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 The preparation of ethylcellulose (EC) nanofibers (NFs) by the 

electrospinning method was optimized by the Taguchi design. A 

Taguchi design was performed for electrospinning parameters 

such as the concentration of EC, voltage, ethanol/water ratio in 

the solvent, and feed rate in four levels (array L16).  EC solutions 

with certain concentrations were prepared in ethanol-water 

solvents with certain ratios. The solutions were then stirred at a 

constant temperature for four hours and left for overnight. 

Electrospinning parameters such as the temperature of 30 ˚C, 

distance of 10 cm between the syringe needle and the collector, 

aluminum foil of 20 micrometers as the collector, collector speed 

of 400 rpm, and electrospinning time of 2.5 hours are constant in 

all electrospinning experiments, but the voltage and feed rate were 

changed according to the experimental design. The resulting EC 

fibers were imaged by the scanning electron microscopy (SEM). 

The SEM images of EC fibers were processed by the Image J 

software, and the average diameter of EC fibers in each 

experiment was calculated. The results of the diameter of EC 

fibers showed that all the fibers had diameters of less than 100 nm. 

Also, the results of the diameter of EC fibers were analyzed based 

on the analysis of variance, and it was found that the 

ethanol/water ratio in the solvent (34.9%), the feed rate (23.5%), 

the voltage (22.1%), and the EC concentration (17.5%), in 

descending order of priority, had the greatest contribution to the 

size of the diameter of EC fibers. Under optimal conditions, EC 

fibers with the diameters of 41 nm were prepared. 
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1. Introduction  

Fibers are very narrow strands that have long 

lengths relative to their diameters and are used 

in a variety of applications [1]. Conventional 

ethylcellulose (EC) fibers are typically 500 µm 

in diameter. The EC fibers are widely used as 

filters in military (such as chemical masks), 

industries (such as filters for very dirty engines 

and generators), and personal hygiene (such as 

air filters) [2].  One of the special applications 

of EC, is being used as a membrane to separate 

water from hydrazine in the pervaporation 

process. Due to the highly alkaline nature of 

hydrazine (pH> 12.5), the selection of a 

suitable polymer membrane is very important. 

The performance of the thin film composite 

(TFC) membranes based on the EC polymer 

for the separation of water from hydrazine in 

the pervaporation process, has been confirmed 

by various researchers [3-6]. The presence of 

multiple oxygen species in the molecular 

structure of EC makes EC capable of 

absorbing water molecules through hydrogen 

bonding even though it is insoluble in water. 

These properties cause the selective absorption 

and passage of water from the water-hydrazine 

solution in the process of pervaporation 

process [3]. The molecular structure of ethyl 

cellulose is shown in Fig.1.  

 
Figure 1. Molecular structure of ethyl cellulose (EC)  

 

The TFC membranes consist of a thin 

nonporous layer applied to a porous substrate. 

The porous substrate can be a 

micro/ultrafiltration membrane (prepared by 

the phase inversion method) or a layer of 

nonwoven fibers [7]. The use of fibers as the 

substrate in the TFC membranes resulted in its 

higher mechanical and flux performance and 

reduced fouling [8]. The fibers with smaller 

diameters in the substrate membrane, due to 

the larger surface area and the greater porosity, 

caused the overall efficiency of the membrane 

to increase.  

Nanofibers have diameters of less than 100 nm 

[9], which is a dimension outside the 

nanometer range, and fall into the category of 

one-dimensional nanomaterials. The 

advantages of using nanofibers over using 

ordinary fibers can be [10].  

1) Ratio of surface area to volume being very 

high, in the case of nanofibers, but about 

1000 in microfibers. 

2) High flexibility in the surface 

functionalization. 

3) Excellent mechanical properties such as 

toughness and higher tensile strength. 

There are various methods to produce fibers, 

but the methods that have the ability to produce 

nanofibers are: two-component extrusion, 

mold synthesis, phase separation drawing, 

centrifugation, melt blowing, and 

electrospinning [11].  

Electrospinning is a method of producing 

nanofibers using electrical energy [12-14]. The 

process uses electrical charges to convert 
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liquid conical polymer droplets into fine fibers 

[15-19]. The solvent evaporates due to the 

movement of the polymer jet between the 

needle tip and the collector plate, and its 

electrical charge is discharged when the fibers 

are placed on the collector [19,20]. 
Electrospinning is a unique technology for 

producing 3D (nano to micro) fiber mats from 

various materials. In electrospinning, the 

electrical attraction force between the liquid 

polymer jet and the collector is used to convert 

the liquid polymer jet into fibers. The solvent 

is evaporated by the movement of the polymer 

jet between the needle tip and collector, and 

the dry fibers are placed in the collector [20-

22]. In recent years, electrospun mats have 

been used in a wide range of 

biological/nanotechnological applications due 

to their attractive morphological, structural 

and functional properties [23-25].  

Electrospinning is a seemingly simple process, 

but there are many parameters that can greatly 

affect the conversion of a polymer solution 

into nanofibers [26-29]. In fact, by changing 

these parameters, it is possible to control the 

solvent evaporation rate, polymer chain 

entanglement, and the deposition area of 

nanofibers on the collector [17]. As a result, 

fibers with different morphologies can be 

produced [30]. These parameters can be 

divided into three general groups: solution 

related parameters, equipment related 

parameters, and environmental parameters. 

The types of these parameters and their effects 

on the properties of nanofibers are summarized 

in Table (1). 

 

Table 1  

Effect of electrospinning process parameters on the diameter of the final nanofibers  

Parameter 

type 
Parameter The effect on the nanofiber properties 

S
o
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Concentration 

At very low concentrations, grains will form on the fibers. Increasing the 

concentration will increase the average diameter of the fibers. This is due to the 

slower and more difficult fiber stretching. 

Molecular 

Weight 

In low molecular weight polymers, more grains are formed. Increasing the 

molecular weight of the polymer results in larger fibers with smoother surfaces. 

Viscosity Increasing the viscosity will increase the diameter of the nanofibers. 

Conductivity 

/ surface 

charge 

density 

As the conductivity of the solution increases, the diameter of the nanofibers 

decreases, because in this case the electric charge of the jet increases and thus the 

electric force also increases. 

Surface 

tension 

Low surface tension produces uniform fibers with a smooth surface in a low 

intensity electric field. There are also reports of a slight effect of surface tension on 

the diameter of nanofibers. Viscoelastic forces usually overcome surface tensile 

forces. 

E
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voltage 

In general, increasing the voltage increases the diameter of the nanofibers, because 

the higher the voltage, the more liquid is released as a jet. Of course, there have 

been reports of an initial decrease in the diameter of nanofibers with increasing 

voltage. 

Nozzle / 

Primary Jet 

Diameter 

The nozzle diameter leads to a reduction in the initial jet size followed by a 

reduction in the diameter of the nanofibers. 

the flow rate 

Reducing the flow rate will lead to a reduction in the diameter of the nanofibers, 

because a lower flow rate will result in less fluid leaving the jet. A very high rate 

causes the production of grains on the fibers and a very low rate makes it 
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impossible to produce continuous fibers. The feed rate is typically less than one 

milliliter per hour. 

collector 

Morphology change collector by changing the geometry of the collector to produce 

nanofiber felt with uniform thickness. If rotary collectors are used, sufficient time 

must be taken for the fibers to rise and dry. 

The distance 

from the 

nozzle to the 

collector 

The average diameter of the nanofibers decreases as this distance increases, as the 

tensile and elongation time of the jet increases. An electrospinning distance too 

close or too far leads to the formation of grains on the fibers. 

E
n
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temperature 

Increasing the temperature reduces the diameter of the nanofibers. The drying 

temperature should be lower than the solvent boiling temperature to prevent bubbles 

and cavities in the fibers. 

Humidity 

Increasing the humidity of the environment reduces the diameter of the nanofibers. 

The solidification process of the jet will be slower and its traction will be higher. 

High humidity causes internal porosity in nanofibers. 

Vapor 

permeability 

The use of less evaporating solvents reduces the diameter of nanofibers. Because 

the jet drawing process will take longer before it solidifies. 

 

2. A review of the electrospinning of EC 

In 2005, the effect of the two-component 

solvent composition (THF-DMAc) on the 

morphology and diameter of the EC fibers 

prepared by the electrospinning method, was 

investigated. The percentage composition of 

the solvent components, including THF-

DMAc, varied between 0 and 100 %. The 

results showed that the average diameter of the 

fibers prapared with the combination of 

solvents was smaller than that of the fibers 

prepared with each solvent alone. In addition, 

the fiber diameter distribution became 

narrower in the THF-DMAc solvent systems 

[31]. 

In 2007, EC nanofibers were prepared by 

electrospinning. The effects of the 

concentration of the solution, feed rate, and 

voltage on the morphology of EC fibers were 

investigated. The solvent was 2,2,2-

trifluoroethanol and electrospinning was 

performed at room temperature. By increasing 

the concentration of EC to above 5 wt%, the 

morphology of EC fiber changed from a 

helical fiber to a uniform structure due to the 

change in the viscosity of the solution. 

Furthermore, by changing the feed rate, the 

structure of EC fiber reached the same as of a 

uniform fiber [32]. 

In 2012, EC fibers were prepared by a 

modified electrospinning technique. The effect 

of electrospinning voltage on the fiber aspect 

ratio in electrospinning with a metal needle 

(stainless steel) was investigated and then 

compared with that of a combination of glass-

steel needle. The results showed that as the 

electrospinning voltage increased, the 

diameter of EC fibers in electrospinnning with 

steel needle increased [31]. 

In 2013, electrospun EC nanofibers and 

ketoprofen were used as the basis for the 

formation of filaments for a pharmaceutically 

active substance, and it was found that the 

diameter of EC nanofibers was effective in 

hydrophobicity and involved in drug delivery 

[33]. 

In 2015, ethyl cellulose nanofibers were 

prepared by electrospinning techniques using 

the ethyl cellulose solutions at the 

concentrations of 150 g/L with different 

volume percentages of THF (tetrahydrofuran) 

and DMAc (N,N-dimethylacetamide) in the 

binary solvent system. The effect of the 

composition of the binary solvent system on 

the surface morphology of ethyl cellulose 
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nanofibers with or without attached antibiotics 

was investigated [34].  

In 2018, the physical properties and 

morphology of electrospun nanofibers mixed 

with EC and gelatin at different ratios in 

water/ethanol/acetic acid (as a green solvent) 

were investigated. The results showed that the 

nanocomposite is suitable for being used in 

encapsulation in the food and drug packaging 

industry [35]. 

In 2022, Bergo investigated the morphology of 

electrospun EC nanofibers in two THF-DMAc 

solvents. The results showed that the 

morphology of the EC fiber can be modified 

by changing the properties of the solution, 

including the concentration and molecular 

weight of EC and the solvent conditions [36]. 

As it can be seen in the articles published in the 

field of electrospinning of ethyl cellulose, 

mainly solvents such as THF and DMAc, 

which are not environmentally friendly, are 

used [37,38]. The innovation in this research is 

the use of green solvents such as water-ethanol 

and the experimental design for the 

electrospinning of ethyl cellulose.  

According to the different parameters that 

affect the electrospinning process of polymers 

to prepare fibers, Taguchi experimental design 

has been used to optimize the conditions [39-

42]. We used a statistical method called 

ANOVA. In most applications of EC fibers, 

the fiber diameter is an important and effective 

parameter [43]. In this research; the 

optimization of the diameter of EC fibers in the 

electrospinning process under different 

conditions was evaluated by Taguchi's 

experimental design. 

 

3. Experimental section  

3.1. Materials and methods 

EC was selected as the polymeric material for 

preparing fibers. The used solvents included 

the mixtures of water and ethanol with 

different ratios. The deionized water and pure 

ethanol were used to prepare water-ethanol 

mixtures. Table 2 shows the specifications of 

the raw materials for the preparation of ethyl 

cellulose nanofibers.  

 

                        Table 2 

                        Chemicals used to produce ethyl cellulose fibers by electrospinning 

Materials  Company  formula Grade  

Ethylcellulose  Sigma-Aldrich  48% ethoxy 

Ethanol  Merck C2H5OH 99.99% 

deionized water Homemade  H2O2  

 

The main equipment in this research, is an 

electrospinning machine. An electrospinning 

machine manufactured by Fanavaran 

Nanoscale Company was used to prepare 

fibers. This device is capable of generating 

voltages up to 35 kW and the distance between 

syringes  and the collector is 0 to 20 cm. 

 

3.2. Taguchi’s experimental design and 

methods 

In this study, an attempt was made to optimize 

the electrospinning conditions for the 

preparation of EC nanofibers. As mentioned 

above, various parameters affect the 

preparation of fibers by the electrospinning 

method. The temperature of 30 °C, syringe 

needle to collector distance of 10 cm, 20 µm 

https://www.sigmaaldrich.com/US/en/product/aldrich/200689


Norouzi et al. / Iranian Journal of Chemical Engineering, Vol. 21, No. 1, 81-97, (2024) 

 

86  

 

aluminum foil as the collector, collector speed 

of 400 rpm, and electrospinning time of 2.5 h 

were constant in all electrospinning 

experiments. The four variable parameters for 

the preparation of EC fibers by electrospinning 

were the concentration of the polymer, 

electrospinning voltage, feed rate and solvent 

composition. The ranges of these parameters 

for electrospinning of EC were determined by 

preliminary experiments, which are shown in 

Table 3. Four levels were selected for each 

parameter, and the experimental design was 

performed based on the Taguchi method. The 

L16 array and different experimental 

conditions are shown in Table 4. 

                 

                  Table 3 

                  Parameters and their levels for the preparation of EC nanofibers by the electrospinning method 

 Levels  
Parameters  

4 3 2 1 

21 19 17 15 Polymer concentration, wt% 

22 20 18 16 Voltage (kV) 

70 80 90 100 Ethanol in solvent, wt% 

2.5 2 1.5 1 Feeding rate, ml/h 

 

Table 4 

 Different conditions of the preparation of EC fibers via electrospinning and the diameter of the obtained 

fiber  

Fiber 

diameter, nm 

Feeding 

rate, ml/h 

Ethanol in 

solvent , wt% 

Voltage 

(kV) 

EC Concentration, 

wt % 

Experiment - 

Parameter 

85.26 1 100 16 15 1 

60.20 1.5 90 18 15 2 

70.81 2 80 20 15 3 

81.24 2.5 70 22 15 4 

62.09 2 90 16 17 5 

70.69 2.5 100 18 17 6 

83.74 1 70 20 17 7 

49.10 1.5 80 22 17 8 

80.48 2.5 80 16 19 9 

78.08 2 70 18 19 10 

54.97 1.5 100 20 19 11 

60.32 1 100 22 19 12 

92.68 1.5 70 16 21 13 

88.77 1 80 18 21 14 
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73.60 2.5 90 20 21 15 

64.24 2 100 22 21 16 

 

Different solutions of EC were prepared. In 

these solutions, the composition of the solvent 

(water-ethanol ratio) and the amount of the 

polymer were changed based on the 

experimental design.  The prepared solutions 

of EC were stirred at a constant temperature for 

about four hours. The solutions were then 

allowed to stand overnight to produceuniform 

and bubble-free EC solutions. The solutions 

were also drawn into the syringes through 

sufficient time to allow the solutions to enter 

the syringes slowly and without air bubbles. 

All electrospinning machines used a type of 

handmade syringe and needle that produced a 

regular and desirable Taylor cone when the 

polymer solution was removed. 

The syringe was then placed inside the spinner. 

The distance from the tip of the syringe to the 

drum (collector) was always 10 cm. The foil 

covering the drum was made of aluminum with 

a thickness of 20 microns. The experiments 

were conducted at a laboratory temperature of 

about 30°C. After adjusting the voltage and 

feed rate according to the experimental design, 

electrospinning was performed at a speed of 

400 rpm for 2.5 h. 

 

4. Results and discussion 

According to the experimental design, 16 

different electrospinning experiments were 

performed. The aluminum collector was 

separated from the drum of the electrospinning 

machine and cut to pieces with specific 

dimensions. The electrospun samples were 

photographed with a camera (Figure 2). 

Figure 3 shows the SEM images of the 

electrospun EC fibers. As indicated, the fibers 

are formed as completely separate strands and 

no nodes are observed in the strands, indicating 

that the parameters were considered in proper 

ranges for the EC solution and the 

electrospinning machine. The SEM images 

were analyzed by the Image J software based 

on the magnification scale of  SEM images. In 

each SEM image, about 50 strands were 

selected separately and the diameter of each 

strand was calculated. The average diameter 

was reported as the diameter of electrospun EC 

fibers in each experiment. The average 

diameters of electrospun EC fibers are shown 

in Table 4. 
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Figure 2. Photograph of electrospun EC fibers on the aluminum foil collectors with the numbers of 

experimental designs. 

 

 
Figure 3. SEM images of electrospun EC fibers with the number of experimental designs. 
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Figure 4 shows the variation of the diameter of 

electrospun EC fibers versus the number of 

experimental designs. The results show that all 

electrospun EC fibers have the diameters of 

less than 100 nm, which is in the range of 

nanofibers. These results are consistent with 

other research results [44,45]. The trend of the 

results shows the effectiveness of the selected 

parameters on the diameter of EC fibers. Under 

different experimental conditions, the diameter 

of EC fibers has varied in the approximate 

range of 49 to 93 nm. The largest diameter of 

the nanofibers is related to experiment 

numbers 13 and 14, and the smallest diameter 

is related to experiment numbers 8 and 11. 

  
Figure 4. Variation of the diameter of electrospun EC fibers versus the Taguchi experimental number. 

 

The contribution of design parameters to the 

size of the fiber diameter was determined 

based on the analysis of variance (Table 5 and 

Figure 5). The results show that all design 

parameters have sufficient effect and none of 

the parameters are ineffective (less than 2%). 

The solvent ratio of 34.5% and the 

concentration of 17.4% of EC had the highest 

and lowest effects on the of the diameter of EC 

fibers respectively. One of the advantages of 

using experimental design based on statistical 

methods is the possibility of measuring the 

effect of each design parameter on the 

response, individually. Below, the effect of 

design parameters on the fiber diameter is 

presented based on the analysis of variance. 

 

Table 5 

 Statistical parameters affecting the diameter of electrospun EC fibers based on the analysis of variance 

Column /  Factor DOF (f) Sum of Sqrs (S) Variance (V) F-Ratio (F) Pure Sum (S') Percent (%) 

Polymer Concentration 3 441.495 147.165 41.236 430.788 17.441 

Voltage 3 566.675 188.891 52.928 555.969 22.509 

Solvent Ratio 3 862.845 287.615 80.591 852.139 34.501 

Feeding rate 3 588.169 196.056 54.935 577.462 23.38 

Other/Error 3 10.705 3.568 _ _ 2.169 

Total 15 2469.892 _ _ _ 100 
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Figure 5. Contribution of different parameters towards the of the diameter of electrospun EC fibers based 

on the analysis of variance. 

 

 

4.1. Effect of the solvent composition 

In the electrospinning process, the solvent is 

important because of its solubility for the 

polymer, vapor pressure, and viscosity in the 

electrospinning process. In the electrospinning 

process, as the liquid jet (solvent + polymer) 

moves toward the collector plate, the solvent 

leaves the jet, and when it reaches the collector 

plate, the polymer fibers are formed as separate 

strands. The vapor pressure of the solvent 

should be adjusted so that the solvent 

evaporates completely in the distance between 

the needle tip and the collector. Otherwise, the 

wet fibers will mix on the collector plate and 

form uneven diameters. If the vapor pressure 

of the solvent is high, the solvent will 

evaporate very quickly and may cause the 

fibers to break before reaching the collector. 

By mixing solvents, the solvent vapor pressure 

can be adjusted [35,36]. The electrospinning of 

ethyl cellulose has been done in the ethanol 

solvent [31,44]. 

Figure 6 shows the effect of ethanol ratio (in 

the water-ethanol solvent) on the diameter of 

electrospun EC fibers.  The diameter is lowest 

in the 90 wt% ethanol. Two different trends for 

the size of electrospun fibers (before and after 

90% ethanol) are caused by the effect of two 

different variables in these two regions. The 

decrease in the size of EC fibers by increasing 

the concentration of ethanol up to 90% is due 

to the decrease in viscosity, which causes the  

more tension of the fluid jet under the electric 

force, and, of course, the decrease in the 

diameter of the fibers [31]. The viscosity of the 

solution is usually considered to be the 

dominant parameter affecting the fiber 

diameter in the electrospinning process [45]. 

The increase of the fiber size with the increase 

of the concentration of ethanol to above 90% 

is due to the decrease of the dielectric constant, 

which makes the fibers less compressed under 

the electrostatic force, and of course, increase 

the diameter of the fibers. 
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Figure 6. Variation of the diameter of electrospun 

EC fibers versus ethanol wt% in the solvent 

 

4.2. Effect of the feed rate  

Regarding the effect of the feed rate on the 

fiber diameter, there are differences of 

opinions among researchers. One study found 

that increasing the feed rate had no effect on 

the fiber diameter [47] and another study found 

that the fiber diameter increased by increasing 

the feed rate [39]. 

Figure 7 shows the effect of the polymer 

solution feed rate on the diameter of EC 

nanofibers. It can be seen that increasing the 

feed rate up to 1.5 mL/min decreases the fiber 

diameter and further increasing the feed rate 

increases the fiber diameter. At high feed rates 

(1.5 - 2.5 mL/min), the larger volume of the 

solution on the jet has more time to dry as it 

moves from the nozzle to the collector, 

resulting in fibers with larger diameters. In the 

fibers with feed rate below 1.5 mL/min, the 

solvent evaporates and the nanofibers 

coagulate with each other before reaching the 

collector, resulting in the formation of a large 

diameter fiber at a slower rate. 

 

 
Figure 7. Variation of the diameter of electrospun 

EC fibers versus the feeding rate 

 

4.3. Effect of voltage  

In general, increasing voltage in 

electrospinning reduces the diameter of 

nanofibers, which is also evident in the case of 

the electrospinning of EC. According to one 

study, the fiber diameter of electrospun PAN 

fibers increased by increasing the applied 

voltage, while increasing the flow rate resulted 

in decreasing fiber diameters [48]. Another 

study showed that no specific trend was found 

due to the variation of the voltage [49]. 

However, the third study showed that 

increasing the voltage increased the velocity of 

the electrospinning jet and increased the output 

volume at the tip of the electrospinning needle. 

Figure 8 shows the effect of changing the 

voltage in electrospinning on the diameter of 

EC fibers. The results show that increasing the 

voltage increases the electric field and creates 

a longer Taylor cone, which ultimately leads to 

a decrease in the diameter of the EC fibers. 
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Figure 8. Variation of the diameter of electrospun 

EC fibers versus the electrospinning voltage. 

 

4.4. Effect of the concentration of EC  

Figure 9 shows the effect of the concentration 

of EC on the diameter of nanofibers in the 

electrospinning process. It can be observed 

that the smallest diameter of electrospun EC 

nanofibers is observed at the concentration of 

17 wt% of EC. As mentioned above, 

concentration is one of the most important 

factors affecting the electrospinning process. 

The results of other researches have shown that 

at the concentrations between 15 and 21 wt% 

of EC, electrospinning is performed and 

nanofibers with different diameters are 

formed.  

 
Figure 9. Variation of the diameter of electrospun 

EC fibers versus the Concentration of EC. 

 

4.5. Optimal conditions of the 

electrospinning of EC  

The optimization of the conditions for 

producing smaller diameter EC fibers was 

performed based on the variance analysis. The 

suggested conditions included a concentration 

of 17 wt% of EC, voltage of 22 kV, ethanol of 

90 wt%, and feed rate of 1.5 mL/min. Under 

these conditions, the suggested diameter of 

nanofibers was 41 nm. Under the proposed 

conditions, solutions were prepared and 

electrospinning was performed. The 

electrospun EC fibers were imaged by SEM 

(Figure 10), and the images were processed 

using the Image J software. The diameter of 

EC fibers was measured to be approximately 

42 nm, which is very close to the proposed 

diameter. 
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Figure 10. SEM image of electrospun EC fibers prepared under the optimal condition of the 

electrospinning of EC  

 

5. 

Conclusion  

In this research, optimizing the diameter of 

ethyl cellulose fibers in the electrospinning 

process was evaluated. In this regard, the 4 

parameters of the solvent composition, 

voltage, feed rate and concentration of the EC 

polymer at 4 levels were selected as design 

parameters and the design of the experiment 

was done based on the Taguchi method. Under 

the design conditions, 16 different experiments 

were conducted, and the resulting EC fibers 

were imaged by SEM. The diameter of EC 

fibers was evaluated  by the Image J analysis 

software. The results of EC fiber diameter 

showed that under the selected conditions, all 

the fibers had diameters of less than 100 nm. 

The EC fiber diameter results were analyzed 

based on the analysis of variance. The results 

of participation percentage showed that all 

design parameters were effective in the process 

of electrospinning the EC fiber. Solvent 

composition with 34.5% and polymer 

concentration with 17.4% participation have 

the most and least effect on the diameter of EC 

fibers in the electrospinning process, 

respectively. 

The proposed optimal conditions included the 

concentration of 17 wt% of EC, voltage of 22 

kV, ethanol of 90 wt%, and feeding rate of 1.5 

mL/min. Under optimal conditions, the 

diameter of the EC fiber was 42 nm, which was 

very close to the diameter of 41 nm of the 

proposed EC. 
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