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Abstract: Polymer nanofibers are known to exhibits excellent 

properties that made it very useful in producing and development 

of tissue engineering, filtration, biochemical engineering and many 

more. Nowadays, electrospinning is the most commonly and 

preferably used to manufacture these polymer nanofibers because 

the nanofibers produced using this technique ably to produce a 

high surface area to volume ratio. Carrageenan-based nanofibers 

were prepared by electrospinning of polyvinyl alcohol 

(PVA)/carrageenan (CAR) solution. The solution is made of 1 

w/v% of CAR solution and 13 w/v% fully hydrolyzed PVA 

solution. The solutions were mixed with a ratio of 70:30, creating 

the polymer solution, FH PVA/CAR solution.  The morphology 

and diameters of the nanofibers were observed by using a scanning 

electron microscope (SEM), the contact angles on the 

nanomembrane were measured by static micro-drop observation, 

and the effects of electrospinning parameters including voltage, 

distance between tip of needle and collector, as well as the flow 

rate of the solution were observed. The study was carried in a 

series of experiments involving different voltages, flow rate and tip 

to collector distance. The different voltages include 9kV, 12kV, 

15kV and 18kV where the average diameter is observed to be 

increasing from 160.94 nm, 137.95 nm, 128.18 nm, to 119.69 nm, 

respectively. This shows that by increasing applied voltage, the 

fiber diameter decreased. it is also observed that the mean fiber 

diameter is 129.52 nm, 133.85 nm, 138.73 nm, and 140.49 nm, 

accordance with the flow rates 0.2 ml/h, 0.3 ml/h, 0.4 ml/h, and 0.5 

ml/h. this implies that increment of flow rate causes the increment 

of fiber diameter. On the other hand, the effect of increasing tip-

collector distance from 12cm, 15cm, 18cm, to 21cm resulted in 

decreasing of fiber diameter that is 132.94 nm, 131.79 nm, 124.38 

nm, and 114.72 nm, respectively. Contact angle of the electrospun 

nanofibers decreases over time to below 9 , showing that the 

nanofibers is hydrophilic. This study is helpful to optimize the 

electrospinning process parameters for the preparation of 

PVA/CAR nanofibers whether according to desired mean 

diameter. 
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I. INTRODUCTION 

 
Carrageenan (CAR) is a species of seaweed that is belonged to 

the marine red algae family. It is considered to be the most 

appealing out of the other sources of the polysaccharides, with 

different type of structures and functional properties, CAR is 

known to own gel-forming ability, biocompatibility, abundance 

and renewability [1]. Carrageenan can be categorized in to six 

different basic forms which are Kappa (κ)-, Lota (ι)-, Lambda (λ)-, 

Mu (μ)-, Nu (ν)-, and Theta (θ)-carrageenan [2]. They are 

 
 

classified accordingly to the degree of substitution that occurs on 

their free hydroxyl groups [3]. (κ)-, (ι)-, and (λ)-carrageenan are 

known to be the most important forms out of the basic forms of 

carrageenan commercially due to their viscoelastic and gelling 

properties [3]. (κ)-carrageenan has only one negative charge per 

disaccharide with a tendency of forming a strong rigid gel [4]. The 

carrageenan that will be used in this study is (κ)-carrageenan. 

Carrageenan is commonly used as thickening, emulsifying and also 

its stabilizing agent usually used in the food and pharmaceutical 

administration as well as industrial applications [5]. CAR is also 

used in tableting excipients due to its great compatibility, high 

robustness and persistent viscoelasticity of the tablet during 

compression [6]It is also known that carrageenan have the 

potential of having the properties of anticoagulant, anticancer and 

modification on the immune system which may be very important 

in the pharmaceutical industry [4]. 

 

Polyvinyl Alcohol (PVA) is known to be a water-soluble, 

hydrophilic semi-crystalline, and non-toxic synthetic polymer, 

widely used in the production of films and fibers as well as the 

applications in filtration and biochemical engineering [7]. This is 

due to its amazing chemical stability, mechanical and physical 

properties [8]. PVA is one of the most highly biocompatible and 

non-toxic polymers making it a widely used polymer in film 

forming, electrospinning antimicrobial nanofibrous mat to be used 

in different applications, such as medical, cosmetic, food, 

pharmaceutical, and packaging industries [9]–[17]. PVA can be 

categorized into two types: fully hydrolyzed PVA and partially 

hydrolyzed PVA. In this experiment, fully hydrolyzed PVA will be 

used and blended with selected CAR in order to form the desired 

electrospun nanofibers. 

 

The electrospinning process is a process that is electrostatic 

driven that is based on high electric field in order to produce any 

polymer-based nanofibers or nanostructures [18]. Electrospinning 

offers a distinct advantage of producing nanofibers in the micro- to 

nanometer range of fibers with high surface area to volume ratio 

compared to conventional fibers [19] made by melt spinning [20], 

wet spinning [21], and extrusion molding [22]. Any type of 

nanofibers or nanostructures can be obtained by using or mixing 

different types of polymer or bio-polymer [23].  In order to obtain 

different structures of nanofibers, the properties of the polymer 

solution or the amount of electric field can be optimize according 

to desired nanostructures. There are several other parameters that 

can be conducted during electrospinning process to serve such 

desire including the distance between the needle and the collector, 

flow rate, and concentration of the polymer solution. This study 

will help to outline the effects of the electrospinning parameters to 

the fabrication of the nanofibers. 
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II. METHODOLOGY 

A. Materials 

The (κ)-CAR was used as the natural polymer source 

while the fully hydrolyzed PVA were used as the synthetic 

polymer source. The (κ)-CAR used was a semi refined 

carrageenan purchased from Tacara Sdn. Bhd. The fully 

hydrolyzed PVA used were Fully Hydrolyzed PVA with 

MW: 145,000 (Merck KGaA Darmstadt). Distilled water 

was used as the solvent. 
 

B. Preparation of carrageenan solution 

1 w/v % of CAR solution was prepared by dissolving 0.2 g of 

CAR in 20 mL of dissolved water at a temperature range of 80℃ 

to 90℃ [24]. The solution is then stirred with magnetic stirring 

until the solution was completely dissolved in order to obtain 

homogenous solution. The CAR solutions were left for an hour in 

order to eliminate any air bubbles that are formed in the solutions. 

C. Preparation of polyvinyl alcohol solution 

13 w/v % of fully hydrolyzed PVA solution was prepared 

by dissolving 2.6 g of fully hydrolyzed PVA in 20 mL of 

dissolved water at temperature ranging of 180℃ to 190℃. 

The solution is then stirred with magnetic stirring until the 

solution was completely dissolved in order to obtain 

homogenous solution. The PVA solutions were left for an 

hour in order to eliminate any air bubbles that are formed in 

the solutions. 
 

D. Preparation of PVA/CRG solution 

The PVA and CAR solutions were left to cool down before 

mixing. Then, the solutions were mixed using the magnetic stirrer 

with a ratio of 70:30 of the 13 w/v% PVA and 1 w/v% CAR 

solutions in order to be used as the polymer solution later in the 

electrospinning process. 

E. Electrospinning 

A 1 ml of PVA/CAR solution was transferred into a 5 ml 

syringe and loaded into the electrospinning apparatus. During the 

electrospinning process, high voltage power was applied to the 

PVA/CAR solution that was filled inside a syringe via an alligator 

clip that were attached at the tip of the syringe needle. The applied 

voltage was varied to be 9kV, 12kV, 15kV, and 18kV. The 

solution was then distributed to the blunt needle via a syringe 

pump in order to control the solution flow rate which were 

adjusted at 0.2ml/h, 0.3ml/h, 0.4ml/h, and 0.5ml/h. The electrospun 

nanofibers were collected at an aluminium foil collector that were 

placed 12cm, 15cm, 18cm, and 15cm from the needle tip shown in 

Figure 1. The collected nanofibers were then kept and maintained 

at an ambient condition for further characterization. 

 

 
 
Figure 1: Schematic representation of the electrospinning setup. 

 

F. Characterization 

 
i) Scanning Electron Microscope, SEM 

 

The morphology analysis for the nanofibers were observed 

using the Benchtop Scanning Electron Microscope (SEM), 

Hitachi TM 3030 Plus. Three (3) different magnification was 

used to obtain the clear image of the electrospun nanofibers 

which are 1kx, 5kx, and 10kx. 20kx magnification was used in 

order to measure nanofibers diameter.  

 

ii) ImageJ Software 

 

ImageJ software was used to determine the particle size 

distribution. 20kx magnification was used in order to measure 

nanofibers diameter using ImageJ software. At least 50 

readings were used to determine the average mean fiber 

diameter. 

 

iii)  Contact Angle, CA 

 

The equipment that was used to analysis the contact angle of 

the nanofibers is the VCA 3000 Water Surface Analysis 

System by AST Products Inc. the wetting properties were 

observed and therefore determining its absorption capabilities 

of the nanofiber surface. Water drop was fixed at 5  to ensure 

uniform distribution. Time taken and image of initial liquid 

drop and final steady liquid drop condition was observed for 

analysis. 

 

 

III. RESULTS AND DISCUSSION 

A. The effects of applied voltage 

 
The effect of applied current to the polymer solution through 

the needle of the syringe will cause the spherical droplet of the 

polymer solution to be deformed as Taylor cone and forming 

ultrafine nanofibers at a critical voltage (Haider et al., 2018). A 

series of experiment was conducted where the applied voltage was 

varied to 9kV, 12kV, 15kV, and 18kV. The distance between the 

tip of the needle to the collector was held at 15cm with flowrate 

0.2ml/h. Results were shown in Figure 4.1 and Figure 4.3. The 

mean fiber diameter for flow rate shown on Figure 4.2. The 

estimated mean fiber diameters are 160.94 nm, 137.95 nm, 128.18 

nm, and 119.69 nm in accordance with applied voltages 9kV, 

12kV, 15kV and 18kV. From the SEM images, there are beads 

formation on the nanofibers with voltage 15kV and 18kV while 

smooth nanofibers observed with voltage 9kV to 12kV. From 

Figure 4.3,  the contact angle analysis shows that each electrospun 

nanofibers with applied voltages 9kV, 12kV, 15kV and 18kV have 

decreased angle of 19.6 , 25.7 , 43.7 and 12.3  respectively, 

after the steady liquid drop. This shows that the nanofibers are 

hydrophilic [26].  

An increase voltage enhance the electrostatic force to the 

solution causing it to form stretching of jet and thus forms to thin 

nanofibers (Someswararao et al, 2018). This is also in agreement 

of the study made by Lasprilla-Botero et al. (2018). They stated in 

their research that when the applied electric field is increased 

during the electrospinning process, the charged jet would move 

faster to the collector, having the solvent to evaporate in time and 

thus produces fibers with smaller diameter. A decreased mean fiber 

diameter can be noticed in Figure 4.1 from 160.94 nm to 119.69 

nm. Optimum voltage is required in order to obtain thin nanofibers 

whereas higher voltage may lead to bead formation [27]. 
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Figure 2: SEM images on effect of applied voltage on morphology of 

nanofibers (flow rate = 0.2 ml/h; distance = 15cm). Voltage: (A) 9kV; (B) 

12kV; (C) 15kV; (D) 18kV. Original magnification of 10kx and 20kx. 

 

 
 

Figure 3: Contact angle on effect of applied voltage on morphology of 

nanofibers (flow rate = 0.2 ml/h; distance = 15cm). Voltage: (A) 9kV; (B) 

12kV; (C) 15kV; (D) 18kV.  

 

 
 

 
 

 
 

 
 

Figure 4: Particle size distribution histogram. Voltage: (A) 9kV; (B) 12kV; 

(C) 15kV; (D) 18kV. Average fiber diameter: (A) 160.94 nm; (B) 137.95 

nm; (C) 128.181 nm; (D) 119.69 nm. 

  

 

(D) (D) 

(a) Average fiber diameter  

= 160.94 nm 

(b) Average fiber diameter  

= 137.95 nm 

(c) Average fiber diameter 

= 128.181 nm 

(d) Average fiber diameter  

= 119.69 nm 
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B. The effect of flow rate 

 
Changes in flow rate of solution in the electrospinning process 

shown in Figure 4.4 and Figure 4.6. A series of experiment was 

conducted where the flow rate was varied to 0.2 ml/h, 0.3 ml/h, 0.4 

ml/h, and 0.5 ml/h. During this process, the applied voltage and tip 

to collector distance were maintained at 12kV and 15cm 

respectively. As shown in Figure 4.5, it is observed that the mean 

fiber diameter is 129.52 nm, 133.85 nm, 138.73 nm, and 140.49 

nm, in accordance with the flow rates 0.2 ml/h, 0.3 ml/h, 0.4 ml/h, 

and 0.5 ml/h. The contact angle analysis in Figure 4.6 shows that 

the electrospun nanofibers with varied flowrate of 0.2 ml/h, 0.3 

ml/h, 0.4 ml/h, and 0.5 ml/h have decreased angle of 38.6 , 28.4 , 

27.6  and 33.0  respectively, after the steady liquid drop. This 

shows that the nanofibers are hydrophilic [26].  

Enough time is needed in order for the polymer solution to 

evaporate which can be obtained by selecting a smaller flow rate. 

Higher flow rate, however, would yields beaded fibers as there is 

lesser time for the evaporation of solution. From Figure 4.4, it is 

shown that there is a very significant formation of beads on the 

nanofibers in the films can be seen with flowrate of 0.4 ml/h and 

0.5 ml/h. the high flow rate will the decreasing of charge density 

and thus increases diameter of fibers.  Figure 4.6 shows the 

increment of nanofiber diameter from 129.52 nm to 140.49 nm. 

This is also in agreement with the finding made by Motamedi et al. 

(2017). They stated that in their study of electrospun 

polyvinylidine fluoride fiber shows that the increase of flow rate 

would resulted in a decrease of fiber diameter.  Therefore, an 

optimal flow rate is preferred for producing fine and smooth 

nanofibers. [27]. 

  

 
 

Figure 5: SEM on effect of flow rate on the morphology of nanofibers 

(voltage = 12kV; distance = 15cm). Flow rate: (A) 0.2 ml/h; (B) 0.3ml/h; 

(C) 0.4ml/h; (D) 0.5ml/h. Original magnification of 10kx and 20kx. 

 

 
 

Figure 6: Contact angle on effect of flow rate on the morphology of 

nanofibers (voltage = 12kV; distance = 15cm). Flow rate: (A) 0.2 ml/h; (B) 

0.3ml/h; (C) 0.4ml/h; (D) 0.5ml/h. 

 

 
 

 
 

(a) Average fiber diameter  

= 129.52 nm 

(b) Average fiber diameter  

= 133.85 nm 
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Figure 7: Particle size distribution histogram. Flow rate: (A) 0.2 ml/h; (B) 

0.3ml/h; (C) 0.4ml/h; (D) 0.5ml/h. Average fiber diameter: (A) 129.52 nm; 

(B) 133.85 nm; (C) 138.73 nm; (D) 140.49 nm. 

 

 

 

C. The effect needle to collector distance 

 
The morphology of the electrospun PVA/CAR nanofibers prepared 

at different tip-collector distances 12cm, 15cm, 18cm, and 21cm 

shown at Figure 4.7. The applied voltage and flow rate was kept at 

12 kV and 0.2 ml/h respectively. The mean fiber diameter 

calculated shown in Figure 4.8 are 132.94 nm, 131.79 nm, 124.38 

nm, and 114.72 nm, corresponding to the tip-collector distance of 

12cm, 15cm, 18cm, and 21cm respectively. Contact angle that 

were analyzed in Figure 4.9 shows that each nanofibers have a 

decreased angle of 38.4  36.8 , 18.7 , and 30.6 , after the steady 

liquid drop. This shows that the nanofibers are hydrophilic [26].  

From the decrease mean fiber diameter from 132.94 nm to 114.72 

nm, it can be concluded that increase distance tip to collector 

yields thin nanofibers. According to the study made  Nurwaha et 

al. (2013), they analyzed that the fiber diameter decreases as well 

as increases by increasing of distance to collector. For a short 

distance, the solvent may not be able to fully evaporate due to not 

having enough time before the charged jet arrived at the collector. 

Increasing the distance to collector however results in decrease of 

fiber diameter since more time is given for the solvent to evaporate 

and the jet to stretch before reaching the collector. They also 

mentioned that at long distance, the electric field will decrease and 

this will affect the electrostatic field to be weaker. Thus, making 

the stretching of the charged jet to decreased and therefore increase 

fiber diameter. This can be concluded that the distance to collector 

is strongly influenced by applied voltage.  Tip to collector distance 

is a parameter that affects the evaporation time required by the 

solvent where faster evaporation of the solvent would fabricate 

thinner fibers [27]. 

 

 

 
 

Figure 8: SEM on effect of needle tip to collector on the morphology of 

nanofibers (voltage = 12kV; flow rate = 0.2ml/h). Distance: (A) 12cm; (B) 

15cm; (C) 18cm; (D) 21cm. Original magnification of 10kx and 20kx. 

 

 
 

Figure 9: Contact angle on effect of needle tip to collector on the 

morphology of nanofibers (voltage = 12kV; flow rate = 0.2ml/h). Distance: 

(A) 12cm; (B) 15cm; (C) 18cm; (D) 21cm. 

 

(c) Average fiber diameter  

= 138.73 nm 

(d) Average fiber diameter  

= 140.49 nm 
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Figure 10: Particle size distribution histogram. Distance: (A) 12cm; (B) 

15cm; (C) 18cm; (D) 21cm. Average fiber diameter: (A) 132.94 nm; (B) 

131.79 nm; (C) 124.38 nm; (D) 114.72 nm. 

 

 

IV. CONCLUSION 

 

By using the SEM image analysis, the diameter of the 

nanofibers could be observed. ImageJ software enables calculation 

of the mean fiber diameter of the electrospun nanofibers image by 

SEM magnification of 20kx. From the study, the effect of 

increasing applied voltage of 9kV, 12kV, 15kV and 18kV results 

in decreasing fiber diameter from 160.94 nm, 137.95 nm, 128.18 

nm, to 119.69 nm. By increasing the flow rates of 0.2 ml/h, 

0.3ml/h, 0.4 ml/h, to 0.5 ml/h during the electrospinning process, 

the diameter of the nanofibers would increase from 129.52 nm, 

133.85 nm, 138.73 nm, to 140.49 nm. The effect of increasing 

distance to collector shows yields a decrease in fiber diameter. The 

mean fiber diameter data collected was 132.94 nm, 131.79 nm, 

124.38 nm, and 114.72 nm corresponding to the tip-collector 

distance of 12cm, 15cm, 18cm, and 21cm respectively. Contact 

angle shows that the nanofibers are water soluble and hydrophilic. 

Is can be concluded that optimum value of voltage, flow rate, and 

distance is required in order to fabricate fine and smooth 

nanofibers. This study is helpful to optimize the electrospinning 

process parameters for the preparation of PVA/CAR nanofibers 

whether according to desired mean diameter. 

ACKNOWLEDGMENT 

This work was made possible with the guidance from my 

supervisors and my fellow workmates, as well as Universiti 

Teknologi MARA, UiTM Shah Alam. 

 

REFERENCES 

[1] S. Roy, S. Shankar, and J. W. Rhim, “Melanin-mediated 

synthesis of silver nanoparticle and its use for the 

preparation of carrageenan-based antibacterial films,” 

Food Hydrocoll., vol. 88, pp. 237–246, 2019. 

[2] L. Li, R. Ni, Y. Shao, and S. Mao, “Carrageenan and its 

applications in drug delivery,” Carbohydr. Polym., vol. 

103, no. 1, pp. 1–11, 2014. 

[3] N. Goonoo et al., “κ-Carrageenan Enhances the 

Biomineralization and Osteogenic Differentiation of 

Electrospun Polyhydroxybutyrate and 

Polyhydroxybutyrate Valerate Fibers,” 

Biomacromolecules, vol. 18, no. 5, pp. 1563–1573, 2017. 

[4] S. Y. Park, B. I. Lee, S. T. Jung, and H. J. Park, 

“Biopolymer composite films based on κ-carrageenan and 

chitosan,” Mater. Res. Bull., vol. 36, no. 3–4, pp. 511–

519, 2001. 

[5] M. Bener, F. B. Şen, A. Kaşgöz, and R. Apak, 

“Carrageenan-based colorimetric sensor for total 

antioxidant capacity measurement,” Sensors Actuators, B 

Chem., vol. 273, pp. 439–447, 2018. 

[6] V. L. Campo, D. F. Kawano, D. B. da Silva, and I. 

Carvalho, “Carrageenans: Biological properties, chemical 

modifications and structural analysis - A review,” 

Carbohydr. Polym., vol. 77, no. 2, pp. 167–180, 2009. 

[7] J.-C. Park et al., “Electrospun poly(vinyl alcohol) 

nanofibers: effects of degree of hydrolysis and enhanced 

water stability,” Polym. J., vol. 42, no. 3, pp. 273–276, 

2010. 

[8] C. Zhang, X. Yuan, L. Wu, Y. Han, and J. Sheng, “Study 

on morphology of electrospun poly(vinyl alcohol) mats,” 

Eur. Polym. J., vol. 41, no. 3, pp. 423–432, 2005. 

[9] K. Aruchamy, A. Mahto, and S. K. Nataraj, “Nano-

Structures & Nano-Objects Electrospun nanofibers , 

(a) Average fiber diameter 

 = 132.94 nm 

(b) Average fiber diameter  

= 131.79 nm 

(c) Average fiber diameter  

= 124.38 nm 

(d) Average fiber diameter  

= 114.72 nm 



DAYANGKU ELMA RASHIDAH BINTI RASHID (BACHELOR OF ENGINEERING (HONS.) CHEMICAL)  

 

  

7 

nanocomposites and characterization of art : Insight on 

establishing fibers as product,” Nano-Structures & Nano-

Objects, vol. 16, pp. 45–58, 2018. 

[10] M. S. Islam, M. S. Rahaman, and J. H. Yeum, 

“Electrospun novel super-absorbent based on 

polysaccharide-polyvinyl alcohol-montmorillonite clay 

nanocomposites,” Carbohydr. Polym., vol. 115, pp. 69–

77, 2015. 

[11] B. Duan et al., “Degradation of electrospun PLGA-

chitosan/PVA membranes and their cytocompatibility in 

vitro,” J. Biomater. Sci. Polym. Ed., vol. 18, no. 1, pp. 95–

115, 2007. 

[12] K. H. Hong, J. L. Park, I. H. Sul, J. H. Youk, and T. J. 

Kang, “Preparation of Antimicrobial Poly(vinyl alcohol) 

Nanofibers Containing Silver Nanoparticles,” Physics 

(College. Park. Md)., vol. 48, pp. 2215–2221, 2010. 

[13] H. W. Lee et al., “Electrospinning fabrication and 

characterization of poly(vinyl alcohol)/montmorillonite 

nanofiber mats,” J. Appl. Polym. Sci., vol. 113, no. 3, pp. 

1860–1867, Aug. 2009. 

[14] G. Ren et al., “Electrospun poly(vinyl alcohol)/glucose 

oxidase biocomposite membranes for biosensor 

applications,” React. Funct. Polym., vol. 66, no. 12, pp. 

1559–1564, 2006. 

[15] N. Ristolainen, P. Heikkilä, A. Harlin, and J. Seppälä, 

“Poly(vinyl alcohol) and polyamide-66 nanocomposites 

prepared by electrospinning,” Macromol. Mater. Eng., 

vol. 291, no. 2, pp. 114–122, 2006. 

[16] C. Shao, H. Y. Kim, J. Gong, B. Ding, D. R. Lee, and S. J. 

Park, “Fiber mats of poly(vinyl alcohol)/silica composite 

via electrospinning,” Mater. Lett., vol. 57, no. 9–10, pp. 

1579–1584, 2003. 

[17] Y. Zhang, X. Huang, B. Duan, L. Wu, S. Li, and X. Yuan, 

“Preparation of electrospun chitosan/poly(vinyl alcohol) 

membranes,” Colloid Polym. Sci., vol. 285, no. 8, pp. 

855–863, 2007. 

[18] S. Torres-Giner, “Electrospun nanofibers for food 

packaging applications,” in Multifunctional and 

Nanoreinforced Polymers for Food Packaging, 

Woodhead Publishing Limited, 2011, pp. 108–125. 

[19] R. Asmatulu and W. S. Khan, “Electrospun nanofibers for 

drug delivery,” Synth. Appl. Electrospun Nanofibers, pp. 

41–61, 2019. 

[20] B. Raghavan, H. Soto, and K. Lozano, “Fabrication of 

Melt Spun Polypropylene Nanofibers by Forcespinning,” 

J. Eng. Fiber. Fabr., vol. 8, no. 1, p. 155892501300800, 

2013. 

[21] M. Mo, C. Chen, H. Gao, M. Chen, and D. Li, “Wet-

spinning assembly of cellulose nanofibers reinforced 

graphene/polypyrrole microfibers for high performance 

fiber-shaped supercapacitors,” Electrochim. Acta, vol. 

269, pp. 11–20, 2018. 

[22] J. Li, J. Li, D. Feng, J. Zhao, J. Sun, and D. Li, 

“Comparative Study on Properties of Polylactic Acid 

Nanocomposites with Cellulose and Chitin Nanofibers 

Extracted from Different Raw Materials,” J. Nanomater., 

vol. 2017, pp. 1–11, 2017. 

[23] N. Bhardwaj and S. C. Kundu, “Electrospinning: A 

fascinating fiber fabrication technique,” Biotechnol. Adv., 

vol. 28, no. 3, pp. 325–347, 2010. 

[24] A. Dinge and M. Nagarsenker, “Formulation and 

Evaluation of Fast Dissolving Films for Delivery of 

Triclosan to the Oral Cavity,” AAPS PharmSciTech, vol. 

9, no. 2, pp. 349–356, 2008. 

[25] A. Haider, S. Haider, and I. K. Kang, “A comprehensive 

review summarizing the effect of electrospinning 

parameters and potential applications of nanofibers in 

biomedical and biotechnology,” Arab. J. Chem., vol. 11, 

no. 8, pp. 1165–1188, 2018. 

[26] P. K. Szewczyk et al., “Roughness and fiber fraction 

dominated wetting of electrospun fiber-based porous 

meshes,” Polymers (Basel)., vol. 11, no. 1, 2018. 

[27] M. V. Someswararao, R. S. Dubey, P. S. V. Subbarao, and 

S. Singh, “Electrospinning process parameters dependent 

investigation of TiO2 nanofibers,” Results Phys., vol. 11, 

pp. 223–231, 2018. 

[28] J. Lasprilla-Botero, M. Álvarez-Láinez, and J. M. 

Lagaron, “The influence of electrospinning parameters 

and solvent selection on the morphology and diameter of 

polyimide nanofibers,” Mater. Today Commun., vol. 14, 

no. November 2017, pp. 1–9, 2018. 

[29] A. S. Motamedi, H. Mirzadeh, F. Hajiesmaeilbaigi, S. 

Bagheri-Khoulenjani, and M. Shokrgozar, “Effect of 

electrospinning parameters on morphological properties of 

PVDF nanofibrous scaffolds,” Prog. Biomater., vol. 6, no. 

3, pp. 113–123, 2017. 

[30] D. Nurwaha, W. Han, and X. Wang, “Effects of 

processing parameters on electrospun fiber morphology,” 

J. Text. Inst., vol. 104, no. 4, pp. 419–425, 2013. 

 


