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WHAT IS NANOTECHNOLOGY?
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“The technology to study materials with very small sizes(<100 nm).

CHEMISTRY

“ |t's an interdisciplinary field of research.




HOW SMALL IS NANQO?
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A nanometer is a billionth of a meter, that Is,
~about 1/80,000 of the diameter of a human hair,
or 10 times the diameter of a hydrogen atom.
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The technology/art based on
the manipulation of individual

atoms and molecules to build
structures too complex,
atomic specifications.




MAKING LARGE BODIES USING LEGO




WHY USE NANO-MATERIALS ?
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HIGH STRENGTH




NANO IN ELECTRONICS




Severe Acute Respiratory
Syndrome (SARS) virus

A nanoporous silica
Increases enzyme
activity and stability.

Flonase: Atomizer to create nano

droplets for faster relief from
congestion
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HOUSE FLY'S WING



HOUSE FLY'S FOOT



SPIDER’S EYES






BULB
FILAMENT



HUMAN HAIR






MATERIALS ENGINEERING: AN ART




APPLICATIONS OF DIFFEREN
TYPES OF MATERIALS IN DAILY LIFE




DAMASCUS SWORD: ANCIENT ART




4 The swords were
made in 16-18™ century
In Damascus.

4The surface patterns
on these blades result

from a carbide-banding
phenomenon produced
by the micro-
segregation of minor
amounts of carbide-
forming elements.




An iron pillar erected at Delhi
during the reign of Gupta ruler
(Samudragupta  Vikramaditya)
still stands there In the open
after 1600 years, upright and
without a trace of rust, evidence

of advanced materials
processing. Formation of a thin
layer (misawite, a compound of
iron, hydrogen and oxygen)
protects the Pillar from the
attack of environment.




DELHI IRON PILLAR:
ANCIENT FINE ARTS and TECHNOLOGY




APPLICATIONS OF METALS




APPLICATIONS OF CERAMICS




APPLICATIONS OF POLYMERS




Graphite reinforced

aluminum alloy parts




SHAPE MEMORY ALLOY




metal scaffold that is

A stent is a small, latticed,

introduced into blood vessel
on a balloon catheter

The catheter is placed
into the blocked artery

Balloon is inflated that
causes the stent to
expand and press
against the vessel wall

After balloon has been
deflated and withdrawn,
the stent stays in place
permanently, holding the
blood vessel open and

improving blood flow




BODY IMPLANTS




FUEL CELL POWERED AUTOMOBILES




OFFSHEREXIIA LING




SPACE SHUTLE




It happens due to




COLUMBIA SPACE SHUTLE




COLUMBIA DISASTER




4 The left wing was
struck with high impact
by a chunk of foam
coming out from the
thermal insulation
coating during the liftoff.

4 High temperature
ceramic tiles are used to
protect the leading
edges against high
temperature (3000 F)
experienced during the
re-entry.




9/11 TRAGEDY
WTC DISASTER




4 Very high impact by the
two Boeings severed the
vertical support columns.

4 High amount of heat
was produced due to the
explosion of 60,000 Ibs of
jet fuel.

4 Loss of strength of
steel beams at high
temperature (650° c)

4 Distortion in the beams
due to uneven heat.




BREAKING OF T-1000 IN LIQ. NITROGEN




THE TITANIC

titanic

propeller




FAILURE PROCESS
1. Very low temperature makes the steel brittle.

2. Impact with iceberg damages the rivets.

3. Splitting of the hull plates elongates the rivets.




FRACTURED SURFACE STUDY




DUCTILE TO BRITTLE TRANSITION

COOLING.




DUCTILE AND BRITTLE FRACTURE




CHANDRA: THE X-RAY OBSERVATORY




CARBON NANO TUBE




STRUCTURE OF Single Wall Nano Tube
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DEFORMATION OF CNT




WHY AND WHERE CNT?7?7?

+ Novel electronic properties:

1. The electrical conductivity is 1000 times higher
than Cu.

2. Microelectronics (cathode-ray lightening elements,
CRT® FED, flat panel display, nanotube transistor)

3. Energy Storage (high Hydrogen storage, fuel cells)
4. Nanoprobes & sensors (achieve better resolution)
+ High strength:

Filled composites (stronger polymer composites)



If there is a gold (Au) pendant of size 100 nanometer,
how many Au atoms it contains?

The cost of launching one pound of weight in space is
$10,000. Compute how much does it cost NASA to
launch Columbia?

Go to any tool store (Home Depot/Lowe’s/Sears) and

locate “golden” drill bits? What causes this gold
color? Why is the need of such golden drill bits?

Can you think of 3 other movies where “application of
materials” was as significant as in Terminator 2 and
Titanic?

What is the change in the length of Eiffel Tower from
winter to summer?




o Scientific Community: for wonderful world of
nanotechnology

« WWW: for gathering some of the nice

pictures for this lecture

« My Ph.D. student Tapas Laha: for working
several nights to prepare these viewgraphs
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