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“Pale blue dot” Voyager 1 Feb. 14, 1990
Water is the most important inheritance of our planet



Water is at the entre of action
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There is water in everything we do.




Our dreams become reality with materials




Water purification, history

Important milestones in the history of water purification (1800-2007) from the
perspective of noble metal nanoparticles in water treatment (compiled from multiple
sources on the World Wide Web).

Year Milestone

1804 Setup of world's first city-wide municipal water treatment plant
(Scotland, sand-filter technology)

1810 Discovery of chlorine as a disinfectant (H. Davy)

1852 Formulation of Metropolis Water Act (England)

1879 Formulation of Germ Theory (L. Pasteur)

1902 Use of chlorine as a disinfectant in drinking water supply
(calcium hypochlorite, Belgium)

1906 Use of ozone as a disinfectant (France)

1908 Use of chlorine as a disinfectant in municipal supply, New Jersey

1914 Federal regulation of drinking water quality (USPHS)

1916 Use of UV treatment in municipal supplies

1935 Discovery of synthetic ion exchange resin (B. A. Adams, E. L. Holmes)

1948 Nobel Prize to Paul Hermann Muller (insecticidal properties of DDT)

1959 Discovery of synthetic reverse osmosis membrane
(S. Yuster, S. Loeb, S. Sourirajan)

1962 Silent Spring published, first report on harmful effects of DDT (R. Carson)

1965 World's first commercial RO plant launched

1974 Reports on carcinogenic by-products of disinfection with chlorine
Formulation of Safe Drinking Water Act (USEPA)

1975 Development of carbon block for drinking water purification

1994 Report on use of zerovalent iron for degradation of halogenated organics
(R. W. Gillham, S. F. 0'Hannesin)

1997 Report on use of zerovalent iron nanoparticles for degradation of
halogenated organics (C-B. Wang, W.-X. Zhang)

1998 Drinking Water Directive applied in EU

2000 Adoption of Millennium Declaration during the UN Millennium Summit
(UN Millennium Development Goals)

2003 Report on use of noble metal nanoparticles for the degradation of pesticides
(A.S. Nair, R. T. Tom, T. Pradeep)

2004 Stockholm Convention, banning the use of persistent organic pollutants

2007 Launch of noble metal nanoparticle-based domestic water purifier
(T. Pradeep, A. S. Nair, Eureka Forbes Limited)

T. Pradeep and Anshup, Thin Solid Films, 2009



Affordable clean water is a problem of advanced materials
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Nanomaterials are now atomically precise
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Clean water for everyone

ACS Sustainable Chemistry & Engineering Editorial,
December 2016




Water positive materials
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Biopolymer-reinforced synthetic granular

nanocomposites for affordable point-of-use

water purification

Mohan Udhaya Sankar’, Sahaja Algal’, Shihabudheen M. Maliyekkal', Amrita Chaudhary, Anshup, Avula Anil Kumar,

Kamalesh Chaudhari, and Thalappil Pradeep’
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What is special?
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Live/dead staining experiments
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~ No nanotoxicity
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Variety of materials
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Mechanism
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~ Modeling surfaces

Chennu Sudhakar, et al. ACS Sustainable Chemistry & Engineering, 6 (2018) 9990-10000
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~ Lab studies
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_Initial pilot studies
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- Changing the dynamics in the field

= Existing unit for iron and arsenic removal —
20 m3/h

= Uses activated alumina and iron oxide (old
generation of adsorbents)

Existing unit for iron and arsenic removal —
18 m3/h

Uses iron oxyhydroxide (new generation of
adsorbents)

Input arsenic concentration: 168 ppb
Output arsenic concentration: 2 ppb

20
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Implementation - From 25 KLD to 1 MLD

Large water supply schemes

Capacity: above 1 MLD Retrofitted Water Purification Plant
Capacity: 0.1-1 MLD

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



Cleanwater at 2.1 paise per litre!

Calculation for the Tariff to be collected for treated water (Revision if Required)

Design population 1,071 Plant capacity/70 LPCD
Sr.No Item/Description Cost / Quantity Remarks
After minimum two years if Iron concentration
Cost of Replacement of lron removal is more than 5 ppm. But iron concentration is
1 . 56400
media more than 5 ppm at only two to three places.
Therefore media may work for 3 years also.
After minimum two years if Arsenic
Cost of Replacement of Arsenic removal concentration is more than 100 ppb. But
2 . P 978660 arsenic concentration is more than 100 ppb at
media :
only two to three places. Therefore media may
work for 3 years also.
3 Cost of replacement of Activated Carbon 28560
4 Total cost of Replacement of media 1063620 After minimum two years.
5 Total cost of Replacement of media for 531810
one year
6 Plant capacity 75000 Itr per day
7 Design population 1,071 Plant capacity/70 LPCD
8 Cost per litr of water : 0.025 cents
2.1 Paise per Itr
Rs. per head per day
1.36 =Media replacement cost per year/365/Design
9 Cost of replacement of media population

40.80 per head per month for 70 LPCD water 23



Smart water purifiers and big data

Smart Water Purifiers linked to loT Global Map of Water Health

Organics
Chemicals
Pesticides

Bio toxins
Heavy metal ions
Micro-organisms

/\ Contaminated sites
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Waste management

Adsorbents conform to toxicity characteristic leaching procedure
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

25



A sample of new installations







Atmospheric water harvesting
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Depanjan Sarkar, et. al. Advanced Materials, 28 (11), 2016.
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Combination of cactus and Namib desert
beetle effect
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Cooled nang-

engineered syrface
Filtered

humid air

GO
T

Exhaust hot
. . =% air
Atmosphaei:lc humid Peltier

Air filter cooler

membrane Condensed

““ ‘ water drops

¢ ¢ VayuJAL Technologies Pvt. Ltd.

Ramesh Kumar Soni and Ankit Nagar
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Products in the field
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Sustainable atmospheric water harvesting

Solar- heat-enabled atmospheric water capture at
a relative humidity as low as 20%

Sun

Adsorption

Water harvesting
Air (20% RH)

Porous metal-organic framework (MOF-801, Zr,O,(OH),(fumarate),)

Kim Hyunho, et al. Science, 356 (6336) 2017
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Capacitive Desalination (CDI)

B current collector | anion exchange
¥. carbon electrode B cation } membrane
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DIGITAL KIOSK

for community drinking using Technology

Pv. PANELS

Products under implementation

Vijay Sampath and Tullio Servida
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loT enabled for remote monitoring and support



A Covalently Integrated Reduced Graphene Oxide -lon
Exchange Resin Electrode for Efficient CDI
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Rabiul et al., Adv. Mater. Interfaces 2021, 8, 2001998
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Various stages of electrode preparation




Evolution of materials to products

(3]

Community-scale
atmospheric water

harvesting

(2]

Atmospheric

Water
An atmospheric Sl
water generator with Harvesting

a capacity of

400 liters per day

(Company: VayuJal)
(ref 36)

Community-
scale
; contaminant
Catalysis ——"
TiO,-assisted
photocatalysis
Purification

Nanoparticle-based
arsenic filtration
pump used by
school children in

it West Bengal
Nanopolymers (Company:
Y. sdivl Confined InnoNano Research)
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Community-
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< ACSPublications

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

CDI machine for rural areas
(Company: InnoDI)

(ref 35)
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New phenomena

With Rajnish Kumar
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Hydrate-based desalination (HyDesal)

HyDesal process advantages
Salts get occluded

No chemical reaction, recovery of
water is very easy

Hydrates consist of 85% water
and rest guest gas

Not sensitive to impurities or salt
concentration

Hydrate

Former »
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LNG Vaporizer

Coolant Out Coolant Out

Water dissociated from hydrate is Cold Energy in LNG terminals can be harvested to produce water
pure
Babu et al. ACS Sustainable Chemistry and Engineering (2018), 6 (7), 8093-8107

Slide from Prof. Praveen Linga, NUS 41



Sensors and analytical devices

Sourav Kanti Jana
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New electrodes - Alighed nanoplates

Absorbance
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Anagha Jose et al, 2022 (unpublished)
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Electrospray deposition
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Sensing
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Sensors and new opportunities
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Water quality measurement — In the pipeline
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Jal Jeevan Mission - Har Ghar Jal

Pilot for T-based smart water supply monitoring system
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State :Haryana District: Ambala
Slock: Barara Panchayat : Hera Wajra
Village : Hema Majra Nos.of habitations: 1
onga hoshachomess |
ST e e na
Agen(y EyeNethqua Solutions Pu. Lt (Under CT Grand glenge)
RN AR R RN
Scheme: Hema Maja lgdvs)
Year of commissioning :2005-2010
%) Average water supply (LPCD) £, Water supplied
149.69L e 9,076 L

@ Daily water supply trend (LPCD) @ Residual chlorine (mg/l) ©pH

" Pressure (meter)

© Nitrate (mg/) DS (mg/)

<0+ VWSC/ Pani Samiti Member (@ Operation & Maintenance Personnel
Name Designation Gender Name Designation Gender
ushagari Chaiperson Female Al umar pump Operator Wale
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Hydroinformatics

Application of computing technologies for efficient, sustainable and equitable water
management.

loT and

Cyber-physical
systems
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Digital water or water 4.0 will revolutionize water management.
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Our dreams become reality with materials
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Some simple calculations

Hydrogen + Oxygen - Water + 286,000 joules of energy per mole

1 kg of solar hydrogen is now at Rs. XX and could be Rs. 150 soon.

It can make 143 million J of energy.

Desalination needs 2.4 kWh or 8.84 million joules for 1 CM of water.

1 kg of hydrogen can therefore make 16.56 CM of water.

Or Rs. 9.06 ($0.009) per cubic meter, 0.9 paise (0.0001 cents) per litre!

Well, add efficiency, other costs of plant, transportation, etc.

That world will need water literacy
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>25 Post-doctoral fellows, >130 masters students and
visitors

PR T




Indian Institute of Technology
Madras

.....

* wiv 1 g1 BIRER

| 2S00
. Associate Editor Bhaskar Ramamurthi/V. Kamakoti >

At A ACS N
A~ 4 stalhable e A
%Haisiry Engineering EEEQGG@D%P “‘%‘g;: =

I h a n k yo u a I I ‘1,}-’-5?1“.\:;‘ ‘.-I;:l -'1 Iff{ e



