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Abstract: Nonwoven polymer mats with fibre diameters in the nanometer and
micrometer range are distinguished for their high porosity with very small pore size, inter-
connectivity and controllable mesh thickness. These characteristics associated to the easy
way to obtain the polymer nanofibres and a large surface area to volume ratio make the
nonwoven fiber mats a suitable material for different applications, such as biosensor, elec-
tronic materials and filters. Polymer nanofibers mats are being considered for use in bio-
medical applications, including the production of artificial blood vessels, scaffolds for en-

gineered tissues, wound dressings.
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1. INTRODUCTION

Nonwoven polymer mats can be produced by
using techniques such as melt-blown [1] or the jet
blowing [2]. However, the most common and most
effective method for the production of this material
is the technology of electrospinning. This technolo-
gy was developed at the beginning of the 20th cen-
tury [3]. It requires the use of a high voltage elec-
trostatic field to generate an electrically charged
stream of polymer solution or melt. In a typical
process, high voltage is used between a grounded
collector and a capillary tube. A droplet of a liquid
polymer is brought to the tip of a capillary and upon
voltage application the droplet forms a Taylor-cone.
When the applied electric field overcomes the sur-
face tension of the droplet, a charged jet of liquid is
ejected from the tip of the cone. During the jet's tra-
vel, the solvent gradually evaporates, and a charged
polymer fiber is left to accumulate on the grounded
target. The fibers are deposited randomly on the
electrode collector forming a nonwoven nanofiber
mat. A lot of research centers have been working on
the modification of this method, and one of them is
Nanospider™ technology [4]. The scheme of the
Nanospider™ system is shown in Figure 1.

The innovative idea of the Nanospider is
based on the possibility of producing nanofibers
from a thin layer of a liquid polymer. In this case
Taylor cones (the source of nanofibers) are created
on the surface of a rotating roller, immersed in a po-
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lymer solution. Since the Taylor streams are formed
next to each other, throughout the entire length of
the roller, the Nanospider™ technology is characte-
rized by high productivity.
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Figure 1. The scheme of Nanospider™ system: 1- metal

roller (positive electrode), 2- reservoir, 3- charged jet of

liquid, 4 - polypropylene non-woven fabric, 5- electrode
collector.

The properties of the polymer nanofibers de-
pend on the process parameters such as electric field,
the distance between the electrodes, environmental
conditions and the type of the polymer. The structur-
al properties of nonwoven polymer mats include
high porosity with very small pore size, interconnec-
tivity and controllable mesh thickness. All these
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properties, together with the large surface area to
volume ratio, make the nonwoven fiber mats a suita-
ble material for different applications, some of
which will be described in this paper.
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Figure 2. SEM images of a nanofibers
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2. REGENERATION OF BONE TISSUE

One of the most important components of a
bone are osteoblasts. These cells are responsible for
bone growth and remodeling [5]. Studies on the pos-
sibility of osteoblasts proliferation on the nanofiber
mats made from biodegradable polymers (poly(e-
caprolactone) (PCL), poly(glycolic acid) (PGA)
poly(lactic-co-glycolic acid) (PLGA)) have been
widely documented [6-8]. For bone tissue engineer-
ing, nanofibers based on natural polymers (collagen
/ PLGA, chitosan / poly(ethylene oxide) (PEO))
have been also studied [9, 10]. Other materials that
can be used in this area are polymer/hydroxyapatite
(HAp)  nanocomposites e.g.  chitozan/HAp
PLGA/HAp [11,12]. The efficacy of silk nanofibers
in filling bone defects has been also proven [13].

3. REGENERATION OF CARTILAGE
TISSUE

The articulating surfaces of bones are covered
by a dense connective tissue called cartilage. Chon-
drocyte cells are one of the main structural compo-
nents of cartilage. They are responsible for the rege-
neration of cartilage tissues [14]. The main function
of cartilage is the absorption of mechanical energy
generated during the motion. Furthermore, cartilage
provides uniform distribution of the load on the sur-
face of the bones and a low-friction wear resistant
surface [15]. Articular cartilage is unique since it has
no nerve endings or blood supply. Therefore it has
limited ability to reproduce itself. In this case, the

use of polymer nanofiber mats appears to be a highly
promising approach for repairing cartilage defects.
The feasibility of using electrospun poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) (PHBV)
nanofibrous mats to culture chondrocyte has been
studied [16]. The results have shown that PHBV
nanofibers support cell adhesion and cell growth.
Collagen nanofiber mats were also used to culture
chondrocyte cells. It was found that collagen nanofi-
bers promoted cell proliferation and differentiation
[15].

4. SKIN REGENERATION

The skin covers the entire outer surface of the
body, and is the largest organ that separates the in-
ternal environment of the organism from external
environment. Skin has unique abilities - it prevents
moisture loss, regulates body temperature, prevents
bacteria from entering the body and protects the
body against harmful radiation. Skin can be dam-
aged by burn, external wound, pressure ulcers,
chronic ulcerations, etc. Some of those wounds can
be very complex and very difficult to treat. Auto-
grafts and allografts are effective but their use is li-
mited due to their limited availability and high cost.
Regeneration and repair of skin is an intricate
process where fibroblast cells play an important role
[17]. Nanofiber mats from different types of poly-
mers have been investigated in vitro with fibroblast
cells. The studies have been performed by using nat-
ural polymers such as collagen [18], gelatin [19] and
synthetic polymers such as PLGA [20], PCL [21].
The results showed that the electrospun nanofiber
mats could support the attachment and proliferation
of fibroblast cells.

5. CARDIOLOGICAL APPLICATIONS

In the case of vascular implants there are par-
ticular problems with grafts whose diameter is less
than 6 mm. The blood flow through the implant of
such a small diameter is relatively slow. This ex-
tends the contact time of blood platelets with the
vessel wall, resulting in their activation, thus leading
to clot formation, which in turn can lead to vessel
occlusion [22]. Such reactions of the blood with ar-
tificial vessel blood are largely dictated by the ab-
sence of endothelial cells on their inner surface.
These cells play an important role in maintaining the
patency of blood vessels, inhibit the adhesion and
activation of platelets [23].

The problem related to the colonization of po-
lymeric nanofibers mats by endothelial cells has
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been discussed in many publications. Scientific stu-
dies have confirmed the development of endothelial
cells on the surface of silk nanofibers mats [24].
Positive results were also obtained for nanofibers
made from synthetic polymer polyethylene tereph-
thalate (PET) [23] and nanofibers based on natural
polymers collagen/elastin/PLGA [25]. In vivo stu-
dies on the use of an implant made from nanofibers
PCL/collagen demonstrated the possibility of using
this material in the implantation of blood vessels
[26]. In this case an artificial graft was used to per-
form aorto-iliac span in the body of a rabbit.

6. FILTRATION

A variety of filtration systems are currently
used in almost every area of human life. Filters
based on polymer nanofibers have been used for pu-
rifying gases and liquids for more than 20 years
[27]. They can be also employed in specific biomed-
ical applications. Lee et al. have shown the possibili-
ty of using polyethersulfone (PES) and polysulfone
(PS) nanofibrous mats in the process of blood dialy-
sis [28].

The presence of microorganisms in the air is
one of the reasons why there is a need to develop
new filter materials. Electrospun nanofiber mats
contribute to improving air filtration efficiency. It
has been established, that polyacrylonitrile (PAN)
nanofiber mats are extremely efficient in trapping
NaCl particles smaller than 80 nm [29].

Nanofiber mats also form highly effective fil-
ters for water contaminants, including heavy metal
ions such as chromium, cadmium, arsenic, copper.
Heavy metal ions can cause nausea, dizziness, lack
of muscle coordination, allergic reactions. In addi-
tion, these metal ions can lead to lung failure and
liver damage [30]. It has been confirmed that the
electrospun wool keratose (WK)/silk fibroin (SF)
nanofiber mats exhibit an excellent performance as a
heavy metal ions adsorbent [31].

7. SENSORS

Currently, sensors are commonly used for de-
tecting hazardous chemicals and controlling indus-
trial processes. They are an important tool in medi-
cal diagnostics as well. The primary function of sen-
sors is detection. Therefore they should possess high
sensitivity, selectivity and fast response time. These
parameters largely depend on the properties of the
sensor material. To obtain adequate sensitivity and
response time, a porous structure with large surface

area is required [32]. Polymer nanofibers completely
correspond to this requirement. The possibility of
their use in gas sensors is subject of much research
work. In this case nanofibers made of PAN have
been studied [146].

8. CONCLUSION

Currently, the use of nanometric materials in
all fields of our life is growing exponentially. This
naturally brings new technological and scientific
challenges, most of which are related to the protec-
tion of our health and sometimes our life. Recently,
the electrospinning has been recognized as an effi-
cient method for the production of polymer nanofi-
ber mats. This material is able to support the attach-
ment and proliferation of a variety of cell types.
Hence, polymer nanofibers are being considered for
use as scaffolds for tissue engineering. Polymer na-
nofiber mats have a low basis weight, a small fiber
diameter and pore size and a large surface area.
These qualities make their application in filtration,
cardiology and sensing very successful.
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O

INOTEHIIUJAJIHE ITPUMJEHE HETKAHUX ITOJINMMEPHNX MPEXA - ITPETJIE]]

Caxerak: HeTkaHe nolMMepHe Mpexe ca MPSYHUKOM BJIaKaHa y HAHOMETapCKOM H
MHKPOMETAPCKOM OIICETY H3/IBajajy ce IO CBOjOj BHCOKO] IMOPO3HOCTH Ca BeOMa MajiOM
BEJIMYMHOM Iopa, Mel)ycoOHOM moBe3aHOCTH U ACOJFMHOM Mpexe KOjy je Moryhe KOHTpo-
nucatd. 300T OBUX KapaKTEpHCTHKA, MOBE3aHUX Ca JIAKUM HAYMHOM IOOWjama MojuMep-
HHUX HaHOBJIAKaHA M BEJIMKOT OJTHOCA MOBPIIMHE U 3allpeMHHE, HETKaHE BJIaKHACTE MpEKe
Cy MOTro/IaH MaTepHjal 3a pa3He NpUMjeHe, Kao MITO Cy OMOCEH30pH, EIEKTPOHCKH MaTepH-
jamu u Guntepu. Pazmarpa ce ynmorpeba Mpeka 01 MOJUMEPHUX HAHOBJIaKaHa y OHOMEIH-
LIMHCKE CBPXE, YKJbY4yjyhn MpOU3BOAKY BjeIITAYKHX KPBHUX CYJIOBa, MOTIOPHUX MaTpH-

11a Y MHXKCHCPUHTY TKUBA, U 32 3aBOjE 3a paHe.

KibyuHe pujeun: egekTpoucnpeaame, HeTKaHe BIaKHACTE MpExKe.
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