Studies in Functionalisation of Textiles using
Polyurethane Coatings

INDRAJIT CHANDRAKANT BRAMHECHA

DEPARTMENT OF TEXTILE & FIBRE ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI
HAUZ KHAS, NEW DELHI-110016
JANUARY 2022



© Indian Institute of Technology Delhi (IITD), New Delhi, 2022



Studies in Functionalisation of Textiles using
Polyurethane Coatings

by
INDRAJIT CHANDRAKANT BRAMHECHA
Department of Textile & Fibre Engineering

in fulfilment of the requirements of the degree of Doctor of Philosophy
to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
JANUARY 2022



Dedicated to the mother land



CERTIFICATE

This is to certify that the thesis tiled “Studies in Functionalisation of Textiles using
Polyurethane Coatings”. being submitted by Mr. Indrajit Chandrakant Bramhecha to the.
Indian nstitute of Technology Delhi, for the award of the degree of Doctor of Philosophy, isa
record of bonafide research work carried out by him. He has worked under my guidance and
supervision and fulflled the requirements for submission of the thesis which has attained the
standard required for a Ph.D. degree of ths Insttute

“The resulis contained in this thesis have not been submited, in part o in full, to any

other university or nstitute for the award of any degree or diploma.

Asse
Department of Textile & Fibre Engincering
ot it o Techelo, DeT New el - 1001, Idin



ACKNOWLEDGEMENTS

This thesis would not have the essence that it has without the persistent scholastc,
hilosophical and i

Foremost, 1 revere the patronage and extreme cooperation bestowed upon me by my
supervisor, Dr Javed N. Sheikh,

Tcould ever

give them eredit for herc, and have sh by examples, what
beakin o

L am highly grateful to my SRC members, Prof. Joshi, Prof. Butols and Prof. Saha
(Dept. of Materials Science and Engincering) who manifested their excellence in their

Talso wish to P

atitude to all the teachers of our Department, a it s thir collective efforts over the years
that T enjoyed the privilege to comfortably work amidst state-of-the-art infrastructure with
almostall hand. |

Joual articles
forthei valuable feedback that helped improve the quality of my rescarch work.

Next, I would like to o thank all the Lab Tech ot

stafTof our Department,for thir kind help. Here, 1 extend special appreciation (o Mr. Surcsh,
Mr. Veerender and Mr. Biswal who often reached out 1o extend their serviees beyond the cal
of heir duties.

Textend my gratitude to all the okl and present members of my rescarch group, my
Lab and my Departmen for rendering 24x7 selfess support. My heartiet graitude to M,
Prasun, Mr Chandra jeet, Dr Rahul, Dr Sanchi, Mr Ankit, Dr Nagender and Ms Ankur. No.
‘words can portray my deep fecling of appreciation for Dr. Ghosh. I decply fel the nced o
thank the Govt. of India (past and present) forthe wellofled campus and hostel, The verdant
and flourishing beauty of the campus, maintained by the gardeners, rejuvenated me and
rekindled my spirts daily. My gratitude goes out o all teachers who shared their expertise

levels

PHD from this esteemed instituton,
1 would like to thank wellness club for making me energetic and fresh by aranging
the yoga classes and different activites like Meditation scssions,

imtemational yoga day.
festival, etc. The wellness club helped me to maintain balance at physical as well as mental
level



“The last round of thanks goes o the most important people at my persoral front:

+ First of all, my Grandparents Adv. Umedmal, Mrs Vijayabai and parents Mr
Chandrakant and Mrs Deena, who by their labour and perseverance, provided me.
" Pho;

and also, for giving me complete liberty in all aspects of life and for trusting my

decisions.
+ My wife Sonal, being m pillar support by taking care of matters single handedly that
may have disturbed me and adjusting accordingly in time of needs. Daughter Ms

Bhumika for making me stress free afte returning home.

My sister Teesha, brother-in-faw Lokkish, brother Aishwary and sister-in-law Khushbu:
My in laws Ghevarchand, Suhas, Aarti and Shrenik Gadiya for support whenever
needed in all walks of lf.

+ My beloved Hostel friends Mukesh, Chetan, Ayush, Anurag and also the batchmates
Gumeet, Priyal, Priyanka, Rupali, Ashok and Dr Vikss.

o this rescarch work. Last but most important, | thank Almighty God for enclosing me with

such wonderful people in all walks of my life plish this endeavour in a

pleasantly fruitful manner.

INDRAJIT CHANDRAKANT BRAMHECHA.



ABSTRACT

exiles had evolved from simple apparel to. multifunctional texiiles due to
increasing consciousness about the quality of lif, requirement of protection
against various agencies and necessity of sustainable manufacturing. In the

modem era, functional propertes, like antimicrobial activity, mosquito repel

ey, water
vepellncy and UV protcction, ae highly demanded. Mulifunctiona textiles offer multple
functionalites unlke the conventional finished texile, thersby. reducing the cost of
producion. The texile coating is haled as an imporant method for imparting muliple

functionalites in a single coating formulation and has been one of the routine methods for

Textil is

a significant contrbutor

achieving this postion. Polyurethane (PU) is a widely employed.

polymerin prope
PUs employed in the textle coating are generally solvent-bome and derived from
synthetie polyols. The use of solvents and synthetie polyols accompanics its lmitations in

P

and prepare sustainable and functional polyol based on bio-reagent, followed by preparing &

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, functional polyol (81 el



o cxaluate the fonctonal groups, molccular sructure and molceular weight, T was used in
further escarch work.

The sccond part involes the preparation o waerhorne polyurthane based on SF.
Different formulatons of watesborne PU (WPU) were prepated by resctng SFP in diffrent
concentratons. The prepared WPUs were analysed for the change in moleculr weight and
hermal characterisics. The prepared WPUS were coated on ctton ta impart mulifunciional
propertes. The costed fibries were evaluated fo various chemical, thermal, mecharical and
functional propertcs, WPU-costd samples shove inherent antbsceral propetcs ranging

from $4% 10 99% against £. colf and . aureus bacteria, water barrier property of 100+ cm of

water pressure, and water vapor transmission fate up (0 1506 g/24he m” indicating nonporous

SFP canbe caimed ingredicnt
for PU synthesis, which can find applicaions in the costing of fextis for technical
applications. Based on the infeences ofthe various evalations, the ptimised WPU was used
in further rescarh work

The third part of the research work demonstsated the preparation of nherenly
mulifunction PU fortextile coating. The SFP and ethyl anthrailate-based PU (Mos PU) with
inherent mosquit repellency, UV protction, anibaceral activty and breathable waterproof
propertes was synthesised. The Mos PU was charatersed and confirmed chemicaly using
ATR-FTIR and GPC. Without detrioration of the mechanical propertes of the base cotton
{abri, the coating was caried out with varying add-ons. Thermal propertis of Mos PU and

coated samples were studied. The functional properties of the prepared coated cotton fabric

10 wash, por il

w -< The o 1 of the prepared

coated samples were very promising even afler 10 washing cyeles. Based on the results, the



prepared Mos ™
for technical textles

The fourth part of the research work atempts the coating of cotton fubric using

sraphenc-functionalsed WPU 1o impart antibacteral activt, breathability, near-infsred
(NIR) shielding and UV protction. The prepared coated fabres were evalated for texile
propertes and functional propertics. The coated samples displayed excellent UV protetion
(UPF=50), NIR resistance of up o 90% of the incident, antbacterial propertics abor 99%
against . coliand 5 aureus bacteria, water barie propety of 100+ em of wate presure and

water vapor transs e up 10 960.62 g 24he.* lectively hydrophilic

flm coating. The prepared graph lised PU formulation, based on the

resuls, coating for

“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 propertes, viz. up t0 3.5 % attenuation of

cident y-photons and up 1o 60 % attenuation of incident X-ray, durable antbacterial

Properties up 10 99.9 % against . coli and 5. aureus bacteia, 100+ cm of breaking hydrostatic

pressure rating, S0+ UPF rating and water vapor transmission rate up 1o 1103 g/24he.’

Therefore,
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