CHAPTER II

LITERATURE REVIEW

2.1 Electrospinning
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equilibrium in an electrostatic field. At the onset of the instability, the droplet elongates
to form a conical shape called Taylor’s cone of which the semi-vertical angle was shown
to be 49.3°,



In 1971, Buamgarten [5] was successful in producing acrylic microfibers
by the electrostatic spinning process. Dimethyl formamide was used as the solvent. The
obtained fiber diameters were in the range of 0.05 to 1.1 microns based on the applied
potentials in the range of 5 to 20 kV. The relationships between fiber diameter, fiber jet,

solution viscosity, solution feed rate 2 ing gas were observed. He found that
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fibers spun from highly ! ations | jets with high net charge density.
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Electrospinning of polymer solutions or melts can be carried out either

' .- diameters of the obtained

horizontally or vertically, depending on the direction of normal line between the tip of
the nozzle and the collective screen. The reservoir can be anything from a pipette to a
syringe. In the case of glass pipette, the high potentials were supplied directly to the
solutions or the melts through a metal electrode which was submerged in the solutions or

the melts directly [8]. On the other hand, when a syringe was used as the reservoir, the
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high potentials can be applied directly to the solutions or melts through a metal needle
by attaching with the metal electrode [9].
Conductive screens from a metal foil or sieve of different geometry have

been used as targets to receive the charg

ed jets which converted into fibers after enough

S 0 S as a continuous process.
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re that more than 50 different
. The obtained fibers were
reported to range be v | apometers (o over 1 micrometer in diameter.
Even though almost all iy 1 " terature focussed on electrospinning
of polymer solutions, elec hifig ¢ ymer melts has also been achieved [11].
Common textile polymers ‘ on _54 performance polymers such as
polyimide, and biopolymers su‘ _ A T? €"been electrospun [12,13]. Moreover,
liquid crystalline pol ers such™-as p e G couctive polymers such as

polyaniline have also-be

2.1.4 Char edmt Pathwa
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process could in Figure 1. The jet

emerges from the charged surface at' the base region, travels throw E‘Jthe jet region,
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should bé' noted that, at present, the splitting of the charged jet into small jets was
disproved to be the major mode in the thinning down on the charged jet.
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flows continuously unde; the infly »static’field. There are two kinds of

electrostatic forces acting‘on a jet segment. One is from the external field that reacts
with charges ent i n‘. , %{m’ ‘ Coulombic repulsion
between adjac:mluﬁogmny. ﬂtm aesponsible in carrying
the charged jet towards the conductiVe collecto econd i onsible for the
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instabilityqsuch as bending and splitting instability.

The jet followed a bending, winding, spiraling and looping path in three
dimensions. The jet in each loop grew longer and thinner as the loop diameter
increased, a direct result of the longer path length. After some time, segment of a loop
suddenly developed a new bending instability, but at a smaller scale than that of the first
one. Each cycle of bending instability can be described in three steps.



Step 1: A smooth segment that was straight or slightly curved suddenly
developed an array of bends.
Step 2: The segment of the jet in each bend elongated and the array of

bends became a series of spiraling loops with growing diameters.

Step 3: As th e loops increased, the cross-sectional
diameter of the jet forming the l0op ¢ e conditions of the first step were
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established on a smaller ? y@ng instability began.
This cycle 0 ity was o ‘ed fo repeat in a smaller scale. It was

inferred that a larger nu 40f £ycle curred “resulted in a decrease in the jet

diameters, hence a it fhe, diameter of ¢ ined fibers. The fluid jet
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In electrical eri' ‘bending ‘instability, alternatively referred to as

solidifies as it dries an cted some distance below the

envelope cone [14].

ynic l region, whose vertex is the end of the
straight jet. The other end of thé- ' ,
is deposited on the collector as‘iﬁj

y stretched and reduced in diameter,
tability motions [15].
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Qre sible to ate the bending instability. This
r

e polarity as the surface
charge on the jet, it

mechanism allows fo ater control over the deposntln of electrospun fibers on a

surface and fo:al “ﬁczfaﬁe W‘ﬁ €S non-woven mats.
lyj the splitting instability. It occurs

when the surface charge density incre@ses as the solvent evaporatestf as the decrease in
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e]ongatloﬂ increases the surface of a particular mass. The charged jet can reduce its
charge per unit surface area by ejecting a smaller jet from the surface of the primary jet,
or by splitting apart to form two smaller jets. This type of instability was originally
thought as the main contributor to the decrease in the fibers diameter (see Figure 1 in the
spraying region).



2.1.5 Microstructure and morphology

The microstructure and morphology of electrospun fibers have been

investigated through scanning electron microscope (SEM), differential scanning

calorimeter (DSC), synchrotron wide-angle X-ray diffraction/small angle X-ray
scattering [16], atomic force mi transmission electron microscope, and
wide-angle X-ray scattering

—

2.1.6 Applicat( )
Due to the high su

weight of the electros

Filtration application

Filtration is a n ngineering applications. Fibrous
materials used as filter medi igh filtration efficiency and low air
resistance [19]. Since filtration e} is closely related to the fineness of the
fibers, is one of the most conee'nﬁ*far ac thebest performance, it is realized that

4 i a8 wnedia, a directly result of the
fineness of the fibers"btained, M k the size of the fibers and the
¢, thus high efficiency fibrous
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Biomedical annllcanon
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mechanical integrity to them. These tissues and organs are, for examples, bone, dentin,
collagen, cartilage, and skin. Due to the similarity in the structure, electrospun fibers are

|
porosity of the electrospun webs can be tailored with

easily found to be prospective materials to be used as templates for tissue scaffolding
applications, controlled release fibers for wound dressing, pharmaceutical, and cosmetic
applications. For the treatment of injured or defective tissues or organs, biocompatible

materials are designed and fabricated to form structure that mimic the structure and



biological functions of extracellular matrix (ECM). Human cells can attach and
organize well around the fibers that are smaller them. As a result, nanometer or sub-
micrometer fibrous scaffolds could be suitable template for cell seeding, migrating, and
proliferating. Polymer nanofibers can also be used for treatment of wounds or burns of a

human skin, functioned as _haemo: evices with unique characteristic.

Biodegradable polymer can.be direc the inJured skin. These fibrous

of scar tissue. It has beefi reportédihat scaffolds having high surface area to mass ratio
(ranging from 5 to 100 n and dermal delivery [11].
Electrospun p ed for cosmetic applications

as a skin-care mask for gKin ffez .t :- oting skin healing. These skin masks with

Protective clothing application

The protective clothing in S expected to help maximize survivability,
sustainability, and eg Abal
chemical warfare. Light w
and water vapor, insoluble in all solvents and highly reactive with nerve gases and other
hazard chemicmﬁi %.! nanofibers being laid
down in laye ?ﬁhﬁ wﬂiﬁi size providing good
resistance to the g'lenetratlon of chemieally-harmful age
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Other applications

vhich is permeable to both air

Other prospective uses for nanofibers are in areas such as electronic, composite

reinforcement, and advanced space technology [9, 14, 21, 22].

2.2 Drug delivery system
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Kenawy et al. [23] used electrospun fibers as drug delivery carriers.
Tetracycline hydrochloride was used as the model drug. Poly(lactic acid) (PLA),
poly(ethylene-co-vinyl acetate) (PEVA), and a blend of the two polymers were spun
from their solutions in chloroform with addition of a small amount of methanol used to
dissolve the drug. The release of. etra rochloride was detected by ultraviolet
visible spectroscopy. The rel \ Q&at the percentage of drug released
from as-spun PLA fiber ~ en *leaﬁﬂhe aggregation of drug on the

surface of the fibers. Whe aring |electrospr ts and cast films which were

were much greater thas pfca : r drug release from cast films

on the diametral size and y(L-lactic acid) (PLLA) fibers
The significant improvemeént . They observed that drug was
incorporated in the as-spun 0 : corporated proteinase K was released
from the as-spun fibers followﬁg@ié/ der releasing kinetic as a result of the

degradation of PLLA

In | ) ele , compositions, Ignatious
[25]used surfactants to fower the i50051ty and surface te ion of the formulation. The
surfactants we ogi itions. Suitably, about
10% of surfactﬁ‘ﬁ ﬁﬁhﬂm ﬂpﬁbout 5% or less. The
higher amounts could adversely affeet the quality ef the electrospun fibers. Another
o) B 5G] 181 18] Db o
compositions. These excipients may be generally classified as absorption enhancers,
additional surfactants, flavoring agents, dye, and etc.

The chemical composition such as polymers or blends of polymers, the
fiber diameter, the electrospun morphology and the porosity of the non-woven fibers can
be controlled to provide selectable performance criteria for the electrospun fibers being

produced. These fibers can also contain a different drug or different concentration of
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drug. Such fibers offer unique treatment options with combinations of drug and release
profile. In one embodiment, the methods of the invention can provide a plurality of
different layers. The layers can have the same or different chemical compositions, fiber

diameters, morphology, and porosity [26].

Currently available //n controlled release can be classified
into four major categories: .

(1) Di

Diffusion-contro stems i e tw s: reservoir and matrix. A

-:‘- system has two types: osmot

controlled syste lulzI tlw {’Wﬁh otic pressure tends to
decrease the cﬁ ﬁ een elin ard movement of fluid
forces the dlssolved drug out of theddevice through a small orifiges In the swelling-

contvolfe §5in, B wprherhi alarde by Yihlaer i bissotving. The

system consists of hydrophilic macromolecules cross-linked to form a three dimensional

Solvent-activa ly-controlled and swelling-

network. Their permeable rate of solute depends on the polymer swelling rate.
(3) Chemically-controlled systems
Chemically controlled systems have two classes: pendant chain and
biodegradable system. A pendant chain is one in which the drug molecule is chemically

linked to the backbone of the polymer. The presence of enzyme and the mechanism of
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the body caused the drug be released at a controlled rate. In biodegradable system, the
controlled release of drug depends on decomposition of the polymer. The drug is
dispersed uniformly throughout the polymer and is slowly released when the polymer is
disintegrated. These two types of systems contain biodegradable polymers which do not

need to be removed after the drug. dispensed. As a result, biodegradable

polymers are likely to increas \ pe of polymers in the future.
@) Mwmrdled
Selective targeting mlmmlzmg toxic effects, has
been a major concern for canCes r th i - . An e \o e of magnetically-responsive
drug carrier systems cofmpodséd’ of al umin and magnetic microspheres. Their

magnetic characteristic and jmig pher apable ofiusing with a wide variety of
drugs. Two major advani@iges of s e sms over other drug delivery systems
are its high efficiency for v td | its controllable release of drug at the
microvascular level [27]. © :
Shiraishi et al. [28] S IR OF iitilceniar: weights of hitosan
hydrolysates on the rlease and’ &/53% tion- of indomethacin from gel beads. The
don i molecular weight and

indomethacin content. — methacin depended upon the

;le solid particles in the beads, as'Well as the porosity, tortuosity
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types of methacryllc-based copolymérs in this ﬁrmnt work. Indéshethacin is a non-

soida Lo foked isbd i £ byrpr@milc ke of painful and

inﬂammaa)ry conditions. It is used in musculoskeletal and joint disorders including

dispersion of indometh

ankylosing spondylitis, osteoarthritis, rheumatoid arthritis, and acute gouty arthritis. It
may also be used for mild to moderate pain conditions such as dysmenorrhoea. The
most frequent adverse effects are gastro-intestinal and central nervous system

disturbances. The chemical structure of indomethacin is shown below [29].
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