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ABSTRACT

Electrospinning is the most popular and easy to operate technique to create micro- and nano-
dimensional fibrous scaffolds suitable for many applications including tissue engineering.
Electrospun fibrous scaffolds have inherently high specific surface area and mimic the fibrils
found within extracellular scaffold (ECM) of native tissues that encourages cells to grow in
proper lineage with fiber orientation. The technique offers unlimited flexibility in selecting
natural and synthetic polymers, however processing of polymers in solution form is one issue
with electrospinning where residual solvent in the scaffold results in detrimental effects on the
cell growth. Complete solvent removal adds time and cost to the overall process. Melt
electrospinning is not be a feasible substitute for polymers which tend to degrade under such
conditions. Emulsions, as substitute for polymeric solutions, can be used to carry out
electrospinning at reduced organic solvent content and provide better control on flow behaviour
and formation of scaffolds at reduced polymer concentration. Emulsion electrospinning, on the
other hand, often requires a template water soluble polymer and emulsion electrospun fibrous
scaffolds show poor mechanical properties due to leaching of emulsifiers and template
polymers in aqueous environment. Pickering emulsions, which do not require an emulsifier to
stabilize the emulsion, can be considered as a viable choice to prepare electrospun fibrous
scaffolds in place of conventional emulsions. Better emulsion stability at lower solid particle
concentration, in a formulation free from emulsifier and template polymer, and prevention in
deterioration of mechanical properties of scaffold in an aqueous environment are additional

benefits of using a Pickering emulsion for electrospinning.

The focus of research in this thesis was to produce stable Pickering emulsions of an Food and
Drug Association (FDA) approved polymer, poly(e-caprolactone) (PCL), using four different
Pickering agents viz. amphiphilic montmorillonite clay, hydrophobically modified silica, in-

situ synthesized nano-silver and bioactive hydroxyapatite (HA). Functionalized fibrous

v



scaffolds were fabricated from electrospinning of stable Pickering emulsions under controlled
conditions. Fiber fineness was tailored by varying the polymer and Pickering agent content,
volume fraction of oil and aqueous phase and electrospinning process conditions.
Functionalized fibrous scaffolds generated from Pickering emulsions were found to have better
thermo-mechanical properties than solution electrospun scaffolds of PCL. In addition, fibrous
scaffolds developed from Pickering emulsions showed superior cell (osteoblast and fibroblast)
growth than solution electrospun scaffolds of PCL. Nano-silver based Pickering emulsion
electrospun scaffolds reflected significantly better performance as anti-microbial wound
dressing than those developed using PCL solution. Alongside, electrospinning of PCL and
poly(vinyl alcohol) (PVA) based high internal phase emulsion (HIPE) resulted in formation of
a co-continuous fiber morphology and reduction in usage of organic solvent by 75%.
Emulsions were invariably used as substitute for polymeric solutions to prepare fibrous
scaffolds using electrospinning. Use of Pickering emulsions further provided a better approach

to fabricate functionalized fibrous scaffolds for potential application in tissue engineering.
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