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Abstract
In this paper, the possibility of obtaining micro- and nanofibres, as well as nonwoven ma-
terials from polyether-urethane solutions using the method of electrospinning, was studied. 
The conditions and formulation-technological factors for the production of nonwoven fibrous 
webs from polyetherurethane (PUR) solutions modified with hydrophilic polymers: polyvinyl 
alcohol (PVA) and polyacrylic acid (PAA) were studied. The effect of hydrophilic polymers on 
the structure and average fibre diameter is shown. An increase in the indicators of hygienic 
properties of modified nonwoven materials was revealed with the aim of their further use in 
membrane bags for clothes and shoes.

Key words: fibres electrospinning, polyurethane, polymer solutions processing, solutions 
modification, membrane materials.

Elena S. Bokova1, 
Grigory M. Kovalenko1,*, 

Maria Pawlova2, 
Ivan A. Kapustin1, 

Nataliya V. Evsyukova1,
Leonid Ivanov3

1 A.N. Kosygin State University of Russia,  
Faculty of Chemical Technology  

and Industrial Ecology,  
Department of Polymeric Film Materials  

and Synthetic Leather, 
Mascow, Russia,

* e-mail: gregoryi84@mail.ru
2 Kazimierz Pulaski University of Technology  

and Humanities in Radom (Poland),
Radom, Poland

3 Russian Academy of Engineering  
Mascow, Russia

electrospinning of fibrous materials 
(ESF), which allows to process solu-
tions of a number of polymers in a large 
range of solvents and to greatly change 
the technological parameters, and it also 
provides flexibility and simplicity of in-
strumentation [3, 4].

The technology of electrospinning was 
used in paper [5] to obtain nanofibrous 
substrates based on hydrophobic poly 
ε-caprolactone (PCL), hydrophilic poly-
ethylene glycol (PEG) and amphiphilic 
linear polyetherurethane (PUR). In order 
to improve the biocompatibility of nanofi-
bres, a thin amine layer was deposited on 
the nanofibre grids prepared using plas-
ma polymerisation of cyclopropylamine 
in a radio frequency capacitively coupled 
discharge. The presence of amino groups 
on the surface of the substrate nanofi-
bres should contribute to an increase in 
cell adhesion and proliferation. Infrared 
spectroscopy confirmed the successful 
transplantation of chitosan to the surface 
of PUR. Such processing of PUR nano-
fibres can open up possibilities of using 
the material combining the antibacterial 
properties of chitosan and the excellent 
stiffness of PUR for wound-healing.

New antibacterial, anti-electrostatic and 
hydrophilic nanofibres based on a mix-
ture containing thermoplastic polyure-
thane (TPU) and ionic liquid (IL), hex-
afluorophosphate 1-butyl-3-methylimida-
zolium [BMIM] [PF6], were obtained by 
the authors of paper [6] using the method 
of electrospinning. The paper studied the 
effect of IL on the morphology and phys-

	 Introduction
The technology of polymer processing 
through solutions by phase separation 
in a non-solvent medium is one of the 
main methods used for the production of 
fibrous-porous materials and coatings of 
various purpose, structure and properties, 
such as separation membranes, catalyst 
carriers, highly effective sorbents, pol-
ishing materials, and synthetic leather of 
various application, including shoe and 
clothes leather.

The macro- and microstructure of multi-
layer composite materials largely depend 
on the nature of film formation of the pol-
ymer in each of its constituent elements. 
In this regard, knowledge of the basic 
patterns of structure formation of poly-
mer systems and the ability to control the 
type of structures formed are of particular 
importance and allow to create materials 
with a predetermined structure and prop-
erties in a lot of ways. [1, 2]. 

One of the technologies for the imple-
mentation of the above approach is the 

ical properties of TPU nanofibres. Defec-
tive nanofibres with a bead-on-a-filament 
morphology were obtained by the electro-
spinning of a pure TPU solution, whereas 
the addition of 1 wt.% of IL to the spin-
ning solution significantly suppressed the 
formation of defects during electrospin-
ning, and homogeneous nanofibres were 
obtained. In addition, the inclusion of IL 
leads to an increase in the hydrophilic 
nature of TPU/IL composite fibres com-
pared with hydrophobic TPU nanofibres.

The purpose of this paper is to identify 
the possibility of using polyether-ure-
thane solutions modified with hydro-
philic polymers for processing by the 
electrospinning method, as well as to 
study the influence of the composition of 
a forming solution on the structure and 
properties of fibrous materials.

	 Experimental
Materials
As objects of study, polyether urethane 
(PUR) of the Vitur TM-1413-85 brand 
(NVP VLADIPUR LLC, Vladimir, Rus-
sia) was used, obtained from the inter-
action of 4,4′-diphenylmethane-diisocy-
anate and polyethylene butylene glycol 
adipate with an NCO׃OH ratio of 1:1, 
and average molecular weight of 40 kDa. 
To prepare the forming compositions, 
15% solutions of polyether-urethane in 
N, N – dimethyl formamide (DMF) were 
used. Hydrophilic polymers were used as 
modifiers of PEU solutions: polyacrylic 
acid (PAA) with a molecular weight of 
2·105 (Russia), polyvinyl alcohol (PVA) 
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with a molecular weight of 8,4∙104 , con-
taining acetate groups – about 10% «Cel- 
vol» (USA). 

Methods
The dynamic viscosity of the spinning 
solution was determined by a viscometer 
– Brookfield DV-II-Pro (USA), and the 
specific volumetric electrical conductiv-
ity by using a conductivity meter – Ex-
pert-002 (Russian Federation). Studies of 
the structure of fibre-bonded and individ-
ual fibres were carried out on a scanning 
electron microscope – Hitachi TM 1000 
(USA). The water vapour permeability of 
nonwovens was determined by means of 
a C330H Water Vapor Transmission Rate 
Test System (China). The water vapour 
sorption, hygroscopic properties, and 
moisture yielding capacity of nonwoven 
materials were determined by a DVS 
Adventure AZO Materials device (UK). 
Nonwovens were obtained by the elec-
trospinning of fibres from PEU solutions 
using Nanospider ™ technology. 

	 Results and discussion
It is known [7] that the modification of 
polyether urethane solutions with com-
positions based on hydrophilic polymers, 
in particular collagen hydrolysate, makes 
it possible to obtain film structures with 
controlled heteroporosity and high hy-
gienic properties. 

As previously noted in paper [8], the pos-
sibility of obtaining fibres and nonwoven 

Table 1. Electrospinning process parameters of composition PUR: (PAA:PVA(1:1)) = 3:1. 
Note: η* – dynamic viscosity, ᴂ* – electrical conductivity, U* – voltage, Q* – volume flow.

Characteristics  
of solution 

Electrospinning process 
parameters 

Characteristics  
of electrospinning 

process

Average diameter 
of fibres,  

nm

η*, Па·с ᴂ*, Sm/m U*, kV Q*, sm³/sec
Steady spinning 100-250

0.61 0.22 38-44 3.5·10-4

Table 2. Indicators of hygienic properties of a nonwoven material obtained from compositions 
based on PUR and hydrophilic polymers at Т = 25 ± 2 °С.

Indicator
Property values of nonwoven material

PUR PUR:(PAA:PVA)

Hygroscopicity,% 0.93 ± 0.001 5.65 ± 0.001

Water yielding capacity,% 0.93 ± 0.001 1.05 ± 0.001

Water vapour permeability, mg/(sm2 · h) 2.5 ± 0.001 2.43 ± 0.001

Sorptive capacity, g/g 0.035 ± 0.001 0.175 ± 0.001
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In this paper we studied mixed compositions based on PUR solutions with the 

addition of various amounts of PAA and PVA and their mixtures. To find the ratio of 

components that is optimal for electrospinning, the method of phase diagram analysis 

was used. 

When constructing phase diagrams (fig. 1-3), it was proven that PUR is 

limitedly compatible with both PVA and PAA, as well as with their mixed composition. 

Fig. 1. Phase diagram PUR:PAA:DMF. Composition of mixture: A – 1% PAA, 

84% DMF, 15% PUR; B – 7,5 % PAA, 90 % DMF, 2,5 % PUR; C – 5% PAA, 

90% DMF, 5% PUR; D – 2,5% PAA, 90% DMF, 7,5% PUR; E – 15% PAA, 70% 

DMF, 15% PUR; F – 25% PAA, 60% DMF, 15% PUR. Т= 25±20С

Figure 1. Phase diagram PUR:PAA:DMF. Composition of mixture: 
A – 1% PAA, 84% DMF, 15% PUR; B – 7.5 % PAA, 90% DMF, 2.5% 
PUR; C – 5% PAA, 90% DMF, 5% PUR; D – 2.5% PAA, 90% DMF, 
7.5% PUR; E – 15% PAA, 70% DMF, 15% PUR; F – 25% PAA, 60% 
DMF, 15% PUR. Т = 25 ± 2 °С.

Figure 2. Phase diagram PUR:PVA:DMF. Composition of mixture: 
A – 5% PVA, 94% DMF, 1% PUR; B – 10% PVA, 89% DMF, 1% 
PUR; C – 7.5% PVA, 90% DMF, 2.5% PUR; D – 5% PVA, 90% 
DMF, 5% PUR; E – 2.5% PVA, 90% DMF, 7.5% PUR; F – 11.25% 
PVA, 85% DMF, 3.75% PUR. Т = 25 ± 2 °С.
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Fig. 3. Phase diagram PUR:(PAA+PVA):DMF. Ratio PAA:PVA=1:1. Composition 

of mixture: A – 13% (PAA:PVA), 85% DMF, 2.5% PUR; B – 15,5 % (PAA:PVA), 

79 % DMF, 5,5 % PUR; C – 7,5% PVA, 85% DMF, 7,5% PUR; D – 7,5%

(PAA:PVA), 90% DMF, 2,5% PUR; E – 5,5% (PAA:PVA), 92% DMF, 2,5%

PUR; F – 2,5% (PAA:PVA), 95% DMF, 2,5% PUR. Т= 25±20С

Based on the analysis of phase diagrams, for the production of nonwoven 

materials by the electrospinning method, the systems with the ratio: PUR: (PVA: PAA 

(1: 1)) = 3: 1 were chosen.

Fibres were obtained at an ambient temperature of 22 °C and humidity of 65%, 

and the distance from the surface of the moulding solution to the support was 13 cm 

(table. 1). 

Figure 3. Phase 
diagram PUR:(PA-
A+PVA):DMF. Ra-
tio PAA:PVA = 1:1. 
Compos i t ion  o f 
mixture: A – 13% 
(PAA:PVA), 85% 
DMF, 2.5% PUR; B 
– 15.5% (PAA:PVA), 
79% DMF, 5.5% 
PUR; C – 7.5% 
PVA, 85% DMF, 
7.5% PUR; D – 
7.5% (PAA:PVA), 
90% DMF, 2.5% 
PUR; E – 5.5% (PA-
A:PVA), 92% DMF, 
2.5% PUR; F – 2.5% 
(PAA:PVA), 95% 
DMF, 2.5% PUR. Т 
= 25 ± 20 °С.
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materials from PUR solutions of the Vi-
tur TM-1413-85 brand was established. 
It was discovered that non-woven cloths 
with an average diameter of fibres from 
200 to 600 nm with a minimum number 
of defects could be obtained from a 15% 
forming solution.

The task of the present study was to ob-
tain nonwoven materials by the electro-
spinning of compositions based on pol-
yether-urethane solutions modified with 
hydrophilic polymers to make elements 
of membrane modules in clothing.

In this paper we studied mixed compo-
sitions based on PUR solutions with the 
addition of various amounts of PAA and 
PVA and their mixtures. To find the ratio 
of components that is optimal for electro-
spinning, the method of phase diagram 
analysis was used.

When constructing phase diagrams (Fig-
ure 1-3), it was proven that PUR is limit-
edly compatible with both PVA and PAA, 
as well as with their mixed composition.

Based on the analysis of phase diagrams, 
for the production of nonwoven materi-
als by the electrospinning method, the 
systems with the ratio: PUR: (PVA:PAA 
(1:1)) = 3:1 were chosen.

Fibres were obtained at an ambient tem-
perature of 22 °C and humidity of 65%, 
and the distance from the surface of the 
moulding solution to the support was 
13 cm (Table 1).

Figure 4 shows a micrograph of nonwo-
ven materials obtained from pure (Fig-
ure 4.a) and modified (Figure 4.b) PUR 
solutions.

It is obvious that when a PUR solution 
is modified with hydrophilic fillers, the 
average fibre diameter sharply decreases 
and the fibre diameter distribution interval 
increases, which confirms the data in [6].

Figure 5 shows the results of determin-
ing the kinetics of water vapour sorption 
by nonwoven materials (Figure 5), and 
Table 2 – the main indicators of hygienic 
properties.

	 Conclusions
In summary, it was shown that the transi-
tion of solutions into a metastable state, 
as in the case of using a hard non-solvent 
– water [8] and that of partially compat-

ible solutions of hydrophilic polymers, 
leads to a change in the structural charac-
teristics and properties of the fibres (po-
rosity, fibre diameter, hydrophilic proper-
ty). It is proven that in the modification 
of hydrophilic polymers, PUR solution 
increases the indicators’ hygienic prop-
erties. Such a structure of the material 
predetermines the use of nonwovens 
as components of membrane stacks for 
clothing and footwear.

References
 1.	 Kesting RE. Synthetic polymeric mem�-

branes. Moscow: Khimiya, 1991; 336.
 2.	 Rabek J. Experimental Methods in Poly-

mer Chemistry: in 2 parts. Transl. from 
eng. Moscow: Mir, 1983, 384.

 3.	 Filatov YN. Electrospinning of Fibrous 
Materials (ESF-Process). Moscow: Neft 
i gaz, 1997; 297.

 4.	 Andrady AL. Science and Technology of 
Polymer Nanofibers. USA: John Wiley & 
Sons, Inc.: 2008, 403.

 5.	 Kedroňová E, Kupka V, Manakhov A, 
Stoica A, Vojtová L, Zajícková L. Elec-
trospun Biodegradable PCL, PEG and 

Figure 4. Micrographs of fibres obtained by the NanospiderTM method from forming 
solutions: a) solution PUR in DMF and b) solution PUR:(PAA:PVA (1:1)) = 3:1. Increased 
to a scale of 9000.

8 

 

 

 

 

Table 1. Electrospinning process parameters of  composition PUR: 

(PAA:PVA(1:1))=3:1 

Characteristics of  
solution  

Electrospinning 
process 

parameters  

Characteristics of 
electrospinning 

process 

Average 
diameter 
of fibres, 

nm 

η*, Па·с ᴂ*, Sm/m U*, kV Q*, 
sm³/sec Steady spinning 100-250 

0,61 0,22 38-44 3,5·10-4 

* η – dynamic viscosity, ᴂ - electrical conductivity, U – voltage, Q – volume flow. 

 

Figure 4 shows a micrograph of nonwoven materials obtained from pure (fig. 4 

a) and modified (fig. 4 b) PUR solutions. 

 
 

(а)         (b)  

PCL/PEG Polyurethane Nanofibers 
Coated by Amine-Rich Plasma Poly-
mers. 8th International Conference on 
Nanomaterials – Research and Appli-
cation, NANOCON 2016, Brno, Czech 
Republic, 19-21 October 20, paper no 
126915, 490-496.

 6.	 Xing C, Guan J, Chen Z, Zhu Y, Zhang 
B, Li Y, Li J. Novel Multifunctional Nano-
fibers Based on Thermoplastic Polyure-
thane and Ionic Liquid: Towards Antibac-
terial, Anti-Electrostatic and Hydrophilic 
Nonwovens by Electrospinning. Nano-
technology 2015; 26, 10: 402-405.

 7.	 Grondkovsky М. Modification of Poly-
urethane Systems with Collagen Hy-
drolysates to Create Synthetic Leather 
with Improved Hygienic Properties. PhD 
Thesis abstract in technical sciences, 
MSUDT, Moscow, 1990; 23.

 8.	 Bokova ES, Kovalenko GM, Pawlowa 
M, Bokova KS, Evsyukova NV. Modi-
fication of Polyurethane Solutions by 
Means of a Hard Depositor for Fiber 
Production by the Electrospinning Meth-
od. FIBRES & TEXTILES in Eastern 
Europe 2018; 26, 6(132): 63-67. DOI: 
10.5604/01.3001.0012.5175.

	 Received 29.07.2019 Reviewed 17.01.2020

8 

 

 

 

 

Table 1. Electrospinning process parameters of  composition PUR: 

(PAA:PVA(1:1))=3:1 

Characteristics of  
solution  

Electrospinning 
process 

parameters  

Characteristics of 
electrospinning 

process 

Average 
diameter 
of fibres, 

nm 

η*, Па·с ᴂ*, Sm/m U*, kV Q*, 
sm³/sec Steady spinning 100-250 

0,61 0,22 38-44 3,5·10-4 

* η – dynamic viscosity, ᴂ - electrical conductivity, U – voltage, Q – volume flow. 

 

Figure 4 shows a micrograph of nonwoven materials obtained from pure (fig. 4 

a) and modified (fig. 4 b) PUR solutions. 

 
 

(а)         (b)  

Figure 5. Kinetics of water vapour sorption by a sample of nonwoven material obtained 
from a composition based on PUR, PAA and PVA at the ratio of components PUR:(PAA:PVA 
(1:1)) = 3:1 at a different relative humidity: 1 – 9.7%, 2 – 35.4%, 3 – 46.5%, kr. 4 – 58.6%, 
5 – 88%, 6 – 100%.
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