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1. Introduction

Electrospinning is a progressive method
ranging from the submicron level to severa
ter in a high voltage electrostatic field. Thi
proach to fiber spinning, but is curren
advanced methods in manufacturing high p
These have been introduced into various
cause of their distinct specifications, such
porosity, and special chemical and physical
from their unique structure (Frenot & C
krishna, Fujihara, Teo, Lim, & Ma, 2005). Due
nanofibers have been studied in medical sc
focused on the application of nanofibers to
tissue engineering, and wound healing. How
significant problem arises in polymer select
Prashanth & Tharanathan, 2007). Specifical
of spinnable polymers; however, only a few
essary parameters to make them suitable
applications.

One polymer which does exhibit the nec
chitin, along with its deacetylated derivativ
second most abundant polysaccharide aft
similar structure. Chitosan is insoluble in
mineral acidic systems. However, though it
acids is quite limited, chitosan is in fact s
such as dilute aqueous acetic, formic, and l
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In this study, the electrosp
ity, which limits its spinab
lyzes chitosan chains and
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aqueous 70–90% acetic acid
Decreasing the acetic acid con
Optimum nanofibers are achi
in a moisture regain which is 7
eter of this nanofiber, 140 nm,
centration of the solvent. F
electrospinning process chang

which produces fibers
l nanometers in diame-
s is a relatively old ap-
tly one of the most
erformance nanofibers.

technological fields be-
as high aspect ratio,

properties which result
hronakis, 2003; Rama-

to their characteristics,
ience; researchers have
filtration, drug delivery,

ever, in such studies, a
ion (Ciechanshka, 2004;
ly, there is a wide range

of them have the nec-
for use in such critical

essary characteristics is
e, chitosan. Chitin is the
er cellulose, and has a
water, alkali, and most
s solubility in inorganic
oluble in organic acids,
actic acids. In the pres-
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ng of chitosan has been investigated. The problem of chitosan high viscos-
, is resolved through the application of an alkali treatment which hydro-
ecreases its their molecular weight. Solutions of the treated chitosan in
produce nanofibers with appropriate quality and processing stability.
centration in the solvent increases the mean diameter of the nanofibers.

eved with chitosan which is hydrolyzed for 48 h. Such nanofibers result
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4% greater than that of treated and untreated chitosan powder. The diam-
is strongly affected by the electrospinning conditions as well as by the con-
TIR investigations prove that neither the alkali treatment nor the
e the chemical nature of the polymer.

� 2009 Elsevier Ltd. All rights reserved.

ence of a limited amount of acid, chitosan is soluble in water–
methanol, –ethanol, and –acetone mixtures. Chitosan also has free
amino groups which make it a positively-charged polyelectrolyte
in pH below 2–6 and which contribute to its higher solubility in
comparison to chitin. However, this property makes chitosan solu-
tions highly viscous and complicates its electrospinning (Muzzar-
elli, 1973, 1977). Furthermore, the formation of strong hydrogen
bonds in a 3-D network prevents the movement of polymeric
chains exposed to the electrical field (Geng, Kwon, & Jang, 2005;
Neamnark, Rujiravaniti, & Supaphol, 2006; Whistler, 1993).

Although many researchers have made attempts to purify chito-
san, few have succeeded. As one of the first to report on this pro-
cess, Spasova, Manolova, Paneva, and Rashkov (2004) examined
the electrospinning of chitosan/polyethylene oxide (PEO) blend.
Their results showed that the electrospinning of this blend is pos-
sible with a chitosan/PEO mass ratio of <1. Similarly, Bhattaraia,
Edmondson, Veiseh, Matsen, and Zhang (2005) reported the elec-
trospinning of chitosan/PEO blend and stated that the formation
of chitosan nanofibers strongly depends on the mass ratio of chito-
san/PEO. Furthermore, Ignatova, Starbova, Markova, Manolova, and
Rashkov (2006) claimed that preparing polyelectrolyte by electros-
pinning its aqueous solution is feasible only in the presence of a
second polymer.

Additionally, Li and Hsieh (2006) used polyvinyl alcohol as a by-
component and concluded that repulsive interactions between
polycations prevent the degree of chain entanglement necessary
for fiber formation. Moreover, Min et al. (2004) used the solvent
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) to produce pure chitosan
nanofibers through deacetylation. In other attempts, Geng et al.
(2005) electrospun chitosan with 106,000 g/mol molecular weight
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