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ABSTRACT: 

In this research, nonwoven nanofiber mats were prepared using the electrospinning method for the solution of polyurethane 

polymer dissolved in acetic acid. Effects of solution concentration, solution flow rate, as well as high voltage on the 

morphonology and wettability of the prepared nanofibers were studied. Nanofiber morphology was investigated through the 

analysis of scanning electron microscopy (SEM) micrographs using ImageJ software, while the wettability of the nanofiber 

mat surfaces was studied through the measurement of the contact angle. Results revealed that when the concentration of the 

solution was changed from 8wt% to 12wt%, the average nanofiber diameter showed a significant increase from 0.326 µm 

to 0.380 µm, while the contact angle increased from 39 degrees to 79 degrees. Results also showed that when the applied 

high voltage was changed from 10 KV to 25 KV, the average nanofiber diameter decreased and then increased within the 

range of 0.380 to 0.497 µm and that the contact angle was increased from 81 degrees to 108 degrees showing an obvious 

switching from hydrophilic towards hydrophobic surface. When the syringe pump flow rate was changed from 0.012 ml/min 

to 0.02 ml/min, morphology measurements showed that the average nanofiber diameter showed a significant increase from 

0.351 µm to 0.456 µm, and the surface contact angle was also increased from 43 degrees to 98 degrees. Finally, the results 

of Fourier Transform Infrared Spectroscopy (FTIR) and X-ray diffraction analysis (XRD) tests showed that the electrospun 

polyurethane polymer material used in this work was not changed during the electrospinning process.    

KEYWORDS: Electrospinning, Nanofibers, Polyurethane, Concentration, Flowrate, High voltage. 

1. INTRODUCTION 

        Polyurethane (PU) is a versatile polymer that contains a 

urethane group (–NH–(C=O)–O–) in common. PUs are typically 

formed through the polyaddition polymerization reaction 

between polyisocyanates and polyols. Desired properties can be 

customized by selecting the type of isocyanate and polyols or 

combinations thereof. By altering the structure of PUs, their 

properties can vary over a wide range. The ability to adjust the 

structure during processing is one of the key advantages of PUs 

over other types of polymers. PU is often preferred as a material 

for constructing nanoweb structures due to its chemical stability, 

mass transport properties, strong mechanical characteristics, and 

excellent nanofiber-forming attributes (Hale Karakaş et al., 2018; 

Akduman & Kumbasar et al., 2017; Panwiriyarat et al., 2013). 

        Nanofibers are extremely thin fibers with nanometer 

dimensions ranging from a few to 1000nm. Their superior 

properties, such as a high surface area-to-volume ratio, small 

pore diameters, high porosity, low density, and superior 

mechanical properties, make them ideal candidates for a wide 

variety of applications (Williams et al., 2018; Colmenares-

Roldán et al., 2017; Ungur & Hrůza et al., 2017; Nitanan et al., 

2012; Barhoum et al., 2019). Various methods can be employed 

for the production of nanofibers, including template synthesis, 

drawing, self-assembly, electrospinning, and phase separation 

(Eatemadi et al., 2016; Sharma et al., 2015; Beachley & Wen et 

al., 2010).  

       However, electrospinning stands out as a particularly 

promising technique due to its numerous advantages, such as 

versatility, ease of use, flexibility, cost-effectiveness, and the 

ability to produce nanofibers with small dimensions (Emad 

Abdoluosefi & Honarasa et al., 2017). Electrospinning is a 

fantastic method for producing nanofibers. To initiate the 

process, a polymer solution is loaded into a syringe coupled to a 

spinneret. When a strong electric field is supplied to a solution, it 

charges up, resulting in electrostatic forces. These forces cause a 

droplet to develop at the spinneret's tip. As the electric field 

becomes stronger, the droplet changes into a conical shape 

known as the Taylor cone, finally creating a thin jet of the 

polymer solution. As it moves toward the collector, the jet 

lengthens, and the fast evaporation of the solvent hardens the 

polymer into ultrafine fibers  (H Karakaş et al., 2013; Williams 

et al., 2018). 

        During the electrospinning procedure, the morphology and 

uniformity of nanofibers are influenced by several parameters, 

which can be divided into three major groups: (a) parameters of 

the polymer solution, (b) parameters of the setup, and (c) 

environmental conditions. The parameters of a polymer solution 

include the molecular weight, viscosity, surface tension, and 

conductivity of the solution. The setup parameters include the 

high applied voltage, solution flow rate, needle diameter, and tip-

to-collector distance. Humidity and temperature make up the 

ambient conditions (Sorlier, 2007; Bhardwaj & Kundu et al., 

2010). By selecting the appropriate molecular and process 

parameters, nearly all polymers can be transformed into 

nanofibers via electrospinning.  

        Electrospun polyurethane nanofiber mats with strong 

mechanical properties have a multitude of potential applications 

in high-performance air purifiers, protective textiles, wound 

dressing materials, sensors, biomedical applications, drug 

delivery, etc.  (Akduman & Kumbasar et al., 2017).  

        Several studies have investigated the production of 

polyurethane 

(PU) nanofibers through electrospinning. For instance, Karakaş 

et al., (2018), Demir et al. (2002), Yang et al. (2010), B. Li et al. 

(2020), Firoozi et al. (2016), Kiliç et al. (2018), Choi et al. 

(2014), Emad Abdoluosefi and Honarasa. (2017), Hu et al. 

(2021), Öteyaka et al. (2022), Banuškevičiute et al. (2011), Zhuo 

et al. (2008), and Rabbi et al. (2012) have given significant 
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information on influential factors impacting nanofiber 

morphology and underlined the necessity of carefully regulating 

parameters in the electrospinning process to generate uniform PU 

nanofibers without beads and desirable nanofiber diameters. 

Briefly, the idea that solution concentration as being the most 

important parameter among these parameters is well supported in 

the literature. Larger fiber diameters often result from greater 

concentration and flow rates, while smaller fiber diameters 

typically come from longer nozzle-collector lengths and higher 

electric potentials. Understanding and controlling these 

parameters are essential for tailoring the characteristics of 

nanofibers in the electrospinning process.  

        The purpose of this study was to investigate Electrospun 

polyurethane nanofibers comprehensively, with a particular 

focus on the effects of PU concentration, applied high voltage, 

and flow rate on fiber morphology. Four various PU 

concentrations (8%, 9%, 10%, and 12%), voltages spanning from 

10 to 25 kV, and five distinct flow rates (0.012, 0.014, 0.016, 

0.018, and 0.020 ml/min) were investigated in details to 

determine how these variables affect the resulting fiber diameter 

and surface morphology. 

2. MATERIALS AND METHODS 

2.1 Materials 

        The polyurethane material used in this study was sourced 

from Sigma-Aldrich's Selectophore™ product line, designated as 

'Quality Level 200' with an ion-selective grade. It was supplied 

in bead form, chosen for its high purity (99.5%), a molecular 

weight of 100,000 g/mol, and a relative density of 1.140 g/cm³. 

Acetic acid (CH3COOH), an essential component, was obtained 

and used as the solvent. The nanofibers in this research were 

meticulously produced using a sophisticated electrospinning set-

up. This state-of-the-art machine, as illustrated in Figure 1, 

incorporates a high-voltage power supply (0-40 KV purchased 

from Baoding Chuang Rui Precision Pump Co., Ltd./China), 

precise needle-to-collector distance adjustment, a digital control 

syringe pump (ZS 100), and a grounded collector which was 

covered with a piece of thick aluminum (Al) sheet. ensuring 

optimal performance and reproducibility of the nanofiber 

production process. 

 

2.2 METHODS 

2.2.1 Electrospinning Process: 

        The electrospinning system consists of three main 

components: a syringe pump for pumping the polymer solution 

through the needle, a high-voltage power supply used to create a 

high electric potential difference between the spinneret (the tip of 

the syringe needle), and a collector, which is a conductive plate 

or drum serving as the target for collecting the electrospun fibers. 

The loaded syringe is connected to the syringe pump. The high-

voltage power supply is then activated, creating a strong electric 

field between the spinneret (the needle's tip) and the collector. 

The positive electrode is connected to the needle tip, and the 

negative electrode is linked to the collector.  

        The distance between the needle tip and the collector is 

finely adjusted to control the behavior of the polymer jet during 

electrospinning. Under the influence of the electric field, the 

charges within the polymer solution leads to the formation of a 

characteristic conical droplet at the apex of the spinneret, known 

as the 'Taylor cone.' As the electric field intensifies, the repulsive 

forces overcome the surface tension of the solution, causing the 

Taylor cone to release a continuous stream of polymer solution 

as this jet progresses toward the collector, rapid solvent 

evaporation leads to the formation of nanofibers. These 

nanofibers are guided by the electric field and drawn toward the 

collector, where they are deposited, forming a nonwoven mat in 

either a random or aligned pattern, depending on the collector's 

design (Z. Li et al., 2016; Gao et al., 2021; Baji et al., 2010). 

 

2.2.2 Preparation of Polyurethane solution: 

        In the solution preparation phase, PU pellets were precisely 

weighed, as illustrated in Figure 2. These pellets were then 

dissolved in acetic acid at varying concentrations (8%, 9%, 10%, 

and 12wt%) under continuous stirring using a magnetic stirrer. 

The stirring process was maintained for an uninterrupted 48-hour 

period at room temperature to ensure the complete dissolution of 

the polymer. To provide more specific details regarding the 

formulations, the 8% solution was created by combining 0.32g of 

PU polymer with 4 mL of acetic acid solvent. Likewise, the 9%, 

10%, and 12% solutions were prepared using 0.36g, 0.4g, and 

0.48g of PU polymer, respectively, all dissolved in 4 mL of acetic 

acid. Subsequently, all these solutions were stored under 

carefully controlled environmental conditions. It is worth noting 

that these solutions were prepared one day before initiating the 

electrospinning process. A syringe with a 24G inner needle 

diameter was used to inject the polyurethane/acetic acid solution. 

The needle-to-collector distance was set at 15 cm, and the 

polyurethane solution was fed at rates of (0.012, 0.014, 0.016, 

0.018, and 0.020) ml/min. The high-voltage power supply's 

positive electrode was attached to the metallic needle of the 

syringe that had been connected to the syringe pump, while its 

negative electrode was linked to the aluminum foil that covers 

the collector. The voltage settings were (5, 10, 15, 20, 25) kV. 

The high-voltage power source was then activated, and an 

electric field was applied between the needle and the collector. 

The electrospinning operation was conducted at room 

temperature.  

        After electrospinning was completed, the nanofibrous web 

was meticulously removed from the Al foil and stored for further 

examination. Using ImageJ and Origin Software Lab, the average 

fiber diameters of the obtained nanofibers' SEM images were 

measured. For every experimental condition, at least 100 unique 

fibers were measured. 

 

 

Figure1: Basic set-up of electrospinning. 

2.2.3 Characterization 

         The samples underwent morphological analysis using 

scanning electron microscopy (SEM). For precise quantification 

of nanofiber diameter, the ImageJ analysis software and Origin 

Lab software were employed. In each experimental scenario, 

over 100 distinct fibers were measured. Subsequently, a 

histogram was constructed using the gathered data from each 

sample to illustrate the distribution of fiber dimensions and 

determine their mean diameter. Exploration of the chemical 

composition of the polyurethane nanofibers was conducted via 

Fourier-transform infrared spectroscopy (FTIR, Shimadzu 1800, 

Japan). This method yielded precise insights into the molecular 
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bonds and functional groups present within the nanofibers. 

Complementary X-ray diffraction (XRD) analysis was employed 

to unveil the crystallographic attributes of the nanofibers, 

offering a deeper understanding of their structural characteristics. 

Furthermore, energy-dispersive X-ray spectroscopy (EDX) was 

applied to perform elemental analysis on the nanofibers. 

Additionally, an assessment of the Electrospun mesh's wettability 

was carried out by measuring the contact angle of water. The 

sessile drop technique, coupled with ImageJ software (version 

1.53a), was used to evaluate the contact angles of de-ionized 

water droplets (~2μL). This measurement facilitated the 

determination of surface properties and hydrophilicity of the 

nanofiber material. 

 

 

Figure 2: steps of nanofiber production. 

3. RESULTS AND DISCUSSION 

        In this study, the impact of polyurethane (PU) solution 

concentration, flow rate, and high voltage on the morphology and 

wettability of Electrospun polyurethane nanofibers was 

investigated. The obtained results will be introduced and 

discussed throughout the following paragraphs. 

3.1 Effect of concentration: 

         Figure 3 presents Scanning Electron Microscopy (SEM) 

images and the corresponding size distribution analysis of 

Electrospun polyurethane nanofibers. These nanofibers were 

fabricated using distinct concentrations (8%, 9%, 10%, and 12%) 

of the polymer solution. Throughout the experimental process, all 

other material and process parameters remained constant. The 

electrospinning process was performed under these conditions, 

including a high voltage of 15kv, a tip-to-collector distance of 

15cm, and a flow rate of 0.016 ml/min. The results emphasize the 

substantial impact of polymer solution concentration on the 

nanofibers’ size and morphology.  

        Figure 3(a) depicts nanofibers produced at an 8wt% 

concentration, SEM image shows a non-uniform morphology 

with the presence of large-sized particles and beads. This 

indicates that the concentration was inadequate, resulting in poor 

viscosity and the inability to create continuous nanofibers and 

uniform morphology. This was consistent with a prior work by 

Karakaş et al., (2018), who also found beads at low polyurethane 

concentration owing to inadequate stretching of the charged jet. 

In contrast,  B. Li et al. (2020) effectively manufactured 

nanofibers with a smooth and homogenous web at the same 

concentration. However, it is worth mentioning that the diameter 

of the produced nanofibers at this concentration throughout this 

work was 0.326μm. 

        Figures 3(b) and 3(c) show SEM images of nanofibers that 

were produced at concentrations of 9wt% and 10wt%, 

respectively. The findings show that beads are still present along 

the nanofibers (beads-on-string structures) in both samples with 

a reduction in the bead size observed at the 10wt% concentration. 

Quantitatively, these concentrations' nanofiber diameters were 

0.263μm. and 0.334μm respectively. All of these results indicate 

that bead formation is not eliminated by increasing the polymer 

concentration to 9% or 10%. To successfully prevent the 

development of beads, this suggests a pressing need for using an 

even greater concentration of polyurethane.  Zuo et al. (2005) 

suggest that the presence of beads during electrospinning is 

associated with the instability observed in the jet of the solution. 

In simpler terms, when a polymeric solution is Electrospun, the 

flow of the liquid can become unstable, resulting in the formation 

of beads along the fibers. According to Fong et al. (1999), the 

breakup of the polymeric solution during electrospinning can be 

attributed to the influence of surface tension, which leads to the 

formation of beads and droplets with fibers in between. The 

droplets form because surface tension drives the liquid to 

minimize its surface area per unit mass. 

        Figure 3(d) displays the impact of increasing the solution 

concentration to 12%. Notably, a uniform morphology with no 

beads was observed in this case. Furthermore, the nanofiber 

diameter increased to 0.380 µm. These results indicate that 

nanofiber diameter increases with higher solution concentration 

and prevents bead formation. However, an unexpected decrease 

in nanofiber diameter was observed at a 9wt% concentration, as 

depicted in Figure 4. This unusual behavior might be attributed 

to the interplay of various factors, including solution viscosity 

and polymer chain entanglement. It is worth noting that these 

findings align with previous studies conducted by Firoozi et al. 

(2016), Kiliç et al. (2018) and Karakaş et al. (2018) who also 

reported an increase in nanofiber diameter with higher 

concentration. We found that this concentration eliminates bead 

formation and provides an increased diameter for the nanofibers. 

Considering the obtained results, the 12% concentration seems to 

be the optimal choice for further investigations on the effects of 

flow rate and high voltage. 
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Figure 3: Scanning electron microscopy (SEM) images and fiber diameter distribution of nanofibers with different concentrations. 
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(a) 8wt%, (b) 9wt%, (c) 10wt%, and (d) 12wt%. The SEM 

images are magnified at 2500x, 5000x, 5000x, and 5000x, 

respectively. 

 

Figure 4: Effect of solution concentration on the diameter of 

Electro spun polyurethane nanofiber. 

3.2 Effect of high voltage: 

         A series of five different voltage values (5, 10, 15, 20, and 

25 kV) were systematically applied to the polyurethane (PU) 

solution to comprehensively evaluate the effect of voltage on 

polyurethane nanofiber diameter. A thorough knowledge of the 

connection between voltage and nanofiber production was the 

goal of this part of the experimental design. Other variables were 

kept constant to ensure uniformity throughout the trial, a 12wt% 

PU solution was used with a tip-to-collector distance of 15 cm 

and a feed rate of 0.016 mL/min. To allow a detailed comparison 

of voltage effects on the electrospinning process, these particular 

parameters were chosen. 

        At the lowest voltage of 5 kV, the electrospinning process 

yielded only droplets originating from the syringe, with no 

successful formation of nanofibers. As a result, no fibers were 

able to be collected on the designated collector. This outcome   

suggests that the applied voltage was insufficient to generate the 

necessary electric field for the electrospinning process, leading to 

the lack of fiber formation. It is important to note that 

electrospinning relies on the electrostatic attraction between the 

polymer solution and the collector, a process facilitates by a high 

voltage. 

        Figure 5 presents SEM images and the size distribution of 

nanofibers at high voltages of 10 kV, 15 kV, 20 kV, and 25 kV. 

Notably, as we increased the electric field strength, we observed 

the formation of nanofibers with a smooth and uniform 

morphology. Their diameters exhibited a slight decrease from 

0.426μm to 0.380μm at 10 kV and 15 kV. However, at 20 kV and 

25KV, there was an increase to 0.474μm and 0.497μm 

respectively. This demonstrates that when the voltage was raised, 

the resulting nanofibers generally became thicker, with the 

exception of a decrease at 15 kV, as depicted in Figure 6. These 

findings line up with the study done by Emad Abdoluosefi & 

Honarasa et al., (2017), who examined the impact of voltage on 

Electrospun TPU nanofibers. They used various voltages 

between 10 and 30 kV while keeping the TPU concentration at 

12 weight percent and the flow rate at 1 mL/h. According to their 

findings, the nanofiber diameter reduced at 10 kV and 20 kV 

before increasing once again at 30 kV. 

         This emphasizes the intricate relationship between voltage 

and nanofiber morphology. Our experimental results also closely 

match the trend observed in another study by Matabola et al. 

(2011) who also noticed a non-monotonic pattern in the average 

nanofiber diameter concerning voltage. Specifically, there was an 

initial decrease in nanofiber diameter, followed by an increase 

and another subsequent decrease. Chen & Lin et al. (2020) 

revealed a diminishing trend in nanofiber diameter at voltage 

levels of 15, 20, and 25 kV, succeeded by a subsequent 

augmentation observed at 30 KV. However, Choi et al. (2014) 

and Demir et al. (2002) depicted that the average diameter of the 

produced nanofibers increased by increasing the applied voltage. 

In their work, Choi et al (2014) utilized a PU/DMF solution to 

investigate the effect of an electric field on fiber morphology. 

They conducted the analysis using a fixed polymer concentration 

of 10% and a collector distance of 7 cm. The electric field varied 

from 5 to 20 kV. To collect the fibers, they maintained a rotation 

speed of 90 rpm on a collection drum covered with a stainless-

steel film. Additionally, the experiments were conducted in a 

chamber with relative humidity below 50%. Figure (6) shows the 

effect of high voltage on the diameter of Electrospun 

polyurethane nanofiber. 
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Figure 5 SEM images of Electrospun polyurethane nanofibers at a concentration of 12wt% and a flow rate of 0.016 ml/min, 

showcasing the influence of applied voltage: (a) 10kV, (b) 15kV, (c) 20 kV, and (d) 25 kV. All images were captured at a 

magnification OF 5000x. 

 

Figure 6: Effect of voltage on the diameter of Electrospun polyurethane nanofiber. 
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3.3 Effect of flow rate: 

        Five different flow rates (0.012, 0.014, 0.016, 0.018, and 

0.020 ml/min) were studied to determine the effect of flow rate 

on the diameter of polyurethane nanofibers after investigating the 

effects of voltage and concentration while maintaining other 

parameters constant. Figure 7 displays the findings from the 

study of the nanofiber size distribution and the scanning electron 

microscopy (SEM) pictures. 

        According to the SEM results in Figure 7, the nanofiber 

diameter exhibits a modest increase as the flow rate increases. 

Specifically, the nanofiber diameters measured were 0.351 µm, 

0.362 µm, 0.380 µm, 0.404 µm, and 0.457 µm at flow rates of 

0.012 ml/min, 0.014 ml/min, 0.016 ml/min, 0.018 ml/min, and 

0.020 ml/min, respectively. These findings indicate a linear 

relationship between flow rate and nanofiber diameter, as 

illustrated in Figure 8. These results are consistent with a prior 

study by Kiliç et al., (2018) where they also observed that 

increasing the flow rate led to an increase in nanofiber diameter. 

Because higher flow rates cause a greater volume of polymer to 

be ejected from the spinneret in a given amount of time and let to 

incomplete stretching, which in turn encourages the development 

of thicker fibers. In spite of this, it is very necessary to keep the 

flow rate modest in order to provide the solvent with an adequate 

amount of time to evaporate. The vaporization procedure is vital 

because it helps the nanofibers to become more solid and so 

prevents the production of undesired beads. It is now feasible, via 

the optimization of the flow rate, to manufacture nanofibers with 

the diameter that is needed (Bhardwaj & Kundu et al., 2010; Hale 

Karakaş et al., 2012). In another investigation done by Firoozi et 

al. (2016), the flow rate had no significant influence on the size 

of the nanofibers, indicating that there was no significant 

association between the two factors. 
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Figure7:scanning electron microscope (SEM) images of Electrospun PU nanofibers and fiber diameter distribution at a concentration 

of 12wt% and an applied voltage of 15 kV with different flow rates: (a) 0.012 ml/min, (b) 0.014 ml/min, (c) 0.016 ml/min, (d) 0.018 

ml/min, and (e) 0.020 ml/min. 

 

Figure 8: Effect of solution flow rate on the diameter of electrospun polyurethane (PU) nanofibers. 

3.4 Wettability of PU Electrospun mat: 

        In order to test the wettability of the prepared polyurethane 

nanofiber mat, a local laboratory system was used to measure the 

contact angle of water droplets on the mat surface. In this 

investigation, a 2 µL of DI water was employed to determine the 

contact angle of polyurethane nanofiber mats of different 

parameters. as shown in Figures 9-11. Each time the droplet was 

pictured with a suitable digital microscope camera, the contact 

angle was analyzed using image-j software. As illustrated in 

Figure 10, and at the lowest concentration 8%, we observed a 

contact angle of 39 degrees. This finding indicates that the water 

droplet spread easily across the surface, signifying a high level of 

wettability and hydrophilicity.  

        The nanofiber mat at this concentration displayed a strong 

attraction to water, facilitating effective wetting of the surface. 

As the concentration increased to 9% and 10%, notable changes 

were observed in the contact angles. At 9%, the contact angle 

measured 53 deg, and at 10%, it increased slightly to 60 deg. 

These observations indicate a decrease in wettability compared 

to the 8% concentration, although the surface still maintained its 

hydrophilic characteristics. The most intriguing change was 

noted at the 12% concentration, where the contact angle 

increased significantly to 79 degrees. This observation represents 

a distinct departure from the hydrophilic behavior observed at 

lower concentrations. At 12%, the nanofiber mat exhibited a 

considerably reduced affinity for water, resulting in a surface that 

was less prone to wetting and featured a higher contact angle. 

This phenomenon aligns with prior researches by Khan et al. 

(2015), Yi et al. (2019) and Wang et al. (2013), where an increase 

in contact angle with rising concentration was also reported. 
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Figure 9: Variation of the contact angle of water droplet on 

electro spun polyurethane nanofiber mat with the solution 

concentration. 

        The contact angle measurements of PU/acetic acid 

nanofibers at various voltage levels are presented in Figure 11, 

providing valuable insights into the relationship between voltage 

and wettability. At 10kV, the contact angle is relatively high at 

81 degrees, indicating limited wettability. However, with an 

increase in voltage to 15kV, there is a slight reduction in the 

contact angle to 79 degrees, suggesting improved wetting. The 

significant change occurs at 20kV, where the contact angle 

sharply increases to 105 degrees, signifying that at this voltage, 

the nanofiber surface becomes more hydrophobic and notably 

less wettable, at the highest tested voltage, 25kV, the contact 

angle remains relatively high at 108 degrees, indicating that 

further voltage increments do not enhance wetting. 

         Also as illustrated in Figure 12, we investigated how 

nanofiber mats interact with water at varying flow rates. The 

nanofiber surface displayed hydrophilic behavior with a contact 

angle of 43 degrees at the lowest flow rate (0.012 ml/min), 

promoting liquid spreading. The contact angle climbed to 74 

degrees when the flow rate increased marginally to (0.014 

ml/min), signaling a transition towards reduced wetting. As the 

flow rate was increased to 0.016 ml/min the contact angle 

increased to 79 degrees. This showed that the droplet found it 

difficult to spread and preferred to adhere to the surface. 

However, at 0.018 ml/min, the contact angle reached 84 degrees, 

showcasing stronger non-wetting. At the highest flow rate (0.020 

ml/min), the contact angle significantly escalated to 98 degrees, 

revealing a highly hydrophobic surface where the liquid formed 

pronounced This observation aligns with findings reported by 

Nawae et al., (2021) who similarly noted that an increase in the 

flow rate resulted in a corresponding increase in the contact 

angle. In conclusion, the impact of these parameters on the 

wettability of the Electrospun mat indicates that when the 

diameter of nanofibers increased, the contact angle also increased 

under all conditions. This trend can be attributed to the fact that 

an increase in nanofiber diameter leads to an increase in surface 

roughness ( Borhani et al., 2008; Zhou & Wu et al., 2015; 

Zulkefle et al., 2020). 

3.5 electro spun nanofiber characterization: 

        To determine the functional groups contained in chemical 

compositions, FTIR spectroscopy was used as a trustworthy 

approach. This approach was used to analyze the functional 

groups in pure PU in comparison to the functional groups 

identified in the chemical structure of the PU/acetic acid 

nanofiber sample.  

 

 

 

 

Figure 10: Variation of the contact angle of the water droplet on 

electrospun polyurethane nanofiber mat with the high voltage. 

 

 
Figure 11: Variation of the contact angle of the water droplet on 

Electros pun polyurethane nanofiber mat with the solution flow 

rate. 

        Figure 12 shows the FTIR spectra of PU and PU/acetic acid 

that were obtained. In the pure polyurethane spectrum, several 

distinct peaks are evident. 3302.13 cm-1. This peak is typically 

associated with the stretching vibration of N-H bonds in urethane 

groups (NHCO) (Mohammadi et al., 2015). Peaks at 2920.23 cm-

1 and 2850.79 cm-1 signify the symmetric and asymmetric 

stretching vibrations of aliphatic carbon-hydrogen (C-H) bonds, 

often associated with methyl or methylene groups. Another 

discernible peak occurs at 2792.93 cm-1, corresponding to the C-

H stretching vibration. The peak at 1685.79 cm^-1 is attributed 

to the carbonyl (C=O) stretching vibration within the urethane 

groups present in the polyurethane structure. Furthermore, the 

peak at 1639.49 cm-1 can be linked to C=C stretching 

(Nandiyanto et al., 2019). The peak observed at 1523.76 cm-1 

correspond to nitrogen-hydrogen (N-H) bending vibrations 

within urethane moieties (Asefnejad et al., 2011; Mohammadi et 

al., 2015),  

        while those at 1446.61 cm-1 and 1365.60 cm-1 correspond to 

methylene CH2 and methyl CH3 of saturated aliphatic groups, 

respectively (Mohammadi et al., 2015; Nandiyanto et al., 2019). 

Peaks at 1315.45 cm-1 and 1199.72 cm-1 are indicative of 

urethane-related vibrations, particularly involving C-N stretching 

vibrations. The peak at 1087.85 cm-1 might indicate C-O-C 

stretching within the urethane linkage. At 979.84 cm-1, the peak 

corresponds to a silicate ion, commonly found among inorganic 

ions. The peak at 898.83 cm-1 suggests bending vibrations of 

aromatic C-H bonds. Additionally, the peaks at 806.25 cm-1 and 

779.24 cm-1 might be associated with CH bend-out-of-plane 

vibrations. Finally, the peak at 609.51 cm-1 likely corresponds to 

bending vibrations of alkyne C-H bonds (Nandiyanto et al., 

2019).  

        Regarding the polyurethane/acetic acid nanofibers, the 
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spectra exhibit both similarities to those of pure polyurethane and 

distinctive features. Specifically, the presence of two peaks at 

1712.79 cm-1, indicative of carboxylic acid functionalities, and a 

peak at 1689.64 cm-1, signifying a conjugated ketone 

characteristic of the carbonyl compound C=O found in acetic 

acid, are noteworthy findings (Nandiyanto et al., 2019). These 

observations suggest the enduring presence of residual acetic 

acid on the nanofiber surface, attributed to the fabrication 

process. Moreover, a novel peak at 748.38 cm-1 emerges, 

corresponding to methylene (CH2) stretching vibrations, which 

were notably absent in the pure polyurethane spectra. 

         When comparing the spectra of pure polyurethane and 

polyurethane/acetic acid nanofibers, it is evident that the 

nanofiber spectrum contains peaks associated with acetic acid 

residues, indicating the retention of some solvent molecules 

during the nanofiber formation. However, aside from these acetic 

acid-related peaks, the majority of peaks in the nanofiber 

spectrum remain consistent with those of pure polyurethane. This 

guarantees that the overall chemical structure of the polyurethane 

matrix appears to remain relatively unchanged during the 

nanofiber formation process, with only minor alterations due to 

the incorporation of residual acetic acid.  

 

Figure 12: Fourier transforms infrared spectroscopy of pure PU 

and Electrospun PU. 

The crystallographic nature of the PU was determined using X-

ray diffraction patterns. Figure 13 illustrates the XRD patterns of 

the polyurethane nanofiber mat. Notably, there is a broad peak 

around 2θ = 20° in the sample. This peak corresponds to the 

distinctive diffraction pattern of the polyurethane polymer. The 

broadness of this peak is due to the amorphous nature of 

polyurethane. This diffraction peak appears at an angle of 

approximately 20°, which closely aligns with observations in 

other polyurethane material studies (Diani & Gall et al., 2006; 

Sabitha M & Rajiv et al., 2015; Hoseini & Nikje et al., 2018; Liu 

et al., 2018) . Conversely, the presence of discernible peaks at 2θ 

= 42.0620° and 48.9590° reveals the existence of crystalline 

phases within the sample. 

         These peaks align with the (0 2 5) and (0 2 8) miller indices, 

corresponding precisely to the crystallographic planes of 

aluminum oxide hydrate by the JCPDS reference code 98-000-

0959. These findings underscore the coexistence of amorphous 

polyurethane nanofibers and crystalline aluminum oxide hydrate 

on the substrate. This observation implies that the polyurethane 

mat was contaminated with traces of aluminum molecules that 

were stuck on the mat. 

        Field Emission Scanning Electron Microscopy with Energy 

Dispersive X-ray Spectroscopy (FESEM-EDX) was utilized for 

elemental analysis and identification of the composition of 

Electrospun PU mat, yielding results shown in Figure 14 (a and 

b). The analysis indicated that the primary elements in the PU 

nanofiber sample were carbon (C), oxygen (O), and aluminum 

(Al). This composition aligns with expectations due to the 

polymeric nature of PU and the substrate. Quantitatively, the 

composition was approximately 80.35% carbon (C), 19.33% 

oxygen (O), and 0.32% aluminum (Al) by weight. These 

percentages highlight carbon and oxygen as dominant, consistent 

with typical polyurethane composition and these findings are line 

up with other studies (Nirmala et al., 2011; Amina et al., 2012). 

The presence of aluminum, albeit in a minor amount, is attributed 

to the aluminum foil substrate used for nanofiber deposition. 

 

Figure 13 :X-ray diffraction spectra of PU nanofibers. 

 

Figure 14: depicts the FESEM-EDX images as follows: (a) 

displays the peaks associated with the elements found in the 

sample, while (b) illustrates the layered EDX mapping where 

each element is represented by a distinct color. 

CONCLUSION 

        Throughout this study, a solution was obtained by 

dissolving polyurethane polymer in acetic acid and was 

Electrospun using an electrospinning system. It was concluded 

that solution concentration, solution flow rate as well as the 

applied high voltage play a vital role in the adjustment of the 

morphology and the wettability of the Electrospun nanofiber mat. 

The study revealed significant impacts on nanofiber morphology 

and wettability when altering these parameters. Specifically, 

changing the concentration from 8% to 12% resulted in an 

increase in nanofiber diameter from 0.326μm to 0.380μm and an 

increase in the water contact angle from 39° to 79°. Similarly, 

increasing the flow rate from 0.012ml/min to 0.020ml/min led to 

the diameter increase from 0.351μm to 0.456μm and an increase 

in the contact angle from 43° to 98°. Meanwhile, adjusting the 

voltage from 10kV to 25kV resulted in fluctuations in nanofiber 

diameter within the range of 0.380μm to 0.497μm. The optimal 

12% PU solution concentration was found to eliminate bead 

formation and ensure uniformity in nanofiber morphology. In 

addition to these findings, the research also delved into the 

characterization of the Electrospun PU nanofibers. The FTIR 

analysis confirmed that the chemical structure of polyurethane 

did not significantly change when transformed into nanofibers. 
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Moreover, X-ray diffraction patterns confirmed the amorphous 

nature of polyurethane while indicating the presence of 

crystalline phases, notably aluminum oxide hydrate 

contamination. 
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