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Abstract  

The article deals with the production of nanofibers using the AC-electrospinning method. It focuses on research 

into the possibility of eliminating the formation of fibers, which are not desirable. Ways to prevent the formation 

of these fibers have been proposed and tested experimentally. The influence on the electrospinning process 

and also on the size of production productivity was proved. Simultaneously, simulations were performed, which 

showed the electric field's dependence on the electrode's active part at its height. The dependence of the 

productivity of electrospinning on the height of the spinning electrode experimentally was found. 
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1. INTRODUCTION 

This research aimed to eliminate fiber drift from the spinning electrode's rod during AC-electrospinning [1]. 

These electrodes consist of parts for the transport and outflow of the polymer solution and an active part from 

which the spinning occurs [2]. They are usually used for the production of linear nanofiber structures [3]. The 

electrode diagram is shown in Figure 1 a). Since the polymer solution flows down the electrode rod's surface, 

long bundles of fibers sometimes form from this part. However, these bundles are not caught by the siding of 

fibers formed on the conical part of the electrode and fall off onto the lid of the container with the polymer 

solution and the machine table. Thus, there is contamination and excessive consumption of material that is 

not used in the final product. A single-stage electrode with a diameter value of 22 millimeters (Figure 1 b)) 

was used for the tests. 

 

Figure 1 a) scheme of spinning electrode: (2) electrode rod, (5) (6) polymeric solution transporting surfaces, 

(4) active spinning surface [1]; b) picture of real spinning electrode used for experiments 
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2. SOLVING POSSIBILITIES 

Some options to prevent flights have been tested. One of them is shown in Figure 2 a). A metal tube was 

inserted around the stem of the electrode, which should prevent flying. However, as can be seen from the 

figure, some of the fibers formed on the cone are caught by the top of the tube and gradually deposited on it 

until the whole process of nanofiber production practically stops. Figure 2 b) shows a variant where the pipe 

has been shortened. As can be seen from the figure, the fibers are also deposited on and on the shorter tube. 

Although this is done in a visibly smaller amount, it can be assumed that after a more extended period of time, 

the increase will also be considered. The pipe, therefore, does not provide any solution to avoid pollution and 

excessive consumption of material. 

 

Figure 2 electrode with the covering tube a) longer variant, b) shorter variant 

 

Figure 3 electrode with disc 
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Another tried and tested way to prevent fiber escapes was to use a shielding disk, which should electrically 

shield the electrode rod and ensure that the rod's electric field is low enough to prevent spinning. Figure 3 

shows this. 

The upper surface of the disk was 40 mm from the top of the electrode. The tests with the shielding disk 

observed that long bundles of fibers do not fall off. However, after a longer spinning time, a small amount of 

dirt was observed on the disc. However, this is a phenomenon that cannot be completely suppressed. These 

are probably fine fibers formed on the electrode's active surface and are not captured by the stream of 

nanofibers. The shield disk essentially simulates the polymer container's lid, suggesting that the electrode rod 

could be shorter. 

3. MEASUREMENT OF SPINNING PRODUCTIVITY 

Experiments with electrode rod shielding have been supplemented with productivity measurements to 

determine how tube or disk shielding affects nanofiber production productivity. The voltage signal applied to 

the electrode had the shape of a sine function with a frequency of 50 Hz. For each electrode treatment variant, 

experiments were performed for voltage values with voltage values of 28.5 kV, 32 kV and 35.4 kV. A 10% 

solution of Movital H60B PVB in ethanol was used for the experiments. The results of the experiments are 

shown in the graph in Figure 4. The productivity dependences on voltage for the three electrode variants are 

shown - the base electrode, the electrode with the covering tube and the electrodes with the disk 40 mm away 

from the top of the electrode. It can be seen from the graph that both selected solutions to eliminate unwanted 

fiber drop have an impact on productivity. In both cases, it was reduced by approximately ten percent. 

Furthermore, productivity measurements were performed for different disk positions and electrode heights at 

two voltage values on the electrode. Figure 5 shows the dependences of production productivity on electrode 

height. It should be noted that at the electrode’s height of 30 millimeters, the electrospinning process was 

already so unstable, and the nanofibers produced were so small that it was not possible to deposit them on a 

collection drum and perform weighing. At the height of 20 millimeters, the electrospinning process no longer 

occurs. The fibers were not produced. For this reason, the graph for this distance shows a zero productivity 

value. The graph shows that with the height of the electrode, productivity increases up to a specific value when 

no further increase has an effect. 

 

Figure 4 Dependence of productivity on voltage for different variants of the electrode covering 
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Figure 5 Dependence of productivity on electrode height 

4. SIMULATIONS 

The research was supplemented by simulations of the electric field distribution around the spinning electrode. 

Simulations were performed for different electrode heights to determine the dependence of the electric field's 

value in the active part of the electrode on its height. Autodesk Simulation Mechanical software was used for 

the simulations. They were performed for electrode voltages of 30 kV and 0 V at the boundary of the distant 

surroundings. Figure 6 shows the dependence of the electric field active surface of the electrode on electrode 

height. It is evident from the dependence that the electric field's value on the electrode's active surface 

increases with the electrode's increasing height. It can be assumed that the cover of the electrode, located on 

the bottom, or the shielding disk influences the electric field's distribution. This dependence is probably also 

related to the effect on productivity, which was described in the previous chapter.  

 

Figure 6 Dependence of the electric field of the active electrode surface on the height of the electrode 
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5. CONCLUSION 

Experiments show that it is possible to find ways to eliminate unwanted emissions of nanofibers from the rod 

of the spinning electrode. The use of a tube threaded around the electrode rod proved inappropriate, as 

nanofibers were trapped at the edge of the tube. The use of a disk or the possibility of shortening the spinning 

electrode rod has proven to be effective. However, it has been shown that as the height of the electrode 

decreases, the productivity of nanofiber production decreases. Corresponding to this is also the result of 

simulations, which showed that the electric field's value on the electrode's active surface decreases with the 

shortening of the electrode rod.   
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