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distribution of MoSz nanoflowers, EDS spectrograph of (c)
DSB, (d) DSB-MoS;, elemental mapping of (e) Carbon (f)
Oxygen (g) Molybdenum and (h) Sulphur.

Adsorption percentage of MB using DSB as adsorbent at (a)
different dye concentrations, (b) variations of pH and (c)
temperature, adsorption kinetics and isotherm studied using
(d) linear fitting of pseudo-first-order (PFO) kinetic model,
(e) pseudo-second-order (PSO) kinetic model, linear fitting
of isotherms (f) Freundlich isotherm, (g) Langmuir isotherm
and (h) adsorption thermodynamic.

Represent the percent photodegradation of MB using DSB-
MoS> under dark and light conditions, (a) at different dye
concentrations, (b) pH and (c) temperature, (d) linear fit of
PFO kinetic model, (e) PSO kinetic model, (f) setup for the
continuous degradation of MB under a white light source, (Q)
effect on percent photodegradation of MB during reusability
of DSB-MoS;, the antibacterial activity of DSB-MoS; (h)
against E. coli and (i) S. aureus.

Represent the SEM micrograph of (a) low-resolution
micrograph of DSB-Mo0S,-MB, (b-c) uniform distributed
MoS; nanosheets grown on DSB, (d) high-resolution
micrograph of self-assembled MoS: nanoflowers, elemental
mapping of DSB-Mo0S>-MB (e) survey of DSB-Mo0S,-MB,
(f) Molybdenum distribution on DSB-Mo0S2-MB, (g) sulphur
DSB-Mo0S,-MB, and (h) EDS analysis of the DSB-MoS,-
MB.

Schematic for chemical modification of RH through strategic
delignification followed by in-situ growth of MoS>
nanosheets, which undergoes self-assembly to form MoS>
nanoflowers with capabilities for the simultaneous dye
adsorption, degradation, and microbial decontamination.

Figure 4.10 Physicochemical, functional, and structural properties: (a)

FTIR spectrum, (b) XRD spectrum of RH, DRH, and DRH-
MoS, (c) XPS survey a broad spectrum of DRH-MoS, with
small scan section of (d) C1s, (e) O1s, (f) Si2p, (g) S2p and
(h) Mo3d of DRH-MoS:.

Figure 4.11 XPS full scan spectra of DRH (a), broad scan spectra of (b)

C1s, (c) O1ls, (d) Si2p, (e) S2p and (f) Mo3d of DRH.
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Figure 4.12 SEM-micrograph of (a) DRH and (b) DRH-MoS, (c) DRH-

MoS, at higher magnification (1000x), dispersed MoS;
nanoflower on DRH (d) at 3000x, () 10000x and (f) 30000x
magnification, (g) average particle size distribution of MoS>
nanoflowers, EDS spectrograph of (h) DRH, (i) DRH-MoS>

Figure 4.13 Adsorption of MG: (a) % adsorption of MG at various

concentrations on DRH at various time intervals, (b) effect of
different temperatures, (c) pH on % adsorption of MG, (d)
linear fitting of the PFO Kkinetic model, (e) Langmuir
isotherm and (f) studies of adsorption thermodynamic
parameters.

Figure 4.14 Photodegradation of MG by DRH-MoS;: (a) %degradation

of MG at various concentrations by DRH-MoS; in light and
dark, (b) effect of pH and, (c) temperature on % degradation
of MG, (d) linear fitting of PFO, and (e) PSO kinetic model,
and (f) cyclic photodegradation and reusability of DRH-
MoS..

Figure 4.15 Continuous photodegradation of MG and microbial

Figure 5.1

Figure 5.2

Figure 5.3

Figure 5.4

decontamination: (a) plug flow reactor for the continuous
photodegradation of MG, (b) antibacterial activities of DRH-
MoS: against E. coli, (c) antibacterial activities of DRH-
MoS, against S. aureus, (d) proposed mechanism for
continuous dye degradation and antibacterial properties of
DRH-MoS..

(a-d) Schematic route for production of 3D-printed PC, (e)
mechanism  of  phosphorylation and heat-induced
crosslinking, (f) flexible structure, (g-h) mechanically stable
3D-printed structures with compression load of 200 g and
tensile load of 50 and 10 g.

(@) 3D-printed structure, (b) structure after MB adsorption,
and (c-f) flexibility of the dye-adsorbed PC structure.

Impacts generated in different categories for PC production
and TEMPO-oxidation (a) impact generated in climate
change (excluding and including biogenic carbon), fossil
depletion, terrestrial toxicity, and human toxicity (non-
cancer, (b) freshwater consumption, marine ecotoxicity,
photochemical ozone formation (human health and
ecosystem), terrestrial acidification, and metal depletion, and
(c) freshwater ecotoxicity, fine particulate matter formation,
ionizing radiation, human toxicity (cancer), marine
eutrophication, freshwater eutrophication, and stratospheric
ozone depletion.

Rheological properties (a) storage modulus (G') and loss
modulus (G") as a function of shear strain (LVR region), (b)
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viscosity vs shear rate to calculate the power law parameters,
(c-d) G'and G" as a function of angular frequency at various
solid content, (e) G' and G" vs shear stress and (f) measured
shear thinning parameters of gels. Solid and open symbols
represent G" and G”, respectively.

Figure 5.5 Presents (a) conductometric titration, (b)zeta-potential at
different pH levels, (c) FTIR spectrogram full range, and (d)
spectra in the range 1400-800 cm-1.

Figure 5.6 Presents (a) XPS survey, high-resolution spectra of (b) P2p,
(c) C1s, (d) O1s of VC, solid-state NMR (e-f) 13C of VC and
PC and (g-h) 31P of VC and PC.

Figure 5.7 Presents (a) XRD diffractogram, (b) TGA thermogram of VC
and PC, (c) tensile property, and (d) compressive property of
3D- printed PC structures.

Figure 5.8 SEM micrographs of (a)3D-printed PC structure, (b), and (c)
at high magnification, (d) showing aligned cellulose fibres
with elemental mapping for distribution of (e) Carbon(C), (f)
Oxygen(0), (g) Phosphorous(P) and (h-i) EDS spectra with
respective atomic and weight %.

Figure 5.9 Percent removal of dye at different (a) concentrations, (b)
contact time, (c) fitted PSO kinetics, (d)Langmuir isotherm,
(e) effect of temperature, (f) pH, (9)

Figure 5.10 Schema illustrates the production of PC and its subsequent
3D printing loaded with MoS; precursor salts. In-situ growth
of MoS; on printed structures was performed via
hydrothermal treatment which was then utilised for
remediation of MB dye

Figure 5.11 Rheological characteristics of gels (a) G’ and G” versus shear
strain, (b) viscosity against shear rate, (¢) G' and (d) G” versus
angular frequency (o), (¢) G’ and G" against shear stress, and
(f) power law parameters.

Figure 5.12 FTIR spectrum (a) full range ~500-4000 cm-1, (b) from 500-
1200 cm-1, (c) from 1200-4000 cm-1 and their corresponding
peaks highlighted by blue arrows, (d) XPS survey of
PCMo@0.5%, (e) high-resolution spectra of (e) C1s, (f) Mo,
(9) S2p, (h) Ols and (i) P2p.

Figure 5.13 (a) XRD, (b) Raman spectroscopy, (c) TGA and (d) measured
thermal parameters for PC and PC based MoS; composites.

Figure 5.14 SEM micrograph of (a) 3D printed structure including grids,
(b) micrograph of Mo at lower and (c) higher magnification,
(d) PCMo@0.5% with in-situ grown MoS», elemental
mapping of PCMo@0.5%, (e) element overlay (f) P, (g) Mo,
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and (h) S, and (i)EDS spectra with its elemental weight and
atomic percent (tabulated in inset).

Figure 5.15 Effect of dye adsorption (a) contact time, (b) percentage

removal of MB, (c) temperature, (d) pH, (e) Langmuir
isotherm, (f) thermodynamic of adsorption process, (g) intra-
particle diffusion model, (h) PSO kinetics and (i)
photodegradation of MB under light with intensity of 21.6
W/m2.

Figure 5.16 (a)Reusability of PCMo@0.5% for MB degradation,

Figure 6.1
Figure 6.2

Figure 6.3

Figure 6.4

Figure 6.5

Figure 6.6

Figure 6.7

Figure 6.8

antibacterial properties of PCMo@0.5% at different loading
of 0.1%, 0.25% and 0.50% (b) S. aureus, (c) E. coli, (d)
experimental setup for continuous degradation and
decontamination, (e) and (f) effects of PCMo@0.5% on
degradation of MB and antibacterial properties against E.
coli.

Effects of curing duration on the colour of the produced
phosphorylated RS gels.

Phosphate content of the films produced after different curing
times measured using conductometric titration.

(a-c) Represent the environmental impact generated during
the production of nanocellulose via TEMPO-oxidation routes
and phosphorylation routes, radar graph for the production of
functionalized cellulose films via (d) phosphorylation film
production route and (¢) TEMPO-oxidation film production
route.

(@) FTIR, (b) TGA, and (c) X-ray diffraction of rice straws,
delignified rice straw, and developed RSF films.

High-resolution XPS spectra of (a)Ol1s, (b) Si2p, (c) C1s, (d)
P2p spectra, (€) broad range XPS spectra of RSF-60 and DRS
(f) mechanism of swelling of rice film (g) possible reaction
mechanism involved during phosphorylation process.

SEM micrograph of RSF-60 at magnification (a) 300x, (b)
500x, (c) size distribution of fibers, (d) distribution of silica
in RSF-60 at 2KXx, (e) 5KX, (f) silica size distribution (g) EDX
spectra of RSF-60 with their elemental composition,
elemental mapping of (h) phosphorous and (i) silica.

Tensile strength of the (a) dry films, (b) wet films, (c)
mechanical property after sealing, (d) contact angle, (e) water
absorption and swelling property and (f) char residue formed
after flammability test.

Flammability test of the film at different time intervals (0, 1,
and 8 seconds).
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Figure 6.9 Photograph of packed (a) baby corn and (b) maize using rice
straw film.

Figure 6.10 (a) Overall migration of RSF films in ethanol and isooctane,
(b) loss in weight of apple in packed and unpacked
conditions, (c) thermoregulatory studies of coffee with
commercial paper cup, plastic cup and rice straw APTES
modified cups measured in term of cooling rate, (d)
temperature difference between boundary wall and coffee
filled cups with time, (e) photograph of coffee filled RSF and
APTES modified cups to demonstrate staining at different
intervals of time, (f) photographs of the cups (plastic
disposable and rice straw cup) filled with cold drinks to study
the effects of anti-fizzing properties, photographs of (g)
apples (h) pear and (i) kiwi taken at different interval of time
in packed and unpacked condition, and (j) thermal images of
coffee filled in commercial paper cup, plastic cup and rice
straw cup at different time intervals.

Figure 6.11 Photograph of the rice cups after its utilization for drinking
coffee (a) and the removal of stains after washing(b).

Figure 6.12 Presents the test for (a) hot water stability of the developed
phosphorylated rice straw film, (b) hot water stability of the
commercial cup, and (c) hot water stability of the developed
phosphorylated rice straw cups.

Figure 6.13 Presents (a) porosity, (b) water absorption and (c) thermal
conductivity of phosphorylated RS aerogels.

Figure 6.14 Charge content of (a) RSA-45 (b) RSA-60 (c) RSA-75 (d)
RSA-90 in the produced aerogels after different curing times.

Figure 6.15 Compressive properties of RSA-45 under (a) different strain
percentage in a single cycle and (b)multiple cycle
compression under different applied strain%.

Figure 6.16 LCA based comparison of the environmental impacts
generated in different categories during rice aerogel and PU
foam production.

Figure 6.17 Radar graph of normalised midpoint results for rice aerogel
box and polyurethane box production.

Figure 6.18 Represent (a) FTIR spectra of aerogels and DRS, (b) XPS
survey of RSA-45, (c)- (f) display the broad spectra of P2p,
Si2p, Ols, and C1s, respectively, (g) thermal properties and
(h) mechanism of phosphorylation reaction.

Figure 6.19 XRD spectra of delignified rice straws and phosphorylated
samples at different curing times
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Figure 6.20 (a) Flammability test of RSA-45 at t=0 sec, (b) flammability
test of RSA-45 after 86 sec, (c) the effect of direct flame on
the RSA-45 box and polyurethane box.

Figure 6.21 SEM micrograph of aerogels produced at different curing
time (a-i), presence of silica on the aerogel fibres, (i)
elemental mapping of elements (j) Si, (k) P, and (I) EDS
spectrum of RSA-60 with elemental weight percent, (m)
silica average diameter, and (n) average pore size of aerogels.

Figure 6.22 (a) Melting behaviour of the butter at different intervals of
time in packaged aerogel box and unpacked condition at
room temperature,(b) temperature variation in temperature
of stored butter in aerogel boxes, and (c) microbiological
study of the stored butter at 4 and 25 °C under control and
packed conditions t understand the effect of incubation period
on growth of pathogenic bacteria such as Salmonella species,
Pseudomonas species, Listeria monocytogenes, Lactic acid
bacteria and yeast count.

Figure 6.23 Photographs of the butter (packed and controlled) at 4 °C and
25 °C stored for 0 and 7 days.

Figure 6.24 Photograph of the different selective plates to study the
growth of different pathogenic microorganisms such as (a)
XLD (Salmonella species), (b) MRS (Lactic acid bacteria),
(c) PALCAM (Listeria monocytogenes) (d) PDA (yeast) and
(e)Pseudomonas agar (Pseudomonas species) in stored butter
samples at 4 and 25 °C under control and packed conditions.

Figure 6.25 (a-c) Mid-point impacts values generated during the storage
of butter in rice aerogel box and PET box production, (d)
normalisation of mid-point results from rice aerogel box
production and (e) PET box production.

Figure 6.26 (a-c) Mid-point impacts values generated during the
transportation and cold storage of rice aerogel box and PET
box production, (d) normalisation of mid-point results from
rice aerogel box and (e) PET box.

Figure 7.1 Colour of gels produced at different curing times with DAHP
and urea at 150 °C.

Figure 7.2 Charge content of the film produced after different curing
times (30-90 minutes) (a) SCBF-30, (b) SCBF-45, (c) SCBF-
60, (d) SCBF-75, () SCBF-90 and (f) the char residue
formed after the flame test of the films.

Figure 7.3 FTIR spectra (a) in the range of 600-4000 cm-1, (b) 600-1600
cm-1, (¢) XPS survey of DSB and SCBF-60, (d) C1s, (e) O1s,
and (f) P2p bond of DSB and SCBF-60.
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Figure 7.4

Figure 7.5

Figure 7.6

Figure 7.7
Figure 7.8

Figure 7.9

SEM micrograph of SCBF film (a)100x, (b)500x, (c) 3Kkx,
and (d) 10kx, (e)EDS analysis with elemental mapping of (f)
carbon, (g) oxygen, and (h) phosphorous, respectively.

(@) Tensile strength and (b) water solubility of
phosphorylated SCB film in wet condition

(@) XRD diffractogram, (b) thermogravimetric analysis, (c)
tensile strength, (d) tensile modulus, (e) water absorption
capacity, and (f) contact angle.

Evaluation of flame-retardant properties of the SCBF-films

(@) Overall migration values measured in presence of food
simulants ethanol and isooctane, (b) changes in pH and
peroxide values for control and SCBF films packed paneer,
(c) PDA agar plates for growth of yeast/fungi at different time
period, (d) measured colonies in presence of MRS/PDA agar
media, (e) changes in colour and texture of paneer stored
under control and packaged conditions at different storage
time upto 21 days at 4 °C.

(@) Microbiological analysis of the packaged and control
samples in de Man, Rogosa and Sharpe (MRS) agar, Violet
Red Bile agar (VRBA) agar, Polymyxin Acriflavin Lithium-
chloride Ceftazidime Esculin Mannitol (PALCAM) agar,
Xylose Lysine Deoxycholate (XLD) agar and Pseudomonas
agar.

Figure 7.10 Photographs of the films (a-e) sample taken to examine the

physical changes occurring during different intervals of soil
burial to study the process of biodegradation, (f-h) mid-point
results generated from the production of single SCBF film,
(i) normalisation of the mid-point results and (j) the graphs
for the biodegradation percentage at different intervals of soil
burial.

Figure 7.11 Flow diagram depicting the production process of fruit foam,

accompanied by a comprehensive overview of its properties.

Figure 7.12 (a) FTIR spectra, (b) XRD pattern, (c) XPS survey, broad

spectrum and high-resolution XPS, (d) P2p, (e) O1s and (f)
Cls of DSCB and PSCB-45.

Figure 7.13 SEM micrographs of (a-b) PSCB-30, (c-d) PSCB-45, (d-e)

PSCB-60, (f-g) PSCB-75, and (h) EDS and corresponding
elemental composition of PSCB-45.

Figure 7.14 (a) TGA, (b) thermal conductivity, (c) stress-strain curve of

PSCB-45 in a single cycle, (d) multiple cycles, (e) porosity,
and (f) water absorption capacity.
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Figure 7.15 lllustrates the thermal insulation properties of (a)
polyethylene foam, (b)PSCB foam, (c) temperature profile of
the foams and hot plate surface, flame-retardant properties of
(d) PSCB foam, and (e) commercial polyethylene foam.

360

Figure 7.16 (a) Photograph of an apple wrapped in PSCB-G foam, (b-c)
Photographs showcasing the flexibility of PSCB-G foam; (d)
Photograph of an apple packaged in polyethylene foam, (e)
Photograph displaying the unpackaged apple, (f) Photograph 361
of an apple packaged in PSCB-G foam, (g) Stress-strain
curve comparing apple, polyethylene foam, and PSCB-G
foam covered apple, (h) Evaluation of antioxidant properties.
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LIST OF ABBREVIATIONS

LCA Life cycle assessment
NaOH Sodium hydroxide

MFC Microfibrillated cellulose
NC Nanocellulose

TAPPI Technical Association of the Pulp and Paper Industry
MCC Microcrystalline cellulose
NFCs Nanofibrillated cellulose
CNC Cellulose nanocrystals
BC Bacterial cellulose

CNFs Cellulose nanofibers
CMFs Cellulose microfibrils
KOH Potassium hydroxide
MoS; Molybdenum disulphide
2D Two-dimensional

1T 1-Trigonal

2H 2-Hexagonal

3R 3-Rhombohedral

NaClO: Sodium chlorite

H20: Hydrogen peroxide
NaOClI Sodium hypochlorite
Na2SO3 Sodium sulphite

E. coli Escherichia coli

S. aureus Staphylococcus aureus
H2SO4 Sulphuric acid

H3PO4 Phosphoric acid

HsPOs Phosphorous acid
TEMPO 2,2,6,6-tetramethyl-1-piperidinyloxy
HCI Hydrochloric acid

HPH High pressure homogenizer
DS Degree of substitution
DMF Dimethylformamide
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PA Phosphoric acid

DAHP di-ammonium hydrogen phosphate
ADP Ammonium di-hydrogen phosphate
Des Deep eutectic solvents

ILs lonic liquids

DOX Doxorubicin

CNF-P Phosphorylated cellulose nanofiber
UPF UV protection factor

GSM Grams per square meter

FESEM Field emission scanning electron microscopy
Qe Highest adsorption capacity

Ce MB/MG concentration

Co Initial MB/MG concentration

\Y Volume of the MB/MG solution

W Gram of adsorbent

SB Sugarcane bagasse

RH Rice husk

MB Methylene blue

MG Malachite green

MOF Metal-organic frame work

CO Carbon monoxide

NOx Nitrogen oxides

ROS Reactive oxygen species

CO2 Carbon dioxide

DRH Delignified rice husk

DSDSB Delignified sugarcane bagasse
DDDSB-MoS2 Delignified sugarcane bagasse-molybdenum di-sulphide
DRH-MoS; Delignified rice husk-molybdenum di-sulphide
FTIR Fourier transform infrared spectroscopy
XPS X-ray photoelectron spectroscopy

EDX Energy-dispersive X-ray spectroscopy
XRD X-ray diffraction

SEM Scanning electron microscope
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Mo

PFO

PSO

CB

VB

UV-DRS

C.l

PC

VC

NMR

AMT
PC@5.5 %
PC@4.9 %
PC@4.3%

K

N

LVR

G’

G

FWHM

Ki

Ci
PCMo@0.1%
PCMo@0.25%,
PCMo@0.5%,
PCMo@0.75%,
PCMo@1%,
Tonset

Tmax

AH

Molybdenum

Sulphur

Oxygen

Carbon

Pseudo first order

Pseudo second order

Conduction band

Valence band

UV-Vis diffuse reflectance spectroscopy

Crystallinity index

Phosphorylated cellulose

Viscose cloths

Nuclear magnetic resonance spectroscopy

Ammonium molybdate trihydrate

PC gel with solid content of 5.5 %

PC gel with solid content of 4.9 %

PC gel with solid content of 4.3 %

Consistency index

Power law index

Linear viscoelastic region

Storage modulus

Loss modulus

Full width at half maximum

Diffusion rate constant

Boundary layer thickness

Phosphorylated cellulose printed structures with 0.1g of AMT
Phosphorylated cellulose printed structures with 0.25g of AMT
Phosphorylated cellulose printed structures with 0.5g of AMT
Phosphorylated cellulose printed structures with 0.75g of AMT
Phosphorylated cellulose printed structures with 1g of AMT
Onset thermal degradation temperature
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Enthalpy
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Entropy
Gibb’s free energy
Delignified rice straw

Rice straw film produced from gel prepared after 45 min of
curing

Rice straw film produced from gel prepared after 60 min of
curing

Rice straw film produced from gel prepared after 75 min of
curing

Rice straw film produced from gel prepared after 90 min of
curing

Rice straw
Thermogravimetric analysis
(3-Aminopropyl) triethoxy silane

Rice straw aerogel produced from gel prepared after 45 min of
curing

Rice straw aerogel produced from gel prepared after 60 min of
curing

Rice straw aerogel produced from gel prepared after 75 min of
curing

Rice straw aerogel produced from gel prepared after 90 min of
curing
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Sugarcane bagasse film produced from gel prepared after 30 min
of curing

Sugarcane bagasse film produced from gel prepared after 45 min
of curing
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Sugarcane bagasse film produced from gel prepared after 60 min
of curing

Sugarcane bagasse film produced from gel prepared after 75 min
of curing

Sugarcane bagasse film produced from gel prepared after 90 min
of curing

Phosphorylated sugarcane bagasse aerogel produced from gel
prepared after 30 min of curing

Phosphorylated sugarcane bagasse aerogel produced from gel
prepared after 45 min of curing

Phosphorylated sugarcane bagasse aerogel produced from gel
prepared after 60 min of curing

Phosphorylated sugarcane bagasse aerogel produced from gel
prepared after 75 min of curing
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Phosphorylated sugarcane bagasse foam modified with Gallic
acid

Charge content

Fossil depletion
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PREFACE

Given the global challenges presented by petroleum-based polymers, as well as
the need to combat climate change and dwindling fossil fuel resources, there has been
a noticeable push on sustainable technologies and research. These challenges have
highlighted a crucial effort to shift away from the conventional dependence on
polymers derived from petroleum to sustainable and affordable alternatives that are
both eco-friendly and renewable. Development of renewable polymers with scalable
processes for commercial utilization is another focus point towards developments in
sustainable polymers. In line with the research progress in renewable polymers, there
exists sustainable development goals (SDGs) such as clean water and sanitation
(SDG®6), industry, innovation and infrasturucture (SDG 9), life below water (SDG 14),
life on land (SDG 15), climate action (SDG 13), responsible consumption and
production (SDG 12), sustainable cities and communities (SDG 11), and affordable and
green energy (SDG 8) by United Nations. There has been a strong push to find
alternative methods for producing polymers to address environmental concerns. As a
result, there has been an intensive attempt to investigate biopolymers as potential
solutions. In this field, agricultural biomass and waste offer exciting opportunities to
create valuable products while reducing environmental harm. Cellulose is an extremely
promising option for biopolymer production due to its remarkable properties such as
mechanical strength, crystallinity, hydrophilicity, biodegradable, sustainable,
environmentally friendly, non-toxic, affordable, and widely accessible. This thesis
focuses on utilising different agro-wastes to extract cellulose, their in-situ modification,
and phosphorylation via green routes for development of value-added products. The
present thesis consists of 8 chapters in which chapter 4 to chapter 7 discuss the
methodologies performed. The cellulose extraction and phosphorylation have been
performed using an industrially viable, scalable, and green approach. The
phosphorylated cellulose processed with the sustainable routes were 3D-printing,
moulding, solution casting, freeze drying, and spinning to fabricate complex structure,
cups and plates, films, aerogels, and threads. This thesis explores various sustainable
solutions derived from abundantly available agricultural biomass to value-added

products, specifically emphasizing sugarcane bagasse (SB), rice husk (RH), viscose
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cloth, and rice straw for addressing urgent environmental challenges and provide
practical advancements in different sectors. In chapter 4, the process of delignification
of SB and RH is revealed, resulting in the extraction of cellulose that can be used as an
effective adsorbent for methylene blue (MB) and malachite green (MG) dyes,
respectively. In addition, using molybdenum salt and thiourea treatments, the resulting
cellulose is converted into highly effective adsorbents and photocatalysts for removing
dyes. These absorbents also demonstrate antibacterial properties against Escherichia
coli and Staphylococcus aureus for scalable and continuous wastewater dye and
bacterial decontamination with potential practical applicability. The chapter introduces
a unique strategy for the up-conversion of agricultural biomass into value-added bio-
adsorbents, which can effectively and economically address the remediation of dyes
with simultaneous microbial decontamination from polluted wastewater streams.
Chapter 5 demonstrates an important development in sustainable material innovation
using viscose cloth for gel production through phosphorylation. The phosphorylated
gels exhibit improved properties, including higher water absorption, swelling capacity,
and rheological attributes. Additionally, they show significant enhancements in their
ability to remediate MB. The addition of MoS: salts to PC also showed excellent shear-
thinning properties. It facilitated the in-situ growth of MoS; to introduce photocatalytic
and antibacterial properties, enhancing the rate of MB degradation and pathogens
removal from wastewater. This chapter provides a green, facile and energy-efficient
strategy for fabricating PCs with easy processability through additive manufacturing
techniques for producing value-added products, opening up new avenues for high-
performance applications including continuous photodegradation and antibacterial
properties. Chapter 6 of the thesis explores the process of transforming rice straw waste
into useful materials like food packaging films, aerogels, and thermal boxes. The films
and aerogel boxes demonstrate remarkable mechanical strength, thermal stability, and
flame-retardant properties using phosphorylation, solution casting and freeze-drying
techniques. Furthermore, the development of biodegradable cups and aerogel boxes
showecases the versatility and environmental friendliness of materials made from rice
straw. The rice straws have been processed to form films (heat sealing), cups (anti-
fizzing and solvothermal stability) and aerogels properties (thermal insulation, low
thermal conductivity) and can acts as potential replacement of non-biodegradable and
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highly flammable polyethylene and polyurethane, and polystyrene. In Chapter 7, we
explore the potential of sugarcane bagasse and demonstrate the production of
phosphorylated films, aerogels, and fruit foams that offer a wide range of
functionalities. These materials possess transparency, mechanical strength, flame
retardancy, thermal stability, and biodegradability, making them highly suitable for a
wide range of packaging applications. The foams prepared with sugarcane bagasse
biomass can become a suitable mechanically stable alternative for damage protection
in perishable fruit products, as a potential replacement for non-biodegradable
polystyrene foams used currently. It is worth mentioning that the use of these materials
for packaging paneer and apples highlights their ability to prolong shelf life and provide
environmentally friendly alternatives to traditional packaging materials. Together, this
thesis highlights the importance of utilising agricultural biomass and waste to create
sustainable materials that can be used in a wide range of applications. This not only
helps address pressing environmental issues and UN SDGs, but also promotes
innovation and progress in different industries. This thesis aims to make a valuable
contribution towards a scalable, facile, low-cost, utilization of abundantly available
waste biomass for making high value products with lower carbon footprints which can
be utilized in the direction of the global efforts in achieving a sustainable and resilient

future.
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