HIGHLIGHTS

* Synthesis of waterborne polyurethane (PU) via introduction of citric acid in polyol for

mutifunctional textiles.

* Nonporous, breathable and waterproof waterborne PU for Textile coating.
* Novel ethyl anthranilate-based durable mosquito repellent polyurethane.
* Graphene and lead oxide functionalised waterborne coating for technical textile

applications.

ABSTRACT

extiles had evolved from simple apparel to multifunctional textiles due to increasing

consciousness about the quality of life, requirement of protection against various

agencies and necessity of sustainable manufacturing. In the modern era, functional
properties, like antimicrobial activity, mosquito repellency, water repellency and UV protection,
are highly demanded. Multifunctional textiles offer multiple functionalities, unlike the
conventional finished textile, thereby reducing the cost of production. The textile coating is hailed
as an important method for imparting multiple functionalities in a single coating formulation and
has been one of the routine methods for processing technical textiles. Among the various coated
textiles, polyurethane-coated textile is a significant contributor in achieving this position.
Polyurethane (PU) is a widely employed polymer in coating for technical textile applications due

to its desirable properties.



PUs employed in the textile coating are generally solvent-borne and derived from synthetic
polyols. The use of solvents and synthetic polyols accompanies its limitations in terms of
sustainability. This research intends to reduce the use of solvents in PU-coated textile and prepare
sustainable and functional polyol based on bio-reagent, followed by preparing a novel waterborne
multifunctional PU for textile coating. This research work is divided into five parts.

In the first part of the research work, a sustainable acid (citric acid {CA}) was modified to
prepare a functional polyol. The citric acid was coupled with different diols to make a polyol for
polyurethane synthesis. Among the various experimented diols, polyethylene glycol 200
(PEG200) gave the optimum properties and reproducibility, confirmed by the acid number analysis
test. The optimised sustainable functional polyol (SFP) was thoroughly characterised to evaluate
the functional groups, molecular structure and molecular weight. It was used in further research
work.

The second part involves the preparation of waterborne polyurethane based on SFP.
Different formulations of waterborne PU (WPU) were prepared by reacting SFP in different
concentrations. The prepared WPUs were analysed for the change in molecular weight and thermal
characteristics. The prepared WPUs were coated on cotton to impart multifunctional properties.
The coated fabrics were evaluated for various chemical, thermal, mechanical and functional
properties. WPU-coated samples showed inherent antibacterial properties ranging from 84% to
99% against E. coli and S. aureus bacteria, water barrier property of 100+ cm of water pressure,
and water vapor transmission rate up to 1506 g/24hr.m? indicating nonporous breathable coating.
SFP can be claimed as the sustainable waterborne antibacterial ingredient for PU synthesis, which
can find applications in the coating of textiles for technical applications. Based on the inferences

of the various evaluations, the optimised WPU was used in further research work.



The third part of the research work demonstrated the preparation of inherently
multifunction PU for textile coating. The SFP and ethyl anthranilate-based PU (Mos PU) with
inherent mosquito repellency, UV protection, antibacterial activity and breathable waterproof
properties was synthesised. The Mos PU was characterised and confirmed chemically using ATR-
FTIR and GPC. Without deterioration of the mechanical properties of the base cotton fabric, the
coating was carried out with varying add-ons. Thermal properties of Mos PU and coated samples
were studied. The functional properties of the prepared coated cotton fabric were assessed against
repeated laundering. The prepared coated cotton fabric showed excellent mosquito repellency even
after 10 washes, appreciable water vapor transmission rate, excellent UV protection and
appreciable antibacterial activity. The functional properties of the prepared coated samples were
very promising even after 10 washing cycles. Based on the results, the prepared Mos PU can be
claimed as the inherent mosquito repellent waterproof breathable PU for technical textiles.

The fourth part of the research work attempts the coating of cotton fabric using graphene-
functionalised WPU to impart antibacterial activity, breathability, near-infrared (NIR) shielding
and UV protection. The prepared coated fabrics were evaluated for textile properties and functional
properties. The coated samples displayed excellent UV protection (UPF>50), NIR resistance of up
to 90% of the incident, antibacterial properties above 99% against E. coli and S. aureus bacteria,
water barrier property of 100+ cm of water pressure and water vapor transmission rate up to 960.62
g/24hr.m?> demonstrating a selectively hydrophilic continuous film coating. The prepared
graphene-functionalised PU formulation, based on the results, can be claimed as a multifunctional
coating for protective textiles.

The fifth part of the research work aims to prepare flexible, UV-ray, X-ray and y-ray

(gamma rays) attenuation coated fabric using lead oxide-functionalised WPU. A single layer of



prepared samples showed excellent functional properties, viz. up to 3.5 % attenuation of incident
y-photons and up to 60 % attenuation of incident X-ray, durable antibacterial properties up to 99.9
% against E. coli and S. aureus bacteria, 100+ cm of breaking hydrostatic pressure rating, 50+
UPF rating and water vapor transmission rate up to 1105 g/24hr.m?. Therefore, lead oxide-
functionalised FPU can be claimed as the efficient radiation attenuating coating formulation for

making protective textiles in the medical and defence sectors.
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