	Material Selection

	 Properties of Engineering Materials 

	Objectives
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	1.
	To recognise the need of study of engineering materials.

	
	

	
	2.
	To classify different types of engineering materials.

	
	

	
	3.
	To identify the properties of engineering materials, with particular to mechanical properties.

	
	

	
	4.
	To identify the properties of ferrous material, non-ferrous material, plastics, ceramics and elastomers.

	

	

	Materials and engineering


	Chemical, pharmaceutical, manufacturing, fabricating, industrial product, oil and gas, battery and fuel, mining, steel, and energy engineering all involved with materials. Materials also constitute a very important part of our modern day life in many segments such as transportation, housing, clothing, communication, recreation, food production, etc. 

	

	All engineers at one time or another will need to select the right material for a design problem. The properties and behaviour of materials must be known. The study of materials aims at:


	1
	To fulfill the property requirement under the in-service condition, e.g. strength, electrical conductivity under a given range of temperature, etc.

	2
	To make a trade-off or compromise between conflicting properties, as long as the compromise is acceptable, e.g. a material with high strength may have limited ductility.

	3
	To consider the longer term deterioration of material properties that may occur during service operation by corrosion, exposure to heat or UV light radiation, etc.

	4
	To consider the cost, including the manufacturing processes the material has to go through to become a finished product.

	5
	and more.......


	Classification of materials


	Most solid materials can be grouped into three basic classifications: metals, ceramics and polymers. This scheme is based primarily on chemical makeup and atomic structure. In addition there are two other groups of important engineering materials: composites and semiconductors.

	


	Select a group
	metals
	ceramics
	polymers

	
	composites
	semiconductor
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	Metallic materials are normally combination of metallic elements. Metals usually have a large number of non-localized electrons, i.e. electrons not bound to any particular atoms.  Many special properties of metals are explained by these electrons. Metals are not transparent to visible light and has a lustrous appearance. Metals are strong, yet deformable. In general, metals can be categorized into ferrous and non-ferrous metals.
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	Polymers include the familiar plastic and rubber materials. Many of them are organic compounds that are chemically based on carbon, hydrogen and other non-metallic elements. They have very large molecular structures, low densities and may be extremely flexible.
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	Composites are materials that consist of more than one material type. For example, fiberglass consists of glass fibers embedded within a polymeric material. A composite is designed to display a combination of the best characteristics of each of the component materials. Fiberglass acquires strength from the glass and flexibility from the polymer.
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	Semiconductors have electrical properties that are intermediate between the electrical conductors and insulators. Their electrical characteristics are extremely sensitive to the presence of very small amount of concentrations of impurity atoms. The concentration of these impurity atoms can be controlled over a small spatial regions to affect the electrical characteristics. The semiconductors have made possible the advent of integrated circuitry that has totally revolutionized the electronics and computer industries over the last two decades.


	Materials and properties


	The important properties of solid materials may be grouped into six different categories:


	Select a category
	mechanical
	electrical
	magnetic

	
	thermal
	optical
	chemical


	The mechanical properties of a material are concerned with the effects of stress on the material. Different material react differently when a stress is applied to it. 
· It may change its shape permanently, e.g. bending a copper sheet. 

· It may break into pieces, e.g. hitting a wine glass. 

· It may not change its shape at all, .e.g. pulling a steel block with two hands. 

· It may change its shape but regain its original shape when the stress is removed, e.g. stretching a piece of rubber. 




	Select a category
	mechanical
	electrical
	magnetic

	
	thermal
	optical
	chemical


	Materials can be either a conductor or an insulator of electricity. Within the conductors, different materials may have different degrees of capabilities in conducting electrical current. There is also a class of materials that are between conductors and the insulators: the semiconductors. 

	Select a category
	mechanical
	electrical
	magnetic

	
	thermal
	optical
	chemical


	Many materials are ferromagnetic. Some are magnetically soft, i.e. their magnetic domains can be easily re-oriented under the influence of an imposed magnetic field (e.g. the core sheets in transformers or motors). Some are magnetically hard materials and they are difficult to re-magnetize (e.g. permanent magnets). Once magnetized during manufacturing, the magnetic strength remains. Some can magnetize and de-magnetize repeatedly (e.g. magnetic recording or data storage). 

	Select a category
	mechanical
	electrical
	magnetic

	
	thermal
	optical
	chemical


	Thermal properties such as the coefficient of expansion, specific heat, and latent heat of fusion and evaporation are important in many engineering design and manufacturing considerations. Thermal conductivity and heat transfer are often important considerations in engineering design in which heat movement can be either promoted or hindered. 

	Select a category
	mechanical
	electrical
	magnetic

	
	thermal
	optical
	chemical


	Optical properties can be important for technical or aesthetic reasons. Some materials absorb light and are opaque. Some allow light to go through, and are transparent (e.g. amorphous polymers, glasses and ceramics). Some are translucent (partially transparent) which can be the inherent nature of the materials or by manufacturing processes performed on the transparent materials (e.g. cutting a transparent acrylic material). 


	Select a category
	mechanical
	electrical
	magnetic

	
	thermal
	optical
	chemical


	For design considerations, many chemical properties of materials  have to be considered in order for the engineering parts to have a long and effective service life: 

· the original chemical composition of the material 

· the physical and chemical environments in which the part will be exposed to 

· the duration of the service life 

· the changes that can occur during the manufacturing processes to make the part 




	Mechanical properties of materials


	In the discipline of mechanical and manufacturing engineering, it is most commonly considered the mechanical properties of materials and used for engineering design purposes.

	


	Elasticity
	It is the ability of a material to return to its original shape after being deformed or strained due to stress resulting from the application of forces. Elastic Modulus or Young's Modulus is used to indicate how far a material can be stretched before it is permanently (plastically) deformed.

	Tensile strength
	It is also called the Ultimate Tensile Strength (UTS). It is the maximum stress that a material can be stretched in a tensile fashion before catastrophic failure. Although it is still at a distance from breaking (rupture), the material at this stage is practically considered totally damaged. This is a very common and important measurement for the strength of the material.

	Shearing strength
	It is also called the Ultimate Shearing Strength (USS). It is the maximum stress needed to break a material by shearing.

	Ductility
	Ductility is the ability of the material to undergo deformation without fracture. It has a high capability of plastic deformation.

	Brittleness
	Brittleness is the opposite of ductility. A brittle material deforms only elastically. At some critical stress, fracture occurs suddenly.

	Hardness
	It is the resistance of a material to deformation.

	Toughness
	It is the ability of the material to absorb energy.

	Fatigue resistance
	It is a material's resistance to fatigue. A material may fail when it is subject to a cyclic application of stresses for a long time. Although the stresses are much smaller than the UTS to cause damage in one single application, its cumulative effect will cause the material to crack and fail.

	Creep resistance
	When a stress is applied to a material, it will be strained. When the stress is within the material's elastic range, its strain should be constant. But when the stress is constantly present, then the strain may increase over time. This phenomenon is called creep.


	Ferrous metals


	Ferrous metals, which are based on iron-carbon alloys, includes plain carbon steel, alloy steels, stainless steel and cast iron. Steels are typically produced in two ways: by refining iron ore or by recycling scarp steel. The mechanical properties of ferrous metals are sensitive to the content of carbon as well as the concentrations of other alloying elements.
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	wrought iron


	Composition
	Fe (almost pure)

	Elasticity
	medium

	Tensile strength
	340 MPa

	Ductility
	medium - high

	Hardness
	medium

	Toughness
	high

	Machinability
	good

	Additional properties
	malleable; shock resistant; can be bent, forged, hammer-welded

	Typical uses
	chain links, ornamental work, etc.


	low carbon steel


	Composition
	up to 0.25% C

	Elasticity
	high

	Tensile strength
	430 - 480 MPa

	Ductility
	medium

	Hardness
	medium

	Toughness
	high

	Machinability
	fair - good

	Additional properties
	most commonly used; cheap; magnetic; can be welded, forged, case-hardened

	Typical uses
	lightly stressed parts, nails, car bodies, chains, rivets, wire, structural parts, etc.


	medium carbon steel


	Composition
	0.25 - 0.6% C

	Elasticity
	high - very high

	Tensile strength
	480 - 620 MPa

	Ductility
	low - medium

	Hardness
	high

	Toughness
	medium

	Machinability
	fair - poor

	Additional properties
	weldable at lower carbon contents; with increased carbon contents brittleness is increased

	Typical uses
	axles, spindles, couplings, shafts, tubes, gears, forgings, rails, hand tools, dies, ropes, keys, etc.


	high carbon steel


	Composition
	0.6 - 1.5% C

	Elasticity
	very high - extremely high

	Tensile strength
	620 - 820 MPa

	Ductility
	low

	Hardness
	very high

	Toughness
	very low

	Machinability
	very poor (anneal)

	Additional properties
	with increased carbon content brittleness is further increased and ductility is decreased

	Typical uses
	hammers, chisels, screws, drills, taps, dies, blades, punches, knives, saws, etc.


	nickel steel


	Composition
	0.1-4% C, 0.04-1.5% Mn, 1-5% Ni

	Elasticity
	medium - extremely high

	Tensile strength
	310 - 700 MPa

	Ductility
	medium

	Hardness
	high

	Toughness
	very high

	Machinability
	poor

	Additional properties
	nickel improves strength and toughness

	Typical uses
	axles, crankshafts, car parts, camshafts, gears, pins, pinions, etc.


	stainless steel


	Composition
	0.05-0.1% C, 0.8-1.5% Mn, 8.5-18% Ni, 12.5-18% Cr

	Elasticity
	medium - very high

	Tensile strength
	650 - 900 MPa

	Ductility
	medium - high

	Hardness
	medium - very high

	Toughness
	medium - low

	Machinability
	good - fair

	Additional properties
	over 12% Cr protects surfaces from corrosion; 18/8 (Cr/Ni) steel is acid resistant

	Typical uses
	chemical plants, kitchen equipment, cutlery, springs, circlips, etc.


	manganese steel


	Composition
	0.35-1.2% C, 1.5-12.5% Mn

	Elasticity
	very high

	Tensile strength
	700 - 850 MPa

	Ductility
	medium - high

	Hardness
	very high

	Toughness
	high

	Machinability
	extremely poor

	Additional properties
	wear resistant; non-magnetic

	Typical uses
	cutting tools, stone-crushing jaws, dredging equipment, press tools, railway crossings, etc.


	heat resisting steel


	Composition
	0.1% C, 1.5% Si, 1% Mn, 19% Cr, 11% Ni

	Elasticity
	high

	Tensile strength
	690 MPa

	Ductility
	high

	Hardness
	medium

	Toughness
	high

	Machinability
	poor

	Additional properties
	resistant to heat and thermal shock; 10000C max. working temperature

	Typical uses
	burner nozzles, components exposed to high temperatures, etc.


	low-alloy nickel-chrome steel


	Composition
	1-5% Ni, 0.6-1.5% Cr

	Elasticity
	high - extremely high

	Tensile strength
	930 - 1500 MPa

	Ductility
	low

	Hardness
	very high

	Toughness
	high

	Machinability
	good

	Additional properties
	with heat treatment, a wide range of properties may be obtained

	Typical uses
	highly stressed parts, connecting rods, shafts, gears, driving shafts, crankshafts, etc.


	grey cast iron


	Composition
	approx. 3-4% C, 1.2-2.8% Si, 0.5-1% Mn

	Elasticity
	extremely low

	Tensile strength
	170 - 350 MPa

	Ductility
	approx. zero

	Hardness
	very high

	Toughness
	very low

	Machinability
	good

	Additional properties
	cheap; easily cast; corrosion and wear resistant; strong in compression; damps vibrations; self-lubricating

	Typical uses
	machine frames, pistons, cylinders, pipes, pulleys, gears, slides, etc.


	ductile iron


	Composition
	spheroidal-graphite irons, nodular irons

	Elasticity
	very high

	Tensile strength
	370 - 725 MPa

	Ductility
	medium

	Hardness
	very low - high

	Toughness
	medium

	Machinability
	fair - excellent

	Additional properties
	added magnesium reduces graphite flakes to spheroids, increasing ductility, strength and shock resistance

	Typical uses
	machine frames, pump bodies, pipes, crankshafts, hand tools, gears, dies, office equipment, etc.


	malleable iron


	Composition
	2-3% C, 0.1-0.5% P, 0.5-6% S, 1-5% Si, 0.4-21% Ni, 0.1-5% Cr

	Elasticity
	medium

	Tensile strength
	280 - 510 MPa

	Ductility
	very low - low

	Hardness
	medium

	Toughness
	low

	Machinability
	excellent - good

	Additional properties
	increased ductility and malleability; shock and corrosion resistant; not weldable; can be cast and forged

	Typical uses
	brake drums, levers, links, shafts, hinges, spanners, chains, wheels, vice bodies, etc.


	Plastics


	Plastic materials are made from light elements, such as carbon, oxygen and nitrogen. The behavioural characteristics of plastics are different from metals and these properties are available through the addition of additives and reinforcements. 

	


	plastics
vs
metals
	1
	plastic materials are inherently flexible, allowing the design of snap fits and living hinges, which save assembly cost

	
	2
	injection moulded plastics allow part consolidations that reduce costs

	
	3
	plastic materials exhibit a high strength to weight ratio, allowing structures of lighter weight

	
	4
	plastic's excellent friction and wear characteristics offer opportunities for self-lubricated busings and bearings

	
	5
	plastic's corrosion resistance reduces the need for paints and coatings

	types of plastics
	1
	thermoplastic material - can be melted and frozen from liquid to solid repeatedly with the application of heat or cold

	
	2
	thermosetting material - cannot turn back into liquid once hardened into a solid state; will simply burn or disintegrate at high temperature

	thermoplastics
vs
thermosets
	1
	thermosetting materials have superior abrasion resistance (hardness), rigidity, and high maximum service temperature

	
	2
	thermosetting materials have lower impact value, and they tend to be brittle and break more easily

	
	3
	thermoplastic materials have shorter moulding time cycle, therefore the processing is less costly than for the thermosetting materials


	Thermoplastic materials


	Thermoplastic materials are plastics that can be repeatedly softened and moulded by heating, then hardened by cooling. Thermoplastics can be subdivided into crystalline and amorphous materials. Examples of the thermoplastic materials are discussed below: 

	


	crystalline
	materials that have a definite melting point at which they go from solid to molten

	amorphous
	materials that gradually soften as they get hotter until they melt together
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	polypropylene (PP)


	Relative density
	0.9

	Flammability
	slow burning

	Tensile strength
	30 - 35 MPa

	Elongation
	50 - 600%

	Impact value
	1 - 10 J

	Max working temperature
	1000C

	Chemical resistance
	very good

	Additional properties
	strong; stiff; very light; good temperature resistance and electrical insulation

	Typical uses
	pipes and fittings, bottles, crates, cable insulation, tanks, cabinets for radios, shoe heels, pumps, etc.


	polyethylene (PE)


	Relative density
	0.92 - 0.95

	Flammability
	slow burning

	Tensile strength
	11 - 31 MPa

	Elongation
	50 - 800%

	Impact value
	5 - 15 J

	Max working temperature
	85 - 1250C

	Chemical resistance
	good

	Additional properties
	tough; dimensionally stable; improves weather resistant with UV filter pigment

	Typical uses
	buckets, food containers, bags, bottles, pipes, electrical insulation, chemical equipment, etc.


	polytetrafluorethylene (PTFE)


	Relative density
	2.13 - 2.19

	Flammability
	non-flammable

	Tensile strength
	17 - 25 MPa

	Elongation
	200 - 600%

	Impact value
	3 - 5 J

	Max working temperature
	2600C

	Chemical resistance
	excellent

	Additional properties
	low coefficient of friction; tough; heat resistant; weather and corrosion resistant; can be machined

	Typical uses
	bearings, gaskets, valves, chemical plants, electrical-insulation tapes, non-stick coatings for frying pans, etc.


	nylon 66


	Relative density
	1.14

	Flammability
	self-extinguishing

	Tensile strength
	70 MPa

	Elongation
	60 - 300%

	Impact value
	1.5 - 15 J

	Max working temperature
	1200C

	Chemical resistance
	good

	Additional properties
	strong; stiff; tough; abrasion resistant; high degree of rigidity; low-friction property

	Typical uses
	bearings, gears, cams, pulleys, combs, bristles for brushes, ropes, fishing lines, raincoats, containers, etc.


	acetal polyoxymethylene copolymer (POM)


	Relative density
	1.41

	Flammability
	self-extinguishing

	Tensile strength
	60 - 70 MPa

	Elongation
	65%

	Impact value
	0.5 - 2 J

	Max working temperature
	1000C

	Chemical resistance
	good

	Additional properties
	strong; creep resistant; fatigue endurance; dimensionally stable; good electrical insulation; 

	Typical uses
	plumbing fittings, bearings, gears, cams, valves, counters, pump parts, etc.


	polystyrene (PS)


	Relative density
	1.05 - 1.08

	Flammability
	slow burning

	Tensile strength
	50 MPa

	Elongation
	1 - 35%

	Impact value
	0.25 - 2.5 J

	Max working temperature
	1000C

	Chemical resistance
	good

	Additional properties
	rather brittle; transparent; toughening with rubber improves impact and heat resistance

	Typical uses
	vending machine cups, housings for cleaners and cameras, radio cabinets, furniture, toys, etc.


	polyvinyl chloride (rigid PVC, plasticized PVC)


	Relative density
	1.34 - 1.40

	Flammability
	self-extinguishing

	Tensile strength
	50 MPa

	Elongation
	10 - 380%

	Impact value
	1.5 - 18 J

	Max working temperature
	70 - 1050C

	Chemical resistance
	good

	Additional properties
	rigid PVC is hard, tough, strong, stiff, abrasion resistant; plasticized PVC is more flexible

	Typical uses
	pipes, bottles, chemical plant, lighting fittings, curtain rails, cable covers, toys, balls, gloves, etc.


	polymethylmethacrylate (perspex, PMMA)


	Relative density
	1.19

	Flammability
	slow burning

	Tensile strength
	55 - 80 MPa

	Elongation
	3 - 8%

	Impact value
	0.5 - 0.7 J

	Max working temperature
	950C

	Chemical resistance
	good

	Additional properties
	completely transparent; strong; stiff; shatter and weather resistant; will not discolour; can be decorated

	Typical uses
	lenses, aircraft glazing windows, roof lighting, sinks, baths, knobs, telephones, dentures, machine guards, etc.


	acrylonitrile-butadiene-styrene (ABS)


	Relative density
	1.1

	Flammability
	self-extinguishing

	Tensile strength
	30 - 35 MPa

	Elongation
	10 - 40%

	Impact value
	7 - 12 J

	Max working temperature
	1000C

	Chemical resistance
	very good

	Additional properties
	tough; strong; dimensionally stable; good electrical insulation property; can be machined and fabricated 

	Typical uses
	television and radio cabinets, motor vehicle radiator grills and panels, battery cases, safety helmets, pipes, water pump and refrigerator parts, etc.


	polycarbonate (PC)


	Relative density
	1.2

	Flammability
	slow burning to self-extinguishing

	Tensile strength
	60 - 70 MPa

	Elongation
	60 - 100%

	Impact value
	10 - 20 J

	Max working temperature
	1300C

	Chemical resistance
	good

	Additional properties
	strong; tough; high scratch resistance; dimensionally stable; good electrical insulation and optical properties, can be machined and fabricated 

	Typical uses
	electrical insulators, capacitor dielectrics, lightweight, 'unbreakable' spectacle lenses, aircraft components and windows, vehicle components, etc.


	Thermosetting materials

	



	Thermosetting materials are plastics that undergo a chemical change when moulded: they become permanently rigid and incapable of being softened again. Thermosetting materials are stronger, more rigid and more brittle than thermoplastics. Examples of the thermoplastic materials are discussed below: 
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	phenol formaldehyde (PF)


	Relative density
	1.35 - 1.5

	Flammability
	very slow burning

	Tensile strength
	50 - 60 MPa

	Elongation
	0 - 1%

	Impact value
	0.5 - 1.5 J

	Max working temperature
	75 - 1200C

	Chemical resistance
	very good

	Additional properties
	brittle; heavy; hard; rigid; dark coloured; darken under influence of light; very popular thermoset 

	Typical uses
	vacuum cleaners, ash trays, buttons, cameras, electrical equipment, dies, handles, gears, costume jewellery, etc.


	urea formaldehyde (UF)


	Relative density
	1.4 - 1.55

	Flammability
	very slow burning to non-flammable

	Tensile strength
	50 - 75 MPa

	Elongation
	0 - 1%

	Impact value
	0.3 - 0.5 J

	Max working temperature
	750C

	Chemical resistance
	good

	Additional properties
	hard; brittle; rigid; scratch resistant; good electrical insulation property; good colour stability 

	Typical uses
	domestic electrical equipment (plugs, sockets and switches), domestic utensils and toys, building panels, etc.


	melamine formaldehyde (MF)


	Relative density
	1.4 - 1.55

	Flammability
	very slow burning to non-flammable

	Tensile strength
	56 - 80 MPa

	Elongation
	0 - 0.7%

	Impact value
	0.2 - 0.5 J

	Max working temperature
	1000C

	Chemical resistance
	good

	Additional properties
	hard; brittle; rigid; scratch resistant; good electrical insulation property; good colour stability 

	Typical uses
	domestic electrical equipment (plugs, sockets and switches), domestic utensils and toys, building panels, etc.


	epoxy resins


	Relative density
	1.12 - 1.19

	Flammability
	slow burning to self-extinguishing

	Tensile strength
	55 - 60 MPa

	Elongation
	5 - 10%

	Impact value
	0.5 - 1.5 J

	Max working temperature
	170 - 2000C

	Chemical resistance
	good

	Additional properties
	due to many constituents, epoxy resins can be liquids, solutions, pastes or solids; when bonding with glass fibre fillers, they are resistant to water and most reagents; excellent electrical insulation properties 

	Typical uses
	adhesive, surface coatings, flooring, electrical insulation, glass-fibre laminates, furniture, etc.


	unsaturated polyester (UP)


	Relative density
	1.12

	Flammability
	slow burning to self-extinguishing

	Tensile strength
	55 MPa

	Elongation
	2%

	Impact value
	0.5 - 1 J

	Max working temperature
	2000C

	Chemical resistance
	fair

	Additional properties
	good impact resistance and surface hardness; strong when reinforced with glass fibre;

	Typical uses
	domestic baths, boat hulls, car bodies, etc.


	Elastomers


	Elastomers refer to ductile, tough polymers that frequently have high elasticity. Natural rubber is an obvious and very important elastomer. Most elastomers are formulated to meet a specific property requirement found lacking in natural rubber. Because most elastomers lend themselves to being compounded with many different materials, the choice of elastomers compounds available and the range of their uses is unlimited. Examples of the elastomers are discussed below:
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	natural rubber (polyisoprene)


	Elongation
	excellent

	Heat aging
	good

	Flame resistance
	poor

	Tear resistance
	good

	Abrasion resistance
	excellent

	Compression set resistance
	good

	Chemical resistance
	poor to fair

	Freedom from odour
	excellent

	Max working temperature
	1000C

	Typical uses
	vehicle tyres (modified by additives and vulcanization)


	nitrile rubber


	Elongation
	good

	Heat aging
	excellent

	Flame resistance
	poor

	Tear resistance
	fair

	Abrasion resistance
	good

	Compression set resistance
	good

	Chemical resistance
	excellent

	Freedom from odour
	fair

	Max working temperature
	1300C

	Typical uses
	petrol and fuel oil hoses, hose linings, aircraft fuel tank linings, etc.


	silicone rubber


	Elongation
	fair

	Heat aging
	excellent

	Flame resistance
	fair

	Tear resistance
	poor

	Abrasion resistance
	poor

	Compression set resistance
	fair

	Chemical resistance
	poor to fair

	Freedom from odour
	fair

	Max working temperature
	2900C

	Typical uses
	space vehicles, artificial satellites, etc.


	butyl rubber


	Elongation
	fair

	Heat aging
	excellent

	Flame resistance
	poor

	Tear resistance
	good

	Abrasion resistance
	good

	Compression set resistance
	fair

	Chemical resistance
	poor

	Freedom from odour
	good

	Max working temperature
	1200C

	Typical uses
	hose linings, construction industry sealant, etc.


	polyurethane rubber


	Elongation
	fair

	Heat aging
	good

	Flame resistance
	excellent

	Tear resistance
	excellent

	Abrasion resistance
	excellent

	Compression set resistance
	good

	Chemical resistance
	good

	Freedom from odour
	excellent

	Max working temperature
	1200C

	Typical uses
	shoe heels, painting rollers, mallet heads, oil seals, diaphragms, anti-vibration mountings, gears, pump impellers, cushion tyres, etc.


	polychloroprene rubber (neoprene)


	Elongation
	excellent

	Heat aging
	very good

	Flame resistance
	good

	Tear resistance
	good

	Abrasion resistance
	excellent

	Compression set resistance
	fair

	Chemical resistance
	good

	Freedom from odour
	good

	Max working temperature
	1300C

	Typical uses
	electrical insulators, gaskets, hoses, engine mounts, sealants, rubber cements, protective clothing, etc.


	Ceramics


	Ceramics are inorganic, non-metallic materials, which are processed and may be used at high temperatures. They consist mainly of silicon chemically combined with non-metallic elements such as oxygen, carbon and nitrogen and with metallic compounds. 

	


	General properties
	1
	generally hard and brittle, does not readily deform plastically

	
	2
	high electrical resistance

	
	3
	high melting temperatures

	
	4
	low electrical and thermal conductivity

	
	5
	high compressive strengths

	
	6
	chemically inert

	
	7
	can be optically opaque, semi-transparent, or transparent

	Type 1:
Crystalline ceramics
	1
	composed mainly of silicon and oxygen

	
	2
	uses:
whiteware, e.g. pottery
structural clay products, e.g. brick, tile, terracotta, etc,
refractory, e.g. high temperature resistant products, crucible, etc.
Portland cement
abrasives, e.g. grinding wheels

	Type 2:
Glasses
	1
	silicon oxide based composition

	
	2
	uses:
borosilicate glass, e.g. cookware, window glasses, etc.
E-glass (electrical-grade glass), e.g. fibre reinforcing component in composites
enamels, e.g. glass coatings applied to metals

	Type 3:
Glass ceramics
	1
	initially shaped as a glass, then heat treated to crystallize over 90%

	
	2
	special properties:
good resistance to thermal shock
strength is greater than traditional glasses

	
	3
	uses:
cooking utensils, e.g. Corning ware
medical, e.g. dental restoration
engineering, e.g. space vehicles, electronic, etc.


	Tutorial
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	The 13A plug is one of the most common electrical components we use. It contains numerous parts and together with the cable and socket, it is an essential part of almost every household electrical device.

The various parts of a 13A plug are categorized below. Identify the material of construction for the different parts of the plug. 

	Parts of 13A plug

	good conductors
	good insulators
	associative parts

	[image: image12.jpg]o« wmy

e dlip

fsconds




	[image: image13.jpg];-

o ci
T

N lip




	[image: image14.jpg]P s






Page20

