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Water is the most important inheritance of our p
lanat
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Our dreams become reality
with materials




Affordable clea
n water is a pro
blem of advanc
ed materials

New adsorbents
New sensors
New catalysts

Novel phenomena
New devices

Technological Solutions
for Water Sustainability:
Challenges and Prospects
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Water purification, histo
ry

T. Pradeep and Anshup, Thin Solid Films, 20
09



Future of water purification: An enigma with some poin
ters

Category-wise distribution of contaminants regulated by USEPA and futu
re contaminants

Noble metal nanoparticles for water purification: A critical review, T. Pradeep and Anshup, Invited critical review, Thin Solid Fil
ms, 517 (2009) 6441-6478 (DOI: 10.1016/j.tsf.2009.03.195).



World’ s first nanochemistry-based wat
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A plant to make supported nanomaterials for wate
r purification; with capacity of 4.5 tons per month,




Nanomaterials are now atomically preci
se
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Clean water for everyone

ACS Sustainable Chemistry & Engineering Edito
rial, December 2016




Water positive materia
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How to make?



What is special?



Live/dead staining experiments



No nanotoxicity



Variety of materials
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Confined Metastable 2-Line Ferrihydrite for Affordable
Point-of-Use Arsenic Free Drinking Water
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By Avula Anil Kumar, Anirban Som, Paolo Longo, Chennu Sudhakar,
Radha Gobinda Bhuin, Soujit Sen Gupta, Anshup, Mohan Udhaya Sankar,
Amrita Chaudhary, Ramesh Kumar, and T. Pradeep™

A. Anil Kumar, et. al. Adv. Mater.,, 29 (2016) 16042



&

Intensity (counts)

Is

As3d

Mechanism — molecular too

730 74040 42 44
Binding Energy (eV)

46

48

°0 600

800 1000
Raman Shift (cm)



Modeling surfaces

Chennu Sudhakar, et al. ACS Sustainable Chemistry & Engineering, 6 (2018) 9990-10000.



Lab studies
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Initial pilot studies
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Larger pilot studies

MAP SHOWING LOCATION OF TUBEWELLs FOR INSTALLATION OF ARSENIC FILTER
AT NINETEEN ARSENIC AFFECTED BLOCKS IN MURSHIDABAD DISTRICT




Changing the dynamics in the field
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Completed 3 years maintenance (stipulated: 2 years) f
or 330 bamboo unit roect |n Nadia, WB

- 03471-250221
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Minimum uptime: 91%, Maximum: 98%
Only 4/330 have reported arsenic above 10 ppb




Implementation - From 25 KLD to 1 MLD

Large water supply schemes Retrofitted Water Purification Plant

Capacity: above 1 MLD Capacity: 0.1-1 MLD

5 schemes in use across India Over 180 units in use across India



Clean water at 2.1 paise per litre!




Smart water purifiers and big data

Ankit Nagar and T. Pradeep 14(2020). ACS Nano, 6420-6435



Waste management

 Adsorbents conform to toxicity characteristic leaching proc
edure

 Elemental waste goes back to local environment
» Safe disposal of arsenic (or any other) laden waste
 Additional protection could be considered, if necessary

 Exploring viable uses



Now they are across the countr
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Components of loT architecture implemented by
DWSS, GoP

t ]
Modbus

RS485

Analag
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Digital

Typical loT architecture comprises various sensors and meters, communication gateway,
Cloud Server, SMS gateway, Webservices and mobile phone application for operator




Atmospheric water harvesting




New harvesters B’

Depanjan Sarkar, et. al. Advanced Materials, 28 (11), 20
16.




Combination of cactus and Namib dese
rt beetle effect

Hydrophilic re

Dananian Sarkar at al lInniiblich



Cooled nano-engin
eered surface

Filtered hu
mid air

Exhaust hot ai
r

Atmospheric humid
air

Peltier co
Air filter me er

mbrane Condensed w
ater drops

VayuJAL Technologies Pvt. Lt

Raﬁlresh Kumar Soni and Ankit Na
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Capacitive Desalination (CDI)
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DIGITAL KIOSK

for community drinking using Technology

s -- Products under implementat
lon

Vijay Sampath and Tullio Servi

loT enabled for remote monitoring and support



Evolution of materials to produc

ts
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Ankit Nagar and T. Pradeep, ACS Nano 14 (2020) 6420-6435.



Sensors and new opportuniti
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Water quality measurement — In the pipe
line



New electrodes - Aligned nanoplates of Co6S
8

1,2-bis(diphenylphosphino)ethane (DPPE)



Electrospray deposition
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Sensing
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Working electrode

Vertically aligned nanoplates

Handheld Potentiostat Vertically aligned nanoplates

Anagha Jose et al. ACS Materials Lett, 5 (2023) 893-8
99.



Arsenic poisoning across the worl
d

E. Shaji, M. Santosh, K. V. Sarath, Pranav Prakash, V. Deepch and B. V. Divya, Geoscience Frontiers, 12 (2021) 10107
9.
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India’ s water is being monit
re

click the dot to view details of water supply in the village
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Imaging cubic ice at molecular resoluti
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Electron diffraction of nanometer-scale crystals of
clathrate hydrate

(a THF-CH4 Clathrate hydrate crystal (b 3 D electron diffraction
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Our dreams become reality with mater
1als

Energ

H20

Clean wate
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https.//www.youtube.com/watch?v=fiJyptbXBtM



https:.//www.peopleswaterdata.
org



An ocean of opportun
ities

Water presents a unique opportu
nity to find a purpose in life.



Conclusions

Affordable clean water with advanced materials is demonstrated at scale.

Clean water for all is possible.
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