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Abstract

Nanofiber structures boast a broad range of applications due to their excellent properties, spanning from sensor technologies and
biomedical systems to tissue engineering and drug delivery systems.

Nanofiber structures have wide usage area thanks to their excellent properties from sensor technologies, biomedical systems to
tissue engineering, drug delivery systems. Electrospinning method is a versatile method that can produce very fine nanofibers
with a simple production mechanism. On the other hand, it is important to optimize the fabrication parameters in order to obtain
the appropriate nanofiber structure. In this study, PANI/PEO (Polyaniline/Polyethylene oxide) electrospun nanofibers are
fabricated under ambient conditions and the effects of solution viscosity and collector rotation speed on fiber structure are
discussed. Electrospun PANI/PEO nanofibers structures are investigated by scanning electron microscope (SEM). According to
the SEM results, it is seen that the high viscosity nanofibers have straight and rigid structures. However, the low viscosity
nanofiber structures break down at each collector speed, but the fiber orientations increase as the collector rotation speed
increases. It is estimated that this study will be guide for future work on PANI.
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1. INTRODUCTION

Nowadays, technological developments are quite related to the properties of new generation materials. Especially
one-dimensional (1-D) nano-materials (nanotubes, nanowires, nanofibers, etc.), offers innovative approaches in
terms of miniaturization, lightweight, flexibility and unique electrical, mechanical, optical and magnetic properties
[1-5]. Nanofibers are utilized across a vast array of applications due to their exceptional qualities, straightforward
manufacturing processes, and the diversity of materials available [6]. High surface-area-to-volume ratio and porosity
[3, 4, 7] is unique specifications of nanofibers that ensure high performance in gas sensing process [8]-[12] and it
allow multidisciplinary usage area such as membrane utilization [13-15], biomedical applications-tissue engineering
[3, 16, 17], textile [5] and defense industry [18, 19].

In addition to the electrospinning method, which is one of the well-known techniques in nanofiber production,
mechanical drawing, self-assembly, hydrothermal processing, melt blowing, extraction, phase separation, vapor
phase polymerization, mold synthesis and solvent casting methods have also been used [20]. Polymeric materials,
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metals, small molecules, composites, colloids are used in the production of nanofibers by electrospinning [20, 21].
Electrospinning has a simple set-up structure due to its simple working principle which is based on
electrohydrodynamic process and high electrical voltage [21]. Electrospinning set-up consists of three parts: the
supply unit, where the power supply is located, the spinneret and the collector unit. Electrospinning suspension
parameters such as viscosity, conductivity, molecular weight and the solvents used to prepare the solution are
important for the success of nanofiber production. Besides, feed speed, application voltage, distance between
needle-collector and needle diameter are factors that affect nano-fiber diameter and quality. Along with these
specifications, environmental temperature and humidity are another important factors that should not be ignored in
fiber production [21].

Polyaniline (PANI) is one of the most well-known conductive polymers due to its easily reversible conductor-
insulator properties with dopants, easy synthesis/processability and fine optical and magnetic properties [4, 6]. 1-D
applications of PANI have quite remarkable features compared to conventional PANI and its thin-film applications.
As well as the only-PANI nanofiber structure can be produced with electrospinning, the composite structures of
PANI with metal oxides or natural fibers are also have quite application area especially in sensor and membrane
processes [8, 9, 22-25].

In this study, PANI/PEO composite nanofibers were produced by electrospinning method. PEO were used as a
carrier polymer in electrospinning suspension. Electrospun nanofibers are fabricated under ambient conditions and
the effects of solution viscosity and collector rotation speed on fiber structure are discussed.

2. EXPERIMENTAL SETUP
2.1 Materials

PANI emeraldine-base (Mw = 50,000), PEO (Mv = 900,000), camphor sulfonic acid (CSA) and sodium dodecyl
sulfate (SDS) were purchased from Sigma-Aldrich. Chloroform and dimethylformamide (DMF) which are used to
prepare PANI/PEO solution and other chemicals were purchased from Merck and other commercial sources as
guaranteed-grade reagents and used without further purification.

2.2 Preparation of PANI/PEO Suspension

PANI solution were prepared two different concentrations at 2% and 3% v/w ratios. CSA was added at 1:1,5
(PANI:CSA) to protonate the PANI and they were stirred in Chloroform:DMF 1:1 suspension for 24h at room
temperature. Then, PEO were added 1:1 (PANI:PEOQ) in the PANI suspension and the mixed PANI/PEO suspension
stirred at 1000 rpm for 24h at room temperature. Viscosity and conductivity values of each polymer solution were
measured by Brookfield viscometer and electrical conductivity device (Tablel).

Table 1. Viscosity and conductivity values of polymer suspensions

Polymer Suspension Viscosity (cp) Conductivity
(uS/cm)

PANI-1 220 653 -21,5°C

PANI-2 117,5 623 -21,5°C

2.3 Electrospining parameters of polymer suspensions

Electrostatic force is used to produce nanofibers. Due to the electrostatic force, the surface tension of the
electrically charged polymer solution is overcome and the polymer jet is formed. The polymer solution, which is
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sent to the nozzle in a controlled manner with a pump, tends to elongate owing to the electrical force and is collected
on the collector by forming a cone form called a taylor cone [26].

Table 2. Electrospining parameters of polymer suspensions

Polymer Viscosity Collector Voltage(kV)

Suspension (cp) Speed

(rpm)
A-PANI-1 220 100 25
B-PANI-1 220 300 25
C-PANI-2 117,5 100 25
D-PANI-2 117,5 300 25
E-PANI-2 117,5 500 25

In this electrospining process, NE300 Nano Spinner device were used. Electrospining set-up is shown in Figure 1.

Y
ey COlleCtOr
J —/
(/
\Y £
1\
B Nozzle

Syringe and
Figure 1. Electrospining Set-Up

PANI/PEO suspensions were added in 10mL syringe. The feed rate was 1.3 mL/h and the applied voltage was 25kV
to generate potential difference between the nozzle and the collector. The distance between the nozzle and the
collector was 20cm. The electrospining process were performed with 18-gauge nozzle. Each electrospinning process
were performed 30 minutes at 23°C-38%RH.

PANI/PEO suspensions were added in 10mL syringe. The feed rate was 1.3 mL/h and the applied voltage was 25kV
to generate potential difference between the nozzle and the collector. The distance between the nozzle and the
collector was 20cm. The electrospining proses were performed with 18-gauge nozzle. Each electrospinning process
were performed 30 minutes at 23°C-38%RH. Electrospining parameters of polymer suspensions are shown in Table
2. PANI/PEO polymer solutions prepared at a ratio of 1.5% v/w and 1.35% v/w with viscosity of 220 cp and 117.5
cp were electrospinned at collector rotational speeds of 100, 300, 500 rpm. (Table 2). In the optimization studies, the
effects of electrospinning parameters, polymer concentration, solution viscosity on the nanofiber structure were
investigated. The obtained nano-fiber structures were examined with the SEM analysis device, and the appropriate
production conditions and solution concentration values were determined.

3. RESULTS AND DISCUSSION

The Electro-spinning parameters affecting the properties of nano-fibers have been the focus of attention of
researchers in electrospining processes. In our work, we focused effects of the polymer suspension viscosity and
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collector speed on the nano-fiber orientation. PANI is one of the most studied polymers among conductive polymers
[25]. Although there are studies on electrospinning of PANI in the literature, the effect of collector speed has not
been discussed yet. In this respect, our study is important for the literature. Structural and morphological analyzes of
nano-fibers were analyzed by SEM and FT-IR methods.

4000.0 3000 2000 1500 1000 630.0

Figure 2. FT-IR Spectra of PANI/PEO

The Perkin-Elmer FT-IR Spectrometer were used to determined functional groups of the PANI /PEO nanofibers.

Structures of electrospun PANI/PEO nano-fibers were investigated by Zeiss-Evo Mal0 Scanning Electron
Microscope. Through the electrospining process varying conditions affects nano-fiber properties. In this present
work, we want to investigate the effects of polymer solution viscosity and collector speed.
Figure 2 shows FT-IR Spectra of PANI/PEO. It is seen a broad peak at the 3,330 cm™ region because of the O—H
groups. C—H aliphatic bond were shown at 2878 cm™ peaks region. Peaks at 1,466cm™ region because of C—N,
341 cm™ and 1,279 cm™ were corresponding C—N, peaks at 1034 cm™ and 962 cm™ regions relevent to C—H
aromatics and also 841 cm™ peaks were demonstrated of SO group [1].

Figure 3 demonstrates the SEM images of PANI/PEO nanofibers with the difference of viscosity and collector speed
of PANI/PEO changes the morphology of the nanofibers. Two different PANI solutions with 220 cp and 117,5 cp
viscosity were produced on a collector at different speeds at constant feed rate and voltage. The structure of the
electrospun PANI nano-fibers were investigated. The syringe feed rate was 1.3 mL/h and the voltage was 25 kV.
The distance between the nozzle and the collector is 20 cm. PANI nanofibers (sample A and B) with a solution
viscosity of 220 cp were produced in a collector with a rotational speed of 100 rpm and 300 rpm. The structure of
PANI nanofibers is shown in Figure 3 (A-B). PANI nanofibers with a solution viscosity of 117,5 cp were produced
in a collector with a rotational speed of 100, 300 and 500 rpm at the same feed rate and power.
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Figure 3. SEM images of PANI.CSA/PEO

Structures of these electrospun nanofibers are shown in Figure 3 (C-E). According the SEM results, as the polymer
viscosity decreases, the polymer jet breaks up before it reaches the collector. Accordingly, when the fiber structures
in Figure 3 are observed, it is seen that the nano-fiber structures with low viscosity are fragmented at each collector
speed, however the fiber orientations increase as the collector roller speed increases [1]. At the same collector roller
speed condition, the more continuous nanofibers are attained from the polymer has high viscosity as compared in
Figure 3 (B, D). However, the width of the nanofibers cannot be compared in terms of the viscosity of the polymer
and the collector speed of the device.

4. CONCLUSION
In this study, PANI/PEO nano-fibers were successfully fabricated by means of the solution electrospinning

technique under ambient conditions. Then, the effects of solution concentration and the collector speed on the
morphology of the electrospun PANI/PEO nano-fibers were thoroughly investigated. The SEM images indicated
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that the increasing of the collector speed, nano-fiber orientations were increased. On the other hand, the lower
solution concentration, the diameter distributions were break down and destroyed.
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