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An electrospinning method was used to prepare poly(vinyl alcohol) (PVA) nanofibre from 12 % concentration of PVA 
solution. The influence of applied voltage and distance between electrodes on diameter of nanofibre and morphology of 
the manufactured mat was investigated. These characteristics were observed by scanning electron microscope (SEM). It 
was concluded that PVA nanofibre diameter tended to increase with increasing applied voltage and to decrease with 
increasing the distance between the electrodes. Morphology of the mat from PVA nanofibre was strongly affected by 
technological parameters, too. 
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INTRODUCTION∗ 

Electrospinning is a process that employs electrostatic 
forces to produce nanofibres with diameter between  
50 nm – 1000 nm from polymer solution or melt. 

In traditional electrospinning equipment one electrode 
is placed into the spinning solution/melt and the other one 
is attached to the collector. The electric field is subjected to 
the end on the capillary tube that contains the solution fluid 
held by its surface tension. Thus a charge on the surface of 
the liquid is induced. As the intensity of electric field is 
increased, the hemispherical surface of the fluid at the tip 
of capillary tube elongates to form a conical shape known 
as the Taylor cone. As the repulsive electrostatic force 
overcomes the surface tension and the charged jet of the 
fluid is ejected from the tip of the Taylor cone [1]. As the 
jet moves toward a collecting screen, it elongates, solvent 
evaporates and a nonwoven fabric is formed on the 
collector [1, 2]. 

Electrospun mats from polymer fibres are drawing a 
great attention because of their unique properties such as 
high surface-to-volume ratio, high porosity, diameters in 
the nanoscale, flexibility in surface functionalities and 
superior mechanical performance [1, 3 – 5]. Many parame-
ters influence the transformation of polymer solution into 
nanofibres: viscosity (concentration), conductivity, elastic-
ity, temperature, surface tension of the solution, polymer 
molecular weight, applied voltage, distance between 
electrodes, humidity and air velocity in the electrospinning 
chamber [1, 6 – 16].  

There is not common accordance about the influence 
of the main technological parameters, i. e. applied voltage 
and the distance between electrodes, on the diameter and 
morphology of nanofibres. S. Y. Gu et al. [6] reported that 
diameter of the electrospun PAN nanofibre did not change 
significantly over the range of applied voltage. 
M. M. Demir et al. [7] estimated that PU nanofibre 
diameter increased with increase of electrospinning 
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voltage. By contrary, X. M. Mo et al. [17] reported that 
P(LLA-CL) nanofiber diameter tended to decrease with 
increasing electrospinning voltage. J. M. Deitzel and et al. 
[8] analyzed the influence of applied voltage on 
morphology PEO nanofibre and estimated that with 
increasing applied voltage, the number of beads on fibre 
increased. Contrary assumptions were made analyzing PS 
nanofibre morphology [9]. 

The jet of polymer solutions grows longer and thinner 
due to bending instability until it solidifies and collects on 
the collector, i. e. if the distance between electrodes is 
short, electrospun fibres should be thicker. But according 
to some researchers [10], the distance does not have sig-
nificant effect on the electrospun fibre geometrical 
characteristics. 

It may be that the difference of used polymers, 
experimental conditions and equipments had influence on 
such variety of the results. 

The aim of this paper is to define the influence of 
applied voltage (U, kV) and distance between the 
electrodes (L, cm) on the average of PVA nanofibre 
diameter and morphology of manufactured mat, spun on a 
“Nanospider” equipment. 

MATERIALS AND METHODS 
A water solution of poly(vinyl alcohol) (PVA) was di-

luted using distilled water in order to get 12 % concentra-
tion of solution. To improve the conductivity of diluted 
polymer solution, 0.5 % of phosphoric acid (H3PO4) was 
added.  

 
 
 
 
 
 
 
 

   

Fig. 1. The scheme of “Nanospider” spinning chamber 
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Fig. 2. Formation of nanofibre 

Nanofibre of PVA solution was spun using 
“Nanospider” (Elmarco, Czech Republic). This new 
method of nanofibres production has been developed at the 
Technical University of Liberec and patented [18]. It 
differs from the traditional electrospinning techniques that 
the spinning head is a rotating roller  (Fig. 1). 

The rotating roller is sunk halfway in the polymer 
solution. Increasing the applied voltage, the Taylor cones 
(initiations of nanofibres) are created from polymer 
solution on the roller. In this way the support material is 
covered by the layer of nanofibre  (Fig. 2).  

The parameters of experiments are presented in  
Table 1. 

Table 1. Parameters of the experiments 

The morphology of electrospun PVA mats was 
observed with a scanning electron microscope (SEM) 
JOEL JSM 5600. The diameter of nanofibre was measured 
by LUCIA G software from SEM images. All nanofibres: 
single and stick were measured from every SEM image. 

RESULTS AND DISCUSSION 
The influence of applied voltage. The main series of 

experiments were carried out at the distance between the 

electrodes 11 cm while the applied voltage was varied 
from 45 kV to 75 kV. Also experiments were carried out at 
the distances – 13 and 15 cm and applied voltages – 55, 65, 
75 kV.  

45 kV is the lowest voltage value by which it was 
possible to create nanofibre from 12 % concentration of 
PVA solution, when the distance between electrodes is 
11 cm. 75 kV is the highest voltage, which was possible to 
set up by the “Nanospider”. 

 
a 

 
b 

Fig. 3. SEM images of mat from PVA nanofibre, electrospun at 
the distance between electrodes 11 cm; the applied 
voltage: a – 45 kV; b – 50 kV  

As nanofibre moves from roller to support material, 
the solvent (distilled water) evaporates and nanofibre 
solidifies. If the distance is short and applied voltage is 
very high, nanofibres tend to stick to each other due to 
incomplete solvent evaporation (Fig. 3, a, number 1 indi-
cates the stick nanofibre). 

Analyzing the morphology of manufactured mats, 
three types of mats were determined: mat from uniform 
nanofibres; stick nanofibres (i.e. mat from stick and 
uniform nanofibres) and “spidery” mat (only from stick 
nanofibres). From SEM images presented in Figure 3, we 
can see that support material (spunbond of PES filaments) 
is covered by mat from uniform PVA nanofibre (Fig. 3, a), 

Number  
of experiments 

The distance between 
electrodes L, cm 

Applied voltage 
U, kV 

1 11 45 
2 11 50 
3 11 55 
4 11 60 
5 11 65 
6 11 70 
7 11 75 
8 12 65 
9 13 55 
10 13 65 
11 13 75 
12 14 65 
13 15 55 
14 15 65 
15 15 75 
16 16 65 
17 17 75 
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while applied voltage is 45 kV. But 50 kV voltage is too 
high, at the distance between electrodes 11 cm. In this case 
when all nanofibres are stuck, the “spidery” mat is formed 
(Fig. 3, b). Further increasing voltage to 75 kV, the mor-
phology of mats are similar as is presented in Figure 3, b.  

Support material is covered by mat from uniform 
nanofibre (SEM image is similar as in Fig. 3, a), while the 
voltage is 55 kV and the distance 15 cm. In order to create 
mat from uniform nanofibre, increasing the distance 
between the electrodes, applied voltage should increased 
too. It is possible to suppose that mat from uniform PVA 
nanofibre will be at the distance 13 cm, while applied 
voltage 50 kV. Mats from stick nanofibres are created  at 
the distance 13 cm, while applied voltages 55, 65 kV and 
at the distance 15 cm, voltage – 65 kV (Fig. 5, b). 
“Spidery” mats (similar to Fig. 3, b) are formed at the 
distance 13 cm, while applied voltages 65, 75 kV and at 
the distance 15 cm, voltage – 75 kV. 
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Fig. 4. Dependence of the average of PVA nanofibre diameter d 

upon the applied voltage U, at distances between 
electrodes L are 11 cm, 13 cm and 15 cm 

The dependence of the average of PVA nanofibre 
diameter d (nm) upon the applied voltage U (kV) is 
presented in Figure 4. The average of PVA nanofibre 
diameter 25 % increases (average of relative error δ = 12% 
at confidence level tα = 95 %) when the distance between 
electrodes is 11 cm. When distances are 13 cm and 15 cm, 
increasing applied voltage from 55 kV to 75 kV (Fig. 4) 
causes the increase in the average of nanofibre diameter 
too, respectively 18 % (δ = 10 %) and 25 % (δ = 8 %).  

Increasing applied voltage, the Taylor cone (initiator 
of nanofibre) is formed from more amount of polymer 
solution, i.e., is formed thicker nanofibre. Also there are a 
lot of stick nanofibres on the support material, when the 
distance between electrodes is small and the applied 
voltage is high. These reasons influence on the increase of 
PVA nanofibre diameter.  

The influence of the distance between electrodes. In 
this case the main part of experiments was carried out 
when applied voltage was 65 kV and the distance between 
electrodes varied from 11 cm to 17 cm. 

Some SEM images, which present the effect of the 
distance between the electrodes on morphology of PVA 
nanofibre mats, at voltage 65 kV, are presented in Figure 5. 

 
a 

 
b 

 
c 

Fig. 5. SEM images of mat of PVA nanofibre electrospun while 
applied voltage 65 kV, the distance: a – 12 cm; b – 15 cm; 
c – 17 cm 

“Spidery” mats from PVA nanofibre are formed when the 
distances are to 12 cm (Fig. 5, a). Support material is cov-
ered by the layer of stick nanofibres at distances 13 cm – 
16 cm (Fig. 5, b). In all these cases there are many stick 
nanofibres due incomplete solvent evaporation, because 
distances are too short for 65 kV voltages. Uniform mat 



 155

from PVA nanofibre is formed only at distance 17 cm 
(Fig. 5, c). 

The dependence of the average of PVA nanofibre 
diameter upon the distance between electrodes is presented 
in Figure 6. 
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Fig. 6. Dependence of the diameter d of PVA nanofibre upon the 

distance L between electrode, at applied voltages U 
55 kV, 65 kV, 75 kV 

Increasing the distance between electrodes, at voltage 
65 kV (Fig. 6), the diameter of PVA nanofibre decreases 
40 % (δ  = 11 %). In those cases as applied voltages are 
55 kV and 75 kV, the average of nanofibre diameter 
respectively decrease 42 % (δ  = 9 %) and 32 % 
(δ  = 12 %).  

As it was mentioned above, when a nanofibre moves 
from roller to support material, it elongates and solidifies. 
Therefore increasing the distance between electrodes, the 
average of PVA nanofibre decreases and nanofibres do not 
stick due to complete solvent evaporation (when voltages 
are 45, 55 and 75 kV and the distances respectively 11 cm 
(Fig. 3, a), 15 cm and 17 cm (Fig. 5, c)).  

CONCLUSIONS 
The influence of applied voltage and the distance 

between electrodes on the diameter of PVA nanofibre and 
morphology of mat was studied. It was found, that the 
average of nanofibre diameter increases, increasing applied 
voltage and decreases, increasing the distance between the 
electrodes. Varying the main technological parameters, the 
morphology of PVA nanofibres mat is changing too. To 
cover support material by a mat from uniform nanofibre 
with increase of the distance between electrodes, applied 
voltage should be increased too. 
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