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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™)

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

e Centrifugal spinning
* Bicomponent fibers

* Drawing

* Synthesis template
* Phase separation
 Self-assembly

* Freezing




Electrospinning



History of electrospinning

In 1600, William In 1747, Abbé Nollet  In 1902, John Cooley From 1964 to 1969,

Gibert put forward  conducted the earliest and William Morton Geoffrey Taylor

the concept of electrospraying designed a prototype reported the formation

“electrospinning”. experiment. electrospinning device.  of “Taylor cone”.

L L

In 1700, Stephen Gray In 1882, Lord From 1933 to 1934, In 1990, Darrell Reneker and
found the electrodynamic Rayleigh calculated  Anton Formhals further Greg:ury Rutledge iu.rther
atomization of water the critical charge on  improved the designof  studied and popularized

droplets. the droplet surface. electrospinning device.  electrospinning technology.



No. 705,691 Patented fuly 29, 1902,
W. 4. MORTON.

METHOD OF DISPERSING FLULDS.

(Applicsticn Aled Fel. 20, 1800,

{No Model.»
o— O
2
i S {
N4
%
2 . -
@—/Qﬁo |
Witnesses: Inventor

Grocetsimg i



TO VOLTMETER

Joh nZe le ny,

AND STATIC MACHINE  Joh

_m\ i
M§§ T

70 EARTH. THR

\\\\ \a‘\\\\\\m\\\\\\\\\\\\
pre)

\
A

N

>

b A
Y |
“ s ,
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ T

i

27

= ,,T

:Z.;;._;;___E_EEE‘_E:

=  TELEPHONE AND




Anton Formhals, thread receiving device
1932

— High voltage

> 7~ _spinning wheel
—

—g | c — vessel with solution

m f — metal ring

g — serrated wheel

T

b h+| — washing device

m+k — stretching device




Jirsak, O. Sanetrnik, F. Lukas, D. Kotek, V. Martinova,
L. Chaloupek, J. (2005) W02005024101 A Method of
Nanofibres Production from

A Polymer Solution Using Electrostatic Spinning and A
Device for Carrying out Thé Method.
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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
* |t does not change its polarity over time
* Positive / negative Volage

e From solutions or melts I

- Direct Current - Alternating Current



Types of electrospinning

Needle electrospinning
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Needle electrospinning




Needle electrospinning

* Any configuration

Collector

| High voltag | =

" couen L P

e Electrode

* Charged - positive / negative scan

* Grounded S / Fisstecd
e Collector " (LF) N

* Charged - positive / negative L ~ g

* Grounded Soluion

-y Collector

Syringe
pump




Convective flow

Aﬁ}}

Zone of transition between
liquid and solid

Ohmic flow

Taylor cone

Spinning tip

|

+or-kV

Geometry of cone is governed
by the ratio of surface tension
to electrostatic repulsion

Target

SLOW ACCELERATION RAPID ACCELERATION

Capillary force F. = 2nrycos@

Electric force F, = f(l/ZsEz)ds









Critical voltage

* \Voltage at which electrostatic spinning occurs

» Affected by:

e The diameter of the needle
e Distance of the electrode from the collector
e Surface tension

2h
V? = 4In <?> (1,37yR)(0,09)



ix

-

|

|

_%

(a)

Needle electrospinning
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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

Charged
Solution

Air " Air

/ W
/ N

(L

<

e
T

To collector

Rotating arm

Airinput > s Solution

Ring dispenser



Coaxial electroblowing

air-blowing
coaxial nozzle ' %




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?



