MODULE-1

Engineering materials, Composite materials, Smart materials, Nano materials.

Introduction:

Material is defined as that which consists of matter or occupies space.
The common uses of material are in food particles, medicines, house,
clothes, transportation and many more. Engineers and technologists need
different materials for design and manufacturing of aircrafts, engines, ship
building, construction etc. Materials are an essential part of engineering
industry. An engineer needs materials to give shape for his concepts and
design.

Classification:

Engineering materials may be classified into 4 broad types based on their
nature.

(i) Metals and alloys
(i) Ceramics

(iii) Polymers
(iv)Composites

Metal is an elemental substance in pure form while an alloy is formed
when two or more metal are mixed together to form a homogenous
mixture. Metals can be either ferrous or non-ferrous. Ferrous metals
contain iron while non-ferrous metals do not. both ferrous and non-ferrous
metals are divided into pure metals and alloys. Ex: Iron and steel. An alloy
is a mixture of two or more elements (Ex: iron and carbon) to make
another metal with particular properties (Ex: steel).

Ceramics are compounds of metallic and non-metallic elements which
are very hard in nature. Ex: Silicon carbide and magnesium oxide

Polymers are direct derivatives of carbon while are having long chain
molecules with 3D structures. Ex: Plastics and polyethylene

Composites are special materials where, one or more reinforcements are
added the base metal (matrix) to form a heterogeneous mixture. Here the
properties of the base metal are enhanced by adding small quantity of
reinforcing materials. Ex: Fibre reinforced plastics (FRP) and carbon
reinforced rubber.



Metals

A metal is a material that is typically hard, opaque, shiny, and features good
electrical and thermal conductivity. Metals are generally malleable: they can be
hammered or pressed permanently out of shape without breaking or cracking well
as fusible and ductile.

Metals can be either ferrous or non-ferrous. Ferrous metals contain iron while
nonferrous metals do not. Both ferrous and non-ferrous metals are divided into pure
metals and alloys.

A pure metal is an element — Ex: iron, copper, gold - unalloyed (not mixed) with
another substance.

An alloy is a mixture of two or more elements (Ex: iron and carbon) to make
another metal with Particular properties (Ex: steel).
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Ferrous metals:
Ferrous metals contain iron. Examples are cast iron, mild steel, medium carbon
steel, high carbon steel, stainless steel, and high speed steel.

Types of ferrous Metals:

STEEL

Steel is an alloy of iron and iron carbide in which the maximum percentage of carbon is
1.5%. The difference between cast iron and steel is the percentage of carbon present.
Higher the percentage of this carbon, harder and tougher is the steel. Carbon content cannot
be increased in the metal in chemically combined form beyond 1.5 percent. If this proportion
is increased beyond this limits it moves the metal into the category of cast iron. Thus, steel
can be said to be an alloy of iron and carbon with the carbon content to a maximum of 1.5
percent. These steels are called plain carbon steels because they owe their properties mainly
to the percentage of carbon present in them. These steels are classified into different groups
as follows:
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a) Carbon steels: carbon steels are types of steel containing primarily iron and
carbon. Other elements present in small proportions are sulphur, phosphorous,
manganese and magnesium. The following types of carbon steel are.

i) Mild steel or Low carbon steel

Composition: It has a carbon content of 0.05 to 0.3%. The balance is iron. The
most popularly used carbon steel 1s mild steel.

Properties and characteristics: Tough, ductile and malleable. Good tensile
strength, poor resistance to corrosion.

Application: General-purpose engineering material like rivets, bolts, keys plain
washer boiler plate’s shaft, camshafts and gear.
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ii) Medium carbon steel

Composition: It has a carbon content of 0.3 - 0.6% carbon. The remainder is iron
content.

Properties and characteristics: Strong, hard and tough, with a high tensile
strength, but less ductile than mild steel.

Application: 1t finds application in transmission shafts, springs, spring washers,
crane hooks and hand tools etc.

iii ) High carbon steel

Composition: It has a carbon content of 0.6 - 1.5%. it has an iron content of 96%
to 97%.

Properties and characteristics: Even harder than medium carbon steel, and more
brittle. Can be heat treated to make it harder and tougher.

Application: Cutting tools, hammers, chisels, screw, punches, drills lathe tools,
leaf springs and milling cutter.

Alloy Steels

Plain carbon steel possess very poor strength, corrosion resistance and fatigue resistance.
Alloy steels are obtained by adding some elements as nickel, chromium, cobalt, vanadium,
tungsten, silicon etc., to the carbon steel to get the desired properties. Alloy steels are
developed to accomplish one or more of the following :-

1. To improve tensile strength, elastic limit and ductility.
To provide free cutting properties (lead is added to steel).
To improve wear and corrosion resistance.
To improve machinability and weldability.
To refine the grain structure of steel.
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Some of the important alloy steels are discussed below :-

Stainless steel

Composition: Alloy of iron and carbon with 16-26% chromium, 8-22% nickel and
8% magnesium

Characteristics: Hard and tough, resists wear and corrosion.

Application: Cutlery, kitchen equipment, surgical equipment, chemical handling
equipments and cutler etc.

High speed steel

Composition: Alloy of iron and 0.8 - 1.2% carbon (medium carbon steel) with
tungsten, chromium, vanadium, and sometimes cobalt.

Properties and characteristics: Very hard, high abrasion- and heat resistance
Application: Cutting tools for machines.




TYPES OF CAST IRON
Cast Iron

|
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1. Grey Cast Iron. This type of cast iron is obtained by allowing the molten metal to cool
and solidify slowly. Grey cast iron contains 2.5 to 3.75% of carbon.

Properties
1. Grey cast iron is brittle and may be broken if a heavy hammer is used.
2. Melting point is low.

3. It is eacily machinable.

4. The graphite present, acts as a lubricant.

Applications
1. Machine tool structure.

2. Gas or water pipes for underground purposes.
3. Cylinder blocks and heads for I.C. Engines.
4. Frames for electric motors.

2. White Cast Iron. [t contains 1.75% to 2.3% carbon.
Properties
1. White cast iron is very hard and brittle,
2. It is wear resistant and less ductile.
3. It can not be machined.

Applications
1. Used for manufacturing wrought iron,

2. For manufacturing those component parts which require a hard and abrasion resistant
material.

3. For producing malleable iron casting,
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3. Malleable Cast Iron. Malleable cast iron is obtained from white cast iron by special
annealing process. This type of cast iron contains 2 to 3.6% carbon.

Properties

1. 1t is less brittle.

2. Tensile strength of malleable cast iron is 180 N/mm®.
3. Good wear resistance and vibration damping capacity.

Applications

Automobile parts.
Sewing machine parts.
Byeyele parts.
Agricultural equipments.
Electrical line hardware.
Universal joint yoke.
Conveyor chain links.

o B o

Suitable for small and medium size castings of high strength.

4. Ductile Cast Iron. It is also called spheroidal cast iron because the graphite is
precipitated not in the form of flakes but in the form of spheroids. This is high grade cast
iron. It is also called ductile cast iron.

Properties

It has very good casting properties as high fluidity and low melting point.
It produces better machined surfaces.

The tensile strength is 330 N/mm?.

High strength and toughness.

Good resistance to wear.

Higher machinability than grey cast iron.

It can be welded nicely.

e I

. The value of modulus of elasticity is high.
Applications

1. Paper industries machinery.

Internal combustion engines.

Power transmission equipment.

Farm implements and tractors.

P 2a e

Earth moving machinery.
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Non-ferrous metals

Non-ferrous metals do not contain iron. Some common non-ferrous metals are
aluminum, copper, zinc, tin, brass (copper + zinc), and bronze (copper + tin).

PHYSICAL AND MECHANICAL PROPERTIES OF NON-FERROUS METALS
AND THEIR APPLICATIONS

3. Melting point is 659.8°C.

S.No.| Metals Properties Applications

1. Ductile and malleable. 1. Electrical wires and cables.

2. Silvery white colour. 2. Automobile parts and bodies.
k Aluminium 3. Aluminium sheets are used for

stamping.

Kitchen utensils.

Furniture.

Piston of automobile engines.
Aluminium paint is used as
protective coating.
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2. Copper

1. Very good conductor of heat and
electricity.
2. Reddish brown in colour.

3. Good weldability and machinability.

4. Melting point is 1084°C.

Largely used for electric wires.

Used in condensers,
evaporators where heat
transfer takes place.
Used for electroplating.

Radiator fins.

Boiler parts.

3 Lead 1. Bluish grey coloured metal. 1. Paints and pigments are
manufactured by lead.
2. Malleability is very high. 2. Electrical cables find application
of lead sheets.
3. Melting Point is 327.4°C. 3. In the soldering its used as filler
metal.
4. Extrusion is possible in hot condition.
5. Softest and heaviest metal.
L
S.No.| Metals Properties Applications
4. Tin 1. Bright shining coloured metal. 1. With the combination of lead,
it is used in soldering process.
2. Soft and malleable. 2. Moisture proof packings are
made of tin.
3. Coating on other metal.
- 3. Melting point is 232°C.
5 - Zinc 1. Bluish-grev coloured metal. 1. Zinc is used in Brass.
2. Electrical cells.
> Melting point is 481°C. 3. Corrosion resistant coating.
6. Nickel 1. It is silvery white coloured metal. 1. Nickel polishing is done as
protective coating.
2. Melting point is 1452°C. 2. Important alloys are made up
with the help of nickel.
3. Nickel in the presence of small
amount of carbon is malleable.
4. Hard metal.
T Magnesium | 1. Melting point is 650°C. 1. Used to manufacture flash light
powder.
2. It is the lightest metal.
3. Good machinability.
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Introduction to Composites

Deﬂglt!on of Composite: A Composite is defined as a material which is a combination of (wo
or more dissimilar materials which have different interfaces between them and the resulting material
properties are enhanced compared to the individual constituent materials.

Constituents of a Composite

The main constituents of composites (as in Fig ) are the reinforcements and the matrix. In
a composite material one material forms a matrix to bond together the other material called
reinforcement material. The matrix and reinforcement are chosen in such a way that their mechanical
properties complement cach other, at the same time their deficiencies are neutralised. Example: in
Glass Reinforced Plastic moulding, the matric is the polyester resin and this binds together the glass
fiber reinforcement.

N

N

(1) (2) (3)

Reinforcement Matrix Composite

Classification of Composites

Composite materials are commonly classified at two distinct levels:

1) With respect to matrix constituent
+ Polymer matrix composite — matrix is made from a polymer resin material
« Metal matrix composite — matrix is made from a metal or alloy
« Ceramic matrix composite — matrix is made from a ceramic material

2) With respect to reinforced constituent
« Fibre reinforced composite — reinforcement is in the form of fiber (thread like structure) -
« Particle (Particulate) reinforced composites — reinforcement is in the form of small particles.
« Laminated composites — reinforcement consists of layers of material held together.
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Metal Matrix Composites (MMC)

Composites are classified as metal matrix composite, when the matrix is made from a metal or
alloy. The reinforcement material is usually in the form of fiber, or small sized particles
(particulates) made from ceramic or metallic materials.

* Properties of Metal Matrix Composites

MMCs offer properties such as higher specific strength, stiffness, higher operating temperature, low
co-efficient of thermal expansion and greater wear resistance, and also the opportunity to tailor these
properties for a specific application. However, MMCs have lower ductility and the cost of fabricating

is high.
Applications of Metal Matrix Composites

|, Used in making piston for diesel engine. The MMC piston offers good wear resistance and
strength at high temperatures than compared to the traditional cast iron piston,

2. Metal matrix composites possessing high strength and specific stiffness can be used in
applications where weight saving is a vital factor. Examples are robots, high-speed
machinery, and high-speed rotating shafts for ships or land vehicles.

3. MMCs are used in automotive engine and brake parts due to its good wear resistance and
high specific strength.

4. They are also used in lasers, precision machinery, and electronic packaging due to the
tailorable coefficient of thermal expansion and thermal conductivity of the MMC.

5. They also find applications in spacecraft structures, missile structures, fighter aircraft
engines and structures.
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Fiber Reinforced Composites

Composites are classified as fiber reinforced composite, when the reinforcement added is in
the form of fibers. A fiber is a slender, elongated thread like structure, characterized by length
and diameter/thickness. The most common types of fibers used are glass fibers, carbon fibers,
and aramid (kevlar) fibers.

Fibers are generally circular in cross-section, but can also be in the form of tubular, rectangle or
hexagonal. The diameter of fiber ranges from 0.0001 inch to about 0.005 inch depending on the
material.

Fiber reinforced composites can be further divided based on discontinuous or continuous type
of fibers. Continuous fiber-reinforced composites contain fiber reinforcements having lengths
much greater than their cross-sectional dimensions as shown in figure (). On the other
hand, a composite is considered to be a discontinuous fiber or short fiber composite if its properties
vary with fiber length as shown in figure  (b). Discontinuous fibers can also be randomly

oriented as shown in figure  (c). Most practical composites that are being developed tor
engineering applications contain discontinuous fibers.

Most of the fiber reinforced composites contain polymers as matrix material. They are used in
the manufacture of doors, windows, bathtubs, boats, yachts, sporting goods, pipes, tanks & vessels,
& many internal parts in rail, automotive, and aerospace applications.

N T
Al WL
|||| /\/\
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{a) Continuous fibers (b) Discontinuous fibers (c)Discontinuous &
randomly oriented

Figure Continuous & discontinuous fibers

ADVANTAGES OF COMPOSITES

1. Higher strength to weight ratio

2 Incresed stiffness to density ratio

3 Enhanced fatique Resistance

4. Better elevated temperature properties

5. Higher strength

hotesforvtu.in
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6. Lower Creep rate

7. Lower coefficients of thermal expansion

8. Better wear resistance

LIMITATIONS OF COMPOSITES

1. These are more brittle in nature & hence easily damaged.

2. Cost of production is high & Some Composites are difficult to fabricate.

3. Cannot be easily recycled

4. In laminate composites inspection is complicated as there may exists internal defects.
APPLICATIONS OF COMPOSITES IN AUTOMOBILES

MMC are used in

e Suspension system for improved damping & stiffness
e Valves for high temperatures, Creep, wear-resistance.
e Lubrication pump housing for wear resistance & low weight.
e Brake callipers for low wear & weight.

e Drive shaft for high stiffness & fatigue resistance

e Connecting rod for fatigue & wear resistance.

e Car body

e Instrument panel (dash board)

e Bumpers

e Radiators grill

e Automobile sheet metal skin.

APPLICATION OF COMPOSITES IN AIRCRAFTS

e Airframe of an aircraft

e Main landing gear door.

e Nose landing gear door.

e Flap link

e Helicopter Rotor blades

e Aircraft propeller blades

e Aircraft seats

e Instrument panel (dash board)

e Carbon fibre reinforced polymer is used in wing & nose.
e Used to deflect radar waves & also to absorb them.
e Used in fuel tank

e Turbines & combustion chamber Components.

12



SMART MATERIALS

Smart materials are designed materials having one or more properties that can be signiﬁ?amly
changed in a controlled fashion by means of external stimuli, such as stress, temperature, moisture,
pH, electric or magnetic fields. The change in properties is rcvcgblg and can be repeated any
number of times. For example, a particular plastic material which is an insulator at normal
conditions can be made to behave as a conductor by applying a compressive fqgc. Upon
removal of the force, the plastic material returns 10 its insulating state. A photosensitive glass
darkens when exposed to sunlight and retums back o ts initial state whep pmlccwd from sunhght
Some materials change colour in response o an electric stimulus. Similarly there are a w!dc
range of materials, each offering different properties under different cimt_nmstanoes: Such mtcmls
are designated as smart materials, because the response they produce in propomon o a stimulus
acts as a feedback or a signal, allowing decisions to be taken accordingly. For example, an
acroplane might have wings made from a smart material that changc§ colqur as soon as tiny
cracks start to develop; a wound dressing that changes its colour when infection develops, & so
on. Smart materials have the potential to change technology & design principles completely.

Piezoelectric Materials

Piezoclectric materials are those materials that produce an electric current when they are supjcctcd
to mechanical stress. Thus Piezoelectric materials have two unique properties which are
interrelated. When a piezoelectric material is deformed by applying stress, it givcs.oﬂ' a sma.ll
electrical discharge. Alternately, when an clectrical current is passed through a piczoelectric

material it experiences a significant deformation. It is for this property, piczoclectric materials
arc most widely used as sensors in different environments. Common piczoelectric materials
include ceramic materials like Lead zirconium titanate (PZT), Barium titanate, lead zirconate
titanate, lead zirconate, potassium niobate, etc., and polymer material like Polyvinylidene fluoride.
Typical industrial applications of piczoelectric materials are grouped in table

z‘; Industry Applications

1. | Automotive Used as Air bag sensor, air flow sensor, audible alarms, fuel
atomizer, keyless door entry, secat belt buzzers, etc.

2. | Computer Used as actuators for Disc drives, dot-matrix/inkjet printing
heads, etc.

3. | Consumer Used as depth finders, fish finders, humidifiers, jewellery
cleaners, musical instruments, speakers found in cell phones
and musical greeting cards, telephones. Cigarette lighters etc.

4. | Medical Used in foetal heart monitors, ultrasonic imaging, ultrasonic
cataract removal devices, cochlear implants, etc.

5. | Military Used in Depth sounders, guidance systems, hydrophones,
sonar, etc.

6. | Manufacturing | Used as actuators in ultrasonic cleaning, ultrasonic welding,
motors in environments with strong magnetic fields or
cryogenic temperatures,

Table Typical industrial applications of piezoclectric materials

hotesforvtu.in
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Shape Memory Alloys:

+ Shape memory alloys are those materials, even after being deformed, have the ability to
remember and return to their original shape and size, upon appropriate heat treatment.

 Deformation is normally carried out at relatively low temperature, whereas,
shape memory effect happens due to heating.

+ Among materials that are capable of recovering significant amounts of
deformation, the best known are Nickel-Titanium (NITINOL) alloys; and some Copper
based alloys (Cu-Zn-Al and Cu-Al-Ni).

The Phase Transformation Process for SMAs

Original shape BENT
at low temperature

COOLED

Deformed shape
Reverts to original shape over at low temperature

time at high temperature \—/

HEATED

TYPES OF SHAPE MEMORY ALLOY

A varety of alloys exhibit the shape-memory effect. Alloying constituents can be adjusted to control the transformation
temperatures of the SMA. Some common systems include the following;

o Cr-AN

o Ciln

o et

o M

o feMni

v NifeG

v Ni-Tiapprox. 53-60 wt%o Ni
o And Many More...,
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ADVANTAGES AND DISADVANTAGES OF SHAPE MEMORY ALLOY
Advantages

It has higher strain recovery upto 8%.

Higher strength of Shape memory alloy is observed.

Its High corrosion resistant property make it suitable for use in concrete.
It has Good elasticity.

It Resist Fatigue .

It does not undergo Wear and tear.

Easy fabrication of Shape Memory Alloy is possible

It is Light in weight.

W NS R W~

'Disadvantages

Heat energy is required to activate

The Property Of Shape Memory Alloy.

Heat Dissipation - Need Mechanism For Cooling .

It Has Less Stiffness.

Costly As Compared To Other Materials Such As Steel And Aluminum.
It Has Poor Fatigue Properties (L.E. Structural & Functional Fatigue)

R

Applications of Shape memory alloys

The unusual properties of shape memory alloys have made them a very promising class of
metallic materials to be used for a wide variety of applications in a number of different fields.
Typical industrial applications of shape memory alloys are grouped in table

ISVl;). Industry Applications

.| Automotive | Automotive thermostats, vibration dampers, cold start vehicle
actuators, etc.

2. | Medical Used in fixed orthodontic treatment for wide dental movements,

filter clots that travel inside the bloodstream, healing process of
broken and fractured bones, neuromuscular rehabilitation like spastic
limb repositioning, or residual voluntary movement of neurological
members, Arterial clips, key-hole surgery instruments, etc.

3. | Aircraft Used in vibration dampers to dissipate energy and dampen vibrations
for launch vehicles and commercial jet engines; as actuators in jet
engines to reduce weight and boost efficiency; in ball bearings and
landing gear for shock applications, etc.

4. | Others Used in robot actuators to mimic the smooth movement of human
muscles. solar actuators, electrical circuit breakers, fiber optic
coupling, mobile phone antennas, satellite antenna deployment,
spectacle frames, Intraocular lens mount, structural applications
susceptible to seismic activity, column-foundation bolted joints,
slender structures for control of buckling and vibrations, etc.

Table Typical industrial applications of shape memory alloys

hotesforvtu.in
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MR Fluids

Magnetorheological (MR) fluid is a "smart" material composed of micron-sized
magnetic particles (usually iron) suspended in a carrier oil, which changes from
a liquid to a near-solid state within milliseconds when exposed to a magnetic
field. This reversible, controllable, and rapid viscosity change allows it to be
used for precise force control in vehicle dampers, automotive clutches, seismic
dampers, and prosthetic limbs.

Key Aspects of MR Fluid:

Mechanism: Without a magnetic field, the fluid flows freely. When a magnetic
field is applied, the iron particles align into chains, causing the fluid to behave
like a visco-elastic solid.

Composition: Primarily consists of soft magnetic particles, a carrier fluid (like
oil), and surfactants to prevent sedimentation

Key Properties

o Fast response time (milliseconds)

o Controllable viscosity

« Reversible behaviour

o Operates over wide temperature range
« High yield stress under magnetic field

Applications:
o Automotive: Suspensions, shock absorbers, and engine mounts.
o Industrial: Clutches, brakes, and polishing tools.

o Structural: Seismic dampers for buildings.
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Introduction to Nano-materials;

Nanomaterials are materials that have at least one dimension in the nanometer range, typically
between | and 100 nanometers, This size range is crucial because it imparts unique physical,
chemical, and biological properties to the materials that are not observed in their bulk counterparts.
At the nanoscale, materials exhibit increased surface area to volume ratios, quantum effects, and
other phenomena that can significantly alter their behavior and mnteractions,

Nanometer scale

Nanoscale is an extremely small scale where objects in the range of
1—100 nm are taken into consideration. For something to officially be a
nanomaterial, at least one of its dimensions must be smaller than 100 nm.

Classification of Nanomaterials:
Nanomaterials can be broadly classified into several categories based on their dimensions;

1. Zero-Dimensional (0D) Nanomaterials: These are materials where all three dimensions are in the
nanoscale. Examples include nanoparticles, nanospheres, and nanoclusters. They are often used in
biomedical applications, including drug delivery and imaging, due to their small size and high
surface area.

2. One-Dimensional (ID) Nanomaterials: These materials have one dimension outside the
nanoscale. Examples include nanowires, nanotubes, and nanorods. One-dimensional nanomaterials
are used in electronics and photonics for their ability to conduct electricity and light efficiently
along their length,

3. Two-Dimensional (2D) Nanomaterials: These materials have two dimensions outside the
nanoscale. Examples include graphene, nanofilms, and nanocoatings. Two-dimensional
nanomaterials are known for their excellent mechanical, electrical, and thermal properties and are
used in applications ranging from flexible electronics to barrier coatings.

4. Three-Dimensional (3D) Nanomaterials: These materials have three dimensions outside the
nanoscale but contain nanoscale features, such as nanocomposites and nanostructured bulk
materials. Three-dimensional nanomaterials combine the properties of their nanoscale components
with those of bulk materials, making them suitable for structural applications and advanced
material design,
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Types of Nanomaterials

There are four types of nanomaterials. They are:

e Nanoparticles: Nanoparticles are particles that
have a measurement of less than 100 nanometres in

at least one dimension.

¢ Nanofibers: Nanofibers are long, thin fibers with
sizes in the nanometre range.

e Nanotubes: Nanotubes are tubes with walls
composed of only one layer of atoms and diameters

within the nanoscale range.

¢ Nanolaminates: These are composite materials
made of thin layers of various materials layered on

top of one another.

Applications of Nanomaterials

Energy

S production

resistors

Varnishes Textile
industries
Applications of
[ Nanomaterials
Sports |
—y iy Sy
' Cosmetics | Diagnostic
Drug techniques
delivery
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Nanomaterials may be used technologically in a variety of
fields, including air purification, environmental
preservation, and the medical and mechanical fields. They
may be used for the development of stronger, lighter
materials, more effective medicine delivery systems, and
batteries that are more efficient. The following are the

applications of nanomaterials:

Electronics: Nanomaterials have the potential to enhance
the efficacy and reduce the power consumption of
electronic devices such as smartphones, computers, and
televisions. Other objectives include the development of
high-resolution displays and the enhancement of the
efficacy and storage capacity of rechargeable batteries.

Medicine: It may be employed for treatment, diagnosis,

and imaging, among other medical applications.

Nanoscale medication delivery systems may improve

target specificity and efficacy.

Environmental remediation: The process of removing
pollutants and contaminants from contaminated air, soil,
and water through the use of nanofilters and catalysts that
are based on nanoparticles. These nanofilters are also
capable of eliminating pathogens.

Materials science: Materials science has the potential to
generate materials that are more durable, lightweight, and
possess superior thermodynamic and mechanical
properties. Subsequently, they may be implemented in
aerospace and automotive components or other

demanding applications.

Food and agriculture: To enhance the quality, safety, and
shelf life of food or agricultural goods by increasing the
efficiency and effectiveness of pesticides while reducing
their environmental impact, as well as the efficiency and
effectiveness of irrigation systems. This will result in

impr?ed crop growth and reduced water consumption.

orvtu.in
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Advantages and Disadvantages of Nanomaterials

Advantages

1.

High Strength and Lightweight

Nanomaterials such as Carbon Nanotubes are extremely strong yet very light, making
them useful in aerospace, automobiles, and sports equipment.

Improved Electrical Conductivity

Materials like Graphene conduct electricity better than many traditional materials,
improving electronic devices and batteries.

Large Surface Area

Nanomaterials have a very high surface area compared to their volume, increasing
their chemical reactivity. This is useful in catalysts and sensors.

4. Medical Applications
Used in drug delivery systems, cancer treatment, imaging, and diagnostics with better
precision and fewer side effects.
5. Better Energy Efficiency
Improve performance of solar cells, fuel cells, and energy storage devices.
6. Environmental Applications
Help in water purification, air filtration, and pollution control.
Disadvantages
1. Health Risks
Some nanoparticles may cause respiratory problems or cell damage if inhaled or
absorbed.
2. Environmental Impact
Nanoparticles can accumulate in soil and water, potentially harming ecosystems.
3. High Production Cost
Manufacturing requires advanced technology and is often expensive.
4. Toxicity Issues
Certain nanomaterials may be toxic to humans and animals.
5. Lack of Regulations
Safety guidelines and regulations are still developing in many countries.
6. Difficult Disposal

Recycling and safe disposal methods are not yet fully developed.
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