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1.1  Classification of Engineering Materials:



	Metals

	Polymers

	Ceramics

	Composites

	Semiconductors



❖  Properties of metals:

1.  They have shiny surface

2.  They are good conductor of heat and electricity

3.  They are strong material

4.  They are ductile- they can easily made into wire

5.  They are malleable- they can easily made into different sheet

6.  They are formable- they can easily made into different shapes

7.  They have high melting points

8.  They are heavy

❖  Metals: Types of metals are Pure metals & alloys

1.  Pure metals:

  Metals in clear form or unmixed form.

  They are better conductor of electricity and heat than alloys.

  They are more ductile, malleable and formable than alloys.

  They are soft than alloys.

  Examples of pure metals are Copper, Aluminum, Tin and Tungsten.

a)  Copper is used to make automobile radiator sheets, bottoms of cooking, pipes of heat exchangers, electrical wire cable and motor winding. Because it is good thermal conductivity,good electrical conductivity, ductile, malleable, low cost, more availability and easy for manufacturing.

b)  Aluminum is used to make soft drink cons, windows frame, food storage foils. Because it is corrosion resistance, malleable, low cost, more availability and easy for manufacturing.

c)  Tin is used to cover the surface of materials, because it is corrosion resistance.

d)  Tungsten is used for filament in bulbs, because of its high melting point, corrosion resistance.

2.  Alloys:

  Alloys are mixture of two or more metals.

  They are stronger and harder than pure metals.

  Examples of alloys are Steel, Stainless Steel, High Speed steel (HSS), Brass, Cost Iron, Duralumin and Bell metal.

1)  Steel is made by mixing Iron and Carbon. Types of steel:

i.  Low carbon steels

  If the percentage of carbon in steels are between 0.05-0.15%

  They are used for structure bars, automobiles bodies, and furniture.

  They have good strength, ductile, malleable, formable and easy for welding process.
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ii.  Mid steels

  If the percentage of carbon in steels are between 0.16-0.29%

  Used and properties same to Low carbon steel.

iii.  Medium carbon steels

  If the percentage of carbon in steels are between 0.3-0.59%

  They are used to make Shaft, Bolts and Nots. Because they are more strength compared to low carbon and mid steel.

iv. High carbon steel

  If the percentage of carbon in steels are between 0.6-0.99%

  They are used to make springs and ropes. Because they have more strength compared with low carbon steels, mild steel and high carbon steels.

v. Ultra-high carbon steels

  If the percentage of carbon in steels are between 1-2%

  They are used to make automobiles axles, workshop punches, workshop scribers, workshop dividers. Because they are very strong and hard compared to all other carbon steels.

2)  Stainless steel is made by mixing Iron, Carbon, Chromium and Manganese


	It is used to make Vernier caliper, workshop ruler, bearing of machines, spoons, knives, plates, cups, surgical equipment.

	They are good strength, corrosion resistance, shiny surface, ductile, malleable, and formable.



3)  High Speed steel (HSS) is an alloy of Iron, Carbon, tungsten, Chromium and vanadium.


	It is used to make cutting tools of various machines and workshop files.

	It has high hardness, high strength, high toughness, easy for re-sharping and low cost.



4)  Brass is made by mixing Copper and Zinc.


	It is used to make heat exchanger pipes and ship parts.

	It is stronger than Copper, good conductor of heat, malleable, low cost and corrosion resistance.



5)  Cost Iron is made by mixing Iron, more than 2% of Carbon, silicon and Manganese.


	It is used to make machine tool bases.

	It is easy for casting, easy for cutting, medium hardness, absorb vibration and low cost.



6)  Duralumin is an alloy of Aluminum, Copper, Magnesium and Manganese.


	It is used for making aircraft body, light truck wheels, light rivets.

	Because it has high strength, light weight, easy for shaping.



7)  Bell metal is an alloy of Bronze, Copper and tin.
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	It is used for making of Cannons, because it is easy for casting, good strength, toughness and hardness and easy for machining.


❖  Polymers (Plastics): They are compounds of carbon molecules joined together in long chains.

a) Properties of polymers:

1.  They are insulator of heat and electricity

2.  They have moderate strength

3.  They are corrosion resistance

4.  They are light in weight

5.  They are they are ductile and malleable

6.  They have low melting point

b) Types of polymers:

1.  Thermoplastics

2.  Thermosetting plastic

3.  Elastomers

i.  Thermoplastics

  Poly-ethylene (PE), Poly-Vinyl-Chloride (PVC) and Nylon are the examples of thermoplastics.

  They are used for making of bags(PE), water pipes(PVC), electric cable insulators(PE), bottles(PE) and low strength gear for toys(Nylon)

  Because they are soft, flexible, easy for manufacturing, light weight, they can be recycled and low cost.

ii. Thermosetting plastic

  Bakelite is an example for thermosetting plastic.

  It is used for making of TV covers, phone covers, handles of cookers and knobs

  Because it has more strength and hardness compared to thermoplastics.

iii. Elastomers

  These plastics are highly elastic in nature.

  Rubber is an example of elastomer; it is used for making of automobile tires.

  Because it is highly elastic and absorbs vibrations.

❖  Ceramics: are metallic and non-metallic oxides, carbides or nitrides.

a) Examples of Ceramics:

1.  Aluminum Oxide (Alumina)

2.  Silicon Nitride

3.  Tungsten Carbide

4.  Glass

5.  Cement

6.  and Sand
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i.  Alumina, Silicon Nitride are used for making of grinding machine wheels and grinding machine belt. Because they are very hard, heat resistant and can cut easily other engineering materials.

ii. Tungsten Carbide is used for making of cutting tools of machines like lathe, milling machine etc. Because it is very hard, heat resistant and can cut easily other engineering materials.

b) Properties of Ceramics:

1.  They are very hard compared to other engineering materials.

2.  They are brittle materials.

3.  They are heat resistant materials (refractory materials).

4.  They have high melting point.

5.  They are corrosion resistant.

6.  They are insulators of heat and electricity.

❖  Composite Materials: are made by mixing metal and non-metal or by mixing two different non-metals.

a) Different phases of composite materials:

1.  Major phase called Matrix

2.  And Minor phase called Reinforcement.

b) Examples of composite materials:

1.  FBR (Fiber reinforced Plastic)

2.  RCC (Reinforced Concrete Cement)

3.  C/C composite material (Carbon Fiber Reinforced Carbon).

i.  FBR (Fiber reinforced Plastic) is used for making safety helmets, sports car parts, wind turbines and light weight boats.

ii. RCC (Reinforced Concrete Cement) is made by mixing Steel and Concrete. It is used for construction of buildings and structures.

iii. C/C composite material (Carbon Fiber Reinforced Carbon) is made by mixing graphite and carbon fiber. It is used for brake discs of formula one car. Because it is hard and have good frictional properties.

❖  Semiconductors: They are materials with partial electrical conductivity. They are used for making of Electronics Boards, Diodes, Capacitors and transformers.

a) Examples of semiconductors

1.  Silicon

2.  Germanium

b) Properties of semiconductors:

1.  they are partial conductors of electricity and heat

2.  they are brittle

3.  they have low strength
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1.2  Properties of Materials



	Mechanical Properties

	Electrical Properties

	Chemical Properties

	Thermal Properties

	Physical Properties



❖  Mechanical Properties Behavior of a material under action of force.

1.  Strength

2.  Elastic limit

3.  Modulus of elasticity

4.  Ductility / Brittleness

5.  Toughness

6.  Hardness

a)  Stress- Strain:

i.  Stress:

  It is the ratio of force and area.

  Stress = Force/Area, SI Unit N/m2 or Pa

ii.  Strain:

  It is the ratio of change in length (Extension) to the original length.

  Strain = Lf – Lo / Lo, No unit

  Percentage Elongation = Strain * 100

iii.  Hooke's Law: stress is directly proportional to strain.

[image: https://qph.ec.quoracdn.net/main-qimg-b1d792057463d22cea63226bdf5cf179?convert_to_webp=true]

stress-strain curve


	
Elastic Limit: the limit that when force is removed, material comes back to its original shape.

	
Upper yield point: the point at which yielding observed at higher stress value.

	
Lower yield point: the point at which yielding observed at lowest stress value.

	
Ultimate tensile strength: the maximum stress that material can withstand before it breaks.

	
Breaking or Fracture point: the point at which material breaks.



b)  Modulus of elasticity (Young's Modulus):


	It is the ratio of stress and strain.

	Modulus of elasticity (E) = Stress/Strain

	If a material has more modulus of elasticity, it has more stiffness.
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c)  Ductility:


	When a material deforms more before fracture.

	It is very important property for making of wire.

	Pure metals like Gold, Silver, Copper and Aluminum are examples of ductile materials.



d)  Brittleness:


	When a material deforms less before fracture.

	Brittle materials fail suddenly without warning.

	Ceramics like Glass, Alumina and Silica are examples of brittle materials.



[image: https://sites.google.com/site/polymorphismmyhomepage/_/rsrc/1468890191554/investigating-material-failures/Fracture_Eng008.jpg?height=364&width=420]

Stress-Strain Curves for Ductile and Brittle Materials

e)  Toughness:


	Ability of a material to absorb energy before fracture.

	Ductile materials have more toughness than brittle materials.

	Toughness is measured in Joule.

	Toughness is measured using Charpy and Izod Testing Machine.



[image: ]

Charpy and Izod Testing Machine

f)  Hardness:


	It is the resistance to indentation.

	It is measured by force applied divided surface area of indentation (N/m2)

	Machines used for testing hardness are Brinell hardness tester, Vickers hardness Tester and Rockwell Hardness Tester.

	
[image: http://floorcentral.com/wp-content/uploads/2014/07/wood-hardness-testing-brinell.jpg]Hardest natural material is Diamond.



Hardness Testing
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❖  Electrical Properties: Behavior of a material under action of force. It is useful for making electrical products like wire, Motor etc.

1.  Electrical Conductivity

2.  Electrical Resistively

3.  Dielectric Strength

a)  Electrical Conductivity:

  It is ability of a material to pass electrical current.

  Conductivity: Silver > Copper > Aluminum

b)  Electrical Resistively:

  It is ability of a material to resist the flow of electrical current.

  High electrical resistivity materials are used as Insulator.

  Resistivity: Polymers = Ceramics > Metals

c)  Dielectric Strength:

  It is ability of a material to withstand high voltage without breaking.

  Dielectric Strength: Polymers > Ceramics > Metals

❖  Chemical Properties: Behavior of a material under Chemical Reactions.

1.  Important Chemical Properties is Corrosion.

2.  Corrosion is Oxidation of materials by react with Oxygen.

3.  Methods used to stop corrosion are Painting, Cleaning, electro-plating, galvanization, cathodic protection and chloride extraction.

4.  Corrosion Resistance: Ceramics = Polymers > Metals

❖  Thermal Properties: Behavior of a material under the action of heat.

1.  Co-efficient of linear expansion

2.  Specific heat

a)  Co-efficient of linear expansion:

  Materials expand when temperature increases.

  High Co-efficient means, material expands more with small temperature.

  Co-efficient of linear expansion: Polymers > Metals > Ceramics

b)  Specific heat:

  The amount of heat energy required to rise the temperature of 1 Kg of substance by 10.
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[image: ]  Specific heat (C) = Heat Energy

Mass × Change in Temperature

, SI units- J/Kg. K

  High specific heat means, more heat energy required to rise its temperature.
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