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Repetition

Nanomaterial - a material with one, two or three 
external dimensions at the nanoscale

Nanoscale - length range from approximately 1 to 
100 nm (1nm = 1m-9)

Nanofibers – up to 1000 nm

• High porosity

• Small pore diameter

• Large specific surface



Repetition

• From natural materials
• Proteins: collagen, gelatin, elastin

• Polysaccharides: hyaluronic acid, cellulose, chitosan,…

• From synthetic materials
• Polyamides, polyesters, polyurethanes, polyvinyls,…

• From homopolymers, copolymers

• From blends

• From solutions or melts



Repetition

• Electrostatic spinning
• Meltblown
• Centrifugal spinning
• Bicomponent fibers

• Drawing
• Synthesis template
• Phase separation
• Self-assembly
• Freezing



Electrospinning



History of electrospinning





John Zeleny, 1914



c – vessel with solution

f – metal ring

g – serrated wheel

h+l – washing device

m+k – stretching device

High voltage

spinning wheel

thread receiving deviceAnton Formhals, 
1932



Jirsák, O. Sanetrník, F. Lukáš, D. Kotek, V. Martinová, 
L. Chaloupek, J. (2005) WO2005024101 A Method of 
Nanofibres Production from 
A Polymer Solution Using Electrostatic Spinning and A 
Device for Carrying out The Method.



Electrospinning

• The process of fiber formation by the effect of an 
electric field

• Described as tugging between electrical and 
capillary forces

• High voltage DC power supply
• It does not change its polarity over time

• Positive / negative

• From solutions or melts



Types of electrospinning

Needle electrospinning

Needle-less electrospinning



Needle electrospinning



Needle electrospinning

• Any configuration

• Electrode
• Charged - positive / negative

• Grounded

• Collector
• Charged - positive / negative

• Grounded



𝐹𝑐 = 𝐹𝑒

𝐹𝑐 = 2𝜋𝑟𝛾𝑐𝑜𝑠𝜃

𝐹𝑒 = න 1/2𝜀𝐸2 𝑑𝑠

Capillary force

Electric force







Critical voltage

• Voltage at which electrostatic spinning occurs

• Affected by:
• The diameter of the needle

• Distance of the electrode from the collector

• Surface tension

𝑉𝑐
2 = 4ln

2ℎ

𝑅
1,3𝜋𝛾𝑅 (0,09)



Needle electrospinning



Industrial line



Coaxial electrospinning

• Creation of bicomponent fibers - core / sheath

• Possibility of creating hollow fibers

• Drug encapsulation

• Electrospun materials must not collide with each 
other



Coaxial electrospinning



Coaxial electrospinning



Needle coaxial electrospinning



Electroblowing

• It uses a compressed air stream

• Possibility to use hot air

• Facilitate nozzle creation

• Increase productivity

• Routing of deposited fibers

• For melts - cooling, drawing of fibers



Electroblowing - types



Coaxial electroblowing



Thank you for your attention!



TEST

• What are the methods of electrostatic spinning?

• What affects the critical voltage in needle spinning?

• What materials can be formed by coaxial spinning?


