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PRODUCING OF NONWOVEN

Ishchenko 0.,

Flavan ¥, MATERIALS BY ELECTROSPINNING
Liashok | THE BIOCOMPATIBLE POLYMERS WITH

CHITOSAN ADDITION

O6’ckmom docaiorcenis € 6i0CYMiCHi KOMNOIUYITIHI HAHOBOIOKHUCTNE HOMKAHL MAMEPIaU 3 AHIMUCENIMUYHUMU
BILACMUBOCAMU, OMPUMAIT MeMOOOM eneKmpopopmysaniis. Q0HuM 3 HAUOLILW NPOOIEMIUX MICUb € CTMBOPEHIS
HemKan020 GiocyMiciozo KOMROIUYILHO20 Mamepiany 3 6AKMePUUUOHUMU IACMUBOCTAMU, W0 PaHiule He nepe-
POORABCS 6 BOIOKHA CNOCOGOM eLeKMPOPOPMYBAILs. uepes GUCOKL enepzemuuiii i Pinancosi Gumpamu.

B x00i docrioxcenis SUKOPUCMOBYEANUCS KOMNO3UYLL OIOCYMICHUX NOLIMePIe: Ximo3any, noiisiniiayema-
my (IIBA) ma noxisininosozo cnupmy (IIBC). 3anpononosano 0is ompumanis HemKanux noJiMepHux Mamepiaiie
MeMOO enexmpopopmyeans Ha 1a6OPAmMopPHiil ycmanosyi KaniiapHozo muny, 3 N00AUEI POSUUNY <3HUIY-B20PY ».

Ompumano 6i0CYMiCHI KOMNOZUYTIIHI HEMKANI MAMEPIa 3 aHmucenmudnumu eaacmueocmsmu. Lle nosssamno
3 MuM, MO 3aNPONOHOBAHUL MemOO eLeKMPOPOPMYBAHHS. D0360LE OMPUMAMU HEMKAHT MAMEPIaNU 3 NeGHU-
MU POSMIPHUMU XAPAKMEPUCTIUKAMU 80JOKOH NPU 66€0eHH] 8 KOMNOSUUIIO POSUUHY XIMO3AHY 8 MOLOUHI KUC-
aomi. 3oxpema, ons xomnosuuii na ocnosi IIBA uacmxa eonoxon 3 diamempom 0,5—-0,62 mxm 3pocia na 9 %,
a onst komnosuuyiii 3 [IBC — smenwunacs na 21 %. Bcmanoeieno onmumaivny Hanpyey eiexkmpuunozo nois 30 kB ma
giocmans mixe enexkmpooamu 9—11 cm st ompumanus 8010x0w i3 6iocymicrozo IIBC ma IIBA 3 dodasannsm ximo3any.

B pesyavmami docnioacens mopponoziunux 0cobausocmeri OmpuManux 60J10K0H Memooom Onmuunoi nospu-
sauitinoi Mikpockonii 006edeno, wo npu UHAUCHUX NAPAMEMPAX eLKMPODOPMYEAHI OMPUMYIOMBCL BOJOKHA
3 diamempom 6i0 0,5 do 1,6 mxm. B pesyivmami 6usHAUEHHs CIMAMUCTMUYHOZO PO3NOOINY NOJIMEPHUX BOJOKOH
Y HemKanoMmy mamepiaii 3a diamempom ecmanosieno, wo 69—94 % eonoxon maromo diamemp 0,5—0,72 mxm.

Jacmurna 60J10KOH, OMPUMAHUX HA LAOOPAMOPHITL YYCMAHOBUI KANILAPHOZ0 ACKMPODOPMYBarisl, 6i0noeioaromo
obaacmi Hanopo3mipis, w0 GIOKPUBAE NEPCNEKMUBU OMPUMAHHA OGIOCYMICHUX HAHOBOIOKOH 3 AHMUCENMUUHUMU MA
pynzivuonumu eracmusocmamu. Tomy eupoOHuUymMeo noximepnux 6i0CYMICHUX HeMKAHUX MAMEPIALi6 Memooom
eNeKMPOPOPMYBAHHA MONUCHA BUKOPUCTAMU NPU CMBOPEHHT MEPANEEMUUHUX CUCTEM.

Kmouosi cnosa: vemoo erexmpodopmysaniis, 6i0CYMICHI 6OLOKNHA, HEMKAHI MAMEPIALU, NOAIMEDIL 60IOKHA.

complexes with drugs and to increase the efficiency of
treatment of infected wounds [4, 5]. Fig. 1 shows a sche-
matic diagram of a capillary type laboratory device for
performing electrospinning processes.

1. Introduciton

Electrospinning of composite nonwoven materials is
a progressive technology that allows to process solutions
and melts of various polymers, allows for a wide variation
of technological parameters of production, and also favo-
rably differs by the flexibility and simplicity of instrumen-
tation [1, 2]. Promising is the use of the electrospinning
method for the production of materials for sanitary and
hygienic, biomedical purposes and consumer goods [3]. In
this regard, it is relevant to study the laws governing the
production of nanofibers from various polymers and their o
. . .. solution of polymer
mixtures by the electrospinning method and determining 2
the areas of their application.

2. The ohject of research

and its technological audit

The object of research is biocompatible composite non-
woven nanofiber materials with antiseptic properties, ob-
tained by the electrospinning method.

Using the electrospinning method, nonwoven mate-
rials can be obtained for therapeutic systems with a large
specific surface and air permeability.

And the addition of chitosan to the polymer composi-
tion for electrospinning will make it possible to obtain

Fig. 1. Diagram of a capillary device for electrospinning processes

The advantage of fibrous materials obtained by elec-
trospinning technology, lies in the narrow distribution of
fibers in diameter. This ensures the production of products
with predictable properties.

In contrast to all other methods of obtaining nano-
and submicro-fibers, electrospinning is the most productive
process, which has the potential on an industrial scale both

.
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in capillary and in non-capillary technology [6]. Although
the theoretical rationale for these promising technologies
is not enough.

It is of interest to study the possibility of using elec-
trospinning for processing biocompatible polymers with
the addition of bactericidal and fungicidal preparations.
They were not processed by this method into fibers be-
fore, because they required very high energy and financial
costs for such processing.

3. The aim and ohjectives of research

The aim of research is development of a technology
for producing biocompatible composite polymer nanofiber
nonwoven materials using the capillary type electrospin-
ning method.

To achieve this aim it is necessary to solve the fol-
lowing tasks:

1. To determine the effect of the technological para-
meters of electrospinning for the compositions of chitosan
with polyvinyl alcohol (PVA) and polyvinyl acetate (PVAc)
to obtain nonwoven fibrous materials with predictable
properties.

2. To investigate the morphological features of the fibers
obtained by optical polarization microscopy.

3. To determine the statistical distribution of polymer
fibers in nonwoven material in diameter.

4. Research of existing solutions
of the prohlem

There are many ways to manufacture drugs and biologi-
cally active substances based on biocompatible polymers
in the form of therapeutic systems. The use of nano-sized
polymer fibers is also possible for drug delivery [3]. It is
known that when administered orally, patients are forced
to take much more than necessary, their number. Possible
external use in the form of dressings applied to wounds
or to open skin to protect them from possible adverse
environmental effects with simultaneous continuous therapy
with nanoparticles of a therapeutic substance [7].

A widely used approach is based on the placement of
nano-sized drug particles in nonwovens from nanofibers
during stenting. Stents are coated with several layers of
nanofibers containing drug particles, resulting in its long-
term release.

In this regard, the global trend of the production techno-
logy of innovative fibrous materials is reducing the diameter
of the filaments to micro- and nano-dimensions [8, 9].
The following technologies are used to form ultrafine fi-
bers: spraying, aerodynamic spraying of polymer melt and
electrospinning.

Electrospinning technology allows to obtain new fi-
bers with a controlled porous structure [10]. It is known
that this method successfully processes synthetic polymers,
polylactide (PLA), polyglycolic acid (PGA), polycapro-
lactone (PCL), polydioxanone (PDQO), polyvinylpyrroli-
done (PVP), polystyrene (PS) and others [11]. A wide
range of natural polymers, including collagen, elastin, silk and
fibrinogen, as well as mixtures of natural and biocompatible
synthetic polymers, are also used for electrospinning [12].

Chitosan is soluble in acetic, formic and lactic acids.
Lactic acid and its salts are widely used in the manufacture
of various cosmetics due to their strong biological and

antibacterial effects. It is able to penetrate the epidermal
barrier and actively influence the physiological processes
in all layers of the skin by stimulating reparative processes
in response to damage by a bactericidal effect.

Chitosan has various physico-chemical and biological
properties, leading to numerous applications in such areas
as waste and water purification, agriculture, light industry
as a dressing agent, cosmetics, food industry [13].

Biocompatibility, biological destructiveness and biologi-
cal activity of chitosan, as well as the absence of toxicity
and allergenicity make it a very attractive substance for
various applications as a biomaterial in the pharmaceutical
and medical fields [14].

Chitosan promotes wound healing, bone regeneration,
has analgesic and antimicrobial effects, and is used for the
delivery of drugs and vaccines in veterinary medicine [15].

Chitosan film with the addition of cumin oil is known,
which have antimicrobial and antioxidant properties [16].

The results of the development [17] of the technological
bases of non-spinneret electrospinning of chitosan-containing
nanofiber materials for mixed solutions of chitosan and
PVA in 30 % acetic acid containing ethanol are known.

PVA and PVAc are widely used in many areas, in par-
ticular in medicine and pharmacology [7, 10]. The choice
of PVA and PVAc is due to their basic properties. These
polymers are physiologically neutral substances, completely
non-toxic, odorless, well tolerate exposure to solvents, fats
and oils. They have high tensile strength and flexibility,
exhibit film-forming properties.

Thus, the results of the analysis allow to conclude that
chitosan, PVA, and PVAC can be used as part of a compo-
sition for electrospinning as the polymer and film-forming
polymers. This will ensure the biological destruction, the
sorption and hemostatic properties of fibrous materials for
the therapeutic systems.

5. Methods of research

The use of chitosan (CAS No. 9012-76-4) with the
addition of 8—10 % solution of polyvinyl alcohol (PVA)
brand PVA-17-99 and PVA (CAS No. 9003-20-7) is inves-
tigated in the research.

A 10 % solution of chitosan in lactic acid (60 %
CAS No. 50-21-5) was prepared and the compositions
were examined in the ratio of chitosan:PVA (1:1), chito-
san:PVAc (1:1). The rheological properties of the studied
samples were studied using a Brookfield DV-III rheometer
using the SC4-27 (USA) thermal platform of the block
with a temperature interval of 20-22 °C.

Composite nonwoven materials were obtained by elec-
trospinning on a bottom-up capillary installation with an
electric field voltage of 30 kV and a capillary diameter
of 0.7 mm.

To study the morphological features of the obtained
fibers, let’s the method of optical polarization micros-
copy (Biolam C-11 microscope, Russia) were used. To
determine the dimensional characteristics of the fibers,
a method of analyzing digital images was used followed
by statistical processing of the obtained data.

6. Research results

Composite nonwoven materials from chitosan with the
addition of polyvinyl acetate and polyvinyl alcohol are
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obtained using a laboratory unit for electrospinning. It
is found that chitosan, as an independent polymer is not
formed. Therefore, it is used as film-forming polymers of
PVA and PVAc.

It is found that to obtain homogeneous materials, the
viscosity of the solution of the composition should be in
the range of 0.4 to 0.9 Pa-s. In the specified viscosity
range of the solution, stable structures with dense weaves
of fibers are formed. The optimal distance between the
electrodes is 9—-10 cm.

Fig. 2 shows the process of splitting the solution from
the capillary into fibers and nonwoven material.

Fig. 2. The process of splitting the solution from the capillary to:
a — fibers by electrospinning; b — obtained fibers

Fig. 3 shows the micrographs obtained on an optical
microscope «Biolam C-11» in polarizing light, fibers with
PVA and PVAc and compositions based on them with the
chitosan addition. The structure of the obtained materials
is without noticeable defects.

Fibers diameter = 100*0.12*normal(x; 0.536; 0.0905)

c

Fig. 3. Micrographs of nonwoven fibrous material obtained by the method
of optical polarization microscopy (microscope «Biolam C-11»):
a — polyvinyl acetate; b — polyvinyl acetate with chitosan; ¢ — polyvinyl
alcohol; 4 — polyvinyl alcohol with chitosan

Fig. 4 shows diagrams of the statistical distribution of
the diameters of fibers with PVA and PVAc and composi-
tions based on them with the chitosan addition.

Fibers diameter= 100*0.05*normal(x; 0.513; 0.0525)
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Fig. 4. Diagrams of statistical distribution of fiber diameters:
a — polyvinyl acetate; b — polyvinyl acetate with chitosan; ¢ — polyvinyl alcohol; 4 — polyvinyl alcohal with chitosan
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As a result of determining the statistical distribution
of polymer fibers in a nonwoven material by diameter, it
is found that 69-94 % of the fibers have a diameter of
0.5-1.6 um, depending on the composition of the solution.

As a result of the research, it is established that the
composition of the polymer composition affects the fiber dia-
meter and statistical distribution. For compositions based on:

— PVA 85 % of fibers with a diameter of 0.5-0.62 mi-

crons;

— PVA with the addition of chitosan 94 % of fibers

with a diameter of 0.5 microns;

— PVAc — 90 % of fibers with diameters of 0.5—0.56 mi-

crons;

— PVAc with chitosan — 69 % of fibers 0.5—0.72 microns.

Part of the fibers obtained in the laboratory device
of capillary electrospinning corresponds to the area of
nano-dimensions, which opens up prospects for obtaining
biocompatible nanofibers with antiseptic properties.

7. SWOT analysis of research results

Strengths. The strength of the developed electrospinning
method is the possibility of obtaining nonwoven materials
with nanoscale diameters of fibers with special properties.

Weaknesses. The disadvantages of the electrospinning
method by the capillary method are low productivity. The
use of a non-capillary formation can improve productivity.

Opportunities. A part of the fibers obtained in the labo-
ratory installation of capillary electrospinning correspond
to the area of nano-dimensions, which opens up prospects
for obtaining biocompatible nanofibers with antiseptic and
fungicidal properties. Therefore, the production of polymer
biocompatible nonwovens by electrospinning can be used
to create therapeutic systems.

Threats. The widespread introduction of developed tech-
nologies into production is hampered by the absence of
Ukrainian equipment and at the same time the high cost
of imported equipment. In addition, the specificity of the
properties of the obtained materials requires additional con-
ditions for their production and use, for example, the pre-
sence of a «clean room» in production or laboratory rooms.

1. The processes of obtaining nonwoven composite poly-
meric materials by the electrospinning method on a labo-
ratory installation of capillary type are investigated. The
parameters for obtaining fibers from biocompatible polyvinyl
alcohol and polyvinyl acetate with the addition of chitosan
are determined. The optimum voltage of the electric field is
30 kV and the distance between the electrodes is 9—11 cm.

2. As a result of research of the morphological features
of the obtained fibers by the method of optical polarization
microscopy, it is proved that with certain parameters of
electrospinning, fibers with a diameter of 0.5 to 1.6 microns
are obtained.

3. As a result of determining the statistical distribu-
tion of polymer fibers in nonwoven material by diameter,
it is found that 69-94 % of fibers have a diameter of
0.5-0.72 microns, depending on the composition.
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