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ABSTRACT

The world is running out of clean fresh water. Highlighting this global water crisis, the journal,
“Nature” has stated in its web focusas “More than one billion people in the world lack access to
clean water, and things are getting worse. Over the next two decades, the average supply of
water per person will drop by a third, possibly condemning millions of people to an avoidable
premature death”. Rapid industrialization is one of the major factors behind this growing scarcity
of safe drinking water. Per day, millions of liters of waste water from industries are being
released into the water bodies, making the water unfit for aquatic life as well as human use. To
deal with this impending water scarcity, cheaper and more efficient methods for purifying and
recycling waste water need to be developed and that is the motivation behind this research work.
In the past two decades there has been unprecedented rise in the number of publications on the
synthesis of novel nanostructured materials and their application in water treatment and
photocatalysis. Various membrane processes have been developed for water treatment; among
them, nanofiltration membranes are the most commonly used component in the advanced water
purification and desalination technology. However, we currently have only few nanotechnology
based water purifying and recycling devices in the market which are cheaper, portable and
efficient. Removal of toxic metal ions and organic dyes from the industrial waste water is very
much important before releasing the effluents into water bodies.

Themotivation of the present investigation is to develop cheaper, eco-friendly and efficient
nanoadsorbents capable of binding organic impurities and toxic metal ions from waste water.
We also focused on the synthesis of various photocatalyst nanoparticles and films for the

degradation of organic pollutants in water.



Here, we have discussed the synthesis and application of some novel nanostructured materials
which have been found to be highly potential for the treatment of industrial waste water.
Removal of lanthanide ions from water has also been studied using surface modified porous
nanomaterials. UV or visible light assisted photocatalytic degradation of organic contaminants in
water using nanostructured materials is one of the most popularly used techniques for water
remediation. Here we have discussed the fabrication of hetero-structured hollow spherical silica
tantalum oxide nanoparticles and their Langmuir Blodgett films, and studied their photocatalytic
efficiency towards the degradation of Rhodamine B wunder UV light. Preparation of
nanomaterials having desired shape and size is of utmost importance as their optical and
electronic properties are dependent on them. In addition to the above techniques, we have
highlighted the less explored microfluidic route for the production of nanoparticles as well their
photocatalytic application using microreactors. Our studies have shown that, the size and
morphology of the synthesized nanoparticles depend on the flow rate, concentration of the
reactants and the geometry of the micro-reactors. Nanoparticle embedded microchannels

displayed excellent photocatalytic dye degradation efficiency.
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degradation of dye over LB film photocatalysts under UV light

Figure 5.15 | Recyclability study of the silica and tantalum pentoxide film (10S- 198
15T-10S-15T-10S-15T) for 3 consecutive cycles

Figure 5.16 | The plot of In (Co/C) vs. irradiation time for the degradation of dye 199
over LB film photocatalysts under UV light

Figure 5.17 | Effect of different scavengers on the degradation of Rhodamine B 201
dye (for the 10S-15T-10S-15T-10S-15T sample) under UV light

Figure 5.18 | The transient photocurrent response of the pure Ta>Os and LB film 202
(10S-15T-10S-15T-10S-15T) photocatalysts for 4 ON-OFF cycles

Figure 6.1 (a) Schematic diagram showing the steps involved in the fabrication 215
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of master template and (b) maskless photolithography instrument

Figure 6.2 The steps involved in the fabrication of PDMS based microreactor 216

Figure 6.3 a) The channel design with dimensions; (b) corresponding SU8 based 218
master template and (c) the PDMS based microreactor (M1) used for
the initial synthesis of the ZnO nanoparticles

Figure 6.4 Digital images of (a) microreactor M2, (b) microreactor M3 and (c) 219
microreactor M4

Figure 6.5 (@) The channel design with dimensions, image of (b) the master 221
template and (c) the PDMS based microchannels used for the
synthesis of TiO2 nanoparticles via continuous flow method

Figure 6.6 (@) The schematic design of the microreactor with dimensions, (b) 211
corresponding master template and (c) digital image of the
microreactor used for the synthesis of TiO2 nanoparticles

Figure 6.7 (a) Digital image of the master template and (b) the PDMS based 225
chip used for synthesis and photocatalysis

Figure 6.8 The digital images of the microchannels (a) before coating and (b) 227
after coating with TiO2 nanoparticles

Figure 6.9 Schematic diagram showing the photocatalytic microreactor used for 228
AgzPO4 nanoparticles

Figure 6.10 | Powder X-ray diffraction patterns of the ZnO nanoparticles 230
synthesized by (a) microfluidic route and (b) conventional method

Figure 6.11 | TEM images of (a) ZnO spindles, (b) spindles at higher 232

magnification and (c) EDX pattern of ZnO spindles
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Figure 6.12

TEM images of ZnO nanoparticles synthesized using (a)microreactor
M1, (b) microreactor M2, (c) microreactor M3 and (d) microreactor

M4

233

Figure 6.13

TEM image of ZnO nanoparticles synthesized by conventional

method (inset: EDX pattern of ZnO)
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Figure 6.14

() FESEM image and (b)EDX analysis of the ZnO nanoparticles

synthesized by microfluidic route

235

Figure 6.15

FESEM of ZnO formed in different microreactors along with the
digital images of the corresponding (a) microreactor M1, (b)

microreactor M2, (c) microreactor M3 and (d) microreactor M4.
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Figure 6.16

a) Microreactor used for the synthesis of ZnO nanowires by Ladanov
et al. [53], (b) the channel design and the actual reactor used by Sung

et al. for ZnO synthesis [36].
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Figure 6.17

N2 gas adsorption/desorption isotherm for (a) ZnO spindles and (b)

ZnO sheets

237

Figure 6.18

(a)UV-visible spectra of the dye solutions showing degradation with
time in presence of ZnO spindles as photocatalyst material under UV
light, (b) relative concentration of the dye (C/Co) vs. time plot (Inset:

In (Co/C) vs. time plot for the calculation of rate constant)
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Figure 6.19

(a)UV-visible spectra of the dye solutions showing degradation with
time in presence of ZnO spindles as photocatalyst material under UV
light, (b) relative concentration of the dye (C/Co) vs. time plot (Inset:

In (Co/C) vs. time plot for the calculation of rate constant)

239
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Figure 6.20

PXRD patterns of ZnS nanoparticles synthesized by (a) conventional

route and (b) microfluidic route
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Figure 6.21

(@) TEM image of sheet like agglomeration of ZnS nanoparticles
formed at flow rate of 0.1 mL/min, (b) TEM image of ZnS

nanoparticles at higher magnification

241

Figure 6.22

(@) TEM image of ZnS nanoparticles formed at flow rate of 0.5
mL/min, (b) TEM image of ZnS nanoparticles at higher

magnification

242

Figure 6.23

FESEM images of ZnS synthesized by microfluidic route (a) at flow
rate 0.1 mL/min, (b) 0.5 mL/min; (c) EDX analysis of ZnS

nanoparticles formed at flow rate of 0.1 mL/min

243

Figure 6.24

(a) UV-visible spectra of the dye solutions showing degradation with
time, (b) relative concentration of the dye (C/C,) vs. time plot (Inset:

In (Co/C) vs. time plot for the calculation of rate constant)
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Figure 6.25

Digital images of the photocatalytic microreactors coated with ZnS
nanoparticles (a) before use, (b) after use; (c) dye solutions before

and after photocatalysis

245

Figure 6.26

PXRD patterns of TiO2 nanoparticles synthesized by (a) microfluidic

route and (b) conventional route

246

Figure 6.27

TEM images of TiO2 nanoparticles synthesized by (a) droplet based
microreactor, (b) continuous flow microreactor and (c) conventional

bulk reactor

247

Figure 6.28

EDX spectra of TiO, nanoparticles obtained by (a) droplet based

247
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microreactor and (b) conventional bulk reactor

Figure 6.29

Nitrogen gas adsorption/desorption isotherms for TiO2 nanoparticles
synthesized by (a) droplet based microfluidic route

and(b)conventional route

248

Figure 6.30

(a) UV-visible spectra of the Methylene Blue dye solutions showing
degradation with time, (b) relative concentration of the dye (C/Co) vs.
time plot (Inset: In (Co/C) vs. time plot for the calculation of rate

constant)

249

Figure 6.31

PXRD pattern of AgsPO4 nanoparticles synthesized by conventional

route in bulk reactor

251

Figure 6.32

(a) TEM image of AgsPO4 nanoparticles synthesized by microfluidic
route, (b) TEM image of Ag:POs nanoparticles at higher

magnification, (c) EDX spectra of AgsPO4 nanoparticles

252

Figure 6.33

(@) TEM image of silver phosphate nanoparticles synthesized in
conventional bulk reactor and (b) EDX spectra of silver phosphate

nanoparticles synthesized in conventional bulk reactor

253

Figure 6.34

Digital image of the photocatalytic dye degradation setup

254

Figure 6.35

(a)UV-visible spectra of the Rhodamine B dye solutions showing
degradation with time in presence of silver phosphate as
photocatalyst material under visible light, (b) relative concentration
of the dye (C/Co) vs. time plot (Inset: In (Co/C) vs. time plot for the

calculation of rate constant)
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