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Electrospun polymer nanofibers constitute one of the most important nanomaterials with diverse applications.

Nanofibers are classified as fibers with a ratio of length to thickness in the order of one thousand, or nanomaterials

that have at least one dimension of 100 nm or less. A nanofiber with a diameter of ∼100 nm can have a specific

surface area up to 1000 m2/g. Nanofibers can be produced by selecting the proper combination of polymers and

additives, and using appropriate production techniques based on several essential characteristics that impact

criteria of the intended particular application area. Electrospinning of polymer nanofibers is a widely used for

investigation of their properties for uses in quite diverse applications. Attractive properties of electrospun nanofibers

include the extremely high specific surface area, high porosity (typically 90%), light weight, controllable pore size,

flexibility in surface functionalities, large permeability, excellent mechanical properties, high aspect ratio, and length

up to many centimeters. Due to their exceptional characteristics, electrospun polymer nanofibers are used in many

applications, which include biomedical technology, such as tissue engineering, wound healing and dressing, and

drug delivery systems. In addition they have diverse uses in  sensors and biosensors applications, air filtration,

defense applications, energy devices and protective textiles.
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biomedical application  energy storage separation

1. Polymers Used in Electrospinning

The most prominent characteristic of electrospinning is its ability to process a huge variety of polymers to generate

nanofibers for a variety of applications. Polymers can be categorized into synthetic, natural, or mixed polymers.

Each category will be discussed in this section, with special significance placed on the electrospinning process.

1.1. Natural and Synthetic Polymers

Generally, electrospun nanofibers made of natural polymers replicate the physicochemical properties of the

extracellular matrix. Natural polymers are composed of lipids, proteins, nucleic acids, and polysaccharides and so

on. In the medical field, natural polymers showed superior biocompatibility and decreased immunogenicity in

contrast to synthetic polymers. Natural polymers have an inherent affinity of closeness to cells because they have

a unique protein arrangement, as in glycine and aspartic acid, which makes them a strong candidate for tissue

engineering technology. Tissue scaffolds based on natural polymer function better in clinical settings. Nevertheless,

synthetic polymers are more advantageous than natural ones due to their superior mechanical properties, such as

strength and viscoelasticity, and higher rate of degradation. In medical applications, synthetic polymers such as
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polylactide, polyglycolide, and poly (E-caprolactone) are frequently utilized as hydrophobic biodegradable

polyesters .

1.2. Composite Polymers/Copolymers

It was demonstrated that the advantages of natural and synthetic polymers can be combined through using both of

them in the electrospinning process. For example, various studies were conducted on combinations of

polycaprolactone coated with gelatin, silk/polyethylene oxide blend, hyaluronan and polycaprolactone,

polycaprolactone–polylactic coated with collagen, starch/polycaprolactone blend, chitosan–polyethylene oxide,

poly-L-lactic acid or poly(lactic-co-glycolic acid), or a mixture of natural polymers such as collagen and chondroitin

sulphate, collagen and chitosan, collagen and elastin, and gelatin with PHBV . Copolymers can also be used

in electrospinning to alter cellular affinity, morphology, mechanical characteristics, and various physical properties.

For instance, the spinning blend of an ethylene-co-vinyl alcohol nanofibrous mat was strengthened by incorporation

of glycolide. The effective compromise between decomposition speed and hydrophilicity was shown by a three-

block copolymer made of polylactic acid, p-dioxanone, and polyethylene glycol.

2. Electrospinning Process Parameters

During the electrospinning process, the polymer solution is converted into nanofibers, which is influenced by

various factors :

Parameters related to the solution, such as polymer molecular weight, polymer concentration, surface tension,

conductivity, solvent volatility, and viscosity.

Parameters related to processing such field strength, flow rate, tip-to-collector separation, applied voltage,

placement and design of the needle tip, composition and geometry of the collector, and take-up velocity of the

collector.

Properties related to environmental factors including temperature, humidity, and pressure.

Changes in any parameter among these sets will definitely change the evolution of the electrospinning process

and, thus, will change the characteristics of the resulting nanofibers. Therefore, it is important to investigate these

parameters within their containing sets and assess respective effects on the process. In the following, these factors

will be discussed.

2.1. Parameters Related to the Polymer Solution

Among the different variables affecting the outcome of the electrospinning process, the characteristics of the

polymer solution have the main effect on the development polymer nanofibers with a broad range of sizes and

morphologies. This can be categorized in the following.
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2.1.1. Concentration of the Polymer

For chain entanglement to take place, the polymer concentration should be at the optimum level: neither too low,

nor too high. To produce continuous fibers, viscosity and surface tension have a prominent role for selecting the

concentration of polymer. In the electrospinning process, the polymer solution with a low concentration affects the

surface tension, which leads to synthetization of beads instead of fibers . Additionally, when the polymer solution

is highly concentrated, it gets stuck at the capillary tip due to high viscosity. 

2.1.2. The Solvent

Choosing an appropriate solvent to prepare the polymer solution is an essential step in its spinnability. The

selected solvent is to have the right properties, such as appropriate evaporation rate, boiling point, and vapor

pressure. In case of a binary solvent, molecular interactions, in terms of attraction or repulsion, entirely depend on

solvent variety. As the polymer jet travels from the tip to the collector, solvent evaporation and phase separation

take place simultaneously prior to the deposition of solid polymer fibers. This process is substantially influenced by

the solvent evaporation rate . The solvent vaporization rate is significantly influenced by the solvent vapor

pressure . Results confirm that physical characteristics of the polymer depend upon the selection of solvent.

Natural solvents are expensive and also harmful to the environment. Thus, prior to application, extra washing or

purification is required . Morphology of fibers is also influenced by the rate of evaporation of the solvent. Rapid

evaporation may cause the generation of flat fibers as opposed to the more typical round ones. Flat fibers actually

develop when a little solvent is entrapped among fibers, causing the fiber to flatten out as the solvent evaporates

. The selection of solvent influences fiber diameter.

The choice of a good solvent and preparation of a suitable solvent system for the desired polymer are necessary

for the generation of electrospun polymer nanofibers. Solubility parameters are combined to aid in the search for

the desired solvent system. In literature, ternary solubility diagrams, also known as Teas graphs, are widely used

for the selection of solvent systems. 

2.1.3. Electrical Conductivity

In the electrospinning technique, the electrical conductivity of polymer melts or solution is an important factor. The

type of polymer utilized, the solvent employed, and the presence of ionizable salts all influence in determining the

conductivity of a polymer solution . In comparison, conductive solutions have a higher charge density than less

conducting solutions. Therefore, in the presence of an electric field, a high conductive fiber jet experiences higher

tensile force when compared to a less conductive one. It was discovered that during spinning, raising the electrical

conductivity of the solution causes a sizable decline in the diameter of nanofiber. By contrast, with low conductivity,

the electric field is unable to provide enough jet elongation to generate uniform fibers, leading to the appearance of

beads. In comparison to synthetic polymers, natural polymers such as gelatin, that are polyelectrolytes by nature,

have less ability to form fibers. Ions undergo additional stress during the electrospinning process when they are

exposed to an electric field, as their carrying charge capacity is increased. Salt addition results in thinner, more

uniform fibers, and it also reduces the development of beads . This phenomenon is caused by a rise in charge
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density, which enables the jet polymer to be subjected to greater elongation and dielectric stresses, leading to the

formation of thinner fibers .

2.1.4. Viscosity

Most of the research indicates that viscosity is a prominent factor in analyzing diameter and morphology of the

fibers. Enhancing the viscosity by molecular weight or by an increase in the polymer’s concentration increases the

production of polymer fibers with a larger diameter, while the probability of bead generation is reduced, and fibers

are more uniform in appearance. It was demonstrated that at very low viscosities, due to the deficiency of chain

entanglement, there is no formation of any continuous fiber, and the fiber jet breaks into droplets. On the other

hand, when a polymer solution has very high viscosity, it is difficult to shoot a jet from the solution, because the

polymer flow stops at the needle’s tip. Viscosity of the solution is significantly correlated to the concentration of

polymer. In electrospinning, each polymer has an optimal viscosity which has significant influence on morphology

of the resulting polymer nanofiber.

2.1.5. Molecular Weight

Polymer molecular weight is another vital parameter related to the solution which influences the morphology of the

polymer nanofiber. The rheological properties, such as viscosity and surface tension, conductivity, and dielectric

strength, are significantly influenced by molecular weight . Therefore, large molecular weight polymers are

typically employed to manufacture fibers because they offer the appropriate viscosity. Furthermore, Casper et al.

discovered that raising the polymer’s molecular weight causes variations in the fiber’s morphology, such as

reduction in the number of beads and irregular form, while also enlarging pore size. As a result, it became possible

to create a mesh with more consistent biophysical properties . Low molecular weight solutions typically result

in beads rather than fibers. In other words, electro-spraying rather than electrospinning occurs in solutions having

less molecular weight. However, the increasing molecular weight causes the fibers’ average diameter to increase

. In the electrospinning process, chain entanglement plays a significant role, for example, when high molecular

weight poly-L-lactic acid is utilized in spite of the low polymer concentration.  It has been investigated that chain

entanglement is more significant than high molecular weight when it comes to manufacturing uniform nanofibers. 

2.2. Parameters Related Electrospinning Equipment

2.2.1. Applied Voltage

The influence of voltage on the size and morphology of electrospun polymer nanofibers has been subjected to

significant controversy. It has been suggested that thicker fibers are produced by higher voltage, due to many

exiting polymers. Others, however, have asserted that thinner fibers are produced as voltage increases because

electrostatic repulsion forces are applied to the polymer jet. However, in the majority of situations, the rapid solvent

evaporation and lower fiber diameter are caused by the higher enforced electric forces in the jet. Therefore, at high

voltages, there is more chance of bead production. According to Larrondo and Manley, the diameter of the fiber is

reduced approximately to half when the applied electric field is doubled. Deitzel et al. examined polyethylene

[2]

[12]

[2][13]

[10]



Electrospun Polymer Nanofibers | Encyclopedia.pub

https://encyclopedia.pub/entry/40002 5/15

oxide/water and observed that by enhancing voltage, the shape of the surface is altered where the Taylor cone and

jet fiber formed, as shown in Figure 1  .

Figure 1. Influence voltage on the Taylor cone creation. At low voltage, a pendant droplet (white) is produced at the

capillary tip while a Taylor cone (dark blue) is produced at the pendant droplet tip. By enhancing voltage, a Taylor

cone is produced at the capillary tip, and then further voltage results in the ejection of the fiber jet through the

capillary.

2.2.2. Feed Rate

Polymer solution delivery speed and jet intensity are influenced by polymer flow rate within a syringe, which

influences the diameter and morphology of fibers. Electric field intensity, gravity, and pumping pressure all have an

impact on how quickly the polymer solution flows during the electrospinning process. Increasing the polymer

solution feed rate resulted in a rise in fiber diameter, while a slower flow rate can be used to create thinner fibers.

The slower feed rate is preferable, as the solvent has adequate time to evaporate. Larger flow rates, however,

result in the development of beaded fibers because the solvent does not have enough time to evaporate before

approaching to collector plate. Zuo et al. reported similar outcomes as well . Porosity and shape of fibers are

also influenced by the flow rate. Megelski et al. examined the influence of flow rate on the structure of electrospun

fibers of polystyrene and tetrahydrofuran: both pore size and fiber diameter increased by enhancing flow rate. At a

[3] [8]
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high flow rate, fibers were unable to completely dry before reaching the collector, which causes the considerable

bead flaws . Additionally, incomplete drying of fibers produced flat or ribbon-like fibers, as opposed to fibers

having a round cross section .

2.2.3. Distance between Tip and Collector

The distance between spinneret and collector affects morphology and fiber diameter, as well. For fibers to have

sufficient time to dry before they reach the collector, there must be an optimum distance. If not, beads are

produced at either too near or too far a distance. Distance can determine whether electrospray or electrospinning

will ultimately occur. Additionally, it is noted that increasing distance results in more round fibers while decreasing it

produces more flat ones . Doshi and Renker observed that fiber diameter decreases with increasing distance

from the Taylor cone. Additionally, Jaeger et al. investigated how the diameter of electrospun fibers made from

polymer solutions of polyethylene oxide/water changed with distance from the Taylor cone. According to one study,

increasing the spacing from 1 to 3.5 cm resulted in a reduction of nearly two-folds in fiber diameter, from 19 μm to

9 μm . Short distances will result in flat or quasi-ribbon fiber and a beaded structure regardless of concentration

of the polymer solution . This is related to the polymer fiber not being adequately dried before entering the

collector . Consideration of the optimum distance is also influenced by a lot of parameters, including the nature of

the solvent. Therefore, for high volatile solvents, short distances were employed, whereas for low volatility solvents,

such as water, larger distances are needed for sufficient evaporation. For fibers to have adequate time to dry

before approaching the collector and producing uniform, bead-free fibers, a minimum distance of 8 to 15 cm is

required .

2.3. Parameters Related to Environment

The quality of electrospun nanofibers is significantly influenced by environmental conditions, including temperature,

air flow velocity, and humidity, in addition to electrospinning equipment and substrate parameters. Although

electrospinning normally proceeds at room temperature, increasing the temperature from 25 °C to 60 °C results in

smaller fiber diameters, which lowers viscosity. Temperature and viscosity have an inverse relationship . It was

shown that by enhancing humidity, tiny spherical pores begin to develop on the surface, and further raising the

humidity will cause pores to gradually connect to each other. Extremely low humidity also presents a challenge,

since the rate of solvent evaporation will increase and the solvent will dry out more quickly. However, greater

humidity can result in the discharge of an electrospun solution. A larger fiber diameter is attained due to air flow

above the injection needle that will cause an increase in the rate of evaporation through convection .

3. Properties of Polymer Nanofibers

3.1. Mechanical Properties

Advanced nanomaterials and microstructural components are integrated with the electrospun nanofibers for the

vast variety of applications in biomedical, textile, airborne, reinforcing elements in composite materials, filter media,
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structure, nano-sensors and so on. During their service lives, they are frequently exposed to stress and strain from

the surroundings. The utilization of polymer nanofibers in such wide applications will be discussed. Such wide

applications require that EPNF possesses the right mechanical properties for the desired functions. The

mechanical behavior of the nanofibers includes the overall deformation under static and dynamic responses,

friction, and contacts in polymer nanofibrous networks . To determine the mechanical behavior of the EPNF

structure, it is essential to examine characteristics of a single electrospun nanofiber. Generally, electrospun

nanofibers are too thin and fragile, thus, during electrospinning process, they are accumulated on a nonwoven

bundle. Therefore, determining the mechanical behavior of a single electrospun nanofiber is a challenging process

that requires overcoming many obstacles using a sophisticated set of instruments. Among these instruments are

the following :

A manipulation system that precisely isolates, aligns, and grasps a single nanofiber on a frame without slipping

or damaging.

A proper monitoring system to verify that nanofibers are not harmed by characterization tools such as scanning

electron microscopes or transmission electron microscopes.

A sensitive force transducer having a range of nano- to micro-Newton range (n/μN range) resolution that can

measure applied force in the n/μN range.

An actuator that is capable to load nanofibers until fracture, with high resolution (load unit: μN).

There were numerous attempts to investigate the mechanical behavior of electrospun nanofibers based on tensile

tests on nanofibrous mats utilizing the universal testing machine . The tension test entirely depends on

nanofiber diameters, alignment, and entanglements inside nanofibrous mats. Therefore, this technique cannot be

considered appropriate . In order to address this problem, numerous alternative methods for the mechanical

characterization of continuous nanofibers were presented . Atomic force microscopy (AFM), which includes both

force and distance sensors and can be operated in air, liquids, and vacuum, has become one of the generic

characterization tools. However, AFM is just the primary tool for other measurement methods. Most of these

methods rely on fibers’ tensile, bending, stretching, nanoindentation, and shear modulation frequency .

3.2. Chemical Properties

Fourier-transform infrared spectroscopy, nuclear magnetic resonance, circular dichroism, differential scanning

calorimetry, X-ray scattering, and X-ray diffraction are commonly used to characterize the chemical composition of

nanofibers. The vibrational spectroscopic technique is used for molecule structure analysis. This approach assists

in determining chemical reactions between ingredients of polymers in case of polymer blends . Raman

spectroscopy is utilized to examine the structural characteristics of carbonaceous polymers. This was used by

Sadrjahani et al. to assess the molecular orientation of electrospun polyacrylonitrile nanofibers . A chain

alignment parameter of 0.25 was calculated for nanofibers which accumulated at a 59.5 m/min take-up velocity.

Surface chemical characteristics of polymer nanofibers can be analyzed by making use of their hydrophilicity. The
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latter is calculated by water contact angle, and it is examined by attenuated total reflectance Fourier transform

infrared and X-ray photoelectron spectroscopy. Element detection by X-ray photoelectron spectroscopy is possible

up to depth of 100 Å . This technique is used to check the shell within core-shell structure of electrospun

nanofibers, not to form a blend or react chemically with core . Supermolecular structures, which are referred to

as macromolecular configurations in polymer nanofibers, can be examined by small angle X-ray scattering, wide

angle X-ray diffraction and differential scanning calorimetry . The crystalline phase and crystal type are identified

by wide angle X-ray diffraction, while small angle X-ray scattering is used to examine the lamellar structure of

semicrystalline polymers. Other equipment is not used commonly due to complications in interpreting its pattern.

3.3. Thermal Properties

Thermal characterizations of electrospun nanofibers, such as melting and crystallization processes, can be

determined by differential scanning calorimetry. To carry out this procedure, electrospun mats weighing around 10

mg are placed in a sealed aluminum pan. To preserve ambient pressure and promote evaporation of leftover

solvents, pan covers are equipped with holes. Then, the specimens’ temperature is raised from 30 °C to 300 °C

while maintaining a heating rate of usually 10 °C/min and a steady flow of dry nitrogen. The following equation

determines the percent crystallinity (χc) :

where the enthalpy of crystallization, ΔHc, and the melting enthalpy, ΔHf, are acquired from differential scanning

calorimetry traces, and the heat of fusion ΔH∘f is a thermal property of a perfectly crystalline substance . In

comparison to neat polymer, crystallinity of nylon-6,6 electrospun nanofiber is high, which could be a result of shear

stress applied on the polymer jet during the electrospinning process . Peresin et al. made a similar observation

and noted that electrospinning significantly increased the degree of crystallinity of polyvinyl alcohol and raised 2 °C

in melting temperature. These results are attributed to the orientation and improved crystallization of polymer

chains in individual polyvinyl alcohol fibers which undergo extreme shear stress during electrospinning process .

3.4. Electrical Properties

To analyze the electrical properties of nonwoven mats and single fibers, electrodes are pre-patterned on a

substratum or vaporized on top of electrospun polymer materials . To measure electrical conductivity readings

from current voltage curves, generally four-point probe  or two-point probe  measurements are utilized. When

using a four-point probe, a material of unknown resistance is contacted by four evenly spaced probes.

Measurements based on this technique assume a thin film instead of a porous fiber network. As a result, measured

conductivity measurements can be lower than the actual measurement for bulk films. Another source of uncertainty

for electrical conductivity is the pins’ depth (height) of penetration into fiber mats . Penetration of pins into a

polymer fiber mat could be the cause of uncertainty in determining the electrical conductivity.
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Utilizing interdigitated electrodes to measure electrospun nanofibers electrical conductivity is an alternative

approach . According to Zhang and Rutledge, electrical contact can be established by applying hot pressure of

nanofibers on electrodes . Contact resistance is calculated by determining overall fiber resistance on

interdigitated electrodes having varying finger spacing and with the help of extrapolating resistance value at zero

spacing. It is observed that conductivities of fibers increased exponentially by weight fraction of doped polyaniline

in fibers; the value for completely doped electrospun fiber was 50 ± 30 S/cm and increased to 130 ± 40 S/cm on

further solid state drawing .

Electrospinning of electrically conductive polymers primarily focuses on polyaniline and its blends. Extremely

conductive electrospun polyaniline fiber doped in sulfuric acid is produced by a blend of polyaniline and various

conventional polymers such as polystyrene, polyacrylonitrile, polyethylene oxide and so on. .

3.5. Optical Properties

Nagata et al. conducted a lot of optical characterization techniques utilizing a luminescence spectrofluorometer and

ultraviolet visible spectrophotometers to study optical characteristics of poly (2-methoxy- 5-(2-ethylhexyloxy)-1,4-

phenylenevinylene) electrospun nanofibers . A remarkable red shift was detected at all concentrations of MEH-

PPV electrospun nanofibers in comparison to thin film. Photoluminescence readings validated the red shift by

raising polymer concentration. Babel et al. observed the electrospun nanofiber’s optical properties of conjugated

polymer blends utilizing ultraviolet visible spectrophotometers, near-infrared spectroscopy, and photoluminescence

spectroscopy . Their finding shows that conjugated polymers’ binary blend has an adjustable composition based

on optical characteristics that can be exploited in field-effect transistors. Balderas et al. observed analogous

absorption of red shift electrospun fibers generated from a blend of poly(9-vinylcarbazole) and MEH-PPV .

4. Applications 

4.1.  Biomedical Applications

One of the most significant applications of polymer nanofibers is in the biomedical sector, particularly in the

domains of medication delivery and tissue engineering. Given that biological molecules and nanoscale fibers have

similar sizes, the latter are poised to perform well in simulating biological environments and natural extracellular

matrices. Nanofibrous meshes exhibit enhanced biological activities, such as increased cell adhesion,

differentiation, and proliferation, due to high porosity, large surface area to volume ratio, and interconnectivity of

porous matrices comparable to macromolecular ones. Additionally, it is also conceivable for biological molecules to

load for nutrients and wastes to exchange through pores . The two main research directions in this field are

explored below.

4.1.1. Tissue Engineering

Electrospun polymer nanofibers utilized as scaffolds in tissue engineering have attracted much attention. Due to

comparable fibrous structure of nanofibrous made of biodegradable polymers with natural extracellular matrices,
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they operate so as to support cell proliferation, adhesion, and differentiation. As such, they possess great potential

as scaffolds for tissue regeneration . Collagen, keratin, elastin fibers and so on. obtained from extracellular

matrix are the most often employed materials in this endeavor because they are inherently  fibrous in nature and

easily transformed into fibrous scaffolds. 

4.1.2. Wound Healing and Dressing

In wound rehabilitation pursuit, the large porosity of electrospun fibers may provide additional structural space for

accommodation of transplanted cells, promote cell migration and proliferation, and increase oxygen exchange and

waste outflow. The tiny pore size of nanofibrous scaffolds can prevent dehydration and wound infection throughout

the healing process. Additionally, tunable mechanical properties of electrospun nanofibers can maintain mechanical

consistency between tissue engineering grafts and parent tissue and prevent the wound from wrinkling or

shrinkage during implantation. A variety of synthetic biodegradable polymers such as polyglycolic acid, polylactic

acid, polycaprolactone, and copolymers are generally used for skin tissue engineering because of their

advantageous mechanical and biodegradable characteristics. 

4.1.3. Drug Delivery Systems

Various drug delivery systems such as polymer micelles, liposomes, and nanofibers are studied to diminish the

toxicity of dosage and increase therapeutic efficacy . There is a potential for electrospun nanofibers to

provide significant benefit due to flexibility in selection of materials and medications, encapsulation efficiency, and

delivery of therapeutic agents, among others, which makes them appealing candidates in drug delivery, particularly

for topical chemotherapy after surgery and in wound casing materials . Electrospun nanofibers are utilized in

precise and localized drug delivery systems thanks to their main advantages of large surface to volume ratios and

well-interlinked, open porous structure. Numerous attempts have been undertaken to integrate bioactive

compounds after electrospinning them, either chemically or physically, into the scaffolds. Techniques such as

blending, co-axial electrospinning, and surface modification are utilized to load drugs into nanofibers. 

4.2. Sensors and Biosensors

Significant advancements have been achieved in the manufacturing of extremely biological and chemical sensitive

sensors in response to increasing demands for high-precision reliable detections in different and evolving

applications in medicine and sophisticated manufacturing for targeted industries. Electrospun polymer nanofibers

provide a fertile source of utilization in sensing applications. An optical sensor that was developed by the

electrospinning of fluorescent polymer nanofibers showed three-time improved sensitivity magnitude as compared

to film sensors for detection of mercury ions and nitro and ferric compounds. Conductive electrospun polymer

nanofibers such as polyaniline nanowires are strong candidates for sensing applications due to their outstanding

electrical characteristics .

4.3. Air Filtration
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Various studies have suggested that electrospun nanofibers have the ability to capture such volatile organic

compounds in air. Electrospun polymer nanofiber membranes have shown faster adsorption and desorption of

volatile organic compounds compared to conventional activated carbon. The performance of filter membranes is

significantly influenced by the structural properties of electrospun fibrous membranes. Fiber diameter and

distribution, pore size distribution, surface area, basis, and density constitute the determining factors for filtering

process effectiveness. Polymer nanofibers with smaller diameter will have a more accessible surface area, which

will reduce pressure drop. Therefore, selecting an optimal electrospun nanofiber diameter is essential to

maximizing filtration performance. 

4.4. Defense Applications

Polymer nanofibers are considered as exceptional membrane materials for the defense industry in smart textiles

for the detection of biological and chemical warfare agents with high sensitivity. Their high sensitivity to biological

and chemical pollutants at concentrations of parts per billion make them attractive candidates for sensing

interfaces for warfare agents. Studies were conducted to incorporate nanoparticles into an electrospun nanofiber to

enhance their properties for effective utilization in smart textiles. In electrospinning polymers such as polyamide,

polypropylene, polyvinyl alcohol and so on, their composites are utilized.

4.5. Energy Devices

It was reported that nanofibers perform better than typical materials in devices for energy storage, harvesting, and

conversion, offering good alternative materials for use in energy devices such as lithium-ion batteries,

nanogenerators, and solar cells . Nanofibers used in solar cells have shown high photoelectric conversion

efficiency due to separation, efficient charge transmission, and high light absorption mainly due to a large specific

surface area and high porosity. The large ratio of surface area to volume in nanofibers enhances formation of the

nonwoven structure, which improves conductivity and gives rise to possible utilization of NF in batteries and fuel

cells as a separation medium. Nanofiber-based electrodes in solar cells have shown high cycling stability and

specific capacity. 
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