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An electron microprobe operates under the principle that 'tf&..j:u\afid material is bombarded by
an accelerated and focused electron beam, the incident e!ﬂqt.tnn beam has sufficient energy to
liberate both matter and energy from the sample. Them‘k!ectmn sample interactions mainly
liberate heat, but they also yield both derivative eh@tﬁmu and x-rays. These quantized x-rays
are characteristic of the element. EPMA analysis-ds-considered to be "non-destructive” so it is
possible to re-analyze the same materials more than one time.

'\.Hc-.
APPLICATIONS OF EMPA }..:“l;‘
— Quantitative EMPA analysis i.sny_nfk[nmt commaonly used method for chemical analysis of
geological materials at small wa]'e
- EPMA is alko widely me@fﬁl analysis of synthetic materials such as optical wafers, thin
films. microcircuits, sen?‘:lz\‘-c'“ﬁndmmm. and superconducting ceramics.

.x\
STRENGTHS AQLB\LIMITATIDNS OF ELECTRON PROBE MICRO-ANALYZER
(EPMA) Q -
Strength's:-
— An ele?uﬁn probe is the primary tool for chemical analysis of solid materials at small
xpm%‘ksﬂex.
o -S}:.r"bt chemical analyses can be obtained in situ . which allows the user to detect even small
c;:_mpm'tt'mnul variations within textural context or within chemically zoned materials.
Limitations:-
— Electron probe unable to detect the lightest elements (H, He and Li).
Probe analysis also cannot distinguish between the different valence states of Fe.

Gururaj H, AP, Department of Mechanical Engineering, KLS VDIT, Haliyal-381329.
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Electron Microprobe Analysis(EMPA)
An electron probe mi:c_‘g;}}amlyzer is a micro beam instrument used primarily for thein situ
non-destructive ch%ﬁal malysis of minute solid samples. EPMA is also informally called
an electron mi:cql'{:\pmhe. or just probe. It is fundamentally the same as an SEM. with the
added capub'tll?t?nfchemirul analysis.
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Scanning Probe Microscopy

What are scanning probe microscopes?

Scanning probe microscopes (SPMs) are a family of tools used to make images of nanoscale
surfaces and structures, including atoms. They use a physical probe to scan back and forth
over the surface of a sample. During this scanning process, a computer gathers data that are
used to generate an image of the surface. In addition to visualizing nanoscale structures, some
kinds of SPMs can be used to manipulate individual atoms and move them to make specific
patterns. 3PMs are different from optical microscopes because the user doesn't ‘we"“’tﬁhe
surface directly. Instead, the tool *feels™ the surface and creates an image to T-EITI.’-E&-E}E;T.

How do they work? \;-

SPMs are a very powerful family of microscopes, sometimes with a 1emiu\hnn of less than a
nanometer, (A nanometer is a billionth of a meter.) -'x .

An SPM has a probe tip mounted on the end of a cantilever. ThE_‘*u,_b can be as sharp as a
single atom. It can be moved precisely and accurately back and forth across the surface, even
atom by atom. \;:_\ ;

When the tip is near the sample swrface, the cantilever L&-deﬂected by a force. SPMs can
measure deflections caused by many kinds of fn:&\ including mechanical contact.
electrostatic forces. magnetic forces. chemical hnndﬁin-g van der Waals forces, and capillary
forces. o >

The distance of the deflection is measured ~J:_1} a laser that is reflected off the top of the
cantilever and into an array ﬂfplmtﬂdlﬂh&-ﬁtmthl to the devices used in digital cameras).
SPMs can detect differences in J.‘IELEJ.'II\I-],'E'H are a fraction of a nanometer. about the diameter
of a single atom. ey

The tip is moved across the u.gﬁ};le many times. This is why these are called “scannimg”
microscopes. A computer combines the data to create an image.

The images are i.nl‘-ereutf&\u‘bnim'hew because they are measuring properties other than the
reflection of light. Hnwmﬂ the images are often colorized. with different colors representing
different pmpertlem{ﬁn example, height) along the surface.

Scientists use R’IE i a number of different ways, depending on the information they're
trying to gather from a sample. The two primary modes are contact mode and tapping mode.
In cnnmd‘:hl{::le the force between the tip and the surface is kept constant. This allows a
wnenu\.v.}“m quickly image a surface. In tapping mode, the cantilever oscillates. intermittently
tmg;hmg the surface. Tapping mode is especially useful when a scientist is imaging a soft
strtface.

There are several types of SPMs. Atomic force microscopes (AFMs) measure the
electrostatic forces between the cantilever tip and the sample. Magnetic force microscopes
(MFMSs ) measure magnetic forces. And scanning tunneling microscopes (STMs) measure the
electrical current flowing between the cantilever tip and the sample.

Gururaj H, AP, Department of Mechanical Engineering, KLS VDIT, Haliyal-381329.
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A schematic of a typical CVC reactor

5

|

Because CVC processing is continuous, the production caPafhnea are much larger than in
GPC processing. Quantities in excess of 20 g/hr have - ]g’aﬁ'. readily produced with a small
scale laboratory reactor. A further expansion can hﬂ-’ envisaged by simply enlarging the

diameter of the hot wall reactor and the mass ﬂ{:lw %h}uugh the reactor.
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Chemical Vapour Condensation(CVC)

As shown schematically in Figure, the evaporative source used in GPC is replaced by a hot
wall reactor in the Chemical Vapour Condensation or the CVC process. Depending on the
processing parameters nucleation of nanoparticles is observed during chemical wvapour
deposition (CVC) of thin films and poses a major problem in obtaining good film qualities.
The original idea of the novel CVC process which is schematically shown below where, it
was intended to adjust the parameter field during the synthesis in order to suppress film
formation and enhance homogeneous nucleation of particles in the gas flow. It is rga:i;l}l:,-
found that the residence time of the precursor in the reactor determines if films mim'-ﬂciea
are formed. In a certain range of residence time both particle and film I"nmm.;\i.;ﬁf can be
obtained. 57
Adjusting the residence time of the precursor molecules by changing the E.Lx flow rate, the
pressure difference between the precursor delivery system and the pin chamber occurs.
Then the temperature of the hot wall reactor results in the fertile ﬂi‘}:\ﬂuﬂmn of nanosized
particles of metals and ceramics instead of thin films as in C"h"[!jf‘me.mng. In the simplest
form a metal organic precursor is introduced into the hot zo i L of the reactor using mass flow
controller. Besides the increased quantities in this cmmnuﬂm process compared to GPC has
been demonstrated that a wider range of ceramics Luu;ﬁ;ilmg nitrides and carbides can be
synthesised. Additionally, more complex oxides mc'l.luu BaTi03 or composite structures can
be formed as well. Appropriate precursor cnp@)ﬁnd& can be readily found in the CVD
literature. "
The extension to production of n.mnpamﬂea requires the determination of a modified
parameter field in order to promote m\x}r&e formation instead of film formation. In addition
to the formation of single ph.ne k@pnpartcbeu by CVC of a single precursor the reactor
allows the synthesis of ‘k
1. mixtures of nannp-.l.m::les.__‘nf two phases or doped nanoparticles by supplying two
precursors at the front end Qf1lle reactor, and
2. coated n.mn}mrttchem 1.e., n-Zr02 coated with n-A1203 or vice versa, by supplying a
second precursor at d-second stage of the reactor. In this case nanoparticles which have been
formed by ho mqgénenm nucleation are coated by heterogenecus nucleation in a second stage
of the reactor I~
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gas flow by thermophoretic forces and deposited loosely on the surface of the collection
device as a powder of low density and no agglomeration.

Subsequenly. the nanoparticles are removed from the surface of the cylinder by means of a
scraper in the form of a metallic plate. In addition to this cold finger device several
techniques known from aserosol science have now been implemented for the use in gas
condensation systems such as corona discharge, etc. These methods allow for the continuous
operation of the collection device and are better suited for larger scale synthesis of
nanopowders. A
However, these methods can only be used in a system designed for gas flow, ie. au_:l'gal.nmlc
vacuum is generated by means of both continuous pumping and gas inlet via mass flow
controller. A major advantage over convectional gas flow is the melmed comtrol of the
particle sizes. It has been found that the particle size distributions in gas ﬂnubﬂyatemﬂ which
are also lognormal, are shifted towards smaller average values with an appreciable reduction
of the standard deviation of the distribution. Depending on the I"JQ"D: rate of the He-gas,
particle sizes are reduced by 80% and standard deviations by ]R%H:”

The synthesis of nanocrystalline pure metals is relativelystraightforward as long as
evaporation can be done from refractory metal crucibles ["Ey a or Mo). If metals with high
melting points or metals which react with the crucibles _‘:31”.13 to be prepared. sputtering. ie. for
W and Zr. or laser or electron beam E‘l.-apnr.mnn {m to be used. Synthesis of alloys or
intermetallic compounds by thermal emapm.ntmnx@n only be done in the exceptional cases
that the vapour pressures of the elements arg:mmlm As an alternative, sputtering from an
alloy or mixed target can be employed. C\mnpmtte materials such as Cu/Bi or W/Ga have
been synthesised by simultaneous ev; tation from two separate crucibles onto a rotating
collection device. It has been f{:uncl\tbﬂ e:'.{'etbem intermixing on the scale of the particle size
can be obtained. ‘k :

However, control of the cnmE@nnnn of the elements has been difficult and reproducibility is
poor. Nanocrystalline nttqla powders are formed by controlled postoxidation of primary
nanoparticles of a pure » n’té’tal (e.g. Tito TiO2) or a suboxide (e.g. Zr0) to Zr0O2). Although the
gas condensation L%gtﬁnd including the variations have been widely employed to prepared a
variety of met.xﬁm and ceramic materials, gquantities have so far been limited to a laboratory
scale. The quarﬁt ies of metals are below | g/day, while quantities of oxides can be as high as
20 g/day-<for simple oxides such as CeO2 or ZrO2. These quantities are sufficient for
nutenq‘[&“temng but not for industrial production. However, it should be mentioned that the
l»:c.nlq:i]p of the gas condensation method for industrial production of nanocrystalline oxides
by company called nanophase technologies has been successful.
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Gas Condensation Processing (GPC
In this technique, a metallic or inorganic material, e.g. a suboxide, is vaporised using thermal

evaporation sources such as crucibles. electron beam evaporation devices or sputtering
sources in an atmosphere of 1-50 mbar He (or another inert gas like Ar, Ne, Kr). Cluster form
in the vicinity of the source by homogenous nucleation in the gas phase and grow by
coalescence and incorporation of atoms from the gas phase.

Cluster i':*“p-f" D)
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{} [} Cold
vert gos : 2 Finger

Abmasphera
=
]
I ;1
b =

VS Joue Haaling ey

e AT T T T j
Fr T ;

UL A » »
3 L ¥
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Process |

Process |l
Schematic mpresa@ﬁﬁnn of typical set-up for gas condensation synthesis of nanomaterials
followed by ,_g__ﬁl‘hkni'tdaﬁnn in a mechanical press or collection m an appropriate solvent
media. 4 .
The CILISE& or particle size depends critically on the residence time of the particles in the
gmwth system and can be influenced by the gas pressure. the kind of inert gas. i.e. He. Ar or
["g-;“:md on the evaporation rate/vapour pressure of the evaporating material. With increasing
gas pressure, vapour pressure and mass of the inert gas used the average particle size of the
nanoparticles increases. Lognormal size distributions have been found experimentally and
have been explained theoretically by the growth mechanisms of the particles. Even in more
complex processes such as the low pressure combustion flame synthesis where a number of
chemical reactions are involved the size distributions are determined to be lognormal.
Originally. a rotating cylindrical device cooled with liquid nirogen was employed for the
particle collection: the nanoparticles in the size range from 2-50 nm are extracted from the
Gururaj H, AP, Department of Mechanical Engineering, KLS VDIT, Haliyal-381329.
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Because of its inherent simplicity, it is possible to scale up this process from laboratory
(mg/day) to industrial scales {tons/day).

Flame assisted ultrasonic sprav pvrolysis

In this process. precusrsors are nebulized and then unwanted components are burnt in a flame
to get the required material, eg. Zr(2 has been obtained by this method from a precursor of
Zr{CH3 CH2 CH20M. Flame hydrolysis that is a variant of this process is used for the
manufacture of fused silica. In the process, silicon tetrachloride is heated in an m’.yxhyd;_nﬁ'eh
flame to give a highly dispersed silica. The resulting white amorphous powder consists of
spherical particles with sizes in the range 7-40 nm. The combustion flame q.-uthesk\s ‘in which
the burning of a gas mixture, e.g. acetylene and oxygen or hydrogen and nmg\em*ﬂupphea the
energy to initiate the pyrolysis of precursor compounds. is widely used-for the industrial
production of powders in large quantities, such as carbon black, ﬁjmﬂ,! silica and titamium
dioxide. However, since the gas pressure during the reaction is h;g"[l highly agglomerated
powders are produced which is disadvantageous for subsequent El_'_-EEm%tllE. The hasic idea of
low pressure combustion flame synthesis is to extend the pressiwe range to the pressures used
in gas phase synthesis and thus to reduce or avoid the agglnmﬂnnnn Low pressure flames
have been extensively used by aerosol scientists to utudyjnmcie formation in the flame.

Y
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Flame assisted ultrasonic spray pyrolysis

A key I’Qr"ﬁ’i‘e formation of nanoparticles with narrow size distributions is the exact control of
the ﬂ.:.\aﬁ in order to obtain a flat flame front. Under these conditions the thermal history, i.e.

tl.mgl“:md temperature, of each particle formed is identical and narrow distributions result.

However, due to the oxidative atmosphere in the flame, this synthesis process is limited to the
formation of oxides in the reactor zone.
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It can be used in ceramics manufacturing processes, as an investment casting material, or as a
means of producing very thin films of metal oxides for various purposes.

Other elements (metals. metal oxides) can be easily incorporated into the final product and
the silicalite sol formed by this method is very stable.

Other products fabricated with this process include wvarious ceramic membranes for
microfilration, ultrafiliration. nanofiltration, pervaporation and reverse osmosis.

(:as Phase synthesis of Nano-materials H_“w

synthesis methods of nanoparticles in the gas phase are based on homogeneous m,ecieatmn in
the gas phase and subsequent condensation and coagulation. ‘\Q\
Furnace \M-
The simplest fashion to produce nanoparticles is by heating the desired material in a heat
resistant crucible containing the desired material. This method. 45’ appropriate only for
materials that have a high vapour pressure at the heated temperatures that can be as high as
2000°C. Energy is normally introduced into the prec‘m‘mx;tbf" arc heating. electronbeam
heating or Joule heating. The atoms are evaporated into au-fmnmphere which is either inert
(e.g. He) or reactive (50 as to form a compound). To s;-JtTy out reactive synthesis, materials
with very low vapour pressure have to be fed m‘r.@*ﬂdle furnace in the form of a suitable
precursor such as organometallics, which dE{'nmRﬁsE in the furnace to produce a condensable
material. The hot atoms of the evaporated maﬁm lose energy by collision with the atoms of
the cold gas and undergo condensation inte “small clusters via homogeneous nucleation. In
case a compound is being ‘i}'“tlﬁ'{-ued?\ﬂﬁ-ﬁf precursors react in the gas phase and form a
compound with the material that w&éﬁuﬂely injected in the reaction chamber. The clusters
would continue to grow if they l'E\t‘l'la.i.tI.'l in the supersaturated region. To control their size, they
need to be rapidly removed I':gm the supersaturated environment by a carrier gas. The cluster
size and its distribution me.:wmnuntled by only three parameters:

1) the rate nfemEqﬁ}nnn lenergy input)

2} the rate al'gdhdemntmn {energy removal ), and

3) the rate ﬂfgﬁ flow (cluster removal).

S,
In Inert atmosphers
A
o, nano-particles
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T
o~ §!"" ":ﬁ -
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Evaporated & cold plate
matiar A
Dﬂ _. :
= matenal io be evaporated

Heated Crucible

Schematic representation of gas phase process of synthesis of single phase nanomaterials from a heated erucible
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Advantages of Sol-Gel Technigue: \:L-

=

Can produce thin bond-coati ngh'é;;prm ide excellent adhesion between the metallic substrate
and the top coat. ~._.-

Can produce thick m.m@ﬂ‘t{: provide corrosion protection performance.

Can easily shape nmr.ﬂhnh into complex geometries in a gel state.

Can produce htgh‘punt:.r products because the organo-metallic precursor of the desired
ceramic oxideszan be mixed. dissolved in a specified solvent and hydrolyzed into a sol, and
v.ubsequen,gya gel. the composition can be highly controllable.

Can llm';g"'*jnw temperature sintering capability. usually 200-600°C.

Can,jim'u ide a simple, economic and effective method to produce high quality coatings.

'q._
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Wet Chemical Synthesis of Nano-materials- sol-gel process
WET CHEMICAL TECHNIQUE { Chemical solution deposition technique)

Produce high purity and homogeneous nanomaterials, particularly metal oxide nanoparticles
Starting material from a chemical solution leads to the formation of colloidal suspensions
known as SOL.
The SOL evolves towards the fomation of inorganic network containing a liquid phase called
the GEL. The removal of liquid phase from the Sol vields the Gel. %
The particle size and shape are controlled by the Sol/Gel transitions. ey
The thermal treatment (firing/calcinations) of the gel leads to further pnlycnnchhiaﬁnn
Reaction and enhances the mechanical properties of the products (i.e.) oxide nﬂl‘lfﬁcﬂ‘hfie‘%
Sol Gel

“\.“ '
'\\._

PRECURSORS = Met..ji alkoxides and metal chlogﬂe'-.

Starting material is washed with water and dlh.itl!@ﬁ'—il:l in alkaline solvent.

The material undergoes hydrolysis and R\E’mrﬂenmrm reaction which leads to the
formation of colloids. a.‘”

Colloid System composed of solid p.n@.c‘"lea is dispersed in a solvent containing particles of
size from lnm to lmm h..;-

The SOL is then evolved to I'ﬂnq}u'[l morganic network containing a liquid phase (GEL).

The Sol can be further pmcesﬁeﬁ to obtain the substrate in a film, either by dip coating or
Spin-coating or case into %ﬁ: ntained with desired shape or powders by calcination.

The chemical reaction jlhlch takes place in the Sol-Gel metal alkoxides M{OR)2 during the
hydrolysis and m@m\mm is given by

M-O-R + H,0 = M-OH + R-OH  (Hydrolysis)

=

M-O-H + R-0:-M = M-0-M + R-0OH (Condensation)

[n-pfi;me. the sol-gel process usually consists of 4 steps:

{h The desired colloidal particles once dispersed in a liquid to form a sol.

(2) The deposition of sol solution produces the coatings on the substrates by spraying,
dipping or spinning.

{3) The particles in sol are polymerized through the removal of the stabilizing components
and produce a gel in a state of a continuous network.

(4) The final heat treatments pyrolyze the remaining organic or inorganic components and
form an amorphous or crystalline coating.
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Popular, simple. mexpensive and extremely scalable material to synthesize all classes of
nanoparticles.

Can produce amorphous or nanocrystalline materials.

MECHANICAL ATTRITION MECHANISM is used to obtain nanocrystalline structures
from either single-phase powders or amorphous materials.

Can use either refractory balls or steel balls or plastic balls depending on the material to be
synthesized.

When the balls rotate at a particular rpm, the necessary energy is transferred to the pmﬂér
which in tum reduces the powder of coarse grain-sized structure to ultrafine 11,1_fmmnge
particle.
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The energy transferred to the powder from the b@ﬁu depends on many factors such as

Rotational Speed of the balls _ >
Size of the balls _;2‘*
Mumber of the Balls :‘?
Milling time Y

Ratio of ball to powder mass x'::k
Milling medium famm'».phexg»
\_"1.

Cryogenic liquids mp;p:! used to increase the brittleness of the product
One has to take nécéssary steps to prevent oxidation during milling process

-‘:: a
The wlecki-np of ball material indluences the type of material obtained.
Eg) hdId.ﬁ. material balls, synthesize softer materials
.-"uipl'@h.lmma and zirconia are widely used ball materials due to their high grinding
resistance values.
ADVANTAGES OF BALL MILLING
Scaling can be achieved upto tonnage quantity of materials for wider applications
DISADV ANTAGES OF BALL MILLING
Contamination of the milling media
Non-metal oxides require an inert medium, and vacuum or glove box to use powder particles.
So The milling process is restrictive.
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5 grand challenges for nanotechnology

The five main challenges are to develop instruments to assess exposure to engineered nano-
materials in the air and water and we think that that challenge will take three to ten vears.
The emergence of new nano-technologies we feel that there is a very real need to monitor
exposure to humans in the air and within water. The challenge becomes increasingly difficult
in more complex matrices like food.

The second challenge would be to develop and validate methods to evaluate the t-n'l‘.l('ltj.- nf
engineered nano-materials within the next 5 to 15 years. )
To develop models for predicting the potential impact of engineered nano- nwen.ﬁu“\m\ the

[

environment and human health. N

The next challenge would be to develop reverse systems to evaluate J.{Iiﬁlu:'t on the
environment and the health impact of engineered nano-materials over tlmh;l:_\ilﬁl'e life span.
which speaks to the life Acycle ssue.
The fifth is more of a grand challenge to develop the tools to pmpﬂqﬁ’awe.u risk to human
health and to the environment.

N
L

Nano-materials Synthesis and Processing &

Methods for creating Nanostructures ,-,:5

Methods for fabricating nanomaterials can be EEJ.EIEEE}.-' subdivided into two groups: top-
down methods, and bottom-up methods. N
In the first case nanomaterials are derived I'mgﬁ":i bulk substrate and obtained by progressive
removal of material, until the desired nanematerial is obtained. A simple way to illustrate a
top-down method is to think of mlmg,g‘,‘ a statue out of a large block of marble. Printing
methods also belong to this categm‘m.
Bottom-up methods work in ﬂ\E{:p[nme direction: the nanomaterial, such as a nanocoating,
i5 obtained starting from the qmmlc' or molecular precursors and gradually assembling it until
the desired structure is I'nrm‘.l:d
In both methods two rﬁumte& are fundamental: control of the fabrication conditions (e.g.
energy of the eiacul'c:-h beam) and control of the environment conditions (presence of dust,
contaminants, qr.}. For these reasons, manotechnologies use highly sophisticated fabrication
tools that :5{:3 piostly operated in a vacuum in clean-room laboratories.

b

",

Frmgﬂ“ s for producing ultrafine powders- Mechanical grinding

Butiimtilmg of elemental powders has been thoroughly investigated in various conditions of
Enﬂg'_-.- ransfer to identify the mechanisms by which materials deform to produce nanometer-
sized grains, characterize the intergranular and intragranular defects of nanograined ground
powders, and measure the resulting changes in properties with respect to those of coarse-
grained elements, for instance mechanical, magnetic, hydrogen storage capacity
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Emergence of Nanotechnology

The emergence of nanotechnology has led to the design, synthesis, and manipulation of
particles in order to create a new opportunity for the wtilization of smaller and more regular
structures for various applications. In recent years, nano-sized metal oxide particles have
gotten much attention in various fields of application due to its unique optical, electrical,
magnetic, catalytic and biomedical properties as well as their high swface to volume ratio
and specific affinity for the adsorption of inorganic pollutants and degradation of nlgagtc

pollutants in agueous systems. iy
‘_'_‘\.

iy
Bottom up and Top-down approaches T
There are two general approaches to the synthesis of nanomaterials and thebﬁilmmtmn of
nanostructures. \:"-
Bottom-up approach __5-:\ !
These approaches include the miniaturization of materials componénts (up to atomic level)
with further self-assembly process leading to the formation -
During self-assembly the physical forces operating at naumg.::]’e are used to combine basic
units into larger stable structures. G
Typical examples are quantum dot formation dur'm 'gp taxial growth and formation of
nanoparticles from colloidal dispersion. \{x“'

MNanomaterials are synthesized by assembling ﬂm\ﬁ;ﬁm#m{:temb&s together.
Instead of taking material away to make .~;tr|._:§1}u“re5. the bottom-up approach selectively adds

atoms to create structures. 1;:“'
Eg) Plasma etching, Chemical vapour sb.pmmml
Top-down approach \..;

These approaches use larger _{;nwmﬁfnpif\ initial structures, which can be externally-
controlled in the processing of-nanostructures.
Typical examples are Etcl{i;ﬁ;g'\ through the mask, ball milling, and application of severe plastic
deformation. ¢-
Manomaterials an &p—n‘themed by breaking down of bulk solids into nanosizes
Top-down plqae&'-.mg has been and will be the dominant process in semiconductor
manufacturing,”
Eg) Bnli@(-\t'(!mg Sol-Gel, lithography
"\:\:'

llenges in Nanotechnol
The challenges arising from nanotechnology is largely on target.
No single person can provide the answers to the challenges that bring nanotechnology. nor
canany single group or intellectual discipline. However, those who know the technology best
(those who create ith must ultimately prepare the agenda for broad discussion, and participate
fully in creation of relevant policy. In the realm of nanotechnology. public policy and science
have become inseparable.
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NANO MATERIALS
MNano means small (10"9 m) but of high potency. and emerging with large applications

piercing through all the discipline of knowledge, leading to industrial and technological
growth. In other words nano-sized structure needs to be magnified over 10 million times
before we can easily appreciate its fine detail with the naked eve. Nanotechnology is already
having its impact on products as diverse as novel foods, medical devices, chemical coatings,
personal health testing kits, sensors for security systems, water purification units for manned
space craft. displays for hand-held computer games. and high-resolution cinema scresns.
Manotechnology is expected to have an impact on nearly every industry. The U.S. H.(;fi.{;mi
Science Foundation has predicted that the global market for nanotechnologies mﬂ—rexh 51
trillion or more within 20 years. S‘

WHAT IS NANO TECHNOLOGY? M;}H '
Nanotechnology is a catch-all phrase for materials and devices that ope .'1_{} at the nanoscale.
In the metric system of measurement, "Nano” equals a billionth and therefore a nanometer is
one-billionth of a meter. References to nano materials, nanoelectronics, nano devices and
nano powders simply mean the material or activity can be uﬁuum‘ed in nanometers. To
appreciate the size, a human red blood cell is over 2,000 Lyi_?ﬁmeters long. virtually outside
the nanoscale range! -,;C‘:'f‘-

Manotechnology is a multidisciplinary science that h;rd. its roots in fields such as colloidal
science device physics and supramolecular chemmt';}r

NANOTECHNOLOGY is a fundamental Engi}ﬁug technology, allowing us to do new things
in almost every conceivable techminglmi Altscipline. Nano means small (1049 m) but of
high potency, and emerging with Iarggﬁppiwmmn piercing through all the discipline of
knowledge, leading to industrial aud tﬂf‘lumingwa! arowth.

5,
Nanotechnology is: X o
* Comprised u]‘ nanomaterials with at least one dimension that measures
between Q_ﬁpmmm-.ﬂel’y 1 and 100 nm
e Comprised of nanomaterials that exhibit unique properties as a result of their
natescale size
. nh‘a»ed on new nanoscale discoveries across the various disciplines of science
W and engineering
*C.}N * The manipulation of these nanomaterials to  develop new
; Q\-&x technologies/applications or to improve on existing ones
o * Used in a wide range of applications from electronics to medicine to energy
and more

MNanotechnology is the creation of useful or functional materials, devices and systems through

control of matter on the nanometer length scale and exploitation of novel phenomena and
properties which arise because of the nanometer length scale.
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Module 4

NANO MATERIALS & CHARACTERIZATION TECHNIQUES:
Introduction: Importance of Nano-technology, Emergence of Nanotechnology, Bottomup
and Top-down approaches, challenges in Nanotechnology
Nano-materials Synthesis and Processing: Methods for creating Nanostructures; Processes
for producing ulirafine powders- Mechanical grinding: Wet Chemical Synthesis of Nano-
materials- sol-gel process:; Gas Phase synthesis of Nano-materials- Furnace, Flame assisted
ultrasonic spray pyrolysis; Gas Condensation Processing (GPC). Chemical Vapouwr
Condensation (CVC). 3 A=)
Optical Microscopy - principles, Imaging Modes, Applications. Limitations. 4
Scanning Electron Microscopy (SEM) - principles, Imaging Modes. .-‘\ppﬁ?:-.mﬂm
Limitations.
Transmission Electron Microscopy (TEM) - principles, Imaging M{ﬂea:?\pphc-.mnm
Limitations. O
X- Ray Diffraction (XRD) - principles, Imaging Modes, Applieations, Limitations.
Scanning Probe Microscopy (SPM) - principles, Imaging Modes, Applications, Limitations.
Atomic Force Microscopy (AFM) - basic principles, inm'umenh'ﬁﬂn operational modes.
Applications. Limitations.
Electron Probe Micro Analyzer (EPMA) - [nuadwuc:n"ﬂample preparation, Working

rocedure. Applications, Limitations. . x;
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Gururaj H, AP, Department of Mechanical Engineering, KLS VDIT, Haliyal-381329.




