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Electrospun Nanofibers

Fiber diameter less than 1 
µm is mostly defined as 
nanofiber.

Human Hair

Nanofibers
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When we talk about nanofibers, we usually talk about objects with a fiber diamter of less than 1micrometer. The picture illustrates how small nanofibers are.



Advantages Of Nanofibers

High Surface Area
(1-1000 m²/g)

High Porosity
(ca. 80%)

Flexibility

Small diameters
(10 nm-200 nm)
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The advantages of nanofibers can be listed as: Small diameter…



Applications Of Nanofibers
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Presentation Notes
There are many application areas of nanofibers, we can list. There are other application areas such as cosmetics, textile, food and packaging, agriculture



Electro Hydrodynamic Atomization (EHDA)
Electrohydrodynamic atomization phenomena is used for building micro- or nanometer architectures, such as
fibers and encapsulated particles with a controllable microstructure.

Electrohydrodynamic atomization techniques:
1. Electrospraying
2. Electrospinning.

Wu, Y., & Clark, R. L. (2008). 



Electrospray/Electrospraying

The liquid flowing out of a capillary nozzle, which is maintained at high electric potential, is forced by the
electric field to be dispersed into fine droplets.

Steps of micro- and nanoparticle production via 
electrospraying.

Schematics of setup for electrospraying
(Wu Y (2014))

(Jaworek, A., & Sobczyk, A. T. (2008))
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Electrospraying is the process in which nanoparticles are produced. The liquid flowing out of the nozzle… In the first picture we see the steps of the production of nanoparticles via electrospraying. And here we see the schematics of setup for electrospraying. The process needs a syringe pump a power supply and a collector. And we see an SEM image of the electrospraying deposited nanoparticles



Electrospinning
Electrospinning is a fiber production method which uses electric
force to draw charged threads of polymer solutions or polymer
melts up to fiber diameters in the order of some hundred
nanometers.
Morota, K and others (2004)

A basic electrospinning system mainly consists of 
three parts; 

polymer feeding unit, 

high voltage power supply 

collector
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Similarly to Electrospraying, an electrospinning setup also consists of three main parts which are:… Some additional parts can be added such as climate control, it is useful in some cases as some polymers behaves better and offer a higher production rate under certain temperature and humidity levels.



Electrospinning vs Electrospraying
The difference between the electrospinning and 
electrospraying techniques lies in the chain 
entanglement density of the polymer solution.

Surface SEM images of electrospun thin films from polymer solution 
with various concentrations at 4.5 kV: (a) 5, (b) 10, (c) 20, (d) 30, (e) 
40, (f) 50, (g) 60, and (h) 70 g/L.

Morota, K and others (2004)

(URL-1 Electrospinning Cost Action MP1206)
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From randomly collected nanofibers to oriented structures / and From porous to hollow structures. The more that we increase the polymer solution concentration, the more nanofibers-like form starts appearing.



Research Interest in Nanofibers

Data is generated on SCOPUS database
Keywords: electrospinning  OR  nanofibers  OR  electrospun OR  nanofiber
Searched In: TITLE-ABSTRACT-KEYWORDS
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Here we see how the interest in Nanofibers had tremendously increased. From 33 scientific publication back in 1998, to 7573 articles published by the year of 2018.



Data was taken from ESPACENET Worldwide by Searching «nanofiber or
electrospinning» in «Title or Abstract» for 2001 to now.

Number Of Patents By Year
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The same goes for the Number of patents by year. Back in 2001 there were only 17 patents, and the number increased to more than 2000 by the year of 2018



Nanofibers in Filtration
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Presentation Notes
The major applications of nanofibers which are catogarized as biomedical applications can be listed as below;



Nanofibers applications in tissue engineering

• Bone tissue regeneration
• Cartilage tissue regeneration
• Muscle tissue regeneration
• Tendon/ligament tissue regeneration
• Nerve tissue regeneration
• Heart valve tissue regeneration
• Dental regeneration
• Skin tissue regeneration
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We can classify the tissue engineering applications of nanofibers according to the literature as follows: the Regeneration of: Bone tissue, Cartilage tissue…



Drug Delivery Applications

• Controlled release, 
• Slow delivery, 
• Targeted delivery 
are the benchmarks for designing efficient 
drug delivery carriers

Factors to be considered for designing efficient drug 
delivery systems.

Ramakrishna, S. (2017). 
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Development of new drugs is lot more expensive and time consuming compared to enhancing the safety and the efficiency of the existing therapeutic molecules. Drug delivery systems (DDS) offer an easy prospective for improving the therapeutic efficiency of the existing drugs [1]. Enhanced therapeutic efficiency of any specific drug deals with increasing the drug efficiency, specificity, tolerability, and therapeutic index. Controlled release, slow delivery, and targeted delivery are also the benchmarks for designing efficient drug delivery carriers. Therefore advanced DDS require simultaneous consideration of several factors, as summarized in this figure.



Advantages of nanofibers as drug delivery systems

For drug delivery applications,
electrospinning is the most actively
employed method for fabricating
drug-loaded nanofibers, due to;
• its high loading capacity,
• high encapsulation efficiency,
• simultaneous delivery of diverse

therapies,
• ease of operation,
• cost effectiveness
(Zamani et. al., 2013)

The main mechanism of the drug release from 
nanofibre matrices is;
• desorption from the nanofibre surface,
• diffusion through the channels and pores of 

nanofibres or matrix degradation 
• a combination of them.
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Development of new drugs is lot more expensive and time consuming compared to enhancing the safety and the efficiency of the existing therapeutic molecules. Drug delivery systems (DDS) offer an easy prospective for improving the therapeutic efficiency of the existing drugs [1]. Enhanced therapeutic efficiency of any specific drug deals with increasing the drug efficiency, specificity, tolerability, and therapeutic index. Controlled release, slow delivery, and targeted delivery are also the benchmarks for designing efficient drug delivery carriers. Thus advanced DDS require simultaneous consideration of several factors, summarized in Fig. 8.1. The overall goal of all the DDS is to deploy medications intact to specifically targeted parts of the body through a medium that can control the therapy’s administration by means of either a physiological, chemical or physical trigger. Polymeric microspheres, polymer micelles, polymeric nanoparticles, polymer hydrogels, dendrimers, etc. have been explored extensively as DDS and have shown their efficiency in enhancing drug targeting specificity, lowering systemic drug toxicity, improving the therapeutic absorption rates and providing protection for pharmaceuticals against biochemical degradation 



Nanofibers for Wound Healing Applications

Correia, I. J. (2018). 

Representation of the properties that electrospun membranes must display to be used as wound dressings.
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The Nanowebs between nanofibers have suitable pore size to assure the exchange of liquids and gases with the environment,but have dimensions that prevent bacteria from entering. Mats of electrospun nanofi bers generally show very good adhesion to moist wounds. Furthermore, the large specific surface area is very favorable for the adsorptionof liquids and the local release of drugs on the skin, making these materials ideal for wound closure. The properties that nanofibers membranes need to display to be used as wound dressers are:



Vascular Tissue Engineering

Nanofibrous tubular vascular scaffold produced
using Inovenso NS24

The use of electrospun nanofibers for arterial 
tissue engineered vascular graft fabrication is 
common and attractive because it provides;
• ease of construction, 
• biocompatibility, 
• favorable cellular interactions,
• adequate mechanical properties such as high 

durability and compliance.



Market Size of Nanofiber Based Biomedical Materials

The global nanofiber materials market for the biomedical industry was valued at $79.82 million 
in 2016 and is estimated to reach $227.45 million by 2021, growing at a CAGR of 23.3%. 
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Global Market For Biomedical Industry By Application 2016 
and 2021 ($ millions)

TYPE 2016 2021
Filters and membranes 35,12 106,26
Medical textiles and wound dressings 20,75 60,66
Tissue engineering 12,77 34,2
Drug delivery 6,39 15,57
Others 4,79 10,76

Filters and 
membranes

44%

Medical textiles 
and wound 

dressing 
26%

ue engineering
16%

Drug delivery
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2016

Filters and 
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47%
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2021

Other applications of nanofibers in the 
biomedical industry include biosensors, 
dental fixtures, and stem cell therapy
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The major application of nanofibers in the biomedical industry is the filters and membranes followed by medical textiles and wound dressings, then tissue engineering, the drug delivery. Other applications in the biomedical industry include Biosensors, dental fixtures, and stem cell therapy.



A New Approach to the Technology: Hybrid Electrospinning

Presenter
Presentation Notes
On this second part of our presentation we will talk about a new approach to this technology which is Hybrid technology. Anyone familiar with Electrospinning knows that there are two major techniques to electrospin nanofibers. Needle-based and Needle-less techniques. It is believed that the major inconvenient of needle-based electrospinning is its low production rate compared to the needle-less technology, however the needle-based technology offers more control over the process and the nanofibers procuded, unlike the needle-less technique. So to summarize, each of these two methods has its downsides. Thus there was an urgent need for the creation of a new technology Hybrid Electrospinning, which is a patented approach that was developped by Inovenso and tends to combine the two conventional methods to overcome the negative aspects of each of the two techniques.



A new Approach :  Hybrid Electrospinning Technology 

Conventional needle-based Systems Inovenso’s Hybrid Electrospinning 
Systems

Needleless Electrospinning systems

Easy to set-up Easy to set-up Complex set-up procedure

All polymers can be used, but fast 
evaporating solvents can cause 
needle clogging.

Possible to work with all kinds of 
polymer solutions. No clogging 
problem.

Not possible to work with fast 
evaporating solvents.

Low electrical power. 10 – 30 KV Relatively higher power Up to 50KV Very high electrical power. 80 – 120 
KV

Uniform jet distribution Uniform and stable jet distribution Non-controllable jet during the 
operation

Low production rate High production rate High production rate

Full control of the process Precise and full control of the 
process

Hard to control the process 
parameters

Defectless Nanofibers Defectless Nanofibers Beaded and defected structures

Uniform fiber morphology Uniform morphology Non-uniform morphology
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In this table we compare the three techniques, starting with the easiness of setting the process, needle-based and hybrid are both easy to setup compared to the complex procedure of the needleless systems. 



A new Approach :  Hybrid Electrospinning Technology 
Hybrid Electrospinning Head / Standard Syringe Nanofiber comparison

14G 14G 14G

Hybrid Nozzle Hybrid Nozzle Hybrid Nozzle
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These are some SEM images of Nanofibers membranes produced using the hybrid nozzle and a 14g needle, with working distances of 14, 20, 26cm. We can notice that there is a better morphology, homogeneous production, bead free Defectless nanofibers, 



Single Hybrid Nozzle



Multi Hybrid Nozzle





Inovenso researches, develops, designs and produces high quality
electrospinning machines and offer services related to Nanofibers-
Based products development and contract manufacturing.

Inovenso’s Founders started their researches under structure of
Nanofiber Membrane Group of Istanbul Technical University (ITU)
in 2005 and commercialized their activities under Inovenso in ITU
Technology Development Center in Istanbul, Turkey in 2010.

Inovenso US Company is established in Boston/Massachusetts in
2017 both for the US based and Canadian Customers, also for the
potential collaborations and projects with academia.
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Strengths
• More than 10 years experience on 
electrospinning technology.

• Worldwide operation from 2 official 
offices in Istanbul, Boston and 5 
distributors.

• Patent owning for the most effective 
method of electrospinning, Hybrid 
Technology.

• Over 10 succesfuly completed 
national and international projects.
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Thank you!
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