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®» The understanding and control of
matter at dimensions between
approximately 1 and 100 nm, where
unique phenomena enable novel
applications. *

Nanotechnology

Definition = Nanoparticles are sub-nanosized

colloidal structures composed of
synthetic or semi synthetic polymers

* National Nanotechnology Initiative (NNI).
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®» The nanofechnology is a promising market.

® |t s expected to grow by 30 percent

Nanotechnology annually in the recent decade.

Market

S}

» This growth will enhance the individual’s
awareness of the nanotechnology impact
on the world.
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Nanoparticle's
characterization

Chemical / Physical Characterization:

Size and surface Morphology
Specific Surface Area
Surface Charge

Density

Molecular weight Measurements of Nanoparticles
Kinetic Study

Stability of Nanoparticles

Biological Characterization
®» Compatibility studies
® [n-vitro Release Studies
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Nanoparticle's
characterization

Size and surface Morphology

SEM imqges 6f shaped irgn

oxides with six different shapes
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Examples for devices can be used for particle size determination:
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Examples for devices can be used for particle size determination:
Nane) Sight;

Nanoparticle's
characterization
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Morphology

® The shape, surface morphology commonly determined by

SEM and TEM.
351 s . PX
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Transmission electron microscopy (TEM) images of TiO2 nanoparticles at
different calcination temperatures and the size distribution histogram
4/21/2021 Ahmed Hasham, Ph. D.




Nanoparticle's
characterization

1 RC=F48 Wl Brunaver Emmett Teller (BET)

....... » Gas adsorption or Nitrogen
adsgrpftion.

e Measure the specific surface
area of nanoparticles including
pore size distribution.

e Determine porosity.
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Surface Charge

The colloidal stability is analyzed through
zeta potential of nanoparticles.

This potential is an indirect measure of the
surface charge.

Zeta potential:

The Zeta potential value that ranges from:

+0 - 10 mV shows a highly unstable colloid.
+10 - 20 mV shows relatively stable colloid.
+20 - 30 mV shows moderately stable colloid.
+ 30 mV shows highly stable colloid.
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CONVENTIONAL WATER /
WASTEWATER TREATMENT METHODS
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Day to day Change in water /wastewater composition
«/ Requirement of stable methods

Why iS % Requirement of economical methods

research
S'l'i" going = Requirement of effective methods

on?
Q Search for reliable methods
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= Increased

= effectiveness

9. Simplification

5 Reduced cost
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Benefits of using Nanotechnology in
Water and Wastewater Treatment

contaminants could be more effectively
removed , contfaminants that were previously
impossible to remove could now be removed,
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
required for water treatment , making it
simpler to implement widely in rural areas.

significant infroductory investment would
be required to incorporate or switch to
nanotechnology-based water freatments.

4/21/2021
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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 no
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-catalysts 19 Categories of
Nanomaterials

utilized for water
Nanostructured treatment
filtration membranes

Ahmed Hasham, Ph. D. 4/21/2021
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Nano-sorbents

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

» Several nano have been synthesized tested for their
application in water treatment.

qubon nantU bes, Nano-sponge-facilitated
water-retentive membrane

Metal nanoparticles,

e @ ! @ 2 @
Nano-sponges | oNEBER2t.
ZLeolites Sl A ® & o
= Saks T~
’ Mano-sponge
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78 Nano-catalysts
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These are mostly zero- valent metallic nanoparticles
that have solid catalytic properties.

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

= Nano-catalysts catalyze basically the reduction of
metal ions in solution and can catalyze de-
chlorination of chlorinated organic pollutants.
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Nano-catalysts characteristics
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Nano-
catalysts

Ahmed Hasham, Ph. D.




Nanostructured filiration membranes

= nanostructures filiration membranes are polymeric permeable membranes
that have nanosized pores.

o
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VETEYED

Casting Coagulation bath

Flate sheet
membrane
" : - Polymer
: - : _- Hollow fiber dope
- membrane
Manomaterials If‘] y
dispersed Bo
polymer dope ﬂu]rfl —D—
Coagulant | Rinsing bath
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Nanostructured filtration membranes fabrication
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Examples of applications in Environmental applications

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 cenfimeters length.

Carbon ,
« Single walled CNTs (SWCNTs)
Nanotubes « Multi-walled CNTs (MWCNTs) distinguished by the layer's numbers.
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28 Examples of CNTs applications

Various organic pollutants adsorption.

Heavy metals adsorption.
® Control microbial pathogens.

® They are not strong oxidants and relatively inert in water
resulting invavoiding the formation of carcogenic disinfection
byprodugts (DBPs).
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Other applications
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' DYES DEGRADATION

\
' MERCURY DETECTORS
\

' NITRATE, AND PHOSPHATE REMOVAL

|

' HEAVY METALS REMOVAL
/

' ANTIMICROBIAL
/
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Examples of applications - DYES DEGRADATION
* The dyes, In most cases based on organic compounds

4

Nanoparticles
bining with he

Dves tll;;\' radad

]|

-

Textile dve effluent Metal nanoparticles Nanoparticles reacting Treated eflluent
solution with dves Reusable water

Dyes
Degradation
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with AZO bond (R—N=N-R’) that flow discharging into
canals and rivers and other water bodies.

Using the enhanced photocatalytic property of metal
nanoparticles, these dyes could be degraded before
exposure to the atmosphere.

Nano-silver compounds achieved around 75% dye

degradation in the presence of solar exposure after 8
hours as contact time.

4/21/2021



Examples of applications - oo/ W Ve Wb
silver nanoparticles as mercury NS . A B
detector AR e *

* During 2015 silver nanoparticles was used
as green synthesized suspension for
colorimetric detection of Hg?* . 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.

Ahmed Hasham, Ph. D.



Examples of applications - NITRATE, AND PHOSPHATE REMOVAL

. @ Nano-composite was prepared from chitosan and Fe;0O,/ZrO,
KA under mild conditions.

NITRATE, AND

PHOSPHATE

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

first-order kinetic rate model, and the mechanism involved

V The maximum adsorption process fitted well to the pseudo-
simultaneous adsorption and intraparticle diffusion.
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33
Examples of applications - HEAVY METALS REMOVAL

»HEAVY METALS REMOVAL

« 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 ao B sulfide, zirconia, and some alloys.
Fertilizer and

Heavy Metals
Pollution

/ \

Industrial

pesticides
Industries

Most notably, Zn0O hollow
nanospheres and ZnO nanoplates
showed complete removal of Cu(ll)

Waste . . .
In binary compound solutions.

Disposal

Smoke

Ahmed Hasham, Ph. D. 4/21/2021




Examples of applications - HEAVY METALS REMOVAL

* 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
TiIO, nanowire to remove residues of heavy metals
such as (Pb%*, Cu?*, Fe3*, Cd?*, and Zn?*) from
contaminated water.

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

REMOVAL
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Examples of applications — TiO, Nanoparticles

Decompose Noxious Compounds
such as Nitrogen Oxide (NOX),

W‘&M——* Sulphur Oxide (SOX), Dioxin and

Destroy Organics Formaldehyde

TiO, (Herbicides and

Nanoparticles Pesticides), Inorganics @ ~- , @ Decompose Odour Compounds
(Cyanide, Nitrites and E such as Tobacco Odour
Nitrates) and Heavy €~ ) | : — (Acetaldehyde), Ammonia, and
Metals (Mercury, Lead Hydrogen Sulphide
and Arsenic) _ X

oy o @ Keep surfaces clean against
estroy Viruses, Bacteria, < v 1 AR
Y «— — e i| Stain, Rain Stain, Soot and

Protozoa and Fungi
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Examples of applications — DBPs Removal

THMs Removal % using GAC THMs Removal % using GAC + NP TiO;
80 o 100 -
o = 100
DBPs Removal | 3 4. g &0 |
° ° . l:l _1"I-
Using TiO, : g e 45820250+ 2093
. g 40 7= 81.495x + 21973 ¥ A e
nanoparticles fes 03312 n =0
£ 2- -
- e
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Extraction of aloe vera
plant

Easy green
synthesis for

- .
N q n o p q rtl C I e s Final product of Reaction of aloe vera Aloe vera extract filtration
biosynthesized zinc oxide extract with precursor usig vacuum filter
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Articles &
Software

Please visit the below links for full articles, Handbooks related to
this session

1- hitps://dergipark.org.tr/tr/pub/ijct/issue/42630/481482

2- https://dergipark.org.tr/tr/download/article-file /555345

3- https://www.hindawi.com/journals/inm/2014/27 6467/

4- https://pubs.rsc.org/en/content/articlepdf/2012/ee/c2ee21818f

5- https://www.mdpi.com/2079-4991/11/2/345

6- https://www.mdpi.com/2079-4991/9/4/625

/- https://www.mdpi.com/2079-4991/10/4/766/hitm

8- hitps://inanobiotechnology.biomedcentral.com/articles/10.1186/512951-018-0408-4
9- hitps://www.sciencedirect.com/topics/engineering/green-synthesis

Handbook
Nanomaterials and Nanocomposites: Synthesis, Properties, Characterization
Technigues, and Applications

Green Metal Nanoparticles: Synthesis, Characterization and their Applications

Imagel Software:

https://imagej.nih.gov/ij/download.hitml
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