Nanotechnology :
Changing the World at the
Nanoscale
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UNDER THE HIGH PATRONAGE OF HIS MAJESTY KING MOHAMMED VI

THE EIGHTH BIENNIAL AFRICAN SCHOOL OF

&i=~» FUNDAMENTAL PHYSICS AND APPLICATIONS °
e, (Asp2024)

Co-organized by Cadi Ayyad University and Mohammed V University
at Faculty of Science Semlalia, Marrakesh, Morocco

April 15t"-19'h and July 7t"-21%t, 2024
ASP MISSION

To increase capacity development
in fundamental physics and related
applications in Africa. The ASP has
evolved to be much more than a
school. It is a program of actions with
directed ethos toward physics as an
engine for development in Africa

SCIENTIFIC PROGRAM
» TOPICS
Nuclear & Particle Physics
Medical and Radiation Physics
Applied and Industrial Physics
Theoretical and Computational Physics
Space Physics, Astrophysics & Cosmology
Physics for Sustainable Development
Condensed and Materials Physics Biophysics
Capacity Development and Retention Discussion
Physics Education, Outreach and Communication
» ACTIVITIES
« Outreach for Secondary Schools April 151-19', and July 15"-19%, 2024
« Physics lectures, tutorials and hands-on experimentation for
students, July 7“'-21“, 2024
« Workshop for High School Teachers, July 8-12, 2024
s ASP Forum, July 13*, 2024
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~ Outline

» What is nanotechnology?
» What is its current impact?
» What is its future impact?

» Nanotechnology in Africa
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What i otechnology?

» Exploring and exploiting unique phenomena occurring at the
atomic, molecular, and supra-molecular scale to create materials,
devices, and systems with new and useful properties and function.

» Scale=» 1-100 nm

» Highly interdisciplinary

» Potentially disruptive technology

107 meters 101 meters




The Scale of Things - Nanometers and More

ﬁfhings Natural

Human hair

~60-120 um wide =16 pro

Red blood cells
(~7-8 um)

o 3

ATP synthase

Atoms of silicon

DNA
~2-1/2 nm diameter spacing 0.078 nm
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10°m

10"0m

1,000,000 nanometers =
=1 millimeter (mm)

Microwave

| 0.01mm
10 pm

1,000 nanometers =
1 micrometer (um)

0.1 um
100 nm

Ultraviolef

1 nanometer (nm)

0.1 nm

Things Manmade

Head of a pin
1-2mm

MicroElectroMechanical
(MEMS) devices
10 -100 um wide

Pollen grain
Red blood cells

Zone plate x-ray “lens”
Outer ring spacing ~35 nm

Self-assembled,
Nature-inspired structure i
Many 10s of nm lum

A

Quantum corral of 48 iron atoms on copper surface
positioned one at a time with an STM tip
Corral diameter 14 nm

National Nanoscale Initiative, Department of Energy , Office of Science

Nanotube electrode

The Challenge

Fabricate and combine
nanoscale building
blocks to make useful
devices, e.g., a
photosynthetic reaction
center with integral
semiconductor storage.
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Carbon nanotube
~1.3 nm diameter
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» A sheet of paperis ~ 100,000 nm thick;
» A human hair is ~ 80,000 — 100,000 nm
25 anomenes s s T wide;
e - - > Hemoglobin, which carries oxygen
through the bloodstream is 5 nmin
diameter;

— x190,000 raaionaley » A strand of human DNAis~ 2.5 nmin
shbci - diameter;
> A single gold atom is ~ 1/3 nm;
Gy e » 1 nm is approximately as long as your

1 nanometer diameter diameter wide

fingernail grows in 1s.

x 1,000,000 . National Nanotechnology Initiative
http://www.nano.gov/nanotech-101/what/nano-size

Nanoparticle Ant Indianapolis Motor
4 nanometers 4 millimeters Speedway
diameter long 4 kilometers per lap




NMs classification based on dimensionality

N

0D
Nanospheres,
clusters

Quantum dots

Fullerenes

Gold nanoparticles

%

Y.

§ )
1D

Nanotubes,
wires, rods

S

Metal nanorods,
Ceramic crystals

Carbon nanotubes,
Metallic nanotubes

Gold nanowires,

Polymeric nanofibers,
Self assembled structures

[

\
2D

Thin films, plates,
layered structures

Carbon coated
nanoplates

Graphene sheets

Layered nanomaterials

- /

Poh, T.Y., Particle and Fibre Toxicology 15 (1), 2018

(

3D
Bulk NMs,
polycrystals

Liposome

Polycrystalline

Dendrimer

~




Pre-modern Examples of NanotechW

The Lycurgus cup (Rome) at the British Museum, 4th century Polychrome lustreware bowl (Iraq) at

the British Museum, 9t Century

o
5§

(A)Egyptians produced dye for hair, ACS (2006);
(B) Egyptians produced Egyptian blue,
ACS(2013)

Stained glass window in

a church in Europe in

the 11 century Maya warrior, The Cleveland
Museum of Art, 250 — 900 AD
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Ancient stained-glass makers knew that by putting varying, tiny amounts of goid and silver in the
glass, they could produce the red and yellow found in stained-glass windows. Simdarly, today's
scientists and engineers have found that it takes only small amounts of a nanoparticle, precisely
placed, to change a material's physical properties.
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Gold particles in glass Silver particles in glass
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Size*: 25 nm e | % L | stzer:100am
Shape: sphere o Fe ’ 1 4 ‘ . Shape: sphere
Color reflected: .

100 nanometers =
0.0001 milimeter

Had medieval artists been able to control the size and
shape of the nanoparticles, they would have been able
to use the two metals to produce other colors. Examples:
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The New York Times; Images courtesy of the Stained Glass Museum, Britain
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Where it all started: "There's plenty of room
** bottom.

Richard Feynman
Tiny Machines

Un the Basic Comcert of ‘Hano-Technology'’

Foric TANIGUCEI f Y
Tokyo Scierce University \ 4 ! i

Nedz-shi, Chiba-ken, 272 Japan
Aostract

‘Fano-tecnnology " is™ the producticn technolegy to get the extra
high accuracy and ulira Iine dimensions, i.e. tEke ypreciseness and
fireness of the order of 1 nm (nsnometer), 1022 in leagth. The name
of 'Nano-techrology' originates from tThis panometer. In the proceasing
of msterisls, the smsllest bit gsize of stock removal, accretion or flow
of materizlsis probzblyof cne atom or one molecule, namely 0.i~0.2 om
ir Jlength. Therefore, the exvected limit size of fineness would be of the
order of 1 nm. Lccordiogry, 'Neno-technology’ meinly consisis of the
processing of separation, corsolidation and deforpation of materials
by ore 2tom or one molecule. Needless To sSay, the msasuremert 2nd cont-
Toll tecknigues to assure the preciteness 2nd fireness of 1 rm play
very important role in this techwology.

In the present pzper, the basic conceyt of 'Kano-tachmology' in
caterizls processing is discussed on {he basis of microscopi¢ cehaviour
of materials andss 2 result the ion sSputter-wachining is introduced azs

The Feynman Lecture the most promissing process for the technology.

on Nanotechn ology Norio Taniguchi first termed the word “Nanotechnology” in
1974, in his paper on ion sputtering: N. Taniguchi, Proc. Intl.

Conf. Prod. Eng. Tokyo Part Il, Japan Society of Precision
"There's Plenty of Room at the Bottom" was a lecture Engineering, 1974, pp 18-23,

given by physicist Richarc Feynman at an American
Physical Society (APS) meeting at Caltech on
December 29, 1959 This talk inspired the conceptual
beginnings of the field decades later.
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AT&T ARCHIVES

> . > INVENTORS Shockley (seated), Bardeen (left) and Brattain (right) were the
the ﬂ rst tranSIStOI‘ made Of Germanlu m first to demonstrate a solid-state amplifier (opposite page). AT&T Archives

N

In 1956, Schockley, Bardeen, and Brattain were awarded the Nobel Prize in Physics, "for their |
researches on semiconductors and their discovery of the transistor effect"




silicon
chip |

Intel.com /

today’s wafers-12”

Three 14-pin (DIP14) v

wikipedia.org  Plastic dual in-line modern pc
packages containing IC
chips packaged chip

Transistor array regions




Visualization? : Nobel Prize in Physics 19 |

-\ "for his fundamental work in
| electron optics, and for the
design of the first electron
microscope"

"for their design of the scanning
tunneling microscope"

Ernst Ruska Gerd Binnig Heinrich Rohrer

A
\ ¥/

Their work helped visualize individual atoms through the probing of surfaces @

NobelPrize.org



Scannin

Vacuum

Surface

Junction
Bias

Imaging

<—— ~10nm
AL A A WA WY H £
» b H HOH L4
» D DD & 4 é
» A Ho H f
AL AL NAYA i 'd

Eigler,D., Nature 344, 524 (1990)
[ ]

Atomic manipulation
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Nickel Silicon
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3 Angstroms = 0.3 nm

STM of Si(111) 7 x7 reconstruction @
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Pick and Place

STM assisted nanofabrication

AN ADD 0H

» J\N H HO

» NEAYLA H o b
» » H H

D DO ')

Eigler,D., Nature 344, 524 (1990)

Atomic manipulation

Write ...
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22 pum x 11 um 3D map written on a polymer

IBM, 2012




Approaches

Top-Down: Starting from larger structures and breaking them down into
smaller components

> Bottom-Up: Building from individual atoms and molecules to create functional
systems

Top-down Approach Bottom-up Approach
‘

il

Powder

Ball milling

Chemical vapor diposition

Mechanical etchin
g Chemical exfoliation

Laser abalation
Sputtering
Electro-explosion

Sol-gel process
Self-assembly
Green synthesis

Syduzzaman, M. et al., ChemNanoMat 2023, 9, 202300205
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Nanotechnology — Tools & Technology
e e
There are several important modern developments
= Atomic Force Microscopy (AFM)
= Scanning Tunneling Microscopy (STM)
Advances in nanolithography
= X-ray lithography
= Dip-pen nanolithography
= Electron beam lithography (inkjet printer)

Advances in deposition techniques
= PVD, ALD, ALE, ASD, CVD, PLD



Nano =» New Shapes and New Properties = Good

» Optical properties

» Magnetic properties
» Mechanical properties
» Surface reactivity

» Melting point

> Specific heat Stained glass window in :‘*-v

a church

» Conductivity
» Biocompatibility

Maya watrrior, The Cleveland
Museum of Art, 250 — 900 AD
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Growth Innovations

Textiles  Railroad Automobile Computer Nanotech?
. 5

[
Industrial Revolution Second Info Revolution

Sources: Norman Poire, Merrill Lynch

impact on society

1 1 1 1 1 1 1 1
1950 1970 1990 2010 2030 2050
A. ten Wolde: “Nanotechnology; towards a molecular construction kit”, Netherlands Study
Centre for Technoloav Trends (STT), 1988



Predicte obal Market Growth :

M“f““f"” NANOTECHNOLOGY MARKET SIZE, 2021 T0 2030 (USD BILLION)

$288.71
$251.27

$218.89
$190.84

$ 166.54

$ 145.46
$127.15

$111.25

[ 2022 | 2023 | 2024 W 2025 W 2026 W 2027 J 2028 | 2029 2030

r NANOTECHNOLOGY MARKET SHARE, BY REGION, 2022 (%) ,

EUROPE

LATIN 35.00% ASIA PACIFIC

AMERICA

MIDDLE EAST
AND AFRICA

NORTH AMERICA © PRECEDENCE RESEARCH




Chemical Industrial
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Materials Science

Mechanical
Engineering







ials in Use

Bamboo Charcoal

| Phosphate

P Carbon nanotubes
Carbon

o~ Titanium dioxide

o

# 7 Titamium

[ sitver

77 Others
|| Zinc oxide
Graphite [ Nanodatabase

H-HH Gold B
Silimn diaxide [ |C

Number of products

Number of products

Computers
Beverages
Goods for
children
dioxide

Appliances
Titanium

@
=
B
5
S
<<

Health and
Home and
Electronics and

Nanomaterial type
Product category

Ildentity of nanomaterials claimed to be
used in different product categories

Silver is a powerful anti-microbial agent and more
than 300 products use nanoscale silver to make
anti-bacterial surfaces, cosmetics, and clothing.

Hansen, S., et al., Environ. Sci. Nano, 2016, 3, 169-180




Examples of the Use of NanoSilver.—"
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Nano silver beauty
soap

Nano silver hair
shampoo

Nano silver body
cleanser

4yl

Nano silver facial
mask sheet

Nano silver skin
care line

=
s

Nano silver
toothbrush

1 ié“

- - —

Nanosilver hair
conditioner

_toothpaste

Nano silver hand
sanitizer

1 "
- .
-_,’ -

Nano silver

g

Nano silver makeup
line

‘L

Nano silver wash dish
& laundry detergent

Rai, M., et al., Nano. Rev. 3 (2014) 3

Nano silver
disinfectant spray

Nano silver
wet wipes

-n

-y |
Nano silver
colloid

Nano silver
antimicrobial masterbatch




~Some Uses of Nanotechnology

Organic light emitting diodes (OLEDs) for displays;
Photovoltaic film that converts light into electricity;

Scratch proof coated windows that clean themselves with UV;
Fabrics coated to resist stains and control temperature;
Intelligent clothing measures pulse and respiration;
Bucky-tubeframe is light, but very strong;

Hipjoint made from biocompatible materials;

Nano-particle paint to prevent corrosion;

. Thermo-chromic glass to regulate light;

10 Magnetic layers for compact data memory; , W’

©WoONOU A WNE

11.Carbon nanotube fuel cells to power electronics and vehicles;
12.Nano-engineered cochlear implant.

L] A
s

http://news.bbc.co.uk/2/hi/science/nature/3920685.stm



Consumer Products ,
— \\\_// %
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> Nanoelectronics = XBOX One by Microsoft; Intel hard drives. @ ‘

> Nano air filters =» NanoBreeze Car Air Purifier by NanoTwin
Technologies Inc.

» Cosmetics = TiO, or ZnO nanoparticles are used in sunscreens.

> Clothing = Swimsuits, rain jackets, body armor, stain-repellant
fabric.

» Nanochocolate = Nanoceuticals Slim Shake Chocolate by RBC
Life Sciences, Inc.

» Nanocomposites = BMC Racing Fourstroke FS01 (BMC Cycling);
light tennis rackets; artificial muscles.

» Targeted imaging probes =» CellTracks [Immunicon Corporation].




Transistor radio

Silicon transistor

1Kbit DRAM

theo, game

<

64Kbit DRAM

Personal phone Sman

computer V

<

1Gbit DRAM

phone

J

° B
1860

o
1970

2000

History of semiconductors : Hitachi High-Tech Corporation (hitachi-hightech.com)



https://www.hitachi-hightech.com/global/en/knowledge/semiconductor/room/about/history.html

Applications of Nanotechnology in Medic

Prevention and Multifunctional
Control of Cancer Therapeutics

Imaging
Diagnostics




Growth of Nanomedicine |

U.S. Nanomedicine market by products 2013 — 2025 ($Billions)

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

® Therapeutics = Regenerative medicine ®|n-vitro diagnostics = In-vivo diagnostics ®mVaccines

Grand View Research, Market Research Report (2017)
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Global Nanomedicine Marke;ﬂw

Global Nanomedicine Market m Nanoparticles Nano Tubes

: i Nano Shells Nano Devices
Size, By Molecule Type, 2022-2032 (USD Billion)

400 358

350 321

300
243

292
268 :
229 :
A0 210
188
200 o 167
139
150
100
5

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

The Market will Grow o Thef ted ket
At the CAGR of: 10.2% e i YSbBE R marketus

Yahoo Finance (2022)




Globenewswire.com

Global Nanotechnology Drug Delivery Market
Share, by Application, 2022, (%)

= Oncology & Hematology
» Infectious Diseases

» Orthopedics

» Neurology

= Immunology

= Urology

» Others

Global Nanotechnology Drug Delivery Market
Size, by Formulation, 2019 - 2030, (USD Billion)

153 Bn

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

M Polymer-Based Nanomedicine m Lipid-Based Nanomedicine m Nanocrystals m Others




Example of Medical Application: Molecular Imaging.and
Therapy




Nanotube can be used
to deliver drugs

Nanotube can immobilize enzymes
for decomposition of toxic gases

An artificial lotus
(hydrophobic or oleophobic effects)

Networks of nanotubes may
enable lightweight
armour and fire-resistant fabrics

Lotus Effect

A. Avila et al., Nature Nanotechnology 3, 458 (2008)

Yetisen, A.K., ACS Nano (2016) 10, 3, 3042

http://www.nanoprotect.co.nz/




In Essence, Nanotechnology in Textiles .

Water
Repellenoe

Optical Anti-Static
D'SPhVS Propertles

NANOTECHNOLOGY '
IN

TEXTILES Wrinkle
Resistance

Antibacterial/ . i

Odor Control L7 S Strength
P Enhancement f\'
. D

Comput'ng uv B'OCking




Toyota Center, home of the NBA
Houston Rockets, nanotechnology-
treated upholstery for stain-
resistance and easy cleaning

M. Gurian, Upholstery Journal Feb/Mar(2009)

Lumalive textile from
Philips features flexible
arrays of colored LED
fully integrated to the
clothes

The intelligent knee sleeve is a
bio-feedback device
monitoring the knee joint

S. Coyle et al. MRS Bulletin 32, 434 (2007)




Nanotechnology in Sports 0 A

Carbon
nanotubes

Silica
nanoparticles

Carbon
nanofibers

&

L
N 5 4
Enhance stiffness
and durability
Reduce the
vibration impact
Reduce weight

Improve crack
resistance

Better vibration
control in arrows

Enhance hoop &
strength

Improve
flexibility

Increase
bouncing of balls




Nanotechnology in Cosmetics

Beneath the skin, The Rose Foundation



Nanotechnology in Cosmetics

Smoothness
Sun

protection

Nanotechnology
in Cosmetics

Skin
hydration

Anti-aging

Tissue
regeneration




Nanotechnology in the Oil Industry /

Nanotechnology for
enhanced oil recovery




Use of Nanomaterials in the Oil & Petroleum

Use of nanomaterials in oil

Roy, A., et al Nano Ex. 4, 022002 (2023)

Environmental
Remediation
Nucelate Seeding

Nanoparticles N Cement Acceleration
Superparamagnetics inU pstrea m

: o Nanocatalysts
Oll %as SAGD-EOR

Reservoir Tracers By i e
Reservoir Mapping 1 Nanocellulose Nanosilica

Nano CaCOs Nano Zinc Oxide | High Surface Activity

| Carbon Nanotubes
rbon Nanofibers Structural Disjoining
Pressure Effect
Reinforced Nanofiber /

Nanotube Cements “Pickering” Emulsions

for Acidizing Surfactant

High Aspect Ratio e L= Nano-EOR

Piezoresponsive

Nanoctube Cements Fluid-loss Control

2D Nanomaterials Ultrathin Filter Cake

Boul, P.J., et al., Energy Tech, 8, 1, (2019)




Micronutrient

Nanosensors supply

Nanotechnol
anotechnology Nanoherbicides

in agriculture

Global nanotechnology market in environmental, by

Insect pest
type of application, 2014-2020

management .. ;
Nanofungicides _

$ Bllllons

2014 2015 2020p

B Soil remediation ® Water remediation ® Air remediation

p = projections
Sources : BCC Research, July 2009 and November 2015.




Nano-Foods

NEW PESTICIDES

TARGETED GENETIC ENGINEERING

IDENTITY PRESERVATION

AGRICHEMICAL
DELIVERY

kS
SENSORS TO Q
o
T

MONITOR SOIL
CONDITIONS

NEUTRACEUTICALS
NUTRIENT DELIVERY %

MINERAL AND VITAMIN 0
FORTIFICATION

DRINKING WATER PURIFICATION

SENSORY CHARACTERISTICS
OF SUPPLEMENTS

NANOENCAPSULATION
OF FLAVORS/AROMAS

GELATION AND
VISCOSIFYING AGENTS

NANOEMULSIONS
ANTICAKING

SANITATION OF
EQUIPMENT

UV PROTECTION
ANTIMICROBIALS

&
0\5 CONDITION AND
pRO ABUSE MONITORS

HIGH BARRIER PLASTICS
SECURITY/ANTICOUNTERFEITING

CONTAMINANT SENSORS




Traditional
Plastic Packaging

Bionanocomposite
Packaging

de Sousa,M. Coatings 2023, 13(8), 1411

+ Thermal
Properties

R 4
o
M

Antioxidant
Antimicrobial
Properties

+ Mechanical
Properties

Transparent
with U.V.
Protection
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Restoration and

Rehabilitation

Concrete

Medlej, A., ITU J. on Future and Evolving Technologies Vol. 2, Issue 7 - Terahertz communications (2021)




oqgV In Constructig /

Self-healing Improved
concrete durability

Fire resistance

Smart
windows

Seismic &
tsunami proof

Air
purification




Aluminum

sheets Prosolve 370e skin cover

The Jubilee Church in Rome, Manuel Gea Gonzalez Hospital using conventional
quartiermagazin.com/quartier08/ der-weise-riese

L AT
A nanotruss structure fabricated by Caltech Prof. Julia
Greer

Inside Ethiopian airlines flight — Boeing

p—



https://futurism.com/mit-scientists-create-smart-window-that-can-shut-out-light
https://futurism.com/mit-scientists-create-smart-window-that-can-shut-out-light

" NanoProducts

Where is it used?

Future use?

How do you
dispose of it?

A user’s guide to Nanotechnology
http://www.theguardian.com/nanotechnology-world/a-user-s-guide-to-nanotechnology




Risks: Toxicity, Assessment, Exposure /

Exposure
Human exposure routes in
humans?

Reaction with
the

environment ?

Nanoproducts

|

Primary issues
Release into the Release into

Aquatic environment the air
Accumulation o®

in the r

food chain * l Detection
*ﬁ techniques

Ground water




Discussion Points E—

» What will be the impact of nanotechnology in Africa?

» What areas/fields will be impacted?

rortugal
s
Tunisia yria
Morocco s
Algeria Libya e
‘gesmn Saudi
ahara s
bt
d Mauritania -
Mali Niger
Chad Sudan Veraan
j et Gulf of
Guinea Faso_ - ] julfo
kel South Ethiopia
S Sudan
"Somalia
Gabon /. Kenya
DR Congo
Tanzania
Angola __ =
Zambia Mozambique
Namibia | Zimbabwe
Botswana Madagascar
South
Atlantic
ocean South

Africa
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Nanotechnology in Africa

The African Union recognizes nanotechnology as a compelling imperative and
identifies nanotechnology as one of six priority areas in its Science, Technology
and Innovation Strategy for Africa 2024.

Towards an African nanotechnology future, United Nations, Economic Commission for Africa (2020)




‘Synthesis of nanoparticles Nanophase catalysts

Synthesis of
guantum dots
development

Synthesis of | | _
nanotubes

development

Nanotechnology
and occupational

Nutrition e
\/ b : \
R

e
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Egypt
Top nanotechnology
research country in
Africa - Big
collaboration with
IBM (health, oil,
photovoltaics,...

Kenya
Efforts focus in
medicine,
agricultural
productivity, water
treatment,
purification

Nanotechn

AR A

South Africa

African country with
the most patents,
nanotech emerging
companies &
institutions, SANi

Ethiopia
Water purification,
nanomaterials, solar

energy and single-
walled carbon
nanotubes

Sudan

Synthesis &
characterization of
nanomaterials, and

drug delivery

African Newsletter on Occupational Health and Safety, 22, 3 (2012)

All African Nanoscience-Nanotechnology Initiative (2014)

Towards an African nanotechnology future, United Nations, Economic Commission for Africa (2020)

Togy in Africa

Nigeria

Nanotechnology in
medicine, nutrition,
electronics, catalysis

Senegal
Synthesis,
characterization, &

application of
nanomaterials

Cameroon

Synthesis &
characterization of
nanomaterials,
water purification
and treatment




Nanotechnology in Africa: Some Examples

Water purification plant in Tanzania

Heat sensors using innovative
technology in South Africa

NanoTech in Egypt manufacture custom-
tailored nanomaterials

\'%J
Towards an African nanotechnology future, United Nations, Economic Commission for Africa (2020) N o
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Source: NanoStat database.
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(2001 — 2017

W 2001-17
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South Africa Tunisia Morocco Nigeria Algeria

Source: NanoStat database.
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(2021)

® Medicine m Electronics

Number of Publications

® Energy I

South Africa Russia China India Brazil
Country

South Africa publications reporting on nano-enabled products relative to BRICS countries, Masara, B., J. of Nanoparticle Res., Vol. 23, 92 (2021)




Strategy for Nanotechnology Innovation in Af

Human
capital

Masters
programme
through a Intellectual
consortium of capital

universities
A novel PhD

model geared
towards
impactful

Nanotechnology research
strategy

for Africa A

capital
Addressing Set up

SDGs through university-industry
a targeted Social clusters at local

approach capital and continental
level

Sustainability

Social innovation
through living labs
and grooming
entrepreneurs

Jhurry, D., Univ. World News, Africa Edition (2022)




Purification

Mining Effects on
~ population
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wikipedia.

Nanofiltration membranes Nanosensors

’\\_,/' Nanocatalysts and

magnetic nanopatrticles
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How Nanotechnology saved a Contaminated Lake in
Peru

-4

[
[Derore

VACH R

El Cascajo Wetlands in
Peru were cleaned using
micro nano bubbling
system and a biofilter

‘ : I —— P
p m http://www.tea-after-twelve.com/all- >

issues/issue-02/issue-02-
overview/chapter3/the-nanotechnology-

National Nanotechnology Initiative miracle/# f
http://www.nano.gov/ ™
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Natural Extracts

Using green chemistry only =» no harsh acids / no harsh bases
Pr. Malik Maaza, South Africa

Hibiscus flowers

Tamarind




Oter Plants?

Eucalyptus

Moringa oleifera




Paper battery

TB or malaria
detection?

Solar energy
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