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Abstract: A strain sensor based on poly (3,4-ethylenedioxytriophene): poly (styrene sulfonate)/poly (vinyl alcohol) (PEDOT: 
PSS/PVA) nanofiber has been successfully fabricated by electrospinning technique. Patterned copper wires were deposited on 
the mica flexible substrate with the distance of 1 mm. The sensor then characterized with various strain by one side bending. 
The conductivity of as-spun nanofiber mats can be adjusted from 0.03 to 1.2 µS cm-1 with various concentration of PVA and 
depends on its structure and its nanofiber diameter. The sensing mechanism of nanofiber-based strain sensor is due to the 
common piezoelectric effect of PEDOT:PSS polymer and unique nanostructure of nanofiber mats. When the sensor stretched, 
the length of nanofiber increase affecting the geometrical change and lead the increasing in resistance. This sensor shows good 
repeatability with gauge factor of 17. The performance of PEDOT:PSS/PVA nanofiber based strain sensor make nanofiber mats 
as promising alternative materials for strain sensor application. 
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Introduction 

The development of nanofiber technology has been 
increased significantly in the last two decades. Many 
researchers begin to have more interest on nanofiber 
than the regular thin film. One of the reasons is that a 
nanofiber can be easily produced by electrospinning 
technique through certain conditions. Compared to other 
techniques, like drawing, self-assembly, polymerization 
in nanopores templates, and dip-pen nanolithography, 
electrospinning offers advantages of being a 
conventional simple method, low production cost and 
the most potential technique to produce nanofiber on an 
industrial scale [1–5]. Nanofiber has a large surface area 
for a given volume. Its textures enhance the transport of 
ions or other electrical charges [6]. The mechanical, 
electrical and biocompatibility properties of electrospun 
nanofiber can also be modified by changing polymer 
solution and process parameters. 

Application of electrospun nanofiber varies in many fields 
including membrane technology [7], medical application 
[8–10] and electronic devices [11–14]. The electronic 
device applications, especially sensors devices, become 
an interesting topic for future research because of its 
huge applications. There are many sensors based on 
nanofiber structure, such as a gas sensor, strain sensor, 
biomimetic sensors, and real-time radiation sensor [15–
20]. Moreover, the nanofiber-based sensor exhibits high 
sensitivity and fast response [21]. Recently, the demand 
on strain sensor is relatively high.  

There are a lot of flexible strain sensors based on 
inorganic materials have been developed [22–25]. All 
these materials require a flexible polymer for the 
substrate because the inorganic materials are unable to 
get high repeatability as high as flexible polymers [21]. If 
the electrical properties of inorganic materials could be 
replaced by the properties of the organic materials 
(flexible polymer), that means we can improve the 
flexibility and electricity at once in nanofiber-based strain 
sensor. Poly (3,4-ethylenedioxytriophene): poly (styrene 
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sulfonate) (PEDOT: PSS) polymer becomes common 
organic materials used as materials in strain sensor 
application because of its piezoelectric effect [26,27]. 
PEDOT: PSS polymer commonly cast on indium tin oxide 
(ITO) substrate using spin-coating technique [28,29]. 
Electrospinning is another technique to cast PEDOT: PSS 
with the addition of poly (vinyl alcohol) or PVA as a 
flexible thin film[30–33]. In this study, we proposed a 
simple and low cost method to fabricate strain sening 
elements of strain sensor  using PEDOT: PSS mixed PVA. 
The sensing performance of the as-prepared sensor is 
reported. 

Materials and Experimental 

Materials 

The PVA polymer PVA (Mw = 85.000 – 124.000) powder 
was purchased from Sigma-Aldrich, while the PEDOT: PSS 
(PH1000) with a concentration of 1.3 wt% and the PEDOT: 
PSS ratio was 2:5 v/v was purchased from Heraeus C 
Stark. All these materials were applied without any 
further purification.  

Electrospinning 

The solution used for electrospinning technique were 
prepared by dissolving (9-13) wt % PVA polymers into 
distilled water at a temperature of 95 °C and stirred for 2 
hours to obtain a homogeneous solution. The 
PEDOT:PSS/PVA solutions were produces by adding the 
PEDOT:PSS aqueous dispersion into the PVA solutions 
with a ratio of 40:60 (v/v). The mixing then stirred at 
ambient temperature for 45 min.  The schematic of 
electrospinning process used to fabricate PEDOT: 
PSS/PVA nanofiber reported previously [34]. The 
electrospinning parameter used during the process was 
15 kV voltage, with tip-to-collector distance set at 10 cm. 
The process took place about 30 minutes and further 
dried for 15 min.  

Strain sensor performance testing 

The stretch process and the magnitude of the strain were 
calculated as reported in the literature [35]. We used 
mica flexible paper for substrate and copper wire as 
electrodes. The length and the distance between 
electrodes were 2 cm and 1 mm, respectively. One end of 
the strain sensor was fixed on a sample holder, and the 
other free end of the strain sensor was derived by a 
mechanical stage, which brings a tensile strain. 

 

Sample Characterization 

The electrical response (current-voltage) of the sensor 
with various strain was measured with Keithley 2400-
SMU connected to a computer using a graphical 
programming language of LabVIEW. All of the 
measurements were carried out at room temperature in 
ambient condition. The nanofiber morphology of the 
samples with a various concentration of PVA was 
characterized using scanning electron microscope (SEM) 
JEOL JSM-6510. The samples were mounted on metal 
stubs and sputter-coated with platinum for 70 s with JEOL 
fine-coater before SEM characterization. The average 
nanofiber dimensions and standard deviations were 
determined by measuring the diameters of about 100 
fibers using ImageJ software. 

Results and Discussion 

The nanofiber mats have been successfully fabricated 
with uniform diameter and morphology as shown in 
Figure 1. In this study, we used a different concentration 
of PVA as listed in Table 1. The viscosity of solution has 
been known as the most importance parameter during 
electrospinning process [21,36]. The solution with lower 
viscosity tends to form beaded nanofiber. Oppositely, a 
solution with too high viscosity tends to make the syringe 
plugged by condensation droplet of the solution 
(observed by the solution with PVA concentration of 13 
wt%).   

 

Table 1. Sample composition and nanofiber form used in this study. 

PVA concentration 
(%) 

Mixing ratio (v/v) 
(mL) 

Fiber Form 

PVA 
PEDOT: 
PSS 

9 60 40 More beaded 
10 60 40 Beaded 
11 60 40 Less beaded 
12 60 40 Smooth 
13 60 40 Not form 

 

The higher PVA concentration increases the viscosity of 
the solution. With increased viscosity, the diameter of 
nanofiber is also increased. This is probably due to the 
greater resistance of the solution to be stretched by the 
charges on the jet [37]. Moreover, the solution 
conductivity and surface tension also influence the 
formation of beads along the fiber surface [37].  

http://lp3.itera.ac.id/
https://www.itera.ac.id/


Original Article   Journal of Science and Applicative Technology  

344 | Journal of Science and Applicative Technology, vol. 5 (2), 2021, pp. 342-347  e-ISSN: 2581-0545 

Electrospun Nanofiber Poly (3,4-ethylenedioxytriophene): poly (styrene sulfonate) / poly (vinyl alcohol) as Strain Sensor Application 

CHOTIMAH et al., Journal of Science and Applicative Technology vol. 5(2), 2021, pp. 342-347 

 

Figure 1. SEM images and nanofiber diameter distribution of sample 
PEDOT: PSS/PVA nanofiber with various PVA concentration. 
 

Figure 2(a) shows the cross-section SEM image of 
PEDOT:PSS/PVA nanofiber with a thickness about ~ 6𝜇𝑚 
and physical appearance of the sample. The colour of 
PEDOT:PSS/PVA was light blue (inset Figure 2(a)), 
indicating the incorporation of PEDOT:PSS into the 
nanofibers, while the colour of the as-spun pure PVA 
nanofibers was white. The electrical conductivity and 
diameter of nanofiber with various concentration of PVA 
are shown in Figure 2(b). It shows that as the 
concentration increased the nanofiber diameter was also 
increased. From Figure 2(b) we can also see that, as the 
nanofiber diameter increased the conductivity of 
nanofiber was also increased. The fiber electrical 

conductivity increases with increasing nanofiber 
diameter [38]. A polymer with low concentration would 
tend to form beaded nanofiber instead of the smooth 
nanofiber. The presence of beads would cause 
decreasing on the conductivity of nanofiber. With the 
increasing of solution concentration, the conductivity of 
nanofiber mat was increase from 0.03 µS cm-1 to 1.2 µS 
cm-1. For further treatment, we focused on nanofiber 
with 12 wt% PVA concentration because of the lowest 
resistance (highest conductivity). 

 

 
Figure 2. (a) cross-section SEM image of nanofiber with physical 
appearance of nanofiber mat (inset), (b) conductivity, and (c) diameter 
of nanofibers mats with various PVA concentration. 
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Figure 3. (a) Current-Voltage characteristic of device with and without strain, (b) resistance and change in resistance of nanofiber sensor with 
various strain (c) bending- unbending current-voltage measurement of sample (d) Current value of bending-unbending at 5V. 

 

Figure 3(a) shows the current-voltage characteristic of 
nanofiber with and without strain. It clearly observes 
that the resistance of nanofiber increases after stretch 
(strain) indicating good response as strain sensor 
application. Figure 3(b) shows resistance and change in 
resistance of nanofiber sensor with various strain. The 
resistance of the sample increased from 455 to 899 MΩ 
as the strain increased. We also calculated the gauge 
factor of the sensor using the data of the relative change 
in resistance (∆𝑅) from Figure 4(b). The gauge factor can 
be calculated by Eq. (1). 

 

 𝐺𝐹 =
∆𝑅

 𝑅

1

∆𝜀
 (1) 

 

where GF is gauge factor, R is resistance (Ω), ΔR is 
changing in resistance (Ω), and ∆𝜺 is a strain (%).  

The gauge factor of our sensor is about 17 (0.0 % - 6.1 %) 
which is smaller than that of reported by Liu et. al (2011) 
(55 and 369) [21].  The different gauge factor compared 
to their result is due to the smaller ratio of PEDOT:PSS in 
solution. The ratio of PEDOT:PSS and PVA in our study are 
1:15 meanwhile in their study is 1:5. The amount of 
PEDOT:PSS in solution will affect the gauge factor as the 
presence of PEDOT:PSS which known have a 
piezoelectric effect [26,27].   

The two aspects affecting on the strain sensor device are 
the common piezoelectric effect of PEDOT:PSS polymer 
and the unique nanostructure of nanofiber mats [21]. 
The unique nanostructure of nanofiber PEDOT:PSS/PVA 
gives the sensor significant change in resistance after 

stretch. We believe that the resistance measured on our 
sensor is following simple equation on sheet resistance 
measurement as shown in Eq. (2) 

 

  𝑅 =
𝜌

 𝑑

𝑙

𝑤
 (2) 

 

where, R is resistance (Ω), ρ is resistivity (Ωm), d is the 
thickness of nanofiber (m), l is the distance between 
electrodes (m) and w is the length of contact (m). With 
the resistivity and the thickness of nanofiber is unchange, 
it is clear that the change in resistance is effect of the 
geometrical change of sensors.  

We also investigated the stability and response of our 
sensor. We measured the current of the sensor with 
bending and unbending treatment for every 10 s, 
alternately. Figure 3(c) and 3(d) show the current-voltage 
and current-time response of our sensor with bending 
and unbending treatment, respectively.  The sensor 
shows high repeatability and stability after treatment. 
We suggest the mechanism process of the increase of the 
resistance as the effect of strain process shown in Figure 
4. When the sensor stretches, the nanofiber length will 
increase and affect the increase in distance between 
electrodes. 

The increasing of the distance of electrodes and 
assuming there is no change on other parameter will 
make the resistance measured increased following the 
Eq. (2). It is clear that the distance of electrode is linearly 
dependent with resistance. It means that if the distance 
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of electrode increased then the resistance also increased 
[21].   

 
Figure 4.  schematic illustration of stretching process on nanofiber 
mats.  

Conclusions 

The Electrospun PEDOT: PSS/PVA nanofiber mats has 
been successfully fabricated as a strain sensor. The 
conductivity of as-spun nanofiber mats can be adjusted 
from 0.03 to 1.2 µScm-1 with various concentration of 
PVA solution. The PEDOT: PSS/PVA nanofiber network 
strain sensors have good stability, and gauge factor 
about 17. The performance of PEDOT:PSS/PVA nanofiber 
based strain sensor make nanofiber mats as promising 
materials for strain sensor application. For further 
investigation, we suggest substituting PVA with other 
more conducting polymer to improve the gauge factor. 
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