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Who Cares
About
Nanotechnology




Who Cares About Nanotechnology ?

We All Should Care!

— Because it can bring revolution in the current

industrialization and manufacturing processes.
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Microbial cell:

1 um (1000 nm)
Virus: 10-100 nm.
Hemoglobin: 7 nm.
Water (H,O): 0.2 nm

100 nanometers

1 nanometer (nm)

~tenths of nm
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L1Material

With NT, we can create unique materials and products which are:
— Stronger
— Lighter
— Cheaper
— Durable

— Precise
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« 35 nm gate length
* 1.2 nm gate oxide
« NiSi for low resistance

« 2N0 generation strained
silicon for enhanced

performance

~ 350 Million Transistor Chip 180027’000 kgrub
vacuum es

140kW
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Nanotechnology in Fabrics

« The properties of familiar materials are
being changed by manufacturers who are
adding nano-sized components to
conventional materials to improve

performance.
= For example, some clothing
manufacturers are making water and
. . . AT o
stain repellent clothing using nano- Lo
sized whiskers in the fabric that cause f P N

water to bead up on the surface.

= In manufacturing bullet proof jackets.

= Making spill & dirt resistant,
antimicrobial, antibacterial fabrics.
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Nanotechnology in Electronics

+ Electrodes made from nanowires enable
flat panel displays to be flexible as well
as thinner than current flat panel

displays.

Nanolithography is used for
fabrication of chips.

= The transistors are made of
nanowires, that are assembled on
glass or thin films of flexible plastic.

= E-paper, displays on sunglasses and
map on car windshields.
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noscale Approaches and
Fabrication

Top-down Approaches Bottom-up Approaches

They arrange smaller
components in to more
complex.

- Create smaller objects using
Larger objects

Uses principles of molecular Layer-by-layer self assembly




top down approach
High energy ball milling



Powders with typical particle diameters of about 50 pym
are placed together with a number of hardened steel or

tungsten carbide coated balls in a sealed container
which is shaken or violently agitated.



Factors affect on ball milling process

* Milling Time

* Balls Number

« Balls weight

* Container volume
 Number of rounds per min.



Bottom-up approach

Bottom up approach refers to the build up of a material
from the bottom: atom-by-atom, molecule by- molecule, or
cluster by- cluster.






Top-down Approach Bottom-up Approach

Creating Nano-scale materials  Assembling Nano materials
by physically or chemically  atom-by-atom or molecule-by
breaking down larger materials  molecule (self assembling)




Liquid solid reactions (Precipitation)




Gas Condensation Processing (GCP)
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Laser ablation

s g o S thont B b 0
P wara + MR A e mwar

In this process a laser beam is used as the primary
excitation source of ablation for generating clusters

directly from a solid sample in a wide variety of
applications.



Hydrothermal method




Self Flash Combustion

Preparation of copper ferrite nano-crystals by
a self-flash combustion method

J)
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2Fe(CH,C00),.0H

+ 120, —» CuFe,0;, + 11H,0 + 12CO,
Cu(CH,C00),.H,0



Electroplating

Battery

(—‘llll

AgNO,(aq)




Reduction of copper oxide for the production
of copper Nano wires
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The characterization procedures are
strongly based on electron microscopy and
scattering techniques. Scanning Electron
Microscopy (SEM), Transmission Electron
Microscopy (TEM), X-ray Diffractometry

(XRD) and Dynamic Light Scattering (DLS)
are standard tools to Investigate the

composition, purity, crystallinity, size and
polydispersity of nanoparticles.
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Radius:
1-10 nm

Radius:
1-100 nm

Diameter:

1-100 nm

Diameter:

1-100 nm

Example Material or

Application
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Properties Examples

Catalytic Better catalytic efficiency through higher surface-to-volume
ratio

Electrical Increased electrical conductivity in ceramics and magnetic
nanocomposites, increased electric resistance in metals

Magnetic Increased magnetic coercivity up to a critical grain size,
superparamagnetic behaviour

Mechanical Improved hardness and toughness of metals and alloys,
ductility and superplasticity of ceramic

Optical Spectral shift of optical absorbtion and fluorescence properties,
imncreased quantum efficiency of semiconductor crystals

Sterical Increased selectivity, hollow spheres for specific drug
transportation and controlled release

Biological Increased  permeability  through  biological  barriers

(membranes. blood-brain barrier, etc.). improved biocom-

patibality




Application Of
Nanotechnology
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Automotive industry

Chemical industry

Engineering

= lightweight e fillers for paint systems|e wear protection for
construction e coating systems based | tools and machines

e painting (fillers, base on nanocomposites (ant1 blocking coatings,
coat, clear coat) » impregnation of papers | scratch resistant

e catalysts = switchable adhesives coatings on plastic

e tires (fillers) e magnetic fluids parts, etc.)

® SCNSOTS e lubricant-free bearings

e Coatings for wind-
screen and car bodies

Electronic industry Construction Medicine

e data memory (MRAM., |® construction materials |® drug delivery systems
GME-HD) e thermal insulation e active agents

e displays (OLED. FED) |e flame retardants e contrast medium

e laser diodes e surface-functionalised | medical rapid tests

e glass fibres building maternals for |e prostheses and

+ optical switches wood, floors, stone, mmplants

» filters (IR-blocking) facades, tiles, roof = antimicrobial agents

» conductive, antistatic tiles, ete. and coatings
coatings e facade coatings e agents in cancer

. therapy

Sroovc mortar
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Textile/fabrics/non- |Energy Cosmetics
wovens o fuel cells * sun protection
» surface-processed * solar cells » lipsticks

textiles * batteries s skin creams
» smart clothes ® capacitors s tooth paste
Food and drinks Household Sports /outdoor

» package materials

» storage life sensors

o additives

s clarification of fruit
Juices

* ceramic coatings for
1rons

» odors catalyst

* cleaner for glass,
ceramic, floor,
windows

* skiwax

e antifogging of
glasses/goggles

e antifouling coatings
for ships/boats

e remforced tennis
rackets and balls




Agrochemical

Ex: Nanoparticles
in pesticides

In food
industry

Comvergemce
Nano-Geo-(Hho)-
Info technology
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Packaging
Ex: Prevent or
respond to

Sensing
Ex: Detect
chemicals or food
borne pathogen




Anmnal or
Plant Health
Ex: Iktect
patens

L s . el

Mt
production
Ex: Delivery of INA
to plands

Anamnal
Produetion

Ex: Nano tube sensors
to deteet honmmone

level changes




Future Of Nanotechnology

Examples of Future Use of NT

» Electronic Paper

» Nokia Morph

» Contact Lens



NANOTECHNOLGY IN TREATING CANCER

Molecular imaging & therapy

Localized
therapy




Nanorobot Stinger: Targeted Drug Delivery






Nanotechnology in Memory and
Storage







Current research "
shows that by

using
nanotechnology, 1
000 GB of
memory can fit on
the head of this
pin. 1000 GB is 1
Terabyte.




Industrial applications of |
nanotechnology

Surfaces and coatings-

The most prominent application of Nano-Coating

nanotechnology in the household

Is self-cleaning or "easy-to-clean” Water drop takes
surfaces on ceramics or glasses. up dirt particles

Nano ceramic particles have
improved the smoothness and
heat resistance of common
household equipment such as the
flat iron.
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http://www.cdc.gov/ncidod/diseases/hepatitis/slideset/hep00004.htm




p_First phase-of our work =
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Materials used

» Zinc oxide:
= Dirt repellent, hydrophobic, cosmetics & stain
resistant.

« Silver ion:
= Healing property

« Aluminum silicate:
= Scratch resistance

» Gold 1on:

= Chip fabrication, drug delivery.
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Applied Surface Science,258, 2012

New cleaning strategies based on carbon nanomaterials
applied to the deteriorated marble surfaces:
A comparative study with enzyme based treatments

Federica Valentinia #, Alessia Diamantia, M. Carbonea,
E.M. Bauerb, Giuseppe Palleschi a

a Dipartimento di Scienze e Tecnoclogie Chimiche, Universita degh Studi da
Roma Tor Vergata, Via della Ricerca Scientifica 1, 00135 Rome, Italy
b Istituto di Struttura della Alatena del Consiglio Nazionale delle Ricerche
(ISAL-CINR), RAL 1, Via Salana ke 293, 00015 Alonterotondo, Italy
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Functionalised carbon nano-fibres (CNF-COOH) dispersed
in Tween 20. medium.

Single-wall carbon nanotubes (SWCNTs).
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Pentelic marbles from Basilica Neptuni in Rome-Italy (27-25 b.c.)
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Fig. 1. A brief description of samples: (a) sample A (grey patina); (b)
sample B (dark patina); and finally (c) sample C (black crust).



Fig. 7. (a, ¢ and e) SEM mucrographs of polished marble area (sample C), meated by the
SWCNTs/Tween 20 cleaming agent; (b, d and f) companson with the same area of the same
sample C, before applying this treatment.







The nanolimes in Cultural Heritage
conservation: Characterisation and analysis of

the carbonatation process
Valeria Daniele, Giuliana Taglieri*, Raimondo Quaresima

Department of Chemistry, Chemical Engineering
and Materials, University of L’Aquila, Monteluco di

Roio, I-67040 L’Aquila, Italy

Journal of Cultural Heritage 9 (2008)



Fig. 9. SEM micrographs of Estoril sample: (a) untreated
material surface:; (b) material surface after nanolime
treatment; (c) penetration depth of the treatment in a typical
cross-section.



Effects of silica nanoparticle and GPTMS
addition on TEOS-based stone consolidant

Eun Eyung Eima, Jongok Won a,®, Jin-young Dob, 5a Dug Kime, Yong 500 KEangd

a Department of Chemmustry, Sejong University, 98 Gunga, Seoul, South Eorea

b School of Cultural Assets, Gyeongju Universaty, Gyeongju, South Korea

¢ Drnsion of Conservanon Science, INatiomal Research Imsumte of Cultural Henrage,
Daejeon, South Korea

d Department of Chemical Engineenng, Hanyang University, Seoul, South Eorea

Journal of Cultural Heritage 10 (2009) 214-221
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Nano Barium oxide Suspensions

Synthesis and Characterization of Nanostructured BaO
Solutions: Application in Conservation of Wall Paintings

Elisa Cordoncillo

Departamento de Quimica Inorganica y Organica, Universitat Jaume | de Castellén
Campus del Riu Sec, E-12071, Castellon de la Plana, Spain

Springer-Verlag Berlin Heidelberg 2012
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Fig. 3. One of the fragments of mural paintings used in the evaluation of the
product. The fragments are from the House of Ariadne in Pompeii (ltaly)

(first century AD). Marked areas correspond to areas treated with the
colloidal suspension based on barium oxide.
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Hydroxide nanoparticles for Cultural Heritage: consolidation
and protection of wall paintings and carbonate materials

David Chelazzi et al.

Journal of Colloid and Interface Science, 2012
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The three-chambers tomb of the underground site of
Ixcaquitxla, city of Puebla, Mexico.



.
.

Figure 10: The restoration intervention on a pictorial surface in the archeological

site of Ixcaquixtla. On the left, salt crystallization have led to the powdering of
the paint layer with a consequent loss of pigments. On the center, a conservator
applies Ba(OH)2 nanoparticles dispersion after the consolidation with calcium
hydroxide nanoparticles and desulfation with ammonium carbonate. On the
right, the same portion of the pictorial surface after the intervention.



Figure 13: Application of nanoparticles on degraded stones surface in Ca Granda,
Milan, Italy. On the left, the untreated and powdering portion of Pietra D’Angera.
On the right, application of consolidating nanodispersion by means of a brush.
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Silver nanoparticles as antimicrobial
agent: a case study on E. coli as a model
for Gram-negative bacteria

Ivan Sondi a # and Branka Salopek-Sondi b

a Center for Marine and Environmental Research, Ru  der
Bodkovi c Institute, Zagreb, Croatia

b Department of Molecular Biology, Ru der Bodkovi'c
Institute, LZagreb, Croatia

Beceived 3 October 20M3; accepted 5 February 2004

Axailable online 18 March 2004
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Fig. 3. Number of E. coli colonies as a function of the concentration of silver
nanoparticles in agar plates expressed as a percentage of the number of
colonies grown on silver-free control plates. The photograph inserted in the
upper right corner shows plates containing different concentrations of
silver nanoparticles: (a) 0, (b) 10, (c) 20, and (d) 50 ug cm~-3.
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