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Hello, we are going to discuss in this particular lecture about the selection of nanomaterials
based on applications, so basically in this particular lecture we are going to discuss that how we
are choosing different types of materials on the basis of different applications or maybe what are
the properties generally we have to see for choosing any kind of materials.
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So first we are going to discuss about the materials selections, so generally the material selection
is a process which is performed to select the best materials and have the potential to perform
well, both in industrially and commercially, it involves seeking the best match between the
property profiles of the materials and the required by the designer or maybe the design.



Why we need to study the material selections and the design considerations? Because it is an

important task for an engineer is to perform that means material selections with regards to

component design, inappropriate and improper decision can be disastrous for both economic and

safety prospective, and engineering student should be familiar with and worst in the procedures

and protocols that are normally employed in the process. Right hand side you can see we have
iven the example for various applications like ceramics, like polymer and the composites.

Desion Consideration:

O It provide i depth detal information about the requirement for a product
O This includes assumptions, constraints, performance. dimensions, weight and reliability.
1 Example: consider design/material selection for coffee cup

Material properties of collfee cup
«  Low thermal conducivity

+ Reusable

* fecvelable

Design specification for coffee cup
o dvedd burning af user ¥ hand
« Might be renise

- .Ir.[".'\.‘-u fl‘l{J'.'i'l","':'n" fed @ nveranment

Ceramic cup

Candidate material: Ceramics and Polvmers
*  Both appropnate due to their low thermal conductivity,

* However:
*  Polwer cup (pelvethivienel showld not be reased thecome poisonas)
¥ Depasing polviner canse envivonmental damage fumreovelable),

¥ Ceramic can he rensed and cause less damage to environment

i : et
Praposed material: Ceramics Polymer clay cup
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Now what is design considerations, it provide in depth detail informations about the requirement
for a product, this includes assumptions, constraints, performance, dimensions, weight and
reliability, example consider design, material selection for coffee cup. Design specification for
coffee cup avoid burning of user’s hand, might be reuse, less danger to environment. Material
properties of coffee cup, low thermal conductivity, reusable, and recyclable, so that’s why we are
using the ceramic cup, because it can satisfy all the requirements.

Candidate materials, ceramics and polymers both appropriate due to their low thermal
conductivity, however polymer cup generally made by the polyethylene should not be reused
become poisonous, deposing polymer cause environmental damage, unrecyclable, ceramic can
be reused and cause less damaged to environment, so that’s why proposed material will be the
ceramics one.
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History of Evolution of Materials:

£ Materials of prelistory ¢ [0000 BC ) were ceranics, glasses, natural polvmers & composites

4 The discovery ol copper and brovze and then iron (the Bronze Age, J000 BC- 1000 BC and the Iron
Age, 1000 BC-AD 1620}, replacing the older wooden and stone weapons and tools,

< Cast won technology (1620°s) established the dominance of metals in engineenng: and the evelution of
steels (1850 omward), light alloys (1940°%) and special alloys since then consolidated their position.
¢ By the 1000F s eprgineering materials” meant “metals'
« Oher elasses of materials such a3 Portland cement. retractornies, fused silica, mbber, Bakelite and polvmers

(a) Polvmers (b) Steel (¢) Ceramic Materials
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Now history of evolution of materials, if we see the history we can see that material of prehistory
that is more than 10,000 BC were ceramics, glasses, natural polymers, and composites were
used, the discover of copper and bronze and then iron, the bronze age almost 4,000 BC, 1,000
BC, and the iron age 1,000 BC to AD 1620 is the iron age. Replacing the older wooden and stone
weapon and tools, cast iron technology in 1620’s established the dominance of metals in
engineering, and evolution of steels in 1850 onward, light alloys 1940’s and special alloys since
then consolidated their positions. By the 1960’s engineering materials meant metals. Other
classes of materials such as Portland cement, refractories, fused silica, rubber, bakelite and the
polymers, and there are of course n number of materials are available.

So here all are the examples and till date what is the history of this particular materials means
how it has been invented and we are using it, if we talk about the 20™ century, then composite
materials either it maybe synthetic and the plastic becomes available which provided greatest
strength and flexibility together with a low density, this proved to be particularly useful in the
aircraft and the automobile industry, so generally there is a versatile used of the plastics or
maybe the fibers or maybe some other soft materials generally like aluminum we are using for
the aircraft and automobile industry hugely.



20™ Century:

<= Composite materiols sy nmmc S and plastics became available, w hl{:h provided greater strength and
fexibility together with a low & density.
s

These proved to e particularly wselal i the afrcraft and automobile brdisiries,
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Materials used in cars
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High temperature super conductors enable new materials to be synthesized at a molecular and
atomic level, the stripes are zones where electrons either pile up or maybe the creating bands of
negative charge or align their spins to create bands of magnetism. Example cuprate material have

ﬂuctuatinﬁ striies that linked to hiﬁh temﬁerature suﬁerconductiviti.

Future Trends:
[, Advance material:

O Materials that are uiihized in high-technoloay apphcations arc termed as advanced materials.,
It include semiconductors. biomatenals, and “materials of the future™
U Semiconductor:

# Have clectrical propertics that are inlermediate between the electrical conductlors
» Dufferent materials such as metals and metal alloyvs insulators (Ceramics and Polymers) eic.

Fracksss Wi albsy

Folyawr dis inslainr

O Biomaterials:

v They are emploved in components implanted into the S
human body for replacement of damaged body parts. o a0 i

v Different material such  as  metals,  ceramics, ==
polymers, composites, dnd semiconductors.
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What is the future trends of this kind of materials? First one is the advanced materials, materials
that are utilized in high technology, applications are termed as advanced materials, it includes
semi-conductors, biomaterials, and materials of the future. Semi-conductor, so have electrical
properties that are intermediate between the electrical conductors we know, different materials



such as metals and metal alloys insulators, like ceramics and polymers etcetera, so there are
plenty of places where for the semi-conductor industry we are using this kind of advanced

materials.

What is biomaterials? They are employed in components implanted into the human body for
replacement or damaged body parts, so generally for the knee replacement, hip replacement we
are using this kind of materials. Different materials such as metals, ceramics, polymers,
composites and the semi-conductors we are using, we are using it for the drug delivery devices,
skin cartilage, dental implants, biosensors , dental implants so, so many cases we are using this
kind of advanced materials.

2. Smart Materials:

U Swiare (or intelligent) materials are a group of new and state-of-the-art materials now being
developed that will have a significant influence on many of our Technologics

O These matenals are able 1o sense changes in their environments and then respond (o these changes in
[}I'C{iflfrlllillﬂ{l IMANNErs l

O Applications: @ W ‘:’_)
w Sepsor: A device. module. or subsvstem whose purpose 15 to detect | e s pmeee

changes i its environment and send the information o other electronics. J .

¥ Inlerent Ivpe of sensor are used such as Temperafire sensor .‘-'Ir!r‘:'if SeHsr,
Ulerasonic sensor, PIR{ measnre IR radiations ) cic R | S——

w Actuator: Performs a responsive and adaptive actuators may be called upon to change shape,
position, natural frequency

materials wsed for aofuators

[ : = ;
¥ Shape memory alloys. I 4 oielele;
e Plezoelectrie ceramibes. . =
¥ Alagnetostrictive materials.
v

Electrn rhealogical fluids, Shape memary sl Pirpasleciric crramic dink

Magnetasirictive aciusiers Ebectrorbeabogical fuid
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If we talk about the smart materials, so generally the smart materials are a group of new and state
of the art materials, now being developed that will have a significant influence on many of our
technologies, these materials are able to sense changes in their environments and then respond to
these changes in predetermined manners.

What are the applications? The first application is the sensor, a device, module or maybe the
subsystem whose purpose is to detect changes in its environment and send the information to
other electronics. Different types of sensors are used such as temperature sensor, speed sensor,
ultrasonic sensor, PIR that means measure IR radiations etcetera.

Actuator performs a responsive and adaptive actuators maybe called upon to change the shape,
positions, and the natural frequency. Material used for actuators, generally the shape memory
alloys, piezoelectric ceramics, magnetostrictive materials, electro rheological fluids generally we

are using.



3. Nanomaterial:

*  Avmatenal having particles or constituents of nanescale dimensions. or one Le. produced by nanotechnology
¥ Manomaterial uses Top-Iown science . Hottome-Up approach and nanotechnology

Classification of Nanomaterials based on the Number of Dimensions

Dimensions Direction of confinement Example
-D X7 Manoparticles
1-D LAY Rods, Wircs, Tubes
2-D X Mana-films, Nano-coatings
3-D Ml Mano-composite thick film
0.0 -0 2D 101
. T dmanssnrd (. ] 81 nanstals, Ona dimansion (I} al nanﬂlu S ddomerision af namisecale
All dimensions (x.y.2) al nanoscale cthor dmnenizn (L] & nal et b dimenssons: { - by | not -
Ly -
12.0% < 100 nm T 1 '
oy +d w - 4 \ X
L] ﬂ-ﬂn Ly o L |.= . |
. ‘,,. . ds IIltrtl":ll L I 15 104 em
Nannparln:!aﬁ muhwuf:: nansteds. and Manccoatings and naciSiims .
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Then come to the nanomaterial, a material having particles or constituents of nanoscale
dimensions or one that is produced by nanotechnology. Nanomaterial uses top-down science,
bottom-up approach and nanotechnology. So classification of nanomaterials based on the number
of dimensions, this one we are going to briefly discuss next in our futures slides, so dimensions
0-D generally X, Y, Z, that is the nanoparticles, 1-D we are having that X, Y directions into the
nanoscale and another one into the micro scale, so rods, wires and the tubes. 2-D only one
direction is into the nanoscale, nano-films, nano-coatings, and 3-D all are into the bulks scale,

that is nil, nano-comﬁosite.

Lses of Nanomaterial:

3 Nano shells as Cancer Therapy:

#  Mano shells are ingected mto cancer area and they recognize cancer cells,
= Apply near-infrared light. the heat generated by the light-absorbing

#  Mano shells has successtully Killed tumor cells while leaving neighbormg cells intact

Awwer elong the conter of the panowire through the voline electron density datn
on a fegerrithoome seade; the chanmel fills with charge

O Nano-clectronic devices:

# There is formation of an electron charge and the electrostatic
potential inside a circular nanowire

# 3-D: shows the charge density buildup inside the central
nancwire transistor region.

*  As electrons penetrate into middle. the transistor turns on and
forms a conducting channel.

¥ The central barrier is lowered allowing electrons to travel through.
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Now uses of nanomaterial, so generally the nano shells as cancer therapy, nano shells are
injected into cancer area and they recognize the cancer cells. Apply near-infrared light, the heat
generated by the light absorbing. Nano-shells has successfully killed tumor cells while leaving
neighboring cells intact. A cut along the center of the nanowire through the volume electron
density data on a logarithmic scale, the channel fills the charge itself, so this is the example.

So nano-electronic device there is formation of an electron charge and the electro-static potential
inside a circular nanowire, 3-D shows the charge density buildup inside the central nanowire
transistor region, how? As electrons penetrate into middle, the transistor turns on and forms a
conducting channel itself, the central barrier is lowered allowing electrons to travel through, so
this is the electrostatic potential as seen by the electrons itself, so this is the case.

Classification of Materials:

[
w |n
Metal Materials Chart nSDanas
S — SEpat:
CEFE R
coumporin: ' ' (TSIl [wlmeleslatal s fefaate
- — Palymer Metals Non-metals
Ferrous Non-ferrous Polymers Ceramics \:anposites
| Wrought iron, Aluminnm, | Polyethylene, Refractories, Ceramic matrix,
Alfay steels, Capper, Palyester, Abrasives, Carbon Fiber,

Cast frem,
Kol el
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Now classification of materials, so if we see the materials chart we are having metals and
nonmetals, so metals it’s divided into two parts, ferrous, nonferrous, like wrought iron, alloy
steels, cast iron, steel, these all are the ferrous, if we don’t have the Fe component then it is
nonferrous like aluminum, copper, silver, gold. Polymers like polyethylene, polyester, bakelite,
ceramics, refractories, abrasives, cement and glasses, and composites, like ceramic matrix,
carbon fiber, metal matrix composites, polymer matrix composites and the glass fiber etcetera.

Kilver,
Crold elc.

Bakelite,

Cwmeni,

Metal misirix,

Crlass efc,

Celass fiber elc.
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Some Basic Properties of Material:

Thermalexpansion General Mechanical properties

— Weight: Density p, [‘l’lg;‘J m?

et Expense: Cost’kg €, $/’kg
3 / Mechanical
E " coameenie | | Stiffness: Young's modulus E, GPa _ _
" Tomperatre. T Strength: Elastic limit o, . MPa i D"t";:::h
Thermal conduction Fracture strength: Tensile strength o, , MPa 8 /
BB Brittleness: Fracture toughness K, , MPam'? | |® f{: Voung's modulus. £
Area & it O joules/sec| | Lhrernial T Swaine
Expansion: Expansion coefficient o, /K Brittle materials
5 Conduction: Thermal conductivity A, W/mK || o | prense tracue/
£ conauet 1 Conductor and Insulator? w Youngs

(T, T Strain «
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Some basic properties of materials, if we talk about so thermal expansion, so general the weight
density rho that is the milligram per meter cube, expense cost for KG, CM or maybe the dollar
per KG. Mechanical properties like stiffness, strength, fracture strength, brittleness. For thermal

maibe the exBansion, conduction, for electrical conductor or it mai be the insulator.

Mechanical Property Hlustrated:

Seiff
Serong (Marerial is gowd )

Towgh
Lighs

Nt sriff gl
i Woteedd F:Irj,{q'i' f'..,J

Nt srrannig vivoan gl

{Newd farger o)

Not tema gl enongle

{Newd larger K

Tevn frerervy

{Need loveer o
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Now mechanical property illustrated, if I am going to give an example of an aircraft, so generally
we need the stiff, strong, tough and light, that material is good. Not stiff enough, so need larger E
over there that means Young modulus, not strong enough need larger sigma, not tough enough



need larger KIC, too heavy need lower density over there, so like this way general we can select
the materials.

Thermal Property Hlustrated:

When properties of a material chanege with temperature:

) g et W e Tas  Low sevics bempeastuns Tous

¥ lis strength falls, it starls to “creep” (Lo sag slowly over
tume), it may oxidize, degrade or decompose as in (a).

¥ Arod is constrained. as in (b). and then heated. expansion
forces the rod against the constraints. causing it to buckle.

) Haghs rpaseials cig ] o L o airt ey ety |

e

B Migh corsdustiety 4

v Materials with high «(thermal conductivity) as in cooking
pans. raciators and heat exchangers as in (¢) Tor high and
low i for the cooking vessel.

et *  lighting the gas under a cold slab of matenal with a bole
l_.] r:’ | ] of 1ce-cream on top as in (d}.
U ABAARD G BBAABE 5

iy Mg Tty 4 Live Telifhuidwity &
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Now thermal property, so suppose when properties of a material change with temperature, it’s
strength falls, it starts to creep to sag slowly over time, it may oxidize, degrade or decompose as
in A, so in this case high service temperature T max, low service temperature T max so it is
degrading. A rod is constrained as in B, and then heated expansion forces the rod against the
constraints, causing it to buckle, so the buckling is taking place.

Materials with high lambda, thermal conductivity as in cooking pans, radiators, and heat
exchangers as in C, for high and low lambda for the cooking vessel. Lighting the gas under a
cold slab of material with a bowl of ice-cream on top as in the D so diffusivity.



Factor Affecting the Selection of
Engineering Materials:

Properties of marerials L//

Performance
reguirement

Muarerial s Reliability

Safety

Factor affecting the selection

3 o = Flrysical attributes
of engineering materialy

Environmental
Candition

Availabifity

Dispasabilicy and
Hecyclability

Economic factors
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Factors affecting the selection of engineering materials, factors affecting the selection of
engineering materials like properties of materials, performance requirement, materials reliability,
safety, physical attributes, environmental conditions, availability, disposability and recyclability,
and the economic factors.
e

General Step in Material Selection:

-
I.  Analysis of the performance requirement. *~
2. Development Lo the alternative solution o the problem. v
3. Evaluations of different solution,
4. Decision on the optimum solution,

1. Analysis of the Performance Requirement:

~

* Functional requirement.

The materiul performance = Process ability requirement.
requirement can be divided = (ost
into five broad categories: | a Reliability requirement.

® Resistance to service condition.
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General step in material selections, first analysis of the performance requirement, development to
the alternatives solution to the problem, evolution of different solution, decision on the optimum
solutions, so first analysis of the performance requirement, so what are the performance



requirement can be divided into 5 broad categories, functional requirement, process ability

reﬁuirement, cost, reliabili; reﬁuirement and the resistance to service conditions.

2. Developing an Alternative Solution:

¥ The rest of selection process im‘D]:Wrch for the matenal that
would best meet those requirement. '

¥ The starting point is the entire range of engineering material,

¥ The importance of this phase is that it is creates alternatives without
much regards to their feasibility.

Example: Steel may be the best material for one design concept while Plastic is for ™
different concept |, even though both provide similar funetion.

Material Selection Strategy
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Next developing an alternative solution, the rest of selection process involves the search for the
material that would best meet this requirement. The starting point is the entire range of
engineering material, the importance of this phase is that it is creating alternatives without much
regards to their fusibility. Examples, steel may be the best material for one design concept, while
plastic is for different concept, even though both provide the similar function, so generally the
material selection strategy, first is the prospective materials and process, then screening based on
the functional and manufacturable, otherwise reject or material and process, then fusible material
process, rating, what is that? Relative performance and last the, after following this one we’ll get
the best materials and the best process.



Screening: Material approach Screening: Manufacturing approach
A_.HPH{'H”'H‘H' i!{firrnm.‘inﬂ Part i:ﬂﬁ'!rﬂfﬂﬁﬂﬁ
1. Applied load / I, Produchion volume
» Magnitude 20 Owerall part sz
» Cvelic nature i Peature capalulity
¥ Rotational svimmetry

~ Rate
~ Duration

2. Ambient condition
# Temperature

¥ Ulndercut (mtemal - external)
* Uliform wall
¥ Uross sechion (niform  regular)

~ Moisture Screening: Geometry

il Sunlight Q Structural designers  either assume a malenal belore oplimizing  the

» Chemical vapor geomelry or select the best matenal for an existing geometry of a struciure
3. Suﬁ:t}' QO Either approach does nol guarantes the optimal combmation of geometry
4. Cost and matenal.

Q Therefore, designers ought to consider geometry optumization and material
selection simultaneously.

Note - All these above condition of material’s selection can be done by using Ashby's Diagram,.
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So selection of materials depends on product functions, and product function is depend on
material, manufacturing process and the geometry, so product function is interdependent on this
three properties. Screening, we have to consider all three, do we select a few feasible materials
first and then select the specific manufacturing process or do we select manufacturing process
first and then select the specific material. Screening, material approach, application informations
like applied load, magnitude, cyclic nature, rate and durations, and second one is the ambient
conditions, temperature, moisture, sunlight, chemical vapor, third is the safety, and fourth is the
cost.

Screening from manufacturing approach, part informations, like production volume, overall part
size, and the feature capability, like rotational symmetry, undercut it maybe internal or maybe the
external, then uniform wall, cross sections, whether it is uniform or maybe the regular. Screening
geometry, structural designers either assume a material before optimizing the geometry or select
the best material for an existing geometry of a substructure, either approach does not guarantee
the optimal combination of geometry and material. Therefore, designers ought to consider
geometry optimizations and material selection simultaneously. Note, all these above condition of
material selections can be done by using Ashby’s diagram.



Ashby's Diagram:

1. Young's Modulus E and density p:
¥ This chart gumdes selection of matenals for hght, stft’ components,

¥ The moduli of engincering mafenals span a range ol 107 and
—

densities span a range ol 3000,

Casfu) & Foddak [ 10PN

¥ The contours show the longitudinal wave speed in m's,

I e Q AR
ssy polymers) . F 7,)5': =

I |1|||l- modulus

The guide lines show the loci of points for which:

% Efp=C (Minimum weight design of stfl ties. Minimum deflection in centrifugal loading, etc.)
< EYp=C (Minimum weight design of stiff beams. shalis and columns)

¥ EYp= C iMimmum weight design of sufl plates)

# The value of the constant C increases as the lines are displaced upwards and to the left.
» Matenals offering the greatest stiffness-lo-weight ratio lie towards the upper lefi hand corner.
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What is Ashby’s diagram? So generally Young modulus E and density rho, this chart guides
selection of materials for light, stiff components, the moduli of engineering materials span a
range of 10 to the power 7 and density span a range of 3000. The contour show the longitudinal
wave speed in meter per second, so density in this and Young modulus in this, and all the
materials like polymers, foams, composites, metals, all are coming over this, then based our
requirement we have to choose the materials. Say suppose V = 1/3 and G = 3/8E, so K is more or
less equal to E, metals, ceramics, glasses or maybe the glassy polymers, where V = 0.5 G is more
is equal to E/3, and K more is equal to 10E, it’s for elastomers or maybe the rubbery polymers
where V is the Poisson’s ratio, G the shear modulus, and K the bulk modulus.

So the guideline show the loci of points for which E/rtho = C, minimum weight design for stiff
ties, minimum deflection in centrifugal loading. Root over E/rho = C, minimum weight design of
stiff beams, shafts and columns. E to the power 1/3 /tho = C that is minimum weight design of
stiff plates. The value of the constant C increases as the lines are displaced upward and to the
left, materials offering the greatest stiffness to weight ratio lie towards the upper left hand corner.



2. Strength o, and density p:
This is the chart for designing light. strong structures. >

& The "strength” Lor metals 1s the 0.2% oflset vield strength
For polvmers, 10 1s the stress al which the stress-strom curve

becomes markedly non-lmear ancd, o stroon o about 1%

# For ceramues and glasses, a1 s the compressive crushing
strength and 13 times larger than the tensile (lracture)
strength e .
& For composites 10s the tensile strength. e R, B

The guide lines show the loci of points for which:

(a) opfp = C (Minimum weight design of strong ties and maximum rotational velocity of disks).
(b) 6/%p = C (Minimum weight design of strong beams and shafts).

ic) o %/p = C (Minimum weight design of strong plates).

-
L

The value of the constant C increases as the lines are displaced upwards and to the left.
Maienials offering the greatest strength-lo-weight ratio lie towards the upper lefi comer

-
e
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Strength sigma F and density rho, this is the chart for designing the light and strong structure, so
like density in the X axis and the strength into the Y axis, so actually we are having based on
physical properties we are having different charts, so from that charts we have to choose the
exact material for our application, so this is the chart for designing light and strong structures, the
strength for metals is the 0.2% offset yield strength, for polymer it is the straight at which the
stress strain curve becomes markedly nonlinear and a strain of about 1%, for ceramics and
glasses it is the compressive crushing strength and 15 times larger than the tensile strength. For
composites it is the tensile strength.

The guidelines show the loci of points for which sigma F/rho = C that is the minimum weight
design of strong ties and maximum rotational velocity of disks. Sigma F to the power 2/3 /tho =
C, that is minimum weight design of strong beams and shafts. Root over sigma F/rho = C, that is
the minimum weight design of strong plates. The value of the constant C increases as the lines
are displayed upward and to the left. Materials offering the greatest strength to weight ratio lie
towards the upper left corner.



3. Approximate material prices, C, and pC, :

% Cost bothersome because 1t does.

++ Supply, scarcity, speculation and inflation contribute to the considerable fluctuations
in the cost-per-kilogram of a commodity

% Glass, Steel, Aluminum, and common polymers cost between 0.5 and 2 $/kg.

v Because they have low densities, the cost/m’ of commodity polymers is less than
that of metals.

/\_/%
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Approximate material prices like CM and the rho CM, cost bothersome because it does, supply
scarcity, speculation, and inflation contribute to the considerable fluctuations in the cost per
kilogram of a commodity. Glass, steel, aluminum and common polymers cost between 0.5 to 2$
per KG, because they have low densities, the cost per meter cube of commodity polymers is less

than that of metals.
I

3. Evaluations of different solution:
Ratine: Material Indices: . —

Modulus - Ralative coutial |

% In design for minimum cpst. matenial selection 1s guided
by indices that involve modulus, strengih and cost per
unit \{'I‘II.]I'I'IE.

[P E———y

< Gnven the same cost and volume and find which s
sironger”!

o Given the same cost and volume and find which 1s stiffer,

Tndex =strength / cost =

Ppirivm oo por Ul vohrme, Cag [MgATY)

Tndex = yonng s modulus dcost ) Voung's modulus, E, against Helative cost, Cyp

h |

Cheap stff matenials lie towards the top left
EY2C g p = C (Minimum cost design of stff beam and column}.
FOEYC o p = O (Minimum cost design of stfl’ plates).

h |

< The value of the constant C increases as the lines are displaved vpwards and 1o the left.
<+ Materials offering the greatest stiflness per unit cost lic towards the upper leli corner,
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Now the third one, evaluations of different solutions, rating material indices, so in this case we
are having X axis relative cost per unit volume, and the Y axis is the Young modulus, so in
design for minimum cost, material selection is guided by indices that involve modulus, strength,



and cost per unit volume, given the same cost and volume and find which is stronger? Given the
same cost and volume and find which is stiffer, so index = strength/cost, index = Young’s
modulus/cost, so that means cheap stiff materials lie towards the top left. If root over E/C RV rho
= C, minimum cost design of stiff beam and column, root over E/C RV rho = C, C minimum cost
design of stiff plates. The value of the constant C increases at the lines are displayed upward and

to the left, materials offerinﬁ the ﬁreatest stiffness Ber unit cost lie towards the uﬁﬁer left corner.

Comparing and ranking alternative I:
Weighted propertics method 1

# lnthes method cach matenal requrement 15 assizoned a certom weazht dependmg on its impontance.
Fo Weighted property value s obtained by multiplving sealed value of property by weighting tactora)
= Weghted property values of cach matenial are then sunmmed o given performance indexiy)

# The matenal with lughest performance mdex i optunum for the apphication,

Numerical value of property = 100
Maximum value in the lise

B (Scaled property) =

4. Decision on _the Optimum Solution:

= Aficr ranking of aliernatives, the most promising performance indices can ¢ach now be used 1o
develop a detail design.

=  Each detail design will exploit the points of strength of material and avoid weak points _,.“ﬁr
requirement of the manufacturing process needed for material.

= After completing the different designs.
¥ Solution are then compared o
¥ Taking cost in consideration in order to arrive at the optimum design-material-process combination.

MNFTEL O RLINE
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Comparing and ranking alternative I, weighted properties method I, in this method each material
requirement is assigned a certain weight depending on its importance, weighted property value is
obtained by multiplying scaled value of property by weighting factor alpha, weighted property
values of each material are then summed to given performance index gamma, the material with
highest performance index is optimum for applications, B = the scaled property, numerical value
of property x 100 by the maximum value in the list.

Next decision on the optimum solutions, after ranking of alternatives the most promising
performance indices can each now be used to develop a detailed design, each detailed design will
exploits the points of strength of material and avoid weak points for requirement of the
manufacturing process needed for material. After completing the different designs solutions are
then compared, taking cost in considerations in order to arrive at the optimum design material
process combination.



Material Selection for Chemical Protective Covering:

U When chemicals exposed to the human body, can produce

undesirable reactions such as mild skin irritation, to organ
e ——

damage, or even death.

Prodective
SHiF

O Anyone who risks exposure to these chemicals should wear
chemical protective clothing (CPC) to prevent direct skin
contact and contamination.

O Protective clothing icludes gloves, boots, suits, and
respirators may be required

Namdsrorm Respiralos

lection of gloves material:
v' Breakthrough time: Length of time until first detection of the toxic chemical species inside the glove.
v Exposure rate; How much of the toxic chemical passes through the glove per unit time.
¥ Italso include material degradability, flexibility. and puncture resistance.
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. 1T ROCRKEE CERPICATION COURSE I8 AbvanceD composiTe La

Now material selection for chemical protective covering, when chemicals exposed to the human
body can produce undesirable reactions, maybe some kind of skin irritations to organ damage or
even death, anyone who risks exposure to these chemicals should wear the chemical protective
clothing to prevent direct skin contact and contaminations, protective clothing includes gloves,
boots, suits and respirators may be required, so here we have given so many examples of
different chemical protective covering, like selection of glove material first is the break through
line, length of time until first detection of the toxic chemical species inside the glove, and second
exposure rate, how much of the toxic chemical passes through the glove per unit time, and third
it also include the material degradability, flexibility, and the puncture resistance.

Different gloves material and their uses:

Material Advantage
Latex (natural Incidental contact Crood for mologieal and water-
ruhber) —_— based matenals - t g
 ———————
Nitrile Incidental contact ¥ Excellent general use glove
[dsposable exam glover " Giood for solvents, omls,

ereases, acids and bases

Bunyl rubber Ixtended contact Ciood for ketones and esters
Polyvinyl chloride  Specitic use Giood for acids. bases. oils,
(Pre) Fats, peroxides. and amines

MNFIEL DKL
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Different glove materials and their uses, like latex natural rubber uses incidental contact,
advantage good for biological and water based materials, so this is the image of the latex based
gloves, so we can make the gloves of nitrile or maybe the butyl rubber or maybe the PVC, each

are havinﬁ different uses and different advantaﬁes.

For Combustion Engine:

= Adevice 1s required to facilitate ignition in combustion engines with:
¥ Thermal shock resistance
*  Wear . corrosion and oxidation resistance
¥ Resistant to chemical attack by 8§ and Ph.

=  For selection of material we are using Ashby's Diagram.

The sefected materiad is Aluminag Coated Tungsten

For Roll-Rovee Fan Engine:
*  Adevice is required (o rotate in the Roll-Rovee turbo fan engine with following
condition:
¥ High sullness. toughness and thermal shock resistance
¥ High wear. oxidation and corrosion resistance
v Low density
= Forall above requirement we are using Ashby’s Diagram and select the material

The selected material is mickel alfoy

Holl-Hoyor iurks [an @ ogine

MPFIEL OHLINE
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Now for the combustion engine, a device is required to facilitate ignition in combustion engines
with thermal shock resistance, wear corrosion and oxidation resistance, resistant to chemical
attack by sulphur and lead. For selection of material we are using the Ashby’s diagram. The
selected material in alumina coated tungsten this is the image. For Rolls Royce fan engine a
device is required to rotate in the Roll Royce turbo fan engine with following conditions like
high stiffness, toughness and thermal shock resistance, high wear oxidation and corrosion
resistance and the low density, for all above requirement we are using the Ashby’s diagram and
select the material, so this is the nickel alloy generally we are using for this particular purpose.



For Hip Implant: ;
Hip implant 15 called as total hip replacement .

. . s I .
< Damage to hip joint cavses: Trauma. Mecrosis and Osteoarthritis

. — — ——
< Surzeon will remove damage cartilage and bones then replace hip prostheses

“ Come up with the hst of design consideration for total hip replacement
prostheses
» Encompass design and material consideration,

Engineering design consideration for hip replacement. o
o Statie load (stand, s ete ) and dyvpanne load Crunning, walkimg ete )

= Weight » Az bone 1s incredible complex matenal
= Biocompatibility amd its property depends on direction
= Life (longer than 20 vears) and loading

= Temperature (lemp. 986 F and ighly autoclaved ) s Using Wadff's fawe:

= Modulus of elasticity ¥ Bone remodehng can be done and
= Surgical procedure adapt to magmiude and direction of
= Cost loadl.

ADVARCED COMPOSITE LAR

For hip implant, for hip implant is called as total hip replacement, damage to hip joint causes by
trauma or maybe the necrosis, or maybe the osteoarthritis, surgeon will remove damage cartilage
and bones, then replace the hip prostheses. Come up with the list of design considerations for
total hip replacement prosthesis. Encompass design and the material considerations.

Engineering design consideration for hip replacement like static load, stand or sit and the
dynamic load like the running and walking, then weight, then biocompatibility, then life, then
temperature, because it has to meet there in the human body, so it has to go up to this
temperature or maybe the higher. Modulus of elasticity, surgical procedure and the cost, as bone
is incredible complex material and its property depends on direction and loading using the
Wolff’s law, bone remodeling can be done and adapt to magnitude and direction of load.



v Titaninm

» Asold hip prostheses uses: et Qz?ii '-\‘
v Steel .

~ Both the materials are very much stiffer and higher modulus
in bone and cause stress shielding  Frreers

Stress shielding: is defined as when implant take more load
than the bone due to implant loosening and pain Tatal hip replacement prostheses

7 But now the new maierial will wsed for implant hip prostheses is
POrons (aninm.
Bone
~ Asit allow two thing:
. Bond grow mto implant and it will provide very strong
connection between implant.
2. Modulus of elasticity 1s more as compared to titaniuim. 32
e

ADVARCLDCOMPOSITE LAR

As old hip prostheses uses like titanium and the steel materials, both the materials are very much
stiffer and higher modulus in bone and cause the stress shielding. Now what is stress shielding?
It is defined as when implant take more load than the bone due to implant loosening and pain, so
here you can see that total hip replacement prostheses looks like this, but now the new material
will used for implant hip prostheses is porous titanium, so here in this particular case we are
using the porous titanium because it will allow the two things, first bond grow into implant and it
will provide the very strong connection between implant, second modulus of elasticity is more as
compared to titanium.

Mechanical properties of metal implants and haman bone:

Tensile Yield Elongation at  Vickers Young's Fatigue
strength strength fracture hardness modulas limit
Material F_thfmt !!t_tblfm.-‘ [Hv) GM GM fm*
316l 55 [annealed) I:" G50 IL ZB_I:]/:) 45 190 n 0.28
Wrought +— —
Co-Cr alloy 1540 1050 9 450 541 0.49
Cast Co-Cr allay 590 00 ] 300 241 0.20
Titanium 7o ra 0 - 121 0.30
Ti-GAl-4V 1000 arn 12 - 121
Hurman bone 137.3 - 149 26.3 30

An injection molded CFPEEK
compaosite stem for THR

Fiber/Polyether
Ether Ketone



Now some mechanical properties of metal implants and the human bones, like 3161 stainless
steel annealed conditions, we are having the tensile strength of 650, yield strength 280,
elongation at fracture 45, so based on our applications where we are going to use this particular
implants so we have to choose, nowadays the widely used composite is TI-6AL-4V because it is
having the tensile strength of 1000, yield strength is 970, and then we are having that elongation
at fracture 12, some cases we are using the cobalt chromium alloy also, so this all are the

examples %enerally we are usin%.

For Femoral Component of Toial Knee Replacemeni:
o

Durg knee replacement surgery, an orthopedic surgeon will resurlace vour
damaged knee with artificial components. called tmplanis

* Implants are made of metal allovs. ceramic material, or strong plastic parts.
* Components are designed so that metal alwavs borders with plastic, which
provides for smoother movement and results in less wear of the implant

wcemreni

Commpennents:
s Tibial compeonent: Placed on the top of lower leg -
Plastic inseri: Placed between femoral and tibial component.

Total Knee Replacement

Famus [Bhigh bons

&

*
-

#
'!‘i

Patellar (Knee cap): Placed on knee cap. |
Femaral companent: Placed on the end of high bone.

L
i‘i

Use of components made from mefals and polyethylene

allow for joint mobility between the joint surfaces with e ;
little wear. P L e

Tibia (shin bonap
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Now for femoral component of total knee replacement, during knee replacement surgery and
orthopedic surgeon will resurface your damaged knee with artificial components called implants.
Implants are made of metal alloys, ceramic material or maybe the strong plastic parts,
components are designed so that metal always borders with plastic which provides for smoother
movement and result in less wear replacement, so from this particular image you can see that
how we are doing the knee replacement.

Components like tibial component placed on the top of lower leg, plastic insert placed between
the femoral and tibial component, then patellar knee cap placed on knee cap, and the femoral
component placed on the end of high bone, so there are four parts generally, so use of
components made from metals and polyethylene allow for joint mobility between the joint
surface with the little wear, so these case in this particular region we are doing the knee
replacement.



Miterial properties for selection of total knee replucement:

. . ey | f\
Material Properties _'_,"'"— [
Cohalt-clrominm Alfoys “ Hard E '
¥ Corrosion resistant Cobali-chremium Allsys
¥ Tough and Bio-compatible metals
s_Titaniven and Titaniwm Alffevs ~ Bio-compatible
¥ Titamum alloy i knee II:]'I|"'|1'I|:]1.\ 15 NisAlY "\ —

Aﬂfﬂm Flexibility

v

[ ¥ Corrosion resistant
¥ Hiocompatibility
W

Polvethvlene

Yalyethylene Tibial and Patellar components in knee

replacements are made of polvethylene

Lirconivnt * Hiocompatible
¥ Firconium alloy implants eliminate the risk to
nickel-allergic patients

Coball-Chreniiui molybdenum allos
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Material properties for selection of total knee replacement, material like cobalt chromium alloys
properties, it is hard, corrosion resistance, tough and bio-compatible metals, so like this way we
are using the titanium and titanium alloys, tantalum, polyethylene, zirconium because every
material is having different properties, so based on their where we are going to use this kind of
implant, so we are going to choose the different kind of metal composites.

For Thin-Film Selar Cells:

A thin-film solar cell (TFSC), or a thin-film photovoltaic cell (TFPV) 15 a junction device
obtamed by placing two electronically dissimilar materials together with a thin electronic
barrier in between to separate charge

Properties of ideal photovoltaic materials are:

O Direct band gap semiconductor with a band gap of approx. 1.5 ¢V. ’
O High solar optical absorption coelTicient approx. 1035 cm!.

O High quantum efficiency of excited carriers. q g
a

Long diffusion length and recombination velocity.
O Ability to form electronic junctions with good stability,

i sdwium [ obmradr hq." Indam i alum (Berimils
Virrids ssler ribip

Some examples of material used for thin-film solar cell:

Cadmmm Tellunde, Copper Indiwm Galliwm Disulphide, Amorphous Sihicon, Copper Indiom Galliwm [

v These materials along with an organic semiconductor called pervlene dinmine were taken
for the analysis of the best material for the absorbent laver for thin-film solar cells

MFIEL OKLINE g,
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For thin film solar cells, a thin film solar cells TFSC, or a thin film photovoltaic cell maybe
TFPV is a junction device obtained by placing two electronically dissimilar materials together
with a thin electronic barrier in between to separate charge. Properties of ideal photovoltaic



materials are direct band gap semi-conductor with a band gap of approx 1.5 electron volt, high
solar optical absorption coefficient approx 105 per centimeter, high quantum efficiency of
excited carriers, long diffusion length and recombination velocity, ability to form electronic
junctions with good stability.

Some examples of materials generally we are using for the thin film solar cell are cadmium
telluride, copper indium gallium disulphide, amorphous silicon, copper indium gallium
diselinide, these materials along with an organic semi-conductor called perylene-diamine were

taken for the analisis of the best material for the absorbent la;er for thin-film solar cells.

For Aeronautical Structural Application:

In aeronautical applications, strength allied to lightness is most important in material selection,
when the matenal is stable in environment conditions. -

&1 Alwmiinin Flas
Materials properties for structural application: Different types of aeronautical materials:
*  Ultumate stress and Yield stress s
i . £l oo Mlaierial densay ¥ Mlislalas Eoapaiion | Tomperasr Cosi
o Stilfness and ductility resteiah mpiets | s | iip CR PP
; ) alurminam
*  Temperature limits imfreneer | snmy | oo | ose | ks | ow | ome | o5
) ) . aliisinian IS T ] oy 111 4 ) ]
* Corrosion, latigue & crack growth resistance | [ruom cib 1o s i 2 i :
s Fracture laughncsg Iiarraam LMV | 2000 | pm ] u o "
. sasirnl e ardl (K] [TY) il i) i
. Frﬂg|||11, at low lemperatures oerapniics Hascponi | 10801 | 780 ik 0 ) %
. N i . s R praph e epesi | 1540 el e 1] B0 1T
[ ] ¥ s
Mﬂ]ntalnﬂb]ht} ﬂ“d Rﬂhﬂ.hill[} carmpasiigs nl‘.‘.m.m e R 241 i [Fie] (v
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For aeronautical structure applications, in aeronautical application strength allied to lightness is
most important in materials selection, when the material is stable in environment conditions,
main group of materials used in aircraft reconstruction or maybe the construction is wood, fiber
reinforced composites, steel, aluminum alloys, titanium alloys nowadays widely used. Nowadays
we are using the cable or fiber also, so these all are the parts generally where we are using
different types of materials based on the applications because some places we need the maximum
wear resistance, some places we need the maximum strength, some places we need the maximum
chemical inertness so based on that in a aircraft there are several parts and several parts we are
using several kind of materials, and for that what are the material properties for the structural
applications? We need the ultimate stress and yield stress, stiffness and ductility, temperature
limits, corrosion fatigue and crack growth resistance, fracture toughness, fragility at low
temperatures, maintainability and the reliability, of course there are different types of
aeronautical materials, we are using the aluminum, we are using the maraging steel, titanium,
wood composites and as I told already that nowadays we are using the cable or fiber, because it
is having the highest strength and very, very light weight in nature.



I 00
Summary:

v Matenal selection is a process which is performed to select the best matenials

v Design consideration provide in depth detail information about the requirement for a
product.

v The evolution of materials of prehistory (> 10,000 BC, the Stone Age) , discovery of
copper and bronze and then iron and future trends

¥ General steps in material selection are analysis, development, evaluation and decision.

¥ There are some example of material selection such as in total knee replacement,
protective cover thin film solar cell etc.
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So now we have come to the last part of this particular lecture, so we have to summarize the
whole lecture, so in this particular lecture we have discussed about the materials selection
process which is performed to select the best materials based on their applications. Design
consideration provide in depth detail information about the requirement for a particular product,
the evaluation of materials of pre-history that is more than 10,000 BC means the stone age,
discovery of copper and bronze and then iron and future trends. General steps in material
selection are analysis, development, evaluation and decision. There are some examples of
material selection such as in total knee replacement, protective cover, thin film solar cells parts,
in this particular lecture we are given a wide examples, but nowadays we are using this kind of
advanced materials in the every applications of our day to day life. Thank you.
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