have a larger diameter. The optimal parameter at voltage 12 kV and distance needle-
collector are sample PPG2. The result of sample PPG2 with variation tip collector distance such as 5
cm, 10 cm, and 15 cm and high voltage 12 kV the optimum tip collector distance was 10 cm. The result
of sample PPG2 with variation voltage such as 10 kV, 12 kV, 14 kV does not have a critical impact on
the shape of the fiber
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