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INTRODUCTION & AIM METHOD

INTRODUCTION: Water  scarcity and
contamination remain  pressing  global i
challenges, primarily due to rapid

industrialization, urbanization, and population
growth. Conventional water treatment
methods, while effective to some extent,
often face limitations such as high operational
costs, incomplete removal of pollutants, and
the generation of harmful by-products. In this
context, nanotechnology has emerged as a
promising approach to address these
shortcomings by offering efficient,
sustainable, and cost-effective solutions for
water purification.
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Sources for green synthesis:

v" Plant extracts (rich in polyphenols, flavonoids,
terpenoids).

v' Agricultural waste (fruit peels, sugarcane
bagasse, rice husk, tea waste).

—

Titanium oxide
nanoparticles

Characterization of TiO,
nanoparticles

AlM: v" Microbial routes (bacteria, fungi, algae).

The synthesis of titanium oxide nanoparticles involves preparing a plant extract, which
v" To highlight the role of nanotechnology in addressing global water treatment challenges. acts as a reducing and stabilizing agent. Fresh leaves are collected, washed, and cut into
v To compare physical, chemical, and biological (green) synthesis methods of TiO, small pieces. The extract is boiled in distilled water, filtered, and filtered to obtain a clear

nanoparticles and assess their advantages and limitations. solution. A titanium precursor solution is prepared, either using titanium tetrachloride

v To examine the physicochemical properties of TiO, nanoparticles that contribute to their | (TiCls), titanium isopropoxide (TTIP), titanium butoxide, or titanium oxysulfate. The plant
photocatalytic, antimicrobial, and adsorption activities. extract is added slowly to the precursor solution, allowing the phytochemicals to reduce
v' To emphasize the eco-friendly potential of plant-mediated green synthesis for producing and stabilize titanium ions, initiating the nucleation of nanoparticles. The pH of the
safe, stable, and cost-effective TiO, nanoparticles. reaction mixture is adjusted to an alkaline range, and the mixture is stirred for 1-3 hours.
v’ To review evidence from recent studies on the application of green-synthesized TiO, The nanoparticles are recovered, washed, and dried in an oven. To enhance crystallinity
nanoparticles in industrial wastewater treatment. and photocatalytic activity, the dried powder is subjected to calcination. The synthesized
v’ To identify future perspectives and challenges in scaling up the use of green-synthesized nanoparticles are characterized using techniques such as UV-Visible spectroscopy,

Fourier-transform infrared spectroscopy, X-ray diffraction, scanning or transmission
electron microscopy, and dynamic light scattering.

RESULTS & DISCUSSION

TiO2 nanoparticles for environmental remediation.

Green synthesis of TiO2 nanoparticles Role in Industrial Waste Plant name Mode of synthesis Mechanism of action Application
Management: Azadirachta indica | Neem leaf extract reduces Ti | Photocatalysis > ¢OH and O,e~ under UV | Treatment of dye-contaminated
. . : . . : N Extract to TiO, NPs. light, Breaks d d into CO d | textile effluents.
v" Photocatalytic degradation: TiO, NPs under UV/visible light (Neem) Extrac Precursors to 1z TIPS I_'Igo realks COWH azo @yes INto LH2 and) textile efuents
. . . 2.
generate reactive oxygen species (ROS) such as hydroxyl radicals : —— _ : : :
. . : Camellia sinensis | Catechins and polyphenols | Electron—hole generation enhances | Degradation of pharmaceutical
that degrade dyes, phenols, pesticides, and pharmaceuticals. . . . ) ) .
v _ , (Green Tea) | act as reducing agents photocatalytic efficiency, ROS degrade | residues and toxic dyes in
Heavy Metal Bemoval' TiO, NPs adsorb ar?q Som.et'mes red.uce Extract antibiotics and phenolic pollutants wastewater
heavy metals I_Ik.e Cr(V1), Pb(”)_’ Cd(lh). MOdlfled TiO2 composites Moringa oleifera | Protein-rich extracts stabilize | Adsorption of heavy metals , Reduction of | Removal of heavy metals from
enhance selectivity and adsorption capacity. Seed Extract TiO, NPs. Cr(Vl) to less toxic Cr(lll) by electron | tannery and electroplating
v Antimicrobial Action: TiO, NPs show strong antimicrobial activity transfer. wastewater.
against industrial effluent pathogens, reducing biofouling in water Aloe vera Leaf | Polysaccharides and | Photocatalytic oxidation of dye molecules, | Treatment of printing and dye
treatment plants. Extract polyphenols reduce Ti Antimicrobial effect on bacteria present industry wastewater
v Air PPIIUt'on Control: Applied as c.oatlngs to. degrade volatile Hibiscus rosa- | Anthocyanins and flavonoids | Degradation of lignin derivatives and | Paper and pulp industry effluent
organic compounds (VOCs) and nitrogen oxides (NOx) from | sinensis Flower | facilitate TiO, NP formation. | phenolic ~ compounds, ROS-mediated | treatment.
industrial emissions. Extract oxidation of chlorinated organic pollutants
v’ Solid Waste Management: Agro-industrial residues can be Eucalyptus  Leaf | Tannins act as reducing and | ROS damage bacterial membranes, | Antibacterial disinfection in food
valorized into TiO, NPs themselves, reducing waste generation. Extract stabilizing agents. Inhibition of microbial respiration - | and beverage industry wastewater
complete cell lysis.

CONCLUSION

Nanotechnology offers innovative solutions to water contamination and scarcity, with titanium dioxide nanoparticles (TiO, NPs) emerging as one of the most effective materials due to their
photocatalytic activity, chemical stability, low toxicity, and affordability. Conventional synthesis methods, however, pose environmental concerns, making green synthesis using plant extracts
and biological resources a sustainable alternative. Green-synthesized TiO, NPs exhibit enhanced photocatalytic, antimicrobial, and adsorption properties, enabling pollutant degradation and
microbial inactivation. Beyond water treatment, they show promise in food safety and biosensing. Future research should refine synthesis methods, ensure environmental safety, and enable
large-scale applications for eco-sustainable water purification.
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