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ABSTRACT

Water is necessary for the survival of all living beings. However, the toxic impurities in
drinking water generate various health risks, making it extremely important to protect the
water from being contaminated. More than half of the world population lives in rural
areas with most of them deprived of adequate access to clean water. Moreover, because
of extreme poverty and limited electricity, they are unable to afford advanced filtration
modalities such as reverse osmosis, electro-deionisation, ultraviolet disinfection, ion
exchange and distillation. Considering their need, this research work is motivated towards
the design and development of a simple and sustainable water purification system from a
nonwoven fabric and bioactive nanomaterials.

In the first part of this research, an attempt was made to explore the capillary
action of a needle-punched nonwoven as a new water filtration technique for the removal
of solid impurities and turbidity from raw water. The effect of fibre shape factor, needle-
punch density and depth of needle penetration of a polyester nonwoven on its filtration
performance was investigated in order to optimise them for obtaining desired water
filtration rate and better turbidity removal efficiency. Moreover, in order to avoid
germination of nonwoven during actual use, silver nanoparticle incorporated polyester
nanocomposite fibres (P/Ag-NFs) were used. Besides, surface modification of nonwoven
was also carried out to further enhance its antibacterial efficacy.

The second part of this research reports the development of an antibacterial
nonwoven for the removal of bacterial contamination from water. Chitosan, a natural
bioactive material, was chosen to functionalise the nonwoven. A unique eco-friendly
method for the synthesis of chitosan nanoparticles (CSN) was developed in which
chitosan and cinnamaldehyde were chemically cross-linked. The detailed material
characterisations and antibacterial activity assessment of CSN were carried out very
systematically. The synthesised CSN were applied over polyester needle-punched
nonwoven using layer-by-layer (L-B-L) self-assembly coating technique. The L-B-L
coated nonwoven exhibited excellent antibacterial activity and heavy metal ions
adsorption behaviour. Overall, L-B-L coting technique was established as a promising
method to imbue desired functionalities in the nonwoven filtration media without causing

any considerable deterioration to its permeability and other physical properties.
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An attempt was also made to apply nanofibrous coating of chitosan over polyester
needle-punched nonwoven. Chitosan/poly(lactic acid) (CS/PLA) nanofibres was
incorporated with silver nanowires (AgNWSs) via electrospinning technique. The
CS/PLA/AgNW composite nanofibrous membrane, thus developed, showed excellent
antibacterial properties and heavy metal ions adsorption capacity. The AgNWs were
found to be suitably integrated within nanofibrous structure which resulted in less amount
of silver leach from the membrane, hence making this antibacterial membrane safe to be
used for water filtration applications. Lastly, the CS/PLA/AgNW composite nanofibrous
membrane was coated over needle-punched nonwoven for subsequent use in the
development of an antibacterial filter cartridge.

The last part of this research reports the design and development of two-stage
water purification system using nonwoven filter media developed in first and second parts
of this research. In the first stage of filtration, raw water passing through gutters laid with
polyester needle-punched nonwoven got rid of solid impurities and turbidity. Further, the
bacterial contaminations and heavy metal ions got removed in the second stage of
filtration through the antibacterial cartridge developed from polyester needle-punched
nonwoven coated with CS/PLA/AgNW composite nanofibrous membrane. The unique
water purification device, thus designed, involves low level of mechanisation, low
complexity, ease of use and can be easily maintained by unskilled people. It can also
serve as a sustainable technology for delivering safe potable water that can function

without electrical power.
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gm? Gram per meter square
cm2 Centimeter square
mm millimeter
ft foot
NTU Nephelometric Turbidity Units
Lh?ft? Liter per hour per foot square
% percentage
pm micrometer
S.D Standard deviation
nm nanometer
g cm™ Gram per centimetre square
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°C degree Celsius
in inches
h hour
min minute
mbar millibar
° degree
S second
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ulL microlitre
SE Standard error
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S. aureus
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