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History of our civilization shows stone age, bronze age, iron age and silicon age

Material is a substance or mixture of substances that constitutes an object. Materials
can be pure or impure, living or non-living matter. Materials can be classified on the
basis of their physical and chemical properties, or on their geological origin
or biological function.

Materials science is the study of materials, their properties and their applications.



3.1 Introduction

In physics, materials refer to substances or matter that can be used to build or create objects
Materials can be classified into four main types based on their atomic or molecular structure:

1. Metals: Metals are characterized by their ability to conduct
electricity and heat. They are typically shiny, malleable, and ductile.
Examples include iron, copper, gold, and aluminum.

2. Polymers: Polymers are large molecules made up of repeating
subunits called monomers. They have a wide range of properties
and can be found in various forms, such as plastics, rubber, and
fibers.

Examples include polyethylene, polyester, and polystyrene.




3. Ceramics: Ceramics are typically inorganic, non-metallic
materials that are made by heating and cooling minerals. They
are known for their high melting points, hardness, and brittleness.

Examples include pottery, glass, and porcelain.

4. Composites: Composites are materials made by combining
two or more different types of materials to create a new material
with enhanced properties. The constituents of composites can
include metals, polymers, ceramics, or other composites.

Examples include fiberglass, carbon fiber composites, and
reinforced concrete.

These four main types of materials have different properties and are used in
various applications, ranging from electrical conductors to structural
components.



3.2. Classification of Materials based on Structures

Amorphous Solids

Amorphous solids do not contain repeating units
They have no fixed geometrical shapes

These solids have no definite melting points
Amorphous solids are isotropic

Intermolecular and metallic forces are not equally
shared between their molecules

Amorphous solids are pseudo solids (NOT True
Solids)

They have no symmetry among their molecules
They are less rigid solids

These solids have short range of ordered
molecules

Examples are glass, waxes, rubber, and plastic,
etc

Crystalline Solids
Crystalline solids have regularly repeating units

They have perfectly ordered geometrical shapes

These solids have definite melting points
Crystalline solids are anisotropic

Crystalline structures have a good order of
Intermolecular and metallic forces

Crystalline solids are true solids

Crystalline structures are perfectly symmetrical
They are highly rigid solids

These solids have long range of ordered
molecules

Examples are diamond, graphite, metals, table
salts, etc



Materials can be classified on the basis of structure as follows

1. Crystalline Materials:

Crystalline materials are materials that have a highly ordered and
repeating atomic or molecular structure. In a crystalline material, the atoms
or molecules are arranged in a regular pattern, forming a three-dimensional
lattice structure.

This regular arrangement gives crystalline materials distinctive

properties, such as transparency, high melting points, and the ability to split
light into different colors (known as diffraction).
They have anisotropic behaviour. Anisotropic means that the material or
system may have different characteristics, such as mechanical, thermal, or
electrical properties, depending on the direction in which they are measured
or observed

Examples of crystalline materials include metals, minerals, crystals,
gemstones, and some types of ceramics.



2. Amorphous Materials:

Amorphous materials are a type of solid material that lacks a
long-range order in their atomic or molecular structure. Unlike
crystalline materials, which have a repeating pattern of atoms or
molecules, amorphous materials have a disordered arrangement.

This lack of long-range order gives them unique properties,
such as transparency, isotropy (lsotropic behavior refers to the
property of a material or system that exhibits the same physical or
mechanical properties in all directions.), and the ability to be molded
Into complex shapes.

Examples of amorphous materials include glass, certain plastics, and
gels.

Amorphous




3. Single Crystal:

A single crystal refers to a solid material that is composed of a
single, continuous lattice structure without any boundaries or
defects. In a single crystal, the atoms or molecules are
arranged in a highly ordered and regular pattern, which gives
the crystal distinctive properties such as transparency,
anisotropy (differing properties in different directions), and a
well-defined crystallographic orientation.

Single crystals are often used in various fields, including
electronics, optics, and materials science, due to their unique
properties and the precision with which they can be
manufactured.




4. Polycrystalline materials :

Polycrystalline materials are materials composed of many small
crystals or grains. These crystals are randomly oriented and have different
sizes and shapes. Examples of polycrystalline materials include metals,
ceramics, and some types of polymers.

One important characteristic of polycrystalline materials is their
grain boundaries, which are the boundaries between adjacent crystals.
These grain boundaries can affect the material's mechanical, electrical,
and thermal properties.

In various industries, polycrystalline materials are widely used. For
example, polycrystalline silicon is used in the production of solar cells,

while polycrystalline diamond is used in cutting tools and abrasives.
Overall, polycrystalline materials have a range of applications due to their
versatility and properties.




5. Nanomaterials

Nanomaterials are materials that have been manipulated
at the nanoscale, typically ranging from 1 to 100 nanometers in
size. They can be engineered to have unique properties and
characteristics, such as enhanced strength, conductivity, or
reactivity.

Nanomaterials have a wide range of applications in
various fields, including electronics, medicine, energy, and
environmental remediation.

Overall, nanomaterials have the potential to revolutionize various
Industries and contribute to scientific advancements, but further
research and development are necessary to fully understand their
properties and ensure their safe and responsible use.




3.3 Functionality of Materials:

The functionality of material refers to its ability to perform a specific task or serve a
particular purpose. It involves the physical and chemical properties of the material that
determine its performance and suitability for different applications

New functional materials can be developed knowing the structural property which can
Influence electrical, chemical and physical properties.

Functionality of Conducting Materials:

i) Conducting property of solids depends on presence of free electron and valence
electrons

i) Material should have high electrical conductivity.

i) Should have low loss due to heat

Iv) Should have low temperature coefficient(small change in resistance for large change
In temperature.



Also resistivity of material plays a vital role:
a) Low Resistivity:

# such materials are used for power transmission (which requires low power
loss, low voltage drop)

# used in household wiring, winding of transformer, motors, generators.
Eg. Silver, Gold, Copper, Aliminium, Brass, Steel, Mercury, Zinc etc,

b) High Resistivity:

# used where high resistance is required Eg. Element of heating device,
starter of electric motors, filament of bulb, rheostats and loading resistances.



Functionality of Insulating Materials:
i) Insulator- material that resist electricity or heat passing through it.
i) Two types:- Electrical & Thermal

These are the properties which insulator should have,
1. High Resistivity:
# To impede electrical current (unit-ohm)
# All materials except super conductors have resistance.
# Heat insulators have very high heat resistance quotient (prevent them from melting)
2. Breakdown Voltage: (also known as dielectric strength)
# When the voltage applied across an insulator exceeds its breakdown voltage, the
iInsulating material or device experiences a sudden increase in conductivity, leading to
electrical breakdown.
# depending on breakdown voltage insulators are used. Eg. Plastics, Ceramics
3. Atomic Structure:
# In insulator, valence elctrons are tightly held, prevents moving
# Non-metals are good insulatos Eg. Glass, wood and plastics
4. Air Permeability:
# The abillity to allow air to flow through its pores. Essential for heat & thermal property
# Good insulators have high air permeability



Functionality of Superconducting materials:

Superconducting materials are a type of material that can conduct
electric current with zero electrical resistance. This unique property
allows for various functionalities and applications.

Superconductivity is the flow of electric current at no restistance in
certain metals, alloys and ceramics at temperature near absolute zero

The unique properties of superconducting materials allow for a wide
range of functionalities and applications, including efficient power
transmission, magnetic shielding, levitation, energy storage, and
advanced electronics. Ongoing research and advancements In
superconducting materials continue to expand their potential for even
more innovative applications in the future.




Functionality of Reflecting materials:

Reflecting materials, also known as reflective materials, are substances
that have the ability to reflect light or other forms of electromagnetic
radiation. They play a crucial role in various applications and have
several functionalities.

Reflecting materials are versatile substances that find applications in a wide range of
fields. Their functionality includes enhancing visibility, advertising, energy conservation,
lighting applications, solar energy utilization, photography, cinematography, and optical
devices.

1.Transparent materials are substances that allow light to pass through them without
significant scattering or absorption.

2. Translucent materials are substances that allow light to pass through them, but they also
scatter the light rays and make objects on the other side appear blurry or unclear.

3. Opagque materials are substances that do not allow light to pass through them. They are
typically solid and block the transmission of light, preventing objects or images on the other
side from being seen. Examples of opaque materials include wood, metal, cardboard,
stone, and many plastics.



Functionality of Transmitting materials:
Transmitting materials, allow light to pass through it at different
wavelengths without some or none of the incident light being absorbed

during the process.

Standard optical glasses offer high transmission throughout the entire
visible spectrum and extend into the near ultraviolet and near infrared
regions

Generally crown glasses have better transmission of light as compared to
flint glasses

For an UV-visible spectrometer the transmitting substances used are
CaF2, MgF, BaF2, Quarts etc.




Types of Materials

Based on the atomic bonding forces, there are three class Metallic,
Ceramic and Polymers
Additionally different materials combined to form composites

Classification of materials

1. Metals

2. Ceramics

3. Polymers (Thermoplastic and Thermosetting)
4. Composites

5. Thin Films

6. Nanomaterials



Types of Materials

Metals and Alloys

‘ Ceramics

1. Famous Metals
and Alloys, Carbon,
Steel, alloy steel, SS,
tools & dia steel

Glasses, Glass,
Ceramic , Graphite

‘ ‘ Polymeric ‘ ‘ Composites

2. Nonfrous metals
and
Alloys,(Aluminium,
copper, Magnesium,
nickel, titanium)

Thermoplastics,
Thermoset plastics
and elastomers

Reinforced plastics,
Metal matrix
composites, Ceramic
matrix, sandwitch
structure




(i) METAL

A metal is a material and element compound or alloy
that is typically hard, opaque shiny and has good
electrical and thermal conductivity metals consists of
positive metal ions in sea of free electrons.

The atoms of metallic substance typically arranged in
following 3 crystal stuctures BCC, FCC and HCF.
Atoms of metals readily lose their outer shell electrons
resulting in a free flowing cloud of electrons within their
otherwise solid arrangement this provides the ability of
metallic substances to easily transmit heat and
electricity.

(a) fcc

An element that is a good
conductor of heat & electricity
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(il) CERAMICS

A ceramic has traditionally been defined as an inorganic, non
metallic solid that is prepared from powder materials and its
fabricated into products through the application of heat and it
displays such characteristics properties as hardness, strength,
low electrical conductivity and brittleness.

They are typically crystalline in nature and are compounds
formed between metallic and non metallic elements such as
aluminium and oxygen, calcium and silicon. Depending on
there method of formation ceramics can be dense or
lightweight.

Ceramics also can be formed to serve as electrically
conductive materials or insulators. Some ceramics like
superconductors also display magnetic properties




(i) Polymers

The word Polymer literally means many parts. Two industrial
Important polymeric materials are plastics and elastomers.
plastics are a large and varied group of synthetic materials
which are processed by farming or moulding into shape. Just
as there are many types of metals there are many types of
plastics such as polystyrene and nylon. Rubbers can be

to them and can return their original shape, when the forces'.;{i_‘,f*’f";;_..
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are released.

The polymer molecule is a long chain of covalent bondedp#"
atoms and secondary bonds then hold group of polymermg
chains, together to form the polymeric material.

The Polymers have many properties,

1. They are less dense than metal or ceramics.

2. They resist atmosphere and other forms of corrosion.
3. They exhibit excellent resistance.




The polymer plastics can be divided into two classes _

thermoplastics and thermosetting plastics depending on how B
they are structurally and chemically bonded.

1. Thermoplastic : Thermoplastic indicates that these materials

on heating and may be process by variety of moulding and .
extrusion techniques Thermoplastic polymer comprise the
four most important commodity material e.g. polythylene, g8

polypropylene, polystyrene and polyvinyl chloride. They are[” ' ._ -

also number of specialised engineering polymers.

2. Thermosetting : Thermosetting Polymers cannot be melted or
remelted. Thermosetting Polymers include alkalydes, Amino
and phenolic raisins, epoxies, polyurethanes and unsaturated
polysters




(iv)-Composites:

A composite is commonly defined as a combination of
two or more distinct materials each of which retains its
own distinctive properties to create a new material with
properties that cannot be achieved by any of the
components acting alone.

Composite materials are said to have two phases. The
reinforcing phase is the fibres, sheets or particles that
are embedded in the matrix phase. the reinforcing
material and the matrix materials can be metal,
ceramic or polymer.

Typically reinforcing materials are strong with

low densities while matrix is usually a ductile or

tough material. These are three types of composite ”‘“M%ﬁ $§'

Fiber Cement Board

1. Reinforced plastics
2. Metal Matrix composites
3. Ceramic Matrix composites
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(v) Thin Films :

The thin films have got the surface only not
thickness. All the film have surface thickness and
therefore when the thickness of the surface layer is of
the order of a fraction of the millimeter this is called the
thin film.

The thin films maybe of metallic. it is called the
metallic thin films is of polymer insulators material
called Polymers due to surface and metallic effect
considerable from those of the bulk.

The thin films can be obtained by the methods
(1) Blowing method

(2) Photolytic methods

(3) Vacuum evaporation

(4) Films formation from solution

(5) casting from solution and

(6) thermal evaporation




(VI) Nanomaterials:

Nanoscale materials are defined as a set of substances where at least one dimension is less than
approximately 100 nm. A nanometer is 1 million of a millimeter Nano materials are of interest
because of this small scale unigue optical, magnetic, electrical and other properties. These emergent
properties have potential for grate impact in electronics, medicine and other fields.

Nanomaterials are resources designed at the molecular level to take advantage of the small size and
novel properties which are generally not seen in their conventional bulk counterparts. Some
Nanomaterials occur naturally but of particular interest are engineered nanomaterial which are
designed for, and already being used in many commercial products and processes.

The range of commercial products available today is very broad including stain-resistance and
wrinkle free textile, cosmetics, sunscreens, electronics, paints and varnishes.
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