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ABSTRACT

Conductive nanofibers can be produced by different methods. In this study, four different methods to
fabricate conductive nanofibers were explained and supported with experimental results. Nanofibers
were made conductive by fabricating nanofibers from intrinsically conductive polymers
(polyaniline/polyethylene oxide nanofiber production), coating the non-conductive nanofiber mat
with a conductive material (copper electroplating of polyacrylonitrile nanofibers), adding a
conducting material (carbon black nanoparticles, silver nanoparticles, ionic liquid) into the spinning
solution, and heat treatment of the nanofiber mat (carbon and ITO nanofiber production). The surface
and the electrical properties of the nanofibers were investigated. The advantages and disadvantages of
the methods were discussed in detail. The results showed that conductive nanofibers can be
successfully produced with different electrical conductivities depending on the method and the

material.
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1. INTRODUCTION

Due to their satisfactory electrical conductivity, flexibility,
breathability, light weight and high mechanical strength;
electrically conductive nanofibers have gained much
attention (1). These materials have various application
areas such as sensors, energy harvesting devices, field-
effect transistors and photovoltaic devices (2,3) where

electrical conductivity is needed. Electrospinning is the most
preferred method to fabricate electrically conductive
nanofibers since it is relatively simple, versatile and allows
the production from wide range of polymers (4,5). Another
fabrication method is electrically assistant solution blowing
method, which combines solution blowing and
electrospinning. Much thinner nanofibers (20-50 nm) can be
fabricated by this method (Figure 1a,b) (6,7).
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Figure 1. Schematic view of a) electrospinning and b) electrically assisted solution blowing
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There are several approaches to produce electrically
conductive electrospun nanofibers. These nanofibers can be
mainly produced by using intrinsically conductive polymers,
coating the electrospun mat with a conductive material (e.g.
copper electroplating of a mat), adding a conducting
material (e.g. carbon black nanoparticles, silver
nanoparticles, ionic liquid) into the spinning solution and
heat treatment of the electrospun mat. Below a certain
critical thickness/diameter value, current conduction is
expected to increase because of the effect of confinement
(1) Therefore, researchers produced nanofibers from
intrinsically conductive polymers and investigated the
potential of nanofibers in electrical conductivity applications
and showed the enhancement of the conductivity because
of their higher surface area (2).

Intrinsically conductive polymer is an organic polymer that
possesses the electrical, electronic, magnetic, and optical
properties of a metal while retaining the mechanical
properties, processibility, etc. commonly associated with a
conventional polymer. Polyaniline (PANi) is found to be the
most promising because of its ease of synthesis, low cost
monomer, tunable properties, and better stability compared
to other intrinsically conductive polymers. However, it has
low solubility in all available solvents and it is hard to
process compared to other polymers. Therefore, a second
polymer such as polyethylene oxide (PEO) is added to
increase the spinnability of the solution. PANi nanofibers
were successfully electrospun for the first time by
MacDiarmid and co-workers (3). Zhang and Rutledge (8),
produced PANi and PANi blend nanofibers. They used
coaxial electrospinning to produce pure PANi nanofibers
and reached conductivities as high as 50 + 30 S/cm and 130
+ 40 S/cm upon further solid state drawing. Wei et. al (9)
produced electrospun core-sheath nanofibers from PANi
blends. They used different carrier polymers such as
poly(sulfonated styrene) (PS), polycarbonate, PMMA and
PEO. Depending on the carrier, they produced electrospun
conductive nanofibers with conductivities changing from
55x10™ to 2.4x10™ to ohm™.cm™ whereas Yu et. al.
reported that pure PANi nanofibers have conductivities
ranging from 790 to 5290 S/cm (10). Poly(3,4-
ethylenedioxythiophene) (PEDOT) is an another member of
intrinsically conductive polymers which has gained much
attention especially in flexible electrode applications due to
its good thermal, electrochemical and ambient stability, high
conductivity, and high transparency in the p-doped state.
(11, 12). It is commercially available in a range of properties
usually in the form of poly(styrene sulfonate) (PSS) doped
PEDOT (PEDOT:PSS). Zhao et al. (13) produced
PEDOT:PSS/PEO nanofibers by electrospinning. They used
high molecular weight PEO as a carrier and reached the
maximum conductivity of a single electrospun fiber with a
value of 35.5 S/cm. Liu et. al. (14) developed a strain sensor
from PEDOT:PSS/ polyvinyl alcohol (PVA) electrospun
nanofibers by encapsulating dimethylsulfoxide. With
controlling the concentration of the additive
dimethylsulfoxide (DMSO), the electrical conductivity of the
as-spun PEDOT:PSS-PVA nanofiber network was tuned
over a wide range from 4.8x10® to 1.7x10° S/cm.

Although intrinsically conductive polymers have gained a
great deal of interest, processability of these polymers is
challenging. They cannot be melt processed and are
insoluble in most solvents. Another approach is to produce

conductive polymeric composite nanofibers. In this process,
conductive nanofibers are fabricated by adding a conducting
component into the spinning solution. For instance, Tiwari
et. al. (15) added electrically conductive carbon black
nanoparticles into the spinning solution to produce
permeable, flexible strain sensors. They investigated the
effect of carbon black concentration on the electrical
resistance of nanocomposite strips and demonstrated that
fibrous nanocomposite strips with embedded carbon black
nanoparticles manifest a reproducible dependence of their
electrical resistance (R) on their strain in uniaxial elongation.
lonic liquids have negligible vapor pressure, low toxicity, and
good chemical and thermal stabilities. Moreover, they have
extremely high ionic conductivity. Recently, incorporation of
ionic liquids with polymers has gained interest due to their
ability of improving the conductivity and promoting the
electron transfer. With the addition of an ionic liquid into the
spinning solution, conductive nanofibers can be fabricated.
lonic liquid-based polymers have potential application areas
such as biosensors and polymer electrolytes. Lu et. al.
produced polystyrene-ionic liquid composite nanofibers and
films. They entrapped ionic liquid in the polymer by
electrospinning. The samples showed both
superhydrophobicity and conductivity which indicated ionic
liquid-based composite nanofibers can be an alternative
candidate for the functionalization of surfaces (16).

Electrically conductive nanofibers can be also produced by
coating the surfaces with metals such as copper and silver.
Electroplating is a widely used technique to deposit metals
on nanofiber surfaces. However, studies on the coating of
nanofibers by electroplating are rare. Sinha-Ray et al.
developed a new method of electroplating of electrospun
nanofiber mats and investigated the cooling capabilities of
the electrospun nanofiber mats coated metallic by
electroplating. They showed that non-conductive
electrospun nanofibers can be successfully coated by
copper, silver, nickel and gold by electroplating (17).

Another method to fabricate conductive nanofibers is the
heat treatment of electrospun precursors. Carbon and
indium tin oxide (ITO) nanofiber fabrications are two
methods that involve heat treatment. Carbon nanofibers are
one-dimensional structures which possess high mechanical
strength, great stiffness, excellent electrical and thermal
conductivity, good fatigue and corrosion resistance. In the
literature, there are many researches about conductive
carbon nanofibers. For instance, Wang et. al. produced
PAN-based carbon nanofibers and measured the electrical
conductivity as 490 S/m (18). Zhi et al. produced highly
conductive electrospun carbon nanofiber/manganese
dioxide coaxial cables for energy and supercapasitor
applications. They used highly conductive carbon nanofibers
as the support backbone for manganese dioxide for
supercapacitor electrode and found out that the carbon
nanofibers/MnO, coaxial nanostructure shows enhanced
specific capacitance (19). An alternative method of
fabricating carbon nanofibers is heat treatment of
electrospun precursors. Heat treatment is a process that
converts the polyacrilonitrile (PAN) nanofiber precursors to
carbon nanofibers. PAN is the most used polymer for the
fabrication of precursors because of its easy carbonization
process. The heat treatment process of PAN involves
stabilization in oxygen atmosphere (200-300 °C),
carbonization (=1000 °C) in an inert atmosphere (usually
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nitrogen), and graphitization (>2000 °C) of the precursor
under controlled conditions (20-22). ITO nanofibers, which
have unique properties of high transmittance, low resistivity
and excellent adhesion to substrates, can be also produced
by electrospinning. In this process, the ITO nanofibers are
fabricated from a precursor polymer solution which also
includes another polymer (e.g. PEO, polyvinyl pyrrolidone
(PVP)). The role of the other polymer is to increase the
viscosity and improve the spinnability of the solution. The
electrospinning process is followed by the heat treatment of
the electrospun mat where other polymer is selectively
removed. Also, the proper crystal structure is obtained by
heat treatment (23,24). Xu and Shi produced ITO nanofibers
by using PVP as precursor for gas sensing applications.
(23). Munir et al. successfully produced electrically
conductive and optically transparent ITO nanofibers by
electrospinning. They achieved a minimum sheet resistance
of 1.2 x 105/Q/sq at a deposition time of 20 min (24).

This paper mainly describes the conductive nanofiber
production methods. The paper gives brief information about
fabricating  conductive  nanofibers from intrinsically
conductive polymers, electroplating of non-conductive
nanofiber mats, adding a conductive compound to the
nanofiber and heat treatment of the mat. These methods are
explained in detail and supported by the experimental
results.

2. MATERIALS AND METHODS

In this study, some of the materials were used more than
one method. Therefore, in this section all materials were
given without any classification. Polyaniline (PANi) (Mw:
15,000 Da), camphorsulphonic acid (HCSA), polyethylene
oxide (PEO) (Mw: 2,000 kDa), Poly acrylonitrile (PAN) (Mw:
150 kDa), indium (lll) nitrate hydrate, tin (ll) acetate, acetic
acid, acetone, ethanol, N,N-dimethylformamide (DMF)
anhydrous, 99.8% (Aldrich), dichloromethane (DCM)
anhydrous, 299.8%, chloroform, silver nitrate (AgNO3),
Sodium borohydride (NaBH4), ionic liquid (EImBF),
polyvinylpyrrolidone (PVP) (Mw:40 kDa), ethanol, acetic
acid, Poly(3,4-ethylenedioxythiophene):poly (styrenesulfonate)
(PEDOT:PSS) (1.1% in water), Polycaprolactone (PCL)
(Mn: 80 kDa), were purchased from Sigma-Aldrich Inc. and
carbon black (CB2000) grade was purchased from Cabot
Corporation. All chemicals were used without further
purification.

Fabrication of PANi:/PEQO blend nanofibers: In this study,
0.4 g PANi and 0.05 g PEO were dissolved in 7.95 g
chloroform. PANi was doped with 1.6 g camphorsulphonic
acid (HCSA). The procedure was as follows: Pure PANi is
black and not conductive before doping process. Therefore,
it needs to be doped with HCSA in chloroform. After doping,
the color of the solution becomes green. In this study, first,
HCSA was dissolved in chloroform. After dissolution, PANi
was added and stirred at room temperature for 1 h. Since
the solubility of PANi is very low and the polymer solution is
hard to electrospin, PEO was used as a second polymer.
PEO and DMF were added to the solution and kept stirring
for 6 h at 45 °C. In the literature, researchers filtered the
PAN:i solution before making fibers. In this study, two groups
of PANI/PEO solutions were prepared. In order to see the
effect of filtration on fiber mat conductivity one of them was
filtered by using a filter paper (Whatman-Grade 602h).

PANI/PEO nanofibers were produced by electrospinning
method with a polymer flow rate of 2 mil/h. and a voltage of 7
kV. The fibers were collected on a glass slide placed on a
rotating disc. The edges of the glass slide were painted with
conductive carbon paint to measure the conductivities of the
mats. Since the sample produced from filtered solution was
not conductive, the study was focused on only unfiltered
one. Therefore, five samples from unfiltered solutions with
different gap lengths were prepared in order to see the
effect of gap length on conductivity.

Fabrication of PEDOT:PSS/PEO blend nanofibers:
PEDOT:PSS/PEO solutions were prepared by dissolving
0.06 g of PEO in 3.94 g of DMF. The solution was stirred on
a hot plate at 75°C for 12 h. After it was completely
dissolved, 6 g of PEDOT:PSS was added into the solution
and stirred on the hot plate at 75°C for another 3h.
PEO/PEDOT:PSS nanofibers were prepared by electrically
assisted subsonic solution blowing (6) since much thinner
fibers can be produced with this method from polymer
solutions with lower viscosities compared to electrospinning.
In this study, 0.68 kV voltage was applied between the
droplet of the polymer solution and the air nozzle. The
polymer solution was electrospun from a plastic syringe with
an internal diameter of about 18G with a flow rate of 0.7
mL/h and blown with an air with a speed of 10 psi. The
fibers were collected on a glass slide with a gap of 5 mm.
The glass slide was mounted on a rotating plate with a
speed of 30 rpm. Electrically assisted subsonic solution
blowing was conducted at room temperature for 2 minutes.

Fabrication of PCL/Carbon Black nanofibers: In the first
step, 2 g of PCL was dissolved in 4.8 g of DMF and 3.2 g of
DCM and stirred on a hot plate at 45 °C for 2h. Separately,
0.2 g of carbon black was added to a 5.8 g of DMF/ DCM
(60:40) mixture. The mixture was sonicated by a probe
sonicator (QSONICA, 500 Hz). Afterwards, 4 g of PCL
solution and 6 g of carbon black mixture were mixed
together and stirred on a hot plate at 45 °C for another 4h.
The PCL/carbon black nanofibers were fabricated by
electrospinning with an electric field of 0.6 kV/cm. The flow
rate was 0.7 mL/h and the inner diameter of the needle was
18 G. The fibers were collected on a glass slide with a gap
of 5 mm. The glass slide was mounted on a rotating disc
with a speed of 200 rpm. The electrospinning was
conducted at room temperature for 10 minutes. After
electrospinning, the samples were kept on the hot plate at
45 °C for 24h.

Fabrication of PAN/ silver nitrate (AgQNO3) nanofibers: In
order to prepare PAN/AgNOs nanofibers, 0.8 g PAN was
dissolved in 5.86 g DMF and kept on a hot plate at 75 °C
until it was dissolved completely. Separately, 0.4 g AgNO3 in
2.94 g DMF was prepared and sonicated for 5 minutes.
Afterwards, AgNO3/DMF solution was added to PAN
solution and left on the 35°C hot plate for 1 h. The fibers
were fabricated by electrospinning. The flow rate was 0.3
mL/h and the voltage was 15 kV. After electrospinning, the
nanofibers were treated with NaBHs (1% wt. in water) in
order to achieve a reduction process of AgQNO3; and obtain
Ag.

Fabrication of PAN/ionic liquid nanofibers: PAN/ionic
liquid solution were prepared by dissolving 8% wt. PAN in
DMF. The solution was kept on a hot plate at 75 ‘C until it
was completely dissolved. An ionic liquid (EImBF4) of 0,4 g
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was added to the 8% wt. PAN solution and sonicated for 30
min. The fibers were fabricated by electrospinning. The flow
rate was 0.3 mL/h and the voltage was 15 kV.

Fabrication of Conductive Nanofibers by Coating with a
Conductive Material: Non-conductive nanofiber mats can

be made conductive by coating the mat with a conductive
material. In this study, PAN nanofiber mat was used as a
template for coating with copper. In order to prepare PAN
nanofibers, 8% wt. PAN was dissolved in DMF and kept on
a hot plate at 75 °C until it was dissolved completely. PAN
nanofibers were produced by electrospinning. The flow rate
was 0.3 mL/h and the voltage was 15 kV. After
electrospinning, the fiber mat was coated with copper by
electroplating. For copper electroplating; sulfuric acid (5 g),
hydrochloric acid (0.5 g), copper sulfate (16 g), and
formaldehyde (10 g) were mixed with 100 mL of deionized
water to prepare a copper plating solution. Voltage was kept
between 0-1 V for 15 s to form a fine coating. Plating was
conducted for both sides of the sample. After electroplating,
the copper-plated nanofiber mat was immersed into 10%
formaldehyde solution for 5 min and then rinsed twice with
deionized water.

Fabrication of Carbon Nanofibers: Carbon nanofibers
were produced from PAN nanofiber precursors. PAN
nanofiber precursor was electrospun with the same solution
and spinning parameters as PAN nanofiber mats used for
copper electroplating. After electrospinning, the PAN
nanofiber mat was heated to give carbon nanofibers. The
process was started at room temperature to 300 °C in air,
and continued to 1100 °C in nitrogen atmosphere.

Fabrication of ITO Nanofibers: ITO/PVP blend nanofibers
were produced by electrospinning. PVP was added to the
spinning solution to increase the viscosity and the
spinnability. After electrospinning, PVP was removed by
heat treatment and pure ITO nanofibers were obtained. _For
the preparation of ITO solution; 2.04 g indium (lll) nitrate
hydrate and 0.16 g tin (II) acetate were mixed in 5.6 g water
and sonicated for 30 min. Separately, 2 g of PVP was
dissolved in 8 of ethanol and kept on a hot plate at 40°C for
2 h. Afterwards, ITO solution and PVP solution were mixed
together and 2.2 g of acetic acid was added. Then, the
mixture was stirred on a hot plate at 40°C for another 2 h.
The electrospinning parameters were as follows: Applied
voltage14 kV, flow rate 1.2 mL/h, needle diameter 18 G and
the distance 15 cm. Finally, the electrospun fiber mat was
treated at 400 °C in open air for the calcination of ITO and
the removal of PVP.

Imaging of the Nanofibers: Thickness of the nanofibers
and the electrospun mats were calculated by a light
microscope (Olympus BX51). Three measurements were
carried out and average values were calculated for each
sample. The morphology of the electrospun fibers was
examined using the same light microscope. For more
detailed examination a field emission scanning electron
microscope (JEOL JSM 6320F, RRC- UIC) was used for
some of the samples. Energy Dispersive X-Ray
Spectroscopy (EDX) analyses were carried out for the heat
treated PAN nanofibers to confirm the carbonization. It was
also conducted for ITO nanofibers if PVP was removed and
ITO fibers were successfully prepared.

Conductivities of the Nanofibers: Resistance of the
samples were measured by a Mastech multimeter and
conductivities (o) were calculated as follows:

1
f ;................(1)and!',T =

Where, R is the electrical resistance of the sample (ohms,

Q), p is the resistivity of the sample (Q.cm), f; is the length
of the sample (cm), A is the cross-sectional area of the
sample (cmz), g, is the conductivity, defined as the inverse
of resistivity. Conductivity has SI units of Siemens per
centimeter (S/cm).

* All the fabrications and characterizations were conducted
in Multiscale Mechanics and Nanotechnology Laboratory,
University of lllinois at Chicago, USA.

3. RESULTS AND DISCUSSION

PANi:/PEO blend nanofibers: Light microscope images of
electrospun PANI/PEO blend nanofibers showed that, the
fibers were entangled and PANi was not distributed
uniformly along the fiber (Figure 2a,b).

2um

Single fiber image of unfiltered PANI/PEO electrospun
fiber a) PANi distribution in the fiber, b) PANi chunks
inside the fiber.

Figure 2.

Small beads were observed on the surface of PANI/PEO
electrospun fibers due to the PANi chunks in the spinning
solution (Figure 3b). Fibers produced from unfiltered
solutions had diameters around 1 pm, whereas fibers
produced from filtered solutions had larger diameters (=2
pum). The samples produced from the filtered solution does
not have chunks and also they are parallel aligned (Figure
3a). When conductivities of the samples produced from
unfiltered and filtered solutions were measured, it was seen
that the samples produced from filtered solutions are not
conductive. This may be due the loss of PANi during the
filtration of the spinning solution. As a result, the fiber mat
did not show any conductivity. On the other hand, fibers
produced from unfiltered solution showed electrical
conductivity indicating that they contain a percolative
network of PANi chunks (Table 1). With the increasing gap
distance, the conductivity values tend to decrease (Table 1).
Although researchers reported that pure PANi nanofibers
have conductivities ranging from 7.90 to 52.90 S/cm (10),
the results of this study are still comparable with the results
of blend PANI/PEO nanofibers. Wei et al. (9) produced
PANI/PEO blend nanofibers and measured the conductivity
as 2.4 x 10™ S/cm where the conductivies of the fibers
produced in this study ranged from 0.137 x 10 to 0.545 x
10° S/cm depending on the gap distance.
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Figure 4. Light microscope images of a) single PEO/PEDOT:PSS
nanofibers , d) PAN/ionic liquid fibers,

PEDOT:PSS/PEO blend nanofibers: PEDOT:PSS/PEO
fibers had diameters around =100nm (Figure 4a). These
fibers were fabricated by electrically assisted solution
blowing. The additional stretching caused by the
aerodynamical forces, leads to much thinner fibers
compared to electrospinning. The fibers had smooth
surfaces since the polymer blend was a homogeneous
dispersion. The nanofiber mat showed an electrical
conductivity of 19.1 S/cm which is higher than most of the
reported values for PEDOT:PSS blend nanofibers (14).
Also, the conductivity of PEDOT:PSS/PEO is very high
compared to other conductive nanofibers. This result
indicates that PEDOT:PSS/PEO blend nanofibers can be a
very good candidate in sensor applications.

PCL/carbon black nanofibers: Figure 4b shows the light
microscope image of a single PCL/carbon black nanofiber. It
can be seen that PCL/carbon black nanofibers are covered
with carbon black, the fiber surface was not smooth and the
fibers had diameters in the order of 1 ym. This is mainly
because of the carbon black chunks. Carbon black chunks
were in =1 uym in size and the PCL/carbon black was a
coarse suspension with large chunks of carbon black. The
fiber mat showed an electrical conductivity of 0.235 x 10
S/cm indicating that conductive nanofibers were
successfully produced. In order to enhance the conductivity
of the nanofibers, carbon black amount in the spinning
solution can be increased.

PAN/AgNO; and PAN/ionic liquid nanofibers: In this
study, PAN nanofibers were fabricated by electrospinning
with the addition of silver nitrate (AgNOs3) or an ionic liquid
into the spinning solution. The fibers were successfully
electrospun from both solutions (Figure 4c,d). Electrically

LN P AN %j

nanofiber, b) single PCL/carbon black nanofiber, c) PAN/AgNO;

conductive fibers with diameters around 800 nm were
fabricated in both cases. The conductivity results are
comparable with the literature. Lu et. al. (16) prepared P-
ionic liquid fibers with an electrical conductivity of 3.2 x 10
S/cm. In this study, PAN/ionic liquid fiber mat with an
electrical conductivity of 1.46 x 10 S/cm was produced.
Also, an electrical conductivity of 0.95 x 10° S/cm was
obtained for the PAN/ AgNOs fiber mat (Table 1).

Copper Electroplated PAN Nanofibers: Non-conductive
nanofiber mats can be made conductive by coating the mat
with a conductive material. In this study, electrospun PAN
nanofibers with a diameter around 800 nm was used as a
template for coating with copper (Figure 5a). Figure 5b
shows the copper plated PAN nanofibers. The color change
and the increase in diameter show that copper is coated on
the fiber surface. Diameters of the coated fibers were
measured around 5um. The fiber mat had an electrical
conductivity of 2.13 x 10™ S/cm. Although this value is much
lower than pure copper (pc,=58.5x106 S/m (25)), it is higher
than the conductivity of other conductive nanofibers such as
PANI/PEO blend fibers, PAN/AgNOs fibers etc. The results
show that conductive nanofibers can be successfully
fabricated by coating with a conductive material.

Carbon Nanofibers: Carbon nanofibers were obtained by
the carbonization of PAN nanofibers. The diameters of the
carbon nanofibers were measured around 600 nm (Figure
6). The elemental analysis revealed the presence of C on
the surface. The elemental ratio of C and O were 99.48 and
0.52% respectively. That means PAN nanofibers were
successfully carbonized. The fiber mat had an electrical
conductivity of 666.67 S/cm meaning that these nanofibers
have excellent electrical conductivity (Table 1).
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Figure 6. From left to right, SEM image and EDX spectrum of the heat treated PAN (carbon) nanofibers, respectively

ITO Nanofibers: Since the fiber mat was treated with heat
for the removal of PVP and the calcination of ITO, the fiber
mat shrank around 20% (Figure 7a,b). The fibers had
diameters around 100 nm after heat treatment. After the
removal of PVP, nanofibers remained as continuous
structures (Figure 7c). The elemental analysis showed that
PVP was removed and ITO fibers were prepared. The
elemental ratio of C,O, In and Sn were 5.32, 33.97, 56.49,
4.21% respectively. The conductivity of ITO is due to the
oxygen vacancies and the defects. The preparation
conditions such as the operational procedures, annealing
ambient (time, temperature atmosphere and pressure),
composition, type and quantity of the dopant and heat
treatment method also affect the level of the conducting
carrier concentration and oxygen vacancies (23,26). In this
study, the fiber mat had an electrical conductivity of 0.426

S/cm which makes ITO nanofibers a good candidate for
technical applications.

Figure 7. a) ITO nanofiber mat before heat treatment, b) ITO
nanofiber mat after heat treatment, ¢c) SEM image of ITO
nanofibers after heat treatment.

Table 1. Electrical properties of the nanofiber mats

Material Resistance Width Thickness Length Conductivity (o)
(MQ) (mm) (pm) (mm) (S/em)
PANI/PEQ (filtered) - 25 8+0.58 10 -
PANI/PEO (unfiltered) 1.1 25 4+1.15 6 0.545 x 10°
PANI/PEOQ (unfiltered) 2.7 25 3+0.58 10 0.494 x 10°
PANI/PEO (unfiltered) 2.9 25 6 +1.53 16 0.368 x 10°
PANI/PEOQ (unfiltered) 3.2 25 10+2.52 26 0.325 x 10°
PANI/PEQ (unfiltered) 20.4 25 6+2.08 42 0.137 x 10°
PEDOT:PSS (2 min) 34.9x10° 25 3+0.58 5 19.1
PCL/carbon black (10 min) 0.12 25 71+6.24 5 0.235 x 10°
PAN/AgNO; 0.7 15 10+2.89 10 0.95x10°
PAN/ionic liquid 0.2 7 98 + 5.69 20 1.46 x 10°
Copper-plated PAN 0.01 30 470 +9.17 30 2.13x10°
Carbon Nanofibers 45x10° 5 1+0.07 15 666.67
ITO 0.012 4 44 + 3.06 9 0.426
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4. CONCLUSION

In this study four different methods were investigated to
produce  conductive  nanofibers. PANI/PEO  and
PEDOT:PSS/PEO blend nanofibers were fabricated from
intrinsically conductive polymers by electrospinning and
electrically assisted solution blowing methods, respectively.
The electrospun PAN nanofiber mat was coated with copper
by electroplating. = Conductive  PCL/carbon  black,
PAN/AgNO; and PAN(/ionic liquid electrospun nanofibers
were produced with the addition of a conductive material
into the spinning solution. Conductive carbon and ITO
electrospun nanofibers were produced by heat treatment.
The surface and the electrical properties of the produced
nanofibers were investigated. Conductive nanofibers were
successfully produced. Each nanofiber mat showed different
surface and electrical characteristics. When the methods
were compared to each other in terms of cost, facility,
convenience and conductivity, it can be seen that each
method has its own advantages and disadvantages.
Although intrinsically polymers are conductive and flexible
with light-weight; they are expensive and hard to make
nanofibers on their own. With the addition of a second
polymer into the spinning solution, these nanofibers can be
produced. However, this leads to a decrease in electrical
conductivities. In this study PANI/PEO nanofibers showed
relatively low electrical conductivities, whereas
PEDOT:PSS/PEO nanofibers showed higher values. This
indicates that polymer type is a significant parameter and
proper polymer type should be chosen depending on the
application area. Adding conductive components into the
spinning solution is cost efficient and the blend nanofibers
had relatively low conductivities but comparable with
PANI/PEO nanofibers. It should be noted that the cost and
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