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Introduction

Oceans 97.5%

i - : o Saltwater) -
« The world's current primary challenge is the paucity of safe drinking water. (aifwaten

Freshwater 2.5%

It is estimated that 1.2 billion people do not have access to safe drinking

water, and 2.6 billion do not have access to water for basic sanitation Ice caps and glaciers 79%

Groundwater 20%

(Tom, 2021).

Other Freshwater Sources 1%

» Asia and Africa are home to most people who face pure water scarcity

(Hussain et al., 2022). Water in soil 38%

e Y Water in rivers

» Conventional cleanup has frequently had very modest success in lowering

Water in living
organisms

Water vapor
in atmosphere

pollution levels, particularly in soil and water(Ifang et al., 2014).

Image Source: https://johnenglander.ne
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Aqua

Nanotechnology is determined to be promising in this circumstance. Nanotechnology is concerned with the
manipulation of matter at the nanoscale scale to build new structures, gadgets, and systems. When compared
to macro-particles, nanoscale particles have diverse chemical, physical, biological, optical, magnetic, and

electrical properties (Hasham, 2018, Hesham and Moustafa, 2019).

Nano-materials are likely to exhibit novel, unexpected physicochemical features not found in bulk materials

of similar composition (Jahin et al., 2022)

8 December 2023
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Nanotechnology has recently gained popularity in soil, water, and air remediation. Sensing and detection,
treatment and remediation, and pollution avoidance are the three main elements of nanoparticle-related

water remediation (Vijayakumar et al., 2022).

8 December 2023
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Nanotechnology Definition

The understanding and control of matter at dimensions between approximately 1 and 100 nm, where

unique phenomena enable novel applications. *

Nanoparticles are sub-nanosized colloidal structures composed of synthetic or semi synthetic
polymers.

* National Nanotechnology Initiative (NNI).
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Nanotechnology
Market
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OThe nanotechnology is a promising market.

Ot is expected to grow by 30 percent
annually in the recent decade.

O This growth will enhance the individual’s
awareness of the nanotechnology impact
on the world.



In the past 10 years, 4318 publications
related to the recent advancements in
employing nanotechnology in water

resource management sustainability
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History of publications on this topic ¢
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Figure 1 Publications related to the recent advancements in employing nanotechnology in

water resource management sustainability.




Classification of nanomaterials

Aqua€nergy 371

Conical

Zero dimensional |

Cylindrical

as ex. nano dots

Flat

One dimensional

as ex. graphene Hollow core

Dimensional’

Two dimensional
as ex. carbon
nanotubes

Spherical

|

Spiral

Three dimensional
as ex. gold
nanoparticles

Tubular

L—

Irregular

Figure 2: Classification of nanoparticles according dimensional and shape
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Water purification processes which based on e,
nanotechnologies B

In water treatment facilities, membrane-based technologies are a practical method being investigated for a variety

of separation and purification procedures.

I Membrane-based

technologies

M F - Micro-Filtration | Ultra-Filtration | Nano-Filtration
) Osmosis
|

U F Pore Slze 10nm—-1pum 3-10 nm 2-5nm Not detectable

\ Applled 0.005-0.2 MPa 0.01-0.3MPa 0.3-1.5MPa 1-10 MPa
( \ Pressure

NF

RO

.
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LAoparticle's
characterization

Chemical / Physical Characterization:

© Size and surface Morphology
O Specific Surface Area

O Surface Charge

O Density

O Molecular weight Measurements of
Nanoparticles

O Kinetic Study

O Stability of Nanoparticles
Biological Characterization

O Compatibility studies
(O In-vitro Release Studies

8 December 2023
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Concentration

Condensation
Particle Counter
(CPS}, Photon
Correlation
Spectroscopy (PCS)
Agglomeration

State
Nanoparticle

Tracking Analysis
(NTA), Dynamic
Light Scattering

(DLS)

Size
Distribution

Composition /
Structure

Electron and Probe
Microscopy (TEM,
SEM, SPM), X-Ray
Diffraction (XRD)

Nanoparticle
Surface Area
Monitor (NSAM),
Raman, UV-Vis and
IR Spectroscopy

Surface
Chemistry /
Functionality

12




Aquatnergy[Z7T]

Examples of nanoparticles and nanomaterials used for
remediation of water

Self-assembled
Carbon nanotubes monolayers on
(CNTs), mesoporous
supports,

Zeolites, Biopolymers,

Nanoparticles of

! Nanomembranes
zero valent iron

Single enzyme

nanoparticles, (2V) and so on

8 December 2023 13



Classification of Nanomaterials for
Wastewater Treatment .,

Nanotechnology for sustainable water

-—l

Nanoadsorbents Nanocatalysts Nanomembranes
Carbon nanotubes (CNTs) Nanofiltration membrane
Graphene based nanomaterials Nanocomposite membrane
Polymer supported nanosorbents Nanofibre membrane
Nanoclay

Metal based nanomaterials
Metal oxide based nanomaterials
Nanocomposites

Nanocatalysts as bioactive agent

8 December 2023 14



Applications of green — 2 Yo
nanotechnology in water and .
wastewater treatment ) Dye wastewater g
» The dyes are often made of organic compounds with \00o
an AZO link (R—-N=N-R’) that discharge into rivers, Q 9 :
lakes, and other bodies of water. ) O G )
Adsorbent Ethano , 4

. esorptio™ Y ey

* These dyes could be broken down before being _A83e8.

exposed to the atmosphere by using the enhanced Purified water
photocatalytic ability of silver nanoparticles.

 After 8 hours of contact time, nano-silver complexes
achieved around 75% dye degradation in the presence of
solar exposure

8 December 2023
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Benefits of using Nanotechnology in
Water and Wastewater Treatment

confaminants could be more effectively

removed . contaminants that were previoushy
Inc rEGSEd impossible to remove could now be removed,
E‘ffECﬁVEﬁE‘SS because of the expand specificity of

nanofechnology and the adwvancement of
smart filters tailored for utilization.

nanotechnology could radically reduce the
= =t = numibber of steps . materials and energy
S‘“ ! IDIIfICG-I-ID M required for water treatment . making it
simpler to implement widely in rural areas.

significant introductory investment would

REd JC E'd C(:)S'I' e reguired to incorporate or switch to

nanocfechnology-based water freatmeaents.

16



Nanoparticle's

The particle size and size
distribution of nanoparticles can
be determined using numerous
commercially available instruments
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Examples for devices can be used forW@W
particle size determination
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\
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Nanoparticle's
characterization

[

i /
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Examples for devices can be used for particle size
determination: Aquacnerey (T

NP Gl | T Y ik r k
N@ne) Sight: - Zeta Szer FERTTE=—2|

Nanoparticle's
characterization

. - >0y
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2: Av.=10.1 nm :.‘E!:
Nanoparticle's i I
characterization i ﬁfﬂﬁ

Transmission electron microscopy (TEM) images of TiO2 nanoparticles at

Morphology

O The shape, surface morphology commonly determined by Aquatnergy 37T
SEM and TEM. ~

600°C

{1 8 1] 17 4 16
Particle size (nm) Particle size (nm)

3 40 50 o0

different calcination temperatures and the size distribution histogram

8 December 2023
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Nanoparticle's  wwoewem
characterization

Brunaver Emmett Teller (BET)

» Gas adsorption or Nitrogen
adsorption.

e Measure the specific surface
area of nanoparticles including

pore size distribution.
e Determine porosity.




Surface Charge

The colloidal stability is analyzed through 300000
zeta potential of nanoparticles.

This potential is an indirect measure of the
surface charge.

Zeta potential:

The Zeta potential value that ranges from:

200000

Total counts

+0 - 10 mV shows a highly unstable colloid.
+10 - 20 mV shows relatively stable colloid.

+20 - 30 mV shows moderately stable colloid. E--

+ 30 mV shows highly stable colloid.
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CONVENTIONAL WATER /
WASTEWATER TREATM ENT METHODS
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Flocculation
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Lime softening

( )
Ozonation

> <
Membrane separation processes
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Why is

research
still going
on?

Aquatnergy[Z11]

Day to day Change in water /wastewater composition

Requirement of stable methods

Requirement of economical methods

Requirement of effective methods

Search for reliable methods

24



UNSOLVED

TECHNOLOGY
PROBLEMS..

Y,

Energy EXpo

Fluoride
contamination,

Mercury
confamination,

Minamata, Japan India

2003

2009

Pesticide Microbial
contamination, contfamination,
Kerala Zimbabwe




Benefits of using Nanotechnology in
Water and Wastewater Treatment

contaminants could be more effectively
removed , contaminants that were previous!
Increased o )

impossible to remove could now be removed,

effecﬂ\/e Nness because of the expand specificity of

nanotechnology and the advancement of
smart filters tailored for utilization.

nanotechnology could radically reduce the
number of steps , materials and energy

S' m p ||f|C d ho N required for water treatment , making it

simpler to implement widely in rural areas.

significant introductory investment would

Red U Ced COS‘l‘ be required to incorporate or switch to

nanotechnology-based water tfreatments.

Aqua

Nanoparticle’s
Benefits




The wuse of nanomaterials to remedy
environmental hazards can be called "nano-
remediation”. Nanotechnology has reformed
almost all fields of science and engineering,

and remediation of the environment IS N0 |Ngno-remediation
exception.

Nanoparticles (< 100 nm) with a high
surface-to-volume ratio have a large reactive
surface area compared to bulk materials and

play an important role in the remediation of
the environment
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Nano-sorbents

Nano-catalysts

Nanostructured
filtration membranes

Aquatnergy[Z7T]

Categories of
Nanomaterials
utilized for water
freatment
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N q n o - sorbe n'I's Aquatnergy BT

O Nano-sorbents are nanosized particles onto which
some inorganic and organic molecules could be
absorbed.

O several nano have been synthesized tested for their
application in water treatment.

O Exampl

Carbon nanotubes, Nano-sponge-facilitated

water-retentive membrane

Metal nanoparticles,
Nano-sponges

Zeolites

Magnetic Field
&
&
® & &8 &
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Carbon nanotube




N q n o - C q'l'q Iysllls Aquatnergy3T1)

These are mostly zero- valent metallic nanoparticles
that have solid catalytic properties.

0 These nano-catalysts can also be bimetallic to
enhance the catalytic properties.

(O Nano-caic lysts catalyze basically the reduction of
metal ions in solution and can catalyze de-
chlorination of chlorinated organic pollutants.

|




ano-
catalysts




Nanostructured filiration membranes Aquatnergy [ETTD

O nanostructures filtration membranes are polymeric permeable membranes
that have nanosized pores.

i
%J:L'l:l—lﬂl'l_m—ﬂ ; -
L " e ;-
D-n:H;.,.—j _Q . 'I._._.|' o Virus
f\g - “_ Filtration
Removal Rejection
Polymeri- >99.99%

zation
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" : - Polymer
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Manomaterials If‘] y
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polymer dope ﬂu]rs —D0—
Coagulant | Rinsing bath
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Examples of applications in Environmental <Jpplic:c:ﬁonsm_,bE__EE

The unique properties of Carbon Nano

* High strength

» Resistance to acidic and basic media

« High surface area

 Good thermal, electrical, and conductive properties
* Novel structure with extra -ordinary properties.

The CNTs consist of very thin honeycomb structures of graphene sheets
rolled up in cylindrical shape with a few nanometer diameter and many
micron or even centimeters length.

Carbon _
« Single walled CNTs (SWCNTs)
Nanotubes - Multi-walled CNTs (MWCNTs) distinguished by the layer's numbers.




1

AquaEnergy [m
amples of CNTs applications

Various organic pollutants adsorption.

Heavy metals adsorption.

0 Control microbial pathogens.

» They are not strong oxidants and relatively inert in water

resulting invavoiding the formation of carcogenic disinfection
byproducts (DBPs).




Other applications . -

\
‘ DYES DEGRADATION

\
‘ MERCURY DETECTORS
|

‘ NITRATE, AND PHOSPHATE REMOVAL
]

‘ HEAVY METALS REMOVAL
[

‘ ANTIMICROBIAL
/
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Examples of applications - DYES DEGRADATION W&

The dyes, In most cases based on organic compounds
with AZO bond (R—N=N-R’") that flow discharging into
canals and rivers and other water bodies.

-‘\fl'l}}]]f@i'glwiu'h.

I eded

l « Using the enhanced photocatalytic property of metal
-- nanoparticles, these dyes could be degraded before

exposure to the atmosphere.

Textiledhve élflucail “Mletilianopiiteless  Nanopariclesreicting h Irgatedefuent

wee  meew  * Nano-silver compounds achieved around 75% dye
degradation in the presence of solar exposure after 8
hours as contact time.

Dyes
Degradation
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Examples of applications -

silver nanoparticles as mercury . T G0
detector AR

» During 2015 silver nanoparticles was used
as green synthesized suspension for
colorimetric detection of Hg2* . The dark
brown suspension of nano silver was only
decolorizing by Hg?* contrariwise Cd?#*,
Pb2*, Zn%*, Cr3* not affect the color of the
dark brown suspension of nano silver.




Examples of applications - NITRATE, AND PHOSPHATE REMOVAL

NITRATE, AND
PHOSPHATE
REMOVAL

Nano-composite was prepared from chitosan and FezO4/7rO;
under mild conditions.

The nanocomposite had the ability to adsorb both nitrate and
phosphate.

The maximum adsorption process fitted well to the pseudo-
first-order kinetfic rate model, and the mechanism involved
simultaneous adsorption and intraparticle diffusion.




Examples of applications - HEAVY METALS REMOVAL
OHEAVY METALS REMOVAL Aquatnergy [ETTD

 The commonly used nanoparticles for
the wastewater treatment are made of
alumina, cadmium sulfide, cobalt
ferrite, copper oxide, gold, iron, iron
oxide, iron hydroxide, nickel oxide,
silica, titanium oxide, zinc oxide, zinc
Sources of ww B sulfide, zirconia, and some alloys.

Heavy Metals Fertilizer and
pesticides

Industries

Pollution

Most notably, Zn0O hollow
nanospheres and ZnO nanoplates
showed complete removal of Cu(ll)
In binary compound solutions.

Industrial
Smoke




HEAVY
METALS
REMOVAL

Examples of applications - HEAVY METALS REMOVAL

Aqua€nergy 371

« A novel adsorbent, titanium dioxide nanowire (TiO,),

IS prepared using hydrothermal methods and
subsequently used for the removal of heavy metals.

Some studies were tested the potential of using the

- TiO, nanowire to remove residues of heavy metals
EWe.  such as (Pb2+, Cu2+, Fe3+, Cd2*, and Zn2*) from

contaminated water.

Due to its magnetic nature, TiO, nanowire IS an
exceptional adsorbent material. The highest efficiency
of absorption was 97.06 % with Pb2*




DBPs Removal Using TiO2 Nanoparticles £

THMs Removal % using GAC THMs Removal % using GAC + NP TiO;
30 - 100 -
& & 100
- = 80 -
& 60 - =
o © &
E 4 = o YFE40.200+ 20,934
- = 40 - 2= 09278
£ 20 s
P T 20 4
= =
I |-.hil"l_ 1 T T T T T 1 o | B | D ] | | | 1
0.1 01 03 05 0 002 004 006 008 01
GAC (g) (1:1) GAC+ NPTIO; (g)
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Examples of applications
Ti02 N ano pq r'l'iC I es ‘ Decompose Noxious Compounds

Aquatnergy[ZT]
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Y such as Nitrogen Oxide (NOX),
s ! Sulphur Oxide (SOX), Dioxin and

PURIFICATION
Destroy Organics Formaldehyde
(Herbicides and
Pesticides), Inorganics Decompose Odour Compounds
(Cyanide, Nitrites and A such as Tobacco Odour
Nitrates) and Heavy € > (Acetaldehyde), Ammonia, and
Metals (Mercury, Lead Hydrogen Sulphide
and Arsenic)

N . | \® Keep surfaces clean against
estroy Viruses, Bacteria, et Bt een:
y «— — e (0| Stain, Rain Stain, Soot and

Protozoa and Fungi ,
Grime
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Easy green
synthesis for

ZnO
Nanoparticles

plant

Reaction of aloe vera Aloe vera extract filtration
biosynthesized zinc oxide extract with precursor using vacuum filter
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Sources of
Heavy Metals
Pollution

Industrial
Smoke

Heavy metals removal

Pharmaceutical,
Fertilizer and
pesticides

The commonly used nanoparticles for
the wastewater treatment are made of
alumina, cadmium sulfide, cobalt
ferrite, copper oxide, gold, iron, iron
oxide, iron hydroxide, nickel oxide,
silica, titanium oxide, zinc oxide, zinc
sulfide, zirconia, and some alloys.

Most notably, Zn0O hollow
nanospheres and ZnO nanoplates
showed complete removal of Cu(Il)
in binary compound solutions.

47



* Various organic pollutants adsorption.
* Heavy metals adsorption.
* Control microbial pathogens.

* They are not strong oxidants and
relatively inert in water resulting in
avoiding the formation of carcinogenic
disinfection byproducts (DBPs).

8 December 2023




Other applications
of CNTs
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The unique properties of Carbon Nanotubes &m

* High strength

* Resistance to acidic and basic media

e High surface area

* Good thermal, electrical, and conductive properties

* Novel structure with extra -ordinary properties.

The CNTs consist of very thin honeycomb structures of graphene sheets
rolled up in cylindrical shape with a few nanometer diameter and many
micron or even centimeters length.

* Single walled CNTs (SWCNTSs)
e Multi-walled CNTs (MWCNTSs) distinguished by the layer's numbers.
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Cellulose acetate,

Aromatic
polyamide,

8 December 2023

Examples of Nano polymer membrane

Cellulose nitrate,

Aliphatic
polyamide,

Polyacrylonitrile
(PAN),

Polysulfone,

Polyvinylchloride,

Polycarbonate,

Aqua€nergy 3T

PVC copolymer,

Polypropylene,




Nanostructured filtration membranes “**

* Nanostructures filtration membranes are polymeric permeable
membranes that have nanosized pores.

I ] -;ZZ-I'
D::“_‘P Eg—@ e @ e Virus .
JRE' HW Filt_ratia.f.m
Removal Rejection
>99.99%

Polymeri-
zation
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=n  [Mletal oxide nanoparticles application in water

purification field

Youssef and co-authors study’s tests the potential of using the TiO, nanowire
to remove residues of heavy metals such as (Pb%*, Cu?*, Fe®*, Cd?*, and
Zn2*) from contaminated water. Due to its magnetic nature, TiO, nanowire is
an exceptional adsorbent material. The highest efficiency of absorption was
97.06 percent with Pb%* and the lowest was 35.18 percent with Zn?*
(Youssef and Malhat, 2014).

8 December 2023
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The nanoparticles have an iInherent ability to separate charges, which

distinguishes them from metals.

Sol-gel or hydrothermal processes were used to make a variety of metal
oxides, iIncluding titanium dioxide (TiO,), zinc oxide (ZnO), zirconium
dioxide (ZrO,), and aluminum oxide (Al,O,), from solutions of the respective

metal salt.

8 December 2023
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Cellulose nanomaterials fabrication

Cellulose fiber production
organisms

Cellulose Source

Mechanical and chemical
processing

2 um

Cellulose

Cellulose Nanofibrils
(CNF)

Nanocrystals

Acid Hydrolysis (CNC)

10 pm 200 nm
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In 2021 it was discovered by Georgouvelas and

co-authors that cellulose functional membranes OE- EiRtibosite "\”‘V

Nanoparticle ~ Cellulose & 7l

have strong adsorption capabilities for the metal ( - % -
. t Antibacterial ,.':;\/f; ot -‘ )
ions Au (111), Co (I1), and Fe (I11), as well as the &=, / "wN OB

Adsorptive - \

i >
\ _’_ Adsorpb‘ve::/’ "?;

presence of active sites such hydroxyl, carbonyl, i Catalytic

cationic organic dye methylene blue, due to the

"N

thioethers, and amines (MB).
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AquaEne,;ymApplications of iron nanoparticles for groundwater remediation

Due to the unrivaled surface chemical properties and molecular of Iron nanoparticles,
they are stratified in the treatment of heavy metals, such as Cd?*, Zn?*, Hg?*, Cu?*, and
Mn?* (Gong et al., 2017, Zhou et al., 2019).

Industrial
processes

@ cr(vi) O cr()
. (Cf-Fet--KOHh
® Cr(lll)-Fe-S precipitate

FelFeS
nanoparticles

- o P
@ (Cr,Fe,,)(OH); | / Precipitation
@ | Cr(Il)-Fe-S precipitate
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Opportunities and Challenges
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¢ Conclusion

Aqua EXpo
The application of nanoparticles (NPs) in many applications in water sector such

as heavy metals removal, Dyes removal and Nano-filtration giving a very
promising result. Our work highlighted the state of art in Carbon, Cellulose,

Metallic based nanoparticles, and carbon nanotubes applications in water sector.

Form this review it can be concluded that the rapid and ongoing development of
nanotechnology knowledges has a lot of advantage and a lot of potential risks
because the risks of nanoparticles associated with human health and

accumulation in the environment still need more research.
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this session
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Nanomaterials for environmental applications handbook.pdf

Green Metal Nanoparticles: Synthesis, Characterization and their Applications
https://onlinelibrary.wiley.com/doi/epdf/10.1002/92781112418900
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hitps://imagej.nih.gov/ij/download.html
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