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ABSTRACT
Nanofibres are indispensable for applications like tissue engineering, filtration,
sensors etc., due to their unique properties. Electrospinning is an excellent technique
for producing nanofibres from polymer solutions or melts using high electric field.
Control of nanofibre morphology and quality are important to augment their utility for
various applications. Spinnability and morphology of fibres are affected by solution,

ambient and processing parameters.

Process parameters that include flow rate, spinning voltage and spinning distance
were recently reported to not have any significant effect on the fibre diameter, if the
spinning is carried out at minimum electrospinning voltage (MEV). It has been
suggested that solution properties have a stronger influence on controlling the fibre
diameter. However, the studies in this direction are limited. The rheological properties
can be expressed in terms of viscosity and elasticity, which are affected by the type of

polymer, its molecular weight, its concentration and the nature of solvent used.

To isolate the elastic effect from the viscous effect, Boger fluids of poly(vinyl
alcohol) (PVA) were prepared by blending small amounts of high molecular weight
PVA (HMW-PVA) with highly concentrated solutions of low molecular weight PVA
(LMW-PVA). The resulting solutions with increase in HMW-PVA content showed
increasing elasticity, while maintaining the same viscosity, thereby, separating the
two effects. On electrospinning, the elasticity of the solution (expressed in terms of
relaxation time (A) and Deborah number (De)) was found to have a direct correlation

with diameter of the electrospun fibres.

Nature of solvent is known to affect the solution rheology. Rheology and

electrospinning behaviour of PVA in two different solvents, i.e. dimethyl sulfoxide
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(DMSO) and water, was studied. The rheological properties for the same
concentration of PVA were found to be significantly different in the two solvents. The
viscosity, storage modulus and relaxation time (A) were found to be higher in PVA-
DMSO system. However, the fibre diameter obtained from PVA-DMSO system was
lower than that from PV A-water system. Interestingly, still a linear correlation of the
fibre diameter with A could be established for the two solvents with two different
slopes. On further investigation, a single linear equation could be drawn for the two
systems between diameter and the number of entanglements per chain suggesting

elasticity arising from chain entanglements was governing the fibre diameter.

Effect of solvent-solvent (DMSO-water) interaction on rheological properties and
spinning behaviour of PVA solutions was also studied. Because of the strong
interaction of water with DMSO, both the rheology and spinnability of PVA solutions
were influenced by the composition of the binary solvent mixture. At the same
concentration of PVA, the morphology of electrospun fibres changed from highly

uniform thick fibres to very fine fibres with large number of beads or droplets.

Influence of incorporating small quantity (1-20 wt%) of non-solvent (1,4-dioxane) on
rheology and spinning behaviour of PVA-water mixture was also studied. The
spinning behaviour was dependent on the water-dioxane composition, where the
diameter first decreased on addition of 1-3 wt% dioxane to 206 = 21 nm and then it
increased to 439 + 21 nm on addition of 4 to 20 wt%. The diameter was found to have
a better correlation with A as both the fibre diameter and A increased by 41 and 40%,
respectively, compared to the viscosity, which increased by only 13% with the

increase in dioxane content.

Vi



Poly(galacturonic acid) (PGuA) is an important natural biopolymer, however it has
not been processed into fine films and fibres due to its anionic nature and rigid
structure. This study aimed at modifying the solution properties of PGuA in aq.
sodium hydroxide to enable their conversion into electrospun nanofibres. Addition of
anionic surfactants, helped in individualizing the PGuA chains that led to formation of
small spindle shaped fibres of length ranging from 2-10 pm and diameter from 287 to
997 nm. However, continuous fibres could not be formed. Using the understanding
developed from the PVA Boger fluids, a small amount (1-3 wt% in solution) of high
molecular weight PVA was added to modify the rheology of the PGuA solutions. This
resulted in formation of continuous fibres. Correlation of fibre diameters of
PGuA/PVA with the rheological properties suggested a strong dependence of

diameter with the elasticity of the blend solutions.

Applicability and suitability of electrospun PGuA/PVA nanofibres as biocompatible
substrates for tissue engineering was also investigated. PGuA based nanofibrous
substrates obtained from 70:30 blends of PGuA and PVA were compared with
conventionally used PGuA based films for bone tissue engineering. The crosslinked
samples of PGuA/PVA nanofibres showed enhanced differentiation and
mineralization of hMSCs (human mesenchymal stem cells) as compared to the films.
Results indicated that PGuA/PVA based nanofibres facilitated better cell migration

and boosted cell adhesion.

The present study was able to develop an understanding of the importance of
elasticity, which is expected to facilitate better control of the fibre diameter in
electrospinning process. Also, utilising the understanding obtained from this study,
spinning of non-spinnable polymers can be achieved.
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G" loss modulus
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