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ABSTRACT 

Molecular weight of polymers dissolved in a solvent substantially influences a range of 
concentrations suitable for obtaining smooth electrospun nanofibres. A change in molecular 
weight also results in a change of viscosity of the corresponding initial polymer solution, and 
consequently in a thickness (diameter) of the resulting nanofibres. Fixing the entry parameters 
of an electrospinning process such as temperature, humidity, voltage and a tip-to-collector 
distance, relatively simple algebraic expressions relating molecular weight, concentration, 
viscosity and nanofibre diameters are presented. 
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INTRODUCTION 

Process of electrospinning (Reneker and Yarin, 2008) is one of the possibilities how to produce 
nanofibrous mats with relatively cheap costs. The most expensive part of the whole device is 
represented by a high voltage power supply (in our case Spellman SL70PN150, USA) by means 
of which an applied voltage initiates so called Taylor cones (Taylor, 1969) at surface of the 
used polymer solution. This causes an origin of viscoelastic jets moving first straightforward 
and then in a spiral mode finally impacting on a collector. At this moment, a solvent should be 
completely evaporated. Incomplete evaporation causes an appearance of blobs in the resulting 
mats. On the contrary, too fast evaporation of solvent transforms a process of electrospinning 
to electrospraying. A rate of evaporation is not by far the only parameter influencing quality (or 
even existence) of nanofibrous mats. Basically, we can classify the significant entry parameters 
into four groups: the polymer (molecular weight, molecular weight distribution, topology of 
macromolecules), solvent (surface tension, solubility parameters, relative permittivity), 
solution (viscosity, concentration, specific conductivity), and process parameters (electric field 
strength, tip-to-collector distance, temperature, humidity). To study an influence of the 
individual parameters is not trivial, as a change of arbitrary parameter evokes changes of some 
other parameters. As an example, it is possible to mention interlacing of molecular weight 
distribution, concentration, and viscosity. In consequence, this interplay is reflected in 
morphology of the nanofibres. 

The aim of this contribution is to relate the above mentioned entry parameters, specifically 
molecular weight Mw, concentration c, and viscosity η, with a characteristic dimension of a 
single nanofibre - a diameter dia. Its determination is not so easy as practically the nanofibres 
do not exhibit an exact axis of symmetry, but statistically this characteristic can be determined 
from a large number of measurements (in our case 300) using a scanning electron microscope 
(Vega 3, Tescan, Czech Republic). 
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RESULTS AND CONCLUSIONS 

Poly(vinylbutyral) (PVB, Kuraray, Japan) of four molecular weights (30, 45, 60, and 75 kg/mol) 
was dissolved in ethanol. PVB solutions were prepared using a magnetic stirrer (Heidolph MR 
Hei-Tec, Germany) under constant conditions (mixing rate 250 rpm and temperature 25 °C). 
Measurements of shear viscosity were carried out using a Physica MCR 501 rheometer (Anton 
Paar, Austria) equipped with concentric cylinders (26.6/28.9 mm - inner/outer diameters). For 
correctness each measurement was repeated at least three times at constant temperature 25 °C. 
The electrospinning process was carried out using a custom-built needle-less device under fixed 
voltage (20 kV), the tip-to-collector distance (10 cm) and under ambient conditions 
(temperature 21±1°C, relative humidity 40±1%).  

Analysing the experimental data, two following relations are proposed 

 log(η) = -3.88 + (0.64 + 0.005 x (Mw/23)3.8) x c0.566  , (1) 

 log(dia) = 1.63 + 0.00003 x (Mw - 48)3 + 0.82 x (log c)2.84 , (2) 

the mean deviations in Figure 1 and Figure 2 attain 6 % and 2 %, respectively. 

  
Fig. 1 - Graphical interpretation of rel. (1) Fig. 2 - Graphical interpretation of rel. (2) 

The introduced relations indicate which molecular weight of PVB to choose and in which 
concentration with ethanol if we want to obtain nanofibrous mats with pre-defined mean 
nanofibre diameter. There is also presented the mutual relation between molecular weight, 
concentration and resulting viscosity. 
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