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Abstract - Nanofiber scaffolds are getting a lot of attention in
material science and biomedical engineering. This is because they have
some cool properties like a high surface area, they are porous and they
look like the natural stuff that our cells live in. Electrospinning is a way
to make these nanofiber scaffolds. It is also very flexible and not too
expensive. This method helps make fibers from polymers. The fibers
have a controlled shape and strength. This project is about making
nanofiber scaffolds using electrospinning. We want to see how they
look and how strong they are. We chose Polyvinyl Alcohol or PVA for
short as our material. PVA is good for spinning into fibers it is safe for
living things it dissolves in water. It makes uniform fibers in an eco-
friendly way. To make these scaffolds we first prepare a solution of
PVA. Then we adjust the electrospinning settings right. Finally, we
make mats of nanofibers in a controlled way. We do all this to make
sure our nanofiber scaffolds are good, for use. The goal is to make
nanofiber scaffolds with good properties. Nanofiber scaffolds have a
lot of potential in engineering. They can help our bodies heal and grow
tissues.

The nanofiber scaffolds that we made will be tested using a tool
called Scanning Electron Microscopy or SEM for short. This test will
help us see how the fibers are shaped how thick they are and what their
surface looks like. We will also do some tests like checking how much
strength it takes to break the fibers to see if they are strong and durable.
These tests will help us understand how the way we made the fibers
affects how they look and how strong they're. The goal is to make a
nanofiber scaffold that's very uniform and strong so it can be used in
many different applications, such as biomedical scaffolds, protective
layers. Our findings will help people understand more about making
nanofiber scaffolds. Will be a good starting point, for making new and
useful materials from nanofibers. The nanofiber scaffold is expected
to show improved uniformity and mechanical stability. The findings of
this work contribute to the understanding of electrospun nanofiber
fabrication. Provide a foundation for further development of functional
nanofiber-based materials.

Keywords - Nanofiber Scaffolds, Electrospinning, Polyvinyl Alcohol
(PVA), SEM Analysis, Fiber Morphology, Mechanical Properties,
Biomedical Applications
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Wound care is really important for people to recover quickly
avoid getting infections and help their tissues heal. However, the
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usual wound dressings like cotton gauze and bandages have
some problems. They do not control moisture well are not very
strong do not let air in and do not protect against germs. These
problems can make healing slower. Make patients
uncomfortable. [1,6] [3,9]

With technologies like nanotechnology and material
engineering people are paying attention to wound dressings
made from nanofibers because they are better in many ways.
Nanofibers made using a process called electrospinning have a
lot of surface area are porous and can bend easily. These features
are similar to the tissue that surrounds our cells, which makes
them great for helping wounds heal. The electrospinning process
is very flexible. Does not cost a lot, which is great for making
long nanofibers that are all the same size. By changing how the
process works, like the voltage and speed we can make
nanofibers that're stronger have the right number of pores and
last longer which fixes the problems with old bandages. [2]

Electrospinning is a highly adaptable, low-cost technique
capable of producing continuous polymeric nanofibers with
controlled diameter and uniform structure. By adjusting process
parameters such as voltage, flow rate, and collector distance, it
becomes possible to fabricate nanofibers with enhanced
mechanical strength, optimal porosity, and improved durability
directly addressing the weaknesses of traditional bandages. [3,5]

TRADITIONAL DRESSINGS MODERN ELECTROSPUN NANOFIBER DRESSINGS

Fig. 1. Comparison of traditional wound dressings and advanced electrospun
nanofiber dressings. [12]
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This project, called "Development of Wound Dressing with
Properties Using Electrospun Nanofibers " is about making new
wound dressing bandages that are better than the old ones in
terms of strength, breathability and moisture control. As students
of engineering, we are working on making a good
electrospinning setup finding the best way to make the
nanofibers and testing how strong and durable they are. Overall,
we want to help people by making a kind of wound dressing that
heals wounds better is more comfortable and is more reliable,
than what we have now.

A. Problem Statement

Traditional wound dressings do not work well. They do not
keep the amount of moisture can get contaminated with bacteria
and can irritate the skin or slow down healing. They also do not
have strength. Bandages can tear when doctors or nurses apply
them. These problems show that we need materials. These
materials should protect the wound be strong and help the wound
heal faster. Electrospun nanofiber dressings seem like a solution.
They have a porous structure and a large surface area. When we
add agents to these dressings, they can help prevent infection
and promote faster wound healing. So, we need to develop and
test nanofiber-based wound dressings. They could be an
alternative, to traditional bandages and help wounds heal more
efficiently. The goal is to improve wound healing with these
dressings.

B. Objectives

e To fabricate nanofiber mats using the electrospinning
technique from suitable polymer for wound dressing

applications.

To Enhancing the tensile strength of the dressing to
avoid tearing during application.

To evaluate the performance of the nanofiber bandage
in wound healing applications through preliminary
laboratory testing.

C. Scope

This project aims to design and fabricate nanofiber-based
wound dressings using the electrospinning technique to
overcome the drawbacks of conventional bandages. The scope
of the work includes:

e Fabrication of Nanofibers: Preparing polymer-based
nanofiber mats using an electrospinning machine with

optimized parameters.

Mechanical Strength Improvement: Enhancing the
tensile strength of the dressing to avoid tearing during
application and handling.

Performance Evaluation: Testing the fabricated
nanofiber mats for moisture management,
breathability, and basic antibacterial activity.

Application in Wound Care: Assessing the potential of
nanofiber dressings as an alternative to traditional
bandages for faster and safer wound healing
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II. METHODOLOGY

A. Electrospinning Setup

Electrospinning is a technique that can make a lot of
nanofibers. These nanofibers have structures and surfaces. You
can choose the polymer and adjust the process to make
nanofibers for different uses. They are often used in coverings,
protective layers and lightweight barriers. This method uses
electricity to pull a liquid or melted polymer into very thin fibers.
[11]

The basic setup includes:

Syringe/Capillary Needle: A polymer solution or melt
is supplied through a syringe fitted with a needle.

High Voltage Power Supply: A strong electric field is
applied between the syringe needle tip and the
collector.

Collector: Usually, a grounded foil sheet or rotating
drum that gathers the fibers.
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Fig. 2. Schematic representation of the electrospinning process setup: (a)
vertical setup and (b) horizontal setup of the electrospinning apparatus.

B. Working Principle of Electrospinning

The electrospinning process works like this; a voltage
electric field is used to make very fine polymer fibers from a
liquid solution or melt. When a polymer solution is put through
a syringe with a metal needle and a high voltage is applied
between the needle and the collector the electric field acts on the
polymer droplet at the needle tip. As the voltage gets higher the
electric field overcomes the surface tension of the droplet
causing it to stretch and form a cone-shaped structure called the
Taylor Cone. The polymer solution is what forms the Taylor
Cone. The electrospinning process uses the polymer solution to
make fibers. When the electric force gets strong enough a
charged jet of polymer solution is ejected from the tip of the
cone. This jet stretches, whips and gets thinner because of the
field and the repulsive charges within the polymer jet. The
solvent in the polymer jet evaporates as it travels from the needle
to the collector allowing the polymer to solidify into nanofibers.
The electrospinning process makes nanofibers from the polymer
solution. These nanofibers then deposit onto the collector
surface in a form. By adjusting things like voltage, flow rate and
distance uniform nanofibers with desired properties can be
made. The electrospinning process is used to make nanofibers.
The nanofibers are suitable for applications such as wound
dressing. The electrospinning process results, in porous and fine
fibers. The polymer nanofibers are very fine and porous.
[2,9,10,11]
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The electrospinning process works by converting a polymer
solution into solid nanofibers. The electrospinning process uses
forces to make the nanofibers. The polymer solution is converted
into nanofibers using electrostatic forces. The electrospinning
process makes porous and fine polymer fibers.

C. Electrospun Nanofibers in Wound Dressing

Electrospun nanofibers are really good for helping wounds
heal. They have some properties that make them useful.
Nanofiber-based dressings are different from the cotton or gauze
bandages that people use. Electrospun nanofibers are like the
natural parts of human skin which is what makes them so good,
for helping the skin heal. This is because electrospun nanofibers
give cells a place to attach and grow and they help the skin fix
itself when it is hurt.

Properties of Electrospun Nanofibers:

e Nanofiber mats have a big surface area. This is
because they are made up of things that are all
connected. This means they have a lot of space inside

them.

Nanofiber mats are also very lightweight and flexible.
They are thin. Can be bent into different shapes to fit
on different surfaces.

The fibers in the mat can be controlled to let certain
things pass through like air or water. Keep bigger
things out.

You can make nanofiber mats from different kinds of
materials like natural or synthetic polymers. By
choosing materials you can change what the nanofiber
mats are like such, as how much they like water how
flexible they are or how easily they break down. [8,9]

TABLE L. LIST OF POLYMERS AND THEIR SOLVENTS FOR
ELECTROSPINNING: [9]
LIST OF POLYMERS AND THEIR SOLVENTS FOR
{Iablj ELECTROSPINNING
e Polymer Solvent
Dimethyl formamide (DMF)
! Polystyrene (PS) and diethyl formamide
Poly (3-hydroxylbutyrate-co-
2 poly (3- hydroxyl valerate) Chloroform
3 Poly caprolactone (PCL) Dichloromethane/DMF
Poly ethylene oxide
4 (PEO)and polyethylene Water/chloroform
glycol (PEG)
Poly (methyl methacrylate)
5 (PMMA) Toluene/DMF
6 Cellulose acetate Acetone
III. POLYMER IN ELECTROSPUN WOUND DRESSING

Polymers are very important in making electrospun nanofiber
wound dressings. The type of polymer used decides how strong,
compatible, with the body, flexible and how fast it breaks down.
This in turn affects how well the wound heals. The polymers
used must be safe to touch skin able to form fibers and help cells
grow and wounds get better. [19,20]

Types of Polymers used:
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Electrospun wound dressings typically use natural, synthetic, or
hybrid polymer blends to achieve the desired properties.
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A. Natural Polymers

Natural polymers are biocompatible, biodegradable, and
often possess intrinsic biological activities like antibacterial or
healing enhancement. [19,20]

Chitosan:

[ ]

Derived from chitin, naturally antibacterial.

e  Promotes wound healing and controls infections.

Often blended with PVA or PLA to improve
spinnability.

Collagen:

Major component of natural ECM.

e  Supports cell adhesion and tissue regeneration.

Requires blending with synthetic polymers for fiber
stability.

Gelatin:

e Biocompatible and inexpensive.

e Enhances cell growth and mimics natural skin

proteins.

Often used with PCL or PLA to improve mechanical
strength.

B. Synthetic Polymers

Synthetic polymers offer better mechanical strength,

durability, and controlled degradation. [18,19]
Polyvinyl Alcohol (PVA)

e  Most commonly used polymer in electrospinning.

e  Water-soluble, and to

electrospun

biocompatible, easy

Forms strong and flexible nanofibers.
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Polycaprolactone (PCL)
e Biodegradable and mechanically strong.

e Provides ideal for chronic

wounds.

long-term stability,

e  Often blended with collagen or gelatin

Applicationto
wound site

J

Fig. 4. Pictorial representation of use of different polymer-based scaffolds for
wound healing [10]

C. Polymer Selection Criteria for Wound Dressing

When selecting a polymer for electrospun wound dressing,
the following factors are considered:

e  Biocompatibility: Must not cause irritation, toxicity, or
allergic reactions.

e Mechanical Strength: Should withstand stretching,
bending, and handling.

e Moisture Management: Ability to maintain moist
environment and absorb exudates

e Degradation Behavior: Slow or fast degradation
depending on wound type.

e Drug-Loading Capability: Polymer must allow

incorporation of antibiotics or healing agents.

e Ease of Electrospinning: Good viscosity, conductivity,
and solution stability.

Importance of Polymers in Nanofiber Wound Dressings
Polymers determine:

e Fiber diameter and morphology

e  Breathability and porosity

e  Strength and elasticity

Thus, choosing the right polymer or polymer blend is essential
to fabricate a clinically effective electrospun nanofiber wound
dressing.

Green Processing Using Water:

PVA is different from a lot of materials. We can use water to
make things with PVA. We do not need to use chemicals that
can hurt us. This is good because it means we do not send things
into the air. Using water to make things is a way to do it. It is
also good, for the earth. This way of making things is really
useful when we are making things for doctors to use on people.
[5.6]

Stabilization of PVA Nanofibers:

PVA is really good at absorbing water so we need to stabilize it.
It will dissolve in water. When we heat PVA it gets stronger.
Forms bonds that help it resist water. If we heat PVA to a
temperature between 150°C and 180°C it becomes stable. Can
withstand water without breaking down. This is what some
people have found out [12,13]. PVA needs this kind of treatment
to work well in water. Heating PVA is a way to make it more
resistant, to water.

IV. CONCLUSION & FUTURE SCOPE

The project is about creating a type of wound dressing using
very thin fibers made from a special material. This new dressing
should be better than the bandages we use. We looked at
materials and ways to make them and chose a type of polymer
called PVA. We chose PVA because it is safe to use on skin and
is strong.

This study helps us understand how to make the dressing.
We found out that using a technique called electrospinning can
help make dressings that have lots of tiny holes can manage
moisture well and are flexible. These are things for helping
wounds heal faster

This work shows that the new dressing made from fibers
could be a good replacement, for traditional dressings. We need
to do experiments to test how well it works and if it can be used
in real life.

A. Future Scope

e Incorporation of Antibacterial or Herbal Agents:
Future work can include loading the nanofibers with
silver nanoparticles, aloe vera, honey extracts, or
antibiotics to further enhance antimicrobial activity and
healing efficiency. [5,6,7]

e Drug-Loaded and Controlled Release Dressings:
Electrospun fibers can be engineered for controlled
drug delivery to accelerate tissue regeneration and
reduce infection. [10,11]

e Biocompatibility and In-Vitro Testing: Cell culture
studies can be conducted to analyze the biological
response of skin cells, ensuring safety and improved
tissue interaction. [26,27]

e  Mechanical Optimization: Modifications in polymer
ratios or crosslinking techniques may further improve
strength and flexibility. [29,30]

e Development of Smart Wound Dressings: Integration
of sensors to monitor moisture level, pH, and infection
status can be explored for advanced wound
management. [29,30]

e Scaling Up for Commercial Production: With further
optimization, the process can be scaled for
manufacturing medical-grade electrospun bandages.
(28]
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