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Repetition

• 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



Repetition

Needle electrospinning Needle-less electrospinning

Electrode - charged / grounded

Collector - charged / grounded 



Conditions affecting electrospinning

Process conditions x material conditions



Process conditions

• Spinner configuration

• Voltage

• Distance of the collector from the electrode

• Dosage of the solution

• Background material

• Temperature

• Humidity



Material conditions

• Polymer type

• Molecular weight and its distribution

• Concentration

• Solvent system

• Electric conductivity

• Viscosity

• Surface tension

• Additives



Type of polymer

• Natural polymers
• From what source?

• Synthetic polymers
• Copolymers



Type of polymer

SEM images of electrospun PVA fibers with DH of 
(a) 88%, (b) 92%, (c) 96% and (d) 99.9% (top), and 
fiber diameters of the corresponding electrospun
PVA fibers (bottom). The concentration of the PVA
solution was 8.0wt%.



Molecular weight

• Mass of an amount of substance in a sample 

• Weight average molecular weight

• Numerically average molecular weight
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Molecular weight

• A mixture of molecular weight samples:

10 000; 10 000; 10 000; 100 000

• Mn 32 500; Mw 79 230 

• Molecular weight distribution



Molecular weight

PVA (A) 9000–10,000 g/mol; (B) 13,000–23,000 g/mol; and (C) 31,000–50,000 g/mol 
(solution concentration: 25 wt.%).

• It affects fiber diameters
• It is necessary to adjust the concentration of the 

solution



Concentration

• An important property that affects the 
electrospinning process

• It affects viscosity, surface tension and electrical 
conductivity

• With a low concentration, we can create beads

• Electrospraying



Concentration

Overview of a PCL scaffold coated with electrosprayed
PLGA particles after 1 h of electrospraying (80 mg 
PLGA). (a) mCT, (b)-(d) SEM, at different 
magnifications.

Schematic mechanism of superhydrophobic
surface in PCL/MSO-PCL composite membrane



Concentration

Dependence of mean nanofiber 
diameter on concentration (c) and 
molecular weight (Mw).

• By changing the concentration, the fiber diameters 
change

Photographs showing the effect of solution concentration on the structure 
in the electrospun polymer. Molecular weight=13,000–23,000 g/mol; (a) 
21 wt.%; (b) 27 wt.%; and (c) 31 wt.%. Molecular weight=50,000–89,000 
g/mol; (d) 9 wt.%; (e) 13 wt.%; (f) 17 wt.%.



Concentration

Effects of molecular weight and polymer concentration on the PNIPAAm fiber formation and 
morphologies (scale bar 10 μm). 



Solvent system

• Polymer and solvent solubility parameters 

• Hansen solubility parameters



Solvent system

• Solubility parameters of polymer and solvent

• It affects electrical conductivity, viscosity and 
surface tension

• It therefore affects the electrospinning process and 
the morphology of the fiber layer

• Choice with respect to subsequent application



Solvent system

SEM images of PHBV/PEO electrospun fibers with 
fiber diameter distribution obtained from 10% (w/v) 
PHBV/PEO solution prepared by using different 
solvents: (A) Chloroform (B) Dichlormethane (C) 
Dichlormethane/etanol.

SEM images of PVB nanofibers



Solvent system

PLA nanofibers. The co-solvent mixture DCM/DMF 
yielded smooth structures (Fig. 3a, b) while 
DCM/acetone solvent mixture led to the formation 
of heterogeneous porous nano-features on 
nanofibers (Fig. 3c, d).

• Influencing surface 
morphology

• Possibility of creating 
porous nanofibers

• Very fast evaporation of 
the solvent

• Chloroform, acetone,…



Viscosity

• Characterizes the internal friction of the fluid

• Dynamic viscosity

• Kinematic viscosity

• It affects:
• Molecular weight
• Concentration
• Solvent system
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Viscosity

Dependence of shear viscosity (log(η)) on 
concentration (c) and molecular weight (Mw) 
in semi-log coordinates.

Shear viscosity of PVB solutions



Viscosity



Viscosity



Electric conductivity

• The ability of a substance to conduct 
electric current

• It affects:
• Solvent system

• Concentration

• Additives

𝜎 [𝑆/𝑚]



Electric conductivity

SEM images of PAA nanofibers with different NaCl 
concentrations

Solution conductivity effects on the diameter of 
electrospun P(LLA-CL) (70/30 wt%) fibers



Surface tension

• The consequence of the interaction of the forces of 
the molecules or atoms that make up the surface 
layer

• The liquid tries to occupy the smallest possible area

• Affected by:
• Solvent system

• Concentration

• Additives
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Surface tension

Surface tension and viscosity as functions of mass ratio of ethanol/DMF. 



Surface tension

Effect of surface tension on the surface morphology of nanofibers



Additives

• They affect the surface tension, viscosity, electrical 
conductivity of the polymer solution 

• All substances that are added to the solution

Parameters of the prepared PCL solutions with HA: (A) viscosity and (B) conductivity of 
the solutions.



Additives

SEM images of PDLA membranes fabricated by electrospinning of a 30 wt% solution at voltage 
of 20 kV, feeding rate of 20 μl/min and with 1 wt% of (A) KH2PO4; (B) NaH2PO4 and (C) NaCl.



Summary

• The properties of the solution affect the 
electrospinning process

• For optimal spinning it is necessary:
• Find a match between the molecular weight and the 

concentration of the polymer in the solution

• Choose a suitable solvent system

• Ensure optimal conductivity and surface tension for the 
given polymer and solvent system



Thank you for your attention!



TEST

• What material conditions affect the spinning 
process?

• How does molecular weight affect the 
concentration of a polymer solution?

• How does the concentration of the polymer 
solution affect the diameter of the fibers?


