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“‘Pale blue dot” Voyager 1 Feb. 14, 1990
Water is the most important inheritance of our planet
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Our dreams become reality
with materials




World’ s first nanochemistry-based water purifier
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Chemistry world
First ever
nanotechnology
product for clean

A plant to make supported nanomaterials for water
purification; with capacity of 4.5 tons per month, 2007

1. Patents: A method of preparing purified water from water
containing pesticides, Indian patent 200767

2. Extraction of malatheon and chlorpiryhphos from drinking
water by nanoparticles , US 7,968,493 A method for
decontaminating water containing pesticides, EP 17,15,947
Product is marketed now by a Eureka Forbes Ltd.

Several new technologies are now available




Nanomaterials are now atomically precise
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Clean water for everyone

ACS Sustainable Chemistry & Engineering Editorial,
December 2016



Water positive materials

Biopolymer- remforced synthetlc granular
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nanocomposites ©

water purificatiol

Mohan Udhaya Sankar', Sahaja Aigal
Kamalesh Chaudhar, and Thalappil P

Anll Kumar,

Unét of Nanoschenae and Thermatc Unit of Dacell 6, ndl

Edned by Erc Mosk, Uriveruty of Caorria, Los rember 21, 2012)
Creation of affordable materials for constan { finwed retention
water s one of the most promising ways to A

drinking water for Jl Combining the <y [ nanocrystalkne
composites 10 scavenge toxk species suc ¢ materinks
other contaminants dong with the above cous route.
affordable. dllHinchaive drinking water pu | 40 abundant -O-
without slectricity. The critical problem | help in the crys-
synthesis of stable materials that can red rmwmku
wously In the presence of complex sp ix. X-ray photo-
drinking water that deposit and cause 3 mposition is rich
surfaces. Here we show that such constal ral imaging, the
be synthesized in 3 simgle and of fectve fayl was coafirmed.
out the use of decrical power. The nano wer nanopartice
sancHiike properSes, suxch as higher shear st Wity in drinking
forms. These materkis have been used to cloped that can
water purifier o defiver dean drinking wat nonstrate an af-
ly. The ability to prepare nanostructured | compasites de-
ambient temperature has wide mlevanc riads in India, as
water purification. f the waterborne

hytrid | green | approgriate techmology | Sugal soence | developing world

M. Udhaya Sankar, et. al. Proc. Natl. Acad. Sci., 110 (2013) 8459-8464.
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Live/dead staining experiments




No nanotoxicity
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Variety of materials
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By Avula Anil Kumar, Anirban Som, Paclo 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) 1604260.



Mechanism — molecular tools
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Modeling surfaces

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



Lab studies
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Initial pilot studies

INKING WATER
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Larger pilot studies
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Changing the dynamics in the field

e
HE

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

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

Input arsenic concentration: 168 ppb
Output arsenic concentration: 2 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
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Components of loT architecture implemented by DWSS, GoP
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Typical loT architecture comprises various sensors and meters, communication gateway, Cloud Server,
SMS gateway, Webservices and mobile phone application for operator







India’s water is being monitored
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Clean water at 2.1 paise per litre!

Sr.No.

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

Design population 1,071

Item/Description Cost / Quantity

Cost of Replacement of Iron removal media 56400
Cost of Replacement of Arsenic removal media 978660
Cost of replacement of Activated Carbon 28560
Total cost of Replacement of media 1063620
Total cost of Replacement of media for one 531810
year

Plant capacity 75000
Design population 1,071

Cost per litr of water 2.1 Paise per Itr

1.36

Cost of replacement of media
40.80

Plant capacity/70 LPCD

Remarks

After minimum two years if Iron concentration is
more than 5 ppm. But iron concentration is more
than 5 ppm at only two to three places. Therefore
media may work for 3 years also.

After minimum two years if Arsenic concentration is
more than 100 ppb. But arsenic concentration is
more than 100 ppb at only two to three places.
Therefore media may work for 3 years also.

After minimum two years.

Itr per day

Plant capacity/70 LPCD

0.025 cents

Rs. per head per day
=Media replacement cost per year/365/Design
population

per head per month for 70 LPCD water



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

=N e - e
— B A ' P,

Cost-effective sensor accessory for loT- enabled sensing for

point-of-use applications households and distribution networks

T TN o®

Water ff. -
treatment

plant

e e e e e e s s e e en en s s s e e e

advisories
G == and
e ’\/\/
e smart water

Natural
water bodies

governance DDD
: L]

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



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



Evolution

of materials to products

Community-scale

atmospheric water

Community-
scale
5 contaminant
harvesting Q -c—a@-’ﬂs- removal
TiO,-assisted
photocatalysis

An atmospheric
water generator with
a capacity of

400 liters per day
(Company: VayuJal)

(ref 36)

Defining nanescence
and nanotechnology

@25 pbiction

Atmospheric
Water

Harvesting

Nanoparticle-based
arsenic filtration
pump used by
school children in

L West Bengal
Ssnopotmers (Company:
B g o Eonfined InnoNano Research)
Condensation 3 metastable
2-line ferrihydrite

o;er patterned for As(ll) and

silver

nanobrushes As(V) removal

(ref 10)

Disinfection S gy Lintecude
Solar water _¢* I Vos, (ref 31)

disinfection
using MoS, , \

oS, 3
nanosheets \% ' «'

Vil gy / Dead bacteria

W\ Community-scale drinking water
CDI machine for rural areas
(Company: InnoDI)

(ref 35)

Community-
scale
desalination

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



Sensors and new opportunities
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Analog/Grating Ultra compact Low Cost

Equipment ’ Spectral Sensor Module

$ 5~6 Billion (2017) ~ Billions units ( ? 2027 )
a few 100k units (2017)
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Water quality measurement — In the pipeline




New electrodes - Aligned nanoplates of Co,Sg

1,2-bis(diphenylphosphino)ethane (DPPE

a) —
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Wavelength (nm)



Electrospray deposition

Pt wire
/

Capillary
—————

Spray
plume __—Cluster film
—

ESD setup



Sensing

a)
PBS
028 - 3.75 ppb
— 7.5 ppb
—— 15 ppb
— 22,5 ppb
—0.21 4— 30ppb
i —— 37.5 ppb
- —— 45 ppb
b= — 525ppb
L 014 |— 60ppb
5 — 67.5 ppb
o — T5ppb
112 pph,
0.07 -
0.00 -
015 0.30 045 0.60 0.75
Potential (V)
C) o010
—— Tapwater
—— S ppb
—— 10 ppb
DﬂB—___zﬁppb
— —— 50 ppb
i — 100 ppb
= 0.05 -
T}
=
O
0.03
0.00 -
0.15 0.30 045 060 0.75

Potential (V)

b) 025
y = 2.36E-9x + 2.33E-8
r?=0.99
0.20
= 1
30.15 -
S |
5 0.10
0
0.05 -
D.DD T T T T T T T T T
0 10 20 30 40 50 60 70 80
Concentration (ppb)
d) 0.10
100 ppb
0.08 -
< 0.06 -
=
2
5 0.04
(3]
0.02 -
0.00

Ca’* Pb2* Fe?* Fe¥* Mni* Cul*As’* As™ As®*



Working electrode

Vertically aligned nanoplates

Sample name:

L D

Handheld Potentiostat Vertically aligned nanoplates

Anagha Jose et al. ACS Materials Lett., 5 (2023) 893-899.



Arsenic poisoning across the world
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E. Shaji, M. Santosh, K. V. Sarath, Pranav Prakash, V. Deepch and B. V. Divya, Geoscience Frontiers, 12 (2021) 101079.
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https://www.youtube.com/watch?v=fiJyptb XBtM
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https://aquahive.in/peopleswaterdata/maps

Experiment

Observing water
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NANOPARTICLES

Spontaneous weathering of netura minerasin
charged water microdroplets forms nanometerials

B. K. Spoorthi, Kayendrila Debnath?, Pallab Basuri’, Ankit Nagar’,

Umesh V. Waghmare?, Thalappil Fradeep®™

In this work, we show that partides of common minerds break down spantaneously to form nanopartides in
charged water microdroplets within milliseconds. We transfor med micron-sized naturd minerds like quatz.
and ruby into 5 to 0-nanometer patides when integrated into agueous microdroplets generd edvia
dectrospray. We deposited the droplets on a subsira e which allowed nanopartide chaacterzdion. We
delermined through smuations that quartz undergoes protoninduced slip, espeddly when reduced in

size and exposedto an electric field This leads to particle scission and the formation of silicate fragments,
‘which we corfirmed with mass spectrome ry. This rapid weathering process may beimportant for soil
formd ion, given the prevalence of charged aerosols in the @ mosphere.

E ides of minerals mdst natwrally
in 341, and some of them are esential
(). Micodroplels have been a

of nterest over the past decade,

matar and pesthe and wsed ion to

n

tubethat had an inner diameter of 50 mn  Check for

fiow rate of 0.5 mi/hour and absarved the
ailting plume {Fg. 14). We odleded the pro-
dud of dedrogray 15 om away from the
spray tip, which resulted in a flight time on
the order of T ms, cond dent with amilar ex-
peiments (3, 4). The produd that was de-
podted o a transmissm deiron miT oopy
(TBM) grid had only 5 to T-nm-dameter
patides (g D) throughout the grd. Under
higher magnification, parfides of different
marphogies were abarved. The partides
showed the (1) plane of quartz (inset of
Frg. ). Soication had no effect an the break

ing of slica partides Expeximental methods

P n ¥
mduding a wdeo of the dedrospray process
(mirvie 5. .

ur i

sparde the dfferently sad patides that

truly rve of the proes, we par-

formed. We carefully exiheded all the partides
smaller than 1mmiin size md used partides
of 510 1) ren that were suspended in waler

(ﬁgn,ﬁﬂlmf!l‘lﬁl-
W

farmed
samples We built a multimazze dedrospray
it composed of Sx nozdes We dedro-
sprayed 1liter of the suspengon that con-
tained 1M mg of the cudhed micron-3zed

e confined environment within
them isk n e ot for the
an acdlerdled rale aswel as dher il detach

auh asthe formalion of nanopartides(2). We
dedded to explore whether nalural minerals

any
found sme smaler partides attached to a
few larger ones (Fig. 10). These adhering par-

ould dismiegralein micodrople s, through a | tides had dimensons greater than 14 nm
P oppos chemical # {iig. 5. We took an optical image of the

For owr expariments, we prepared micon- | ground quartz powder and an optical mioo-
wale paricesol natual quatz{S0,) axdruby | scopic image of the sparated partides that
o i A0 for use cpray | we used for dedrespray (fig. 52). We deciro-
wdup {Fig 1 Aand B). We ground & prayed i of about § img/ml of the
miEmeler-sized quarkz parti using a quatz parti gh a capillary

Spoorthi e al., Sdence 384, 1012-1017 (2024)

31May 2024

P ver amanth at the
optimized mnditions (gpray voltage and dis
tance) and a3 mifhowr fow rate, and a depost

'Depart ment of Chemistry, Indian Imstitute of Technology
Mecras, Chennsi 800038, India *Theoretical Sdences Unit,
Jawsherlsl Nefwu Centre for Advenced Sdentific Research,
Bangalors 580084, India “Intrnational Cantre for Clesn
Water, |IT IVicras Resssrch Park, Chennai 800113, Irdiia.
*Camesporing authar. Bmal: pradesp@itmacin
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Our dreams become reality with materials
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Clean water

Affordable, inclusive, sustainable and contextual excellence



An ocean of
opportunities

Water presents a unigue
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W Earthrise, taken on D}

opportunity to find a purpose in life. | FomWipeda
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Water team at lIT: A. Sreekumaran Nair, Anshup, M. Udhaya Sankar, Amrita Chaudhary, Renjis
T. Tom, T. S. Sreeprasad, Udayabhaskararao Thumu, M. S. Bootharaju, K. R. Krishnadas,
Kalamesh Chaudhari, Soujit Sengupta, Depanjan Sarkar, Avijit Baidya, Swathy Jakka Ravindran,
Abhijit Nag, S. Vidhya, Biswajit Mondal, Krishnan Swaminathan, Azhardin Gnayee, Sudhakar
Chennu, A. Suganya, Rabiul Islam, Sritama Mukherjee, Tanvi Gupte, Jenifer Shantha Kumar, A.
Anil Kumar, Ankit Nagar, Ramesh Kumar Soni, Tanmayaa Nayak, Sonali Seth, Shihabudheen M.
Maliyekkal, G. Velmurugan, Wakeel Ahmed Dar, Ganapati Natarajan, N. Pugazhenthiran, A.
Leelavathi, Sahaja Aigal, S.Gayathri, Bibhuti Bhusan Rath, Ananthu Mahendranath, Harsh Dave,
Erik Mobegi, Egor Moses, Hemanta R. Naik, Sourav Kanti Jana, Tanmayaa Nayak, Sonali Seth...

Avula Anil Kumar, Chennu Sudhakar, Sritama Mukherjee, Anshup, and Mohan Udhaya
Sankar

Funding: Department of Science and Technology, Government of India

Start-ups and partners:

PhD Theses: Bindhu Varughese, M. R. Resmi, M. Venkataramanan, N. Sandhyarani, R.
Selvan, A. Sreekumaran Nair, M. J. Rosemary, Renjis T. Tom, C. Subramaniam, Jobin
Cyriac, V. R. Rajeev Kumar, D. M. David Jeba Singh, Akshaya Kumar Samal, E. S. Shibu,
M. A. Habeeb Muhammed, P. R. Sajanlal, T. S. Sreeprasad, J. Purushothaman, T.
Udayabhaskararao, M. S. Bootharaju, Soumabha Bag, Robin John, Kamalesh Chaudhari,
Ammu Mathew, Indranath Chakraborty, Radha Gobinda Bhuin, Ananya Baksi, Amitava
Srimony, Anirban Som, Rabin Rajan Methikkalam, K. R. Krishnadas, Soujit Sengupta,
Depanjan Sarkar, Atanu Ghosh, Rahul Narayanan, Avijit Baidya, Shridevi Bhat, Papri
Chakraborty, Swathy Jakka Ravindran, C. K. Manju, Abhijit Nag, S. Vidhya, Jyoti Sarita
Mohanty, Debasmita Ghosh, Jyotirmoy Ghosh, Md. Bodiuzzaman, Biswajit Mondal, Tripti
Ahuja, Esma Khatun, Krishnan Swaminathan, K. S. Sugi, Amrita Chakraborty, Sudhakar
Chennu, Sritama Mukherjee, Madhuri Jash, Sandeep Bose, Md. Rabiul Islam, Pallab
Basuri, Mohd Azhardin Ganayee, Tanvi Gupte, Ankit Nagar, Srikrishnarka Pillalamarri, Arijit
Jana, Paulami Bose, Gaurav Viswakarma, Vishal Kumar, Jayoti Roy, A. Anil Kumar, Jenifer
Shantha Kumar

MS Theses: Ananthu Mahedranath, Ramesh Kumar Soni

>25 Post-doctoral fellows, >130 masters students and visitors
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Manswita Mandal for help Wlth the slides



