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Metallurgy: Is the science and technology of metals. 

Solid Solution: Is a solution in solid state. Solid a Solution 

Exists in a single phase with two or more components. 

Substitutional Solid Solution: In this type there is direct 

substitution of one type of atom for another so that solute atoms 

(Cu) enter the crystal to take positions normally occupied by 

solvent atoms. 

Interstitial Solid Solution: Are formed when solute atoms are 

very small when compared to solvent atoms. 

Unit Cell: The unit cell is the smallest structure that repeats 

itself by translation through the crystal. The most common types 

of unit cells are the faced-centered cubic (FCC), the body-

centered cubic (FCC) and the hexagonal close-packed (HCP). 

Other types exist, particularly among minerals. 
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Alloy: An alloy is a mixture or metallic solid solution composed 

of two or more elements. Complete solid solution alloys give 

single solid phase microstructure, while partial solutions give 

two or more phases that may or may not be homogeneous in 

distribution, depending on thermal (heat treatment) history. 

Alloys usually have different properties from those of the 

component elements 

Ionic Bonding: This is the bond when one of the atoms is 

negative (has an extra electron) and another is positive (has lost 

an electron). Then there is a strong, direct Coulomb attraction. 

Polycrystalline Materials: A solid can be composed of many 

crystalline grains, not aligned with each other. It is called 

polycrystalline. 

Component: Pure metal or compound (e.g., Cu, Zn in Cu-Zn 

alloy, sugar, water, in syrup.) 
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Solvent: Host or major component in solution. 

Solute: Dissolved, minor component in solution. 

Phase :Part with homogeneous physical and chemical 

characteristics. 

Critical Temperatures: The temperatures at which the changes 

in phase occur during heating abd cooling are called as critical 

temperatures. 

Hypo-eutectoid steels: Carbon content varies between 0.008% 

to just 0.83% are called Hypo-eutectoid steels. 

Eutectoid Steels : Carbon content ideally of 0.83% 

Hyper-Eutectoid Steels : carbon content more than 0.83% 
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INTRODUCTION 

 Many metals are capable of having their atoms arranged 

in different patterns depending on the temperature. This 

phenomenon of polymorphism is often refereed to as allotropy. 

 Allotropic changes involve volume changes and changes 

in mechanical properties. 

 A ferrous material is one which contains a majority of the 

allotropic element iron. 

 They form the vast majority of engineering metallic 

materials since they are both comparatively cheap and have high 

elastic module 

 The allotropic behavior the ferrous materials could be 

heat treated to vary the mechanical properties. Materials, when 

examined microscopically, may be observed to be single phase, 

or to contain more than one phase. 

MECH-KIOT 



 A phase may be defined as a portion of matter which is 

homogeneous 

 An unsaturated solution of common salt in water is a 

single phase. 

 The amount of salt is increased beyond the saturation 

limit the system will have two phases, with a saturated solution 

of salt in water in equilibrium with excess solid salt.  

 The study of phase relationships plays an important role 

in the understanding of the properties of materials. 
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IMPURITIES IN SOLIDS 

 A Pure metal consisting of only one type of atom is 

almost impossible. Practically impurities or foreign atoms 

always present in all materials. 

 

ALLOYS 

 A metal alloy, or simply an alloy, is a mixture of two or 

more metal (metals) and a non – metal ( non-metals). 

 the element which is present in the largest proportion is 

called the base metal, and all other emements present are called 

alloying elements.  
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SOLID SOLUTIONS 

 A Solid solution is the simplest type of alloy. 

 A solution can be defined as a homogenous mixture in 

which the atoms or molecules of one substance are dispersed at 

random in to another substance. 

 

A solid solutions is composed of two types 

1.Solute: A solute is the minor part of the solution or the material 

which is dissolved. 

2.Solvent: Solvent constitutes the major portion of the solution. 

  Both the  solute and the solvent can be solid, liquid, or 

gas. 
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HUME ROTHERY‟S RULES 

 To form an extensive solid solution (i.e, greater than 10 

atomic present soluble), the solute and solvent elements should 

obey the following general rules of Hume Rothery. 

 

1.SIZE FACTOR 

 The atoms must be of similar size, with less than a 15% 

difference in atomic radius(in order to minimize the lattice 

strain.) 

2.CRYSTAL STRUCTURE 

 The materials must have the same crystal structure. 

Otherwise, there is some point at which a transition occurs from 

one phase to a second phase with a different structure. 
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3.VALENCE 

 The atoms must have the same valence. Otherwise the 

valence electron difference encourages the formation of 

compounds rather than solutions. 

4.ELECTRONEGATIVITY 

 The atoms must have approximately the same 

electronegativity. Electronegativity is the ability of the atom to 

attract an electron. If electronegativity differ significantly , then 

the compounds will form. 
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POSSIBILITIES OF SOLID SOLUTION 

 There are three possible solid solutions based on the 

amount of their elements. They are: 

1.Unsaturated solid solution  

 if the solvent is dissolving small amount of solute as well 

as at a given temperature and pressure, it is called unsaturated 

solid solution. 

2.Saturated solid solution 

If the solvent is dissolving limiting amount of solute, it is called 

saturated  solid solution. 

3.Supersaturated solid solution 

 if the solvent is dissolving more of solute than it should, 

under equilibrium, it is called supersaturated solid solution. 
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Types of solid solution 

 two kinds of solid solutions formed are: 

1.Substitutional solid solutions 

(a) Random, and (b) ordered. 

2.Interstitial solid solution 

1.Substitutional solid solutions 

 when the solute atoms (impurities) substitute for parent 

solvent atoms in a crystal lattice, they are called substitutional 

atoms, and the mixture of the two elements is called a 

substitutional solid solution.   
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(a) Random (or Disordered) Substitutional Solid Solution 

 In the formation of a substitutional solid solution, the 

solute atoms do not occupy any specific position but are 

distributed at random in lattice structure of the solvent . This 

alloy is said to be in a random or disordered condition. 

(b) Ordered Substitutional Solid Solution 

 if the solute and solvent atoms take up some preferred 

position, then the solution is called ordered substitutional solid 

solution or super lattice. 

 

2.Interstitial Solid Solution 

 In interstitial solid solution, the solute atoms fit in to the 

space between the solvent or parent atoms. These spaces or 

voids are called interstices.  
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INTERMEDIATE PHASES 

 If an alloying element is added in excess of the limit of 

solid solubility, a second phase appears along with the primary 

solid solution. This second phase may be a primary solid 

solution of base metal in the alloying element, or an 

“intermediate” phase ( which differs in both crystal structure and 

properties from primary solid solution). 

 This intermediate phases may have either narrow or wide 

ranges of homogeneity, and may or may not include a 

composition having a simple chemical formula. 

INTERMETALLIC COMPOUNDS 

 the compounds formed by two or more metals in an 

apparently stoichiometric proportion is called intermetallic 

compounds.  
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INTERMETALLIC COMPOUNDS 

 The compounds formed by two or more metals in an 

apparently stoichiometric proportion is called intermetallic 

compounds. 

 Intermetallic compounds are intermediate phases only 

when they have (i) a narrow range of homogeneity; (ii) simple 

stoichiometric proportions i.e, chemically correct proportions; 

and (iii) atoms of identical crystal structures. 

 These intermetallic compounds and solid solutions are 

used to obtain many properties in industrial alloys. Some of the 

intermetallic compounds are given below. 

1.Interstitial compounds 

  Interstitial compounds are a special case of intermetallic 

compounds. They form between transition elements upon 

exceeding the solubility limit of the interstitial element. 
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2.Valency compounds 

 Intermediate phases which tend to obey valence laws are 

known as valency compounds. 

Examples: These phases are most often in the form of oxides, 

fluorides, hydrides are carbides. 

3.Electron compounds  

 If two meals consist of atoms of more or less similar size 

but different valency, then the compounds formed are called 

electron compounds. 

Examples: Cu3Al, CuZn, NiAl, Cu3Sn, etc., are some of the 

electron compounds. 
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 Phase diagrams are graphical representations of what 

phases are present in a material system at various temperatures, 

pressures, and compositions. 

 Phase diagrams are also known as equilibrium diagram or 

constitutional diagrams. 

 

Why Should Phase Diagrams Be Studied  

 The phase diagrams can answer the following important 

questions: 

What condition is the material in? 

Is the composition uniform throughout? If not, how much of 

each component is present? 

Is something present that may given undesired properties? 

What will happen if temperature is increased or decreased; 

Pressure is changed; or composition is varied? 
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Information From Phase Diagrams 

 The phase diagrams are used to obtain the following 

informations: 

1.To show what phases are present at different compositions and 

temperatures under equilibrium conditions. 

2.To indicate the equilibrium solid solubility of one element in 

another element. 

3. To indicate the temperature range over which solidification of 

a material occurs. 

4.To indicate the temperature at which different phases start to 

melt. 
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Terminology used in Phase Diagrams 
 the various terms used in the study of phase diagrams 

have been explained below. 

1.Component: Components are pure metals and/or compounds 

of which an alloy is composed. 

Example: In a copper-Zinc brass, the components are Cu and Zn. 

2.System: “System” may also refer to a specific body of 

materials under considerations. For example, a ladle of molten 

metal is referred as a system. 

3.Alloy: An alloy is a mixture of two or more metals or a metal 

(metals) and a non-metal (non-metals). 

4.Solid solution: It is a solid that consists of two or more 

elements atomically in a single-phase structure. 

5.Solute: It is the minor part of the solution or the material which 

is dissolved.    
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6.Solvent: The material which contributes the major portion of 

the solution. 

7.Phase: A phase may be defined as a homogeneous portion of a 

system that has uniform physical and chemical characteristics. 

8.Equilibrium: Equilibrium is aid to exist when enough time is 

allowed for all possible reactions to be completed. 

 The equilibrium state refers to the characteristics of the 

system that remain constant indefinitely equilibrium occurs 

when the free energy of the system is at its minimum value. 

 The term phase equilibrium refers to equilibrium as it 

applies to systems in which more than one phase may exist. 

9.Solubility limit: It is the maximum concentration of solute that 

may be added without forming a new phase. 

 The addition of solution in excess of the solubility limit 

results in the formation of another solid solution or compound. 
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10.Degrees of freedom: it is the number of independent variables 

(such as temperature, pressure, and composition) that can be 

changed independently without changing the phase or phases of 

the system.  
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What is Meant by the Term phase? 

 A phase may be a portion of matter which is homogenous. 

 A phase is defined as any physically distinct, 

homogenous, and mechanically separable portion of a substance. 

Example: A pure substance such as water is a single phase. 

 The pure substance water can exist in solid, liquid and 

vapour, each of these states being a single phase. 

 Now consider the effect of adding salt (Nacl) to water. 

Salt will be dissolve in water to give a homogeneous solution. 

Thus Salt-water solution  form a single phase. 

 If more water is added in to water, then we have two 

different phases, One Phase is a fully saturated solution of 

solution in water, and the second phase is the excess undissolved 

water.  

Oil and water tend to form isolated regions and are considered as 

two distinct phases. 
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 A single-phase system is also termed as “homogeneous 

system”.  

 Systems composed of two or more phases are termed as 

„mixtures‟ or „heterogeneous systems‟. Most metallic alloys, 

ceramics, polymers, and composites are heterogeneous.    
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Phase Diagram of Pure Substance 

(One –compound phase Diagram) 

 A pure substance such as water exist in solid, liquid, or 

vapour phases, depending on the conditions of temperature and 

pressure. 

 The phase relationships may be represented on a pressure-

temperature (PT) diagram. Pressure – temperature phase 

diagram, known as one- component (or unary) phase diagram, 

for the H2O system. 

 The phase diagram is composed of regions of pressure 

and temperature where only phase is stable. 

 The line OA indicates the vapourisation line and the line 

OB indicates the freezing line. Liquid and vapour phases exist 

along the vapourisation line and liquid and solid phases along 

the freezing line. These lines are also called known as two-phase 

equilibrium lines. 
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 The point „O‟ is known as triple point. Triple point is the 

point at which three phases(Solid, Liquid, and vapour phases) of 

a single material coexist. Thus triple point of water exists at 

temperature 0.0098°C and at pressure 4.58 mm of Hg. 

 It can be noted that if pressure and temperature are 

known, the equilibrium of the system can be found. 
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 The number of phases present in any alloy depends upon 

the number of elements of which the alloy is composed. From 

the thermodynamics considerations of equilibrium, J.W.Gibbs 

has derived the following phase rule. 

 F=C‒P+2 

 Where 

F=Degree of freedom of system or the number of variables (such 

as temperature, pressure, or composition) that may be changed 

independently without altering the equilibrium; 

C=Number of components (usually elements or compounds) 

forming the system; and  

P=Number of phases present in the system. 
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Uses of Phase Rule 

 The phase rule predicts maximum number of phases 

present in the alloy under equilibrium conditions at any point of 

diagram 

 If number of phases are known, one can determine the 

degrees of freedom using the phase rule. 

  Thus the phase rule is useful to know whether the 

temperature or pressure or both variables can be changed 

without changing the structure of the alloy. 
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 Cooling curves are obtained by plotting the measured 

temperatures are equal intervals during the cooling period of a 

melt to a solid. 

1.Cooling curve for pure metal or compound 

 From P to Q, the curve proceeds at a uniform rate and at 

point Q, the first crystals begin to form. 

 As solidification proceeds, the latent heat of fusion is 

liberated in such amount that the temperature remains from Q to 

R until whole mass has entirely Solidified. The period QR is 

known as the horizontal thermal arrest. 

 Further cooling from point R will cause the temperature to 

drop along curve RS. The slopes of  PQ and RS curves depend 

upon the specific heat of liquid and solid metals respectively. 
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 In the region PQ, only liquid phase is present while in the 

region RS only solid phase is present. 

  

2.Cooling curve of a binary solid solution 

 Curve portion PQ is similar in character to that for pure 

metal. 

 Thus the system is univariant and the temperature will 

change during solidification. 

 The slope of the cooling curve will change due to the 

evolution of latent heat of crystallisation. 

 Beyond point R, there will be only solid phase and the 

temperature falls along lines RS. 
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3.COOLING CURVE OF A BINARY EUTECTIC SYSTEM 

 A binary eutectic system (or a multiphase alloy) has two 

components that are completely soluble in the liquid state but 

entirely insoluble in the solid state. 

 The system is liquid along PQ up to point Q. 

 At point Q, the temperature drops along QR and 

crystallisation of one component starts. 

 At point R, the liquid composition reaches such a level 

that two components crystallise simultaneously from the 

solution and the temperature remains until all the liquid 

solidifies. This is known as eutectic reaction. 

 Thus eutectic reaction can be defined as the 

transformation, during cooling, of a liquid isothermally and 

reversibly in to two solid phases. 

 The cooling from S to T is as usual.   
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CONSTRUCTION OF PHASE DIAGRAMS 

 The construction of the phase diagram for a binary solid 

solution (such as Cu-Ni) from series of liquid-solid cooling 

curves . 

 if two metals of a binary solid solution (such as Cu-Ni) 

system are mixed in different compositions, melted and then 

cooled, and a cooling curve can be constructed for each 

composition. 

 the cooling curves for pure metals show horizontal 

thermal arrests at their freezing  points, for pure copper and 

nickel. 

 Binary solid solutions exhibit slope changes in their 

cooling curves at the liquidus and solidus lines, at composition 

of 80% Cu-20% Ni, 50% Cu- 50%Ni, and 20% Cu- 80% Ni.  
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 The slope changes at L1,L2 and L3 correspond to the 

liquidus points L1,L2, and L3. Similarly, the slope changes at 

S1,S2 and S3 corresponds to the point S1,S2 and S3on the 

solidus line. 

  

1.Liqidus: In a phase diagram, the line above which only a 

liquid phase is present, is known as liquidus. The liquidus line 

separates liquid and liquid+Solid phase regions. 

 

2.Solidus: In a phase diagram, the line below which only a solid 

phase is present is known as solidus. 
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 Using a phase diagram, one can obtain at least the 

following three informations. 

1.The phases the are present 

2.The composition of each phase and  

3.The amount of each phase present. 

 Two metals (Sb-Bi) that are completely soluble in each 
other in both the liquid and solid states.  
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Determination of Phases present 

  By simply locating the temperature-composition 

point on the phase diagram and identifying the region of the 

diagram in which it appears, one can determine the stable 

phases. 

Point 1: With 30% Bi- 70% Sb alloy at 1200°F, only the single 

liquid phase is present. 

Point 2: With 30% Bi- 70% Sb alloy at 900°F,both liquid and 

solid phases are present. 

Point 3: With 30% Bi- 70% Sb alloy at 600°F,only the single 

solid phase is present. 
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Determination of Phase composition 

 Each phase has a composition , expressed at a percentage 

of each element in the phase. Usually the composition is 

expressed in weight percent (wt %). 

(a) Phase composition when only one phase is present in the 

alloy 

 When only one phase is present in the alloy, the 

composition of the phase equals the overall composition of the 

alloy. 

 For example 30% Bi-70% Sb alloy at 600°F. At this 

composition and temperature, only the solid phase is present, 

having a composition of 30% Bi- 70%Sb 
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(b)Phase composition when an alloy having composition and 

temperature located in a two-phase region 

 When two phases (such as liquid and solid) coexist, then 

their compositions differ from one another and also differ from 

the original overall composition. 
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 A phase diagram can be defined as a plot of the 

composition of the phases as a function of temperature in any 

alloy system under equilibrium conditions. 

 The phase diagrams can be broadly classified in to two 

groups. They are: 

1.Phase diagrams for complete solid solubility (i.e., phase 

diagrams for two metals completely soluble in the liquid and 

solid states). 

2.Phase diagrams for partial solid solubility (i.e., phase diagrams 

for two metals that are partially soluble in one another). 

3.Phase diagrams containing three-phase reactions. 
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Phase diagram for completely soluble metals 

(Two metals completely soluble in the liquid and solid states) 

(Phase diagram for binary Isomorphous alloy systems) 

 A mixture of two metals is called a binary alloy. 

 In some binary alloy systems, the two elements are 

completely soluble in each other in both the liquid and solid 

states. In these systems only a single type of crystal structure 

exists for all composition of the components, and therefore they 

are called isomorphous systems. 

The common examples of isomorphous systems are: 

1.Copper-Nickel(cu-Ni) system 

2.Antimony-Bismuth(Sb-Bi) system 

3.Gold-Silver(Au-Ag)system 

4.Cromium-Molybdenum(Cr-Mo) system 

5.Tungaten-Molybdenum(W-Mo)system 

6.Copper-Gold(Cu-Au) system. 
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 The phase diagram is divided in to three separate areas by 

two phase boundaries namely the liquidus and solidus. 

 Above the liquidus there is a uniform liquid solution, 

while below the solidus, there is a single solid solution. Between 

the liquidus and solidus, both liquid and solid coexist. 

 Unlike pure metals, alloys freeze over a range of 

temperature and that the region between the liquidus and solidus 

curves represents the temperature interval during which the 

alloys are in a pasty condition. 
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Phase Diagram for partial solid solubility 

(Phase diagrams for binary eutectic alloy systems) 

 Many materials exhibit partial solid solubility (i.e., 

materials exhibit neither complete solubility nor complete 

insolubility in the solid state). 
  Each element is soluble in the other element up to certain 

limit or saturation point. The value of this limit is a function of 

temperature. 

 If the two metals A and B are not completely soluble 

through all ranges in composition, then second phase will form 

at grain boundaries. 

 The equilibrium phase diagram for an alloy of the two 

elements A and B that exhibits partial solubility . 

The common examples of this system include : 

1.Copper-Silver (Cu-Ag) system 

2.Lead-Tin (Pb-Sn) system and 
3.Aluminium-Copper (Al-Cu) system. 
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Six phase regions/fields are found on the diagram: 

1.Liquid phase 

2.α solid solution phase  

3.Β solid solution phase 

4.α solid + liquid phase 

5. β solid + liquid phase 

6.α+β solid solution phase 

 the α phase is a solid solution in which elements of metal 

A (solvent) is more than that of metal B (solute). The β phase is 

a solid solution in which elements of metal B (solvent) is more 

than that of metal A (solute). Technically, pure metals A and B 

are considered to be α and β phase respectively. 

 The line AEF is known as liquidus line. Liquidus line is 

the line or boundary that separates liquid and liquid + solid 

phase regions. 
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 The line ABEFG is known as solidus line. Solidus line is 

the line or boundary that separates solid an solid + liquid phase 

regions. 

 The line BC and GH are known as solvus lines. Solvus 

lines separate single-phase solid regions from two phase solid 

regions. The solvus lines BC and GH also denote the maximum 

solubility limits of metal A in b and of metal B in A respectively. 

 The introduction of metal B decreases the melting 

temperature of metal A along the liquidus line AE. Similarly the 

addition of metal A decreases the melting temperature of metal B 

along the liquidus line FE. These two liquidus line melt at the 

point E on the phase diagram. This point E is known as eutectic 

point. 

 The corresponding temperature (TE) and composition    

(CE ) in the phase diagram are known as eutectic temperature and 

eutectic composition respectively. 
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 When liquid of eutectic composition is slowly cooled to 

the eutectic temperature, the single liquid phase transforms 

simultaneously in to two solid forms ( solid solutions α and β ). 

This transformation is known as the eutectic reaction. 
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Phase Diagrams containing Three-phase Reactions 

(Some important reactions pertaining to phase 

transformation) 

 There are many types of reaction that occur in binary 

equilibrium phase diagrams. Some of the important reactions 

that are found generally in different phase diagrams are: 

1.Eutectic reaction              2. Peritectic reaction 

3.Eutectoid reaction            4. peritectoid reaction 

 Like eutectic reaction, all the other reactions also 

invariant reactions. Invariant means that there are zero degrees 

of freedom. That is, the reaction with a fixed composition at a 

fixed temperature. 
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1.Eutectic Reaction 

 Eutectic reaction is the reversible, isothermal 

reaction of a liquid which transforms two different solid 

phases upon cooling. 

Eutectics are found in many metallic and ceramic 

systems. 
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2.Peritectic Reaction 

 In peritectic reaction, upon cooling, a solid and a liquid 

phase transform isothermally and reversibly to a solid phase 

having a different composition. 

Peritectic reaction is found in Sb-Sn and Pt-Ag systems. 

 in the eutectic reaction, the liquid transforms in to two 

solid phases. In the peritectic, a solid and a liquid phases 

combine to form another solid phase. Thus, the peritectic is 

considered as an „ upside –down‟ eutectic. 
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3.Eutectoid reaction 

 Unlike eutectic and peritectic transformations ( which are 

liquid-solid transformations), eutectoid involves a solid-solid 

transformation.  
 Eutectoid reaction is an isothermal reversible in which 

one solid phase transforms in two intimately mixed new solid 

phases, upon cooling. 

 Eutectoid reaction is found in many systems such as Cu-

Al, Cu-Zn, Cu-Sn, Al-Mn, Cu-Be, and so on. 
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4.Peritectoid Reaction 

 Peritectoid reaction is an isothermal reversible reaction in 

which two solid phases transform in to a third solid phase, upon 

cooling. 

 The peritectoid is an „upside-down‟ eutectoid. 

 Peritectoid systems are found in Ni-Zn, Fe-Nb, Cu-Sn, 

Ni-Mo, and many other systems. 
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INTRODUCTION 

 Iron has been widely used by man for thousand of years. 

The availability comparatively low cost, and the wide range of 

properties have made irons and steels materials of great 

importance. Steels and cast irons containing varying percentage 

of carbon and other alloying elements are very popular 

engineering materials. In fact, irons and steels account for more 

than 90% of the total tonnage of all metals used today. 

 Because of its outstanding commercial importance, the 

study of iron-carbon alloys in detail is very essential for the 

engineering. 
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Pure iron is allotropic metal. 

 Allotropy refers to the possibility of existence of two or 

more different crystal structures for a substance depending upon 

temperature. This phenomenon is also known as polymorphism. 

 the pure iron exists in three allotropic forms i.e., α iron,    

γ iron and δ iron. 

1.α iron – Body Centered Cubic (BCC) – Stable at temperatures 

up to 908°C. 

2. γ iron – Face Centered Cubic (FCC) – Stable between 908°C 

and 1388°C. 

3. δ iron – Body Centered Cubic (BCC) – Stable between 

1388°C and 1535°C. 
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 There are different microscope constituents of iron – 

carbon alloy exist. The study of these micro- constituents is 

essential in order to understand iron-iron carbide (Fe-Fe3C) 

equilibrium phase diagram. 

Various micro-constituents of iron – carbon alloys are: 

1.Ferrite                 2.Austenite 

3.Cementite           4.pearlite 

5.Ledeburite          6.Martensite 

7.Troostite              8.Sorbite      and 

9.Bainite 
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1.Ferrite(or α-iron) 

 Ferrite is a primary solid solution based on α iron having 

BCC structure. 

 It is nothing but the interstitial solid solution of carbon in 

iron. 

 Maximum solubility of carbon in iron is 0.025% carbon at 

723°C, while its solubility at room temperature is only about 

0.008%. 

 Ferrite is soft, ductile, and highly magnetic. 

 It can undergo extensive cold working. 
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2.Austenite(or γ-iron) 

 Austenite is a primary solid solution based on γ iron 

having FCC structure. 

  this is also an interstitial solid solution of carbon in iron. 

 the maximum solubility of carbon in FCC iron is about 

2% at 1140°C. 

 Austenite is normally not stable at room temperature; 

mostly stable only above the critical temperatures. 

 Austenite is soft, tough, and highly ductile. Thus it is 

more suitable for fabrication processes. 

 it is also a non-magnetic (paramagnetic). 

 Austenite has a greater electrical resistance and 

coefficient of  expansion than ferrite. 
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3.Cementite 

 Cementite is the name given to the carbide of iron (Fe3C). 

 It is the hard, brittle, intermetallic compound of iron with 

6.69% of carbon. 

 The hardness and brittleness of cast iron is believed to be 

due to the presence of the cementite. 

 It is magnetic below 250°C  
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4.Pearlite 

 Pearlite is the eutectoid mixture of ferrite (87.5%) and 

cementite (12.5%). 

 It is formed when austenite decomposes during cooling. It 

contains 0.8% of carbon. 

 It consists of alternative thin layers of ferrite and 

cementite. 

 The properties of pearlite is midway between ferrite and 

cementite. It is relatively strong, hard, and ductile. 

MECH-KIOT 



5.Ledeburite  

 Ledeburite is the eutectic mixture of austenite (γ iron) and 

cementite (Fe3C) containing 4.3% carbon. 

 In pure iron-carbon alloy, it forms at 1140°C. Most of 

engineering alloy materials belong to this range of alloy. 

 Pig iron, the most important engineering material, is 

ledeburite. 

MECH-KIOT 



6.Martensite 

 Martensite is the super saturated solid solution of carbon 

in α iron. 

 It is formed when a steel is very rapidly cooled from the 

austenitic state. 

 It exhibits a characteristics acicular or needle like 

structure . 

 It is very hard, more brittle and low ductility properties. 

 There is an increase in specific volume during formation 

of martensite from austenite. As a  result, internal stresses  are 

set up in the materials leading to the formation of minute cracks. 
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7.Troostite 

 Troostite  is the mixture of radial lamellae of ferrite and 

cementite. In fact, it differs from pearlite only in the degree of 

fineness. 

 This constituent is also known as troosite pearlite. 

 It is the microstructure consisting ferrite and finely 

divided cementite, produced on tempering martensite below 

4500°C. 

 It is formed by the decomposition of austenite when 

cooled at a rate slower than which will yield a martensitic 

structure and faster than that which will produce a sorbitic 

structure. 

 It has hardness intermediate between martensite and 

sorbite. 
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8.Sorbite 

 Sorbite is the microstructure consisting ferrite, and finely 

divided cementite, produced on tempering martensite above 

450°C. 

This constituent is also known as sorbitic pearlite. 

 It is formed by the decomposition of austenite when 

cooled at a rate slower than that which will yield a troostitic 

structure and faster than which will produce a pearlitic structure. 

 Through sorbitic steel is slightly less ductile than pearlite 

steel, its tensile and yield strengths are high. Thus sorbitic steels 

are often known as „toughened steels‟. 
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9.Bainite 

 Bainite is a decomposition product of austenite, consisting 

of an aggregate of ferrite and carbide. 

 Bainite obtained by transformation of pearlite at higher 

temperature is called upper bainite. 

 Bainite obtained by low temperature transformation is 

called lower bainite. 

 Bainite has hardness in between the hardness of pearlite 

and martensite. 
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 Iron –iron  carbide equilibrium diagram is very much 

useful in understanding the microstructures and properties of 

cast irons and carbon steels. 

 It is also used to understand the basic differences among 

iron alloys and the control of their properties.  
 This phase diagram is constructed by plotting the carbon 

composition along the X-axis and temperature along the Y-axis. 

 The iron-iron carbide (Fe-Fe3C) phase diagram presents 

the phases present at various temperatures for slowly cooled 

iron- carbon alloys with up to 6.67% carbon. 
The pure iron exists in three allotropic forms i.e., α iron,γ iron, 

and δ iron before it melts. At room temperature the stable form, 

called ferrite (or α iron), exist with a BCC crystal structure.  
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 Upon heating, ferrite transforms to FCC austenite (or γ 

iron ) at 912°C (1674°F). This austenite continues till 1394°C 

(2541°F); at this temperature the FCC austenite transforms back 

to a BCC phase known as δ ferrite. Then finally the iron metals 

at 1538°C (2800°F). 

 Carbon is an interstitial impurity  in iron and forms a solid 

solution with each of α and δ ferrites, and also with austenite, as 

indicated by the α, δ,and γ single –phase fields. 

 The important information that can be obtained from the 

Fe-Fe3C can be studied under the following topics: 

1.Solid phases in the phase diagram 

2.Invariant reactions in the phase diagram 

3.Euctectoid, hypoeutectoid, and hypereutectoid steels. 

4.Eutectic, hypoeutectic, and hypereutectic cast irons. 
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The Fe-Fe3C phase diagram contains the following four solid 

phases: 

1.α Ferrite                   2.Austenite (γ) 

3.Cementite (Fe3C)     4.δ Ferrite 

1.α Ferrite: This phase is an interstitial solid solution of carbon 

in the BCC iron crystal lattice. 

 The solid  solubility of carbon in α Ferrite is a maximum 

of 0.02% at 723°C and decreases to 0.005% at 0°C. 

2.Austenite (or γ iron): the interstitial solid solution of carbon 

in γ iron is called austenite. 

 Austenite has an FCC crystal structure and much higher 

solid solubility for carbon than α ferrite. 

 The solid solubility of carbon in austenite is a maximum 

of 2.08% at 1148°C and decreases to 0.8% at 723°C. 
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3.Cementite (Fe3C): The intermetallic iron-carbon compound 

(Fe3C) is called cementite. 

 Cementite has negligible solubility limits and a 

composition of 6.67% C and 93.3% Fe. 

4.δ Ferrite: The interstitial solid solution of carbon in δ iron is 

called ferrite. 

  δ ferrite has a BCC crystal structure. 

 The maximum solid solubility of carbon in δ ferrite is 

0.09% at 1465°C.  
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3.Eutectoid reaction 

 At the eutectoid reaction point, solid austenite of 0.8%C 

produces α ferrite with 0.02%C and Fe3C that contains 6.67%C. 

  This reaction gains much importance for the heat 

treatment of steels. 
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 There are three types of ferrous alloys based on carbon 

content. They are: 1.Iron,2.Steel and 3.Castiron. 

 Composition up to 0.008% carbon are regarded as 

commercially pure iron, those from 0.008 to 2% carbon 

represent steel, and those above 2% carbon represent castiron. 

Steels are further subdivided in to : 

1.Eutectoid steels: Steels that contain 0.8% (the eutectoid 

amount of carbon) are called eutectoid steels.  

2.Hypoeutectoid steels:  Steels having less than 0.8%C are 

known as hypoeutectoid steels. 

3.Hypereutectoid steels: Steels having more than 0.8%C are 

known as hypereutectoid steels. 
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1.Transformation of a Eutectoid Steels 

 If a sample of a 0.8% (eutectoid ) steel is heated to about 

750°C and held for a sufficient time, its structure will become 

homogenous austenite. This process is called austenitizing. 

 Now the heated eutectoid steel is cooled very slowly to 

just above the eutectoid temperature. Then its structure will 

remain austenitic. 

 On further cooling up to the eutectoid temperature or just 

below it, will cause the entire structure to transform from 

austenite to a lamellar structure of alternate plates of α ferrite 

and cementite(Fe3C). 

 The lamellar structure called pearlite appear. 
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2.Transformation of a Hypoeutectoid  Steel 

 Now consider a composition Co to the left of eutectoid 

between 0.022% and 0.8%C. This is termed a hypoeutectoid        

( less than eutectoid) steel. 

 The transformation of a 0.38%C hypoeutectoid steel with 

slow cooling. 

 If a sample of a 0.38%C steel (hypoeutectoid steel) is 

heated to about 875°C for a sufficient time, its microstructure 

will become homogenous austenite. 

 then if this steel is slowly cooled to temperature b 

proeutectoid  ferrite will nucleate and grow mostly at the 

austenite grain boundaries. 

 If this alloy is slowly cooled from temperature b to c the 

amount of proeutectoid ferrite formed will continue to increase 

until about 50% of the austenite is transformed. 
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3.Transformation of a Hypereutectoid  Steels 

 Now let as consider a composition C1 to the right of the 

ectectoid between 0.8%vand 2.11%c. This is termed a 

hypereutectoid (more than eutectoid ) steel. 

 The transformation of a 1.2%C hypereutectoid steel with 

slow cooling. 

 If a sample of a 1.2%C steel is heated to about 925°C and 

held for a sufficient time, it will become all austenite. 

 If the steel is cooled very slowly to temperature b then 

proeutectoid cementite will to nucleate and grow primarily at the 

austenite grain boundaries. 

 On further cooling up to point c which is just about 

723°C,more  proeutectoid cemenite will be formed at the 

austenite grain boundaries. 
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 Composition above 2% carbon are known as cast irons. 

Like steels, castirons can also be subdivided in to: 

1.Eutectic castirons: castirons that contain 4.3% (i.e, the 

eutectic amount of carbon) are called eutectic castirons. 

2.Hypoeutectic castirons: Cast irons having less than 4.3%C 

are known as hypoeutectic castirons. 

3.Hypereutectic cast iron: Cast irons having more than 4.3% 

are known as hypereutectic castirons.  
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1.Transformation of a Eutectic Cast iron 

 If a sample of 4.3%(eutectic ) cast iron is heated to about 

1175°C for a sufficient time, its structure will homogenous 

liquid iron. 

 If this eutectic cast iron is cooled very slowly just to the 

eutectic temperature (1148°C), then the eutectic reaction takes 

place with the simultaneous precipitation of austenite of 

cementite. This mixture of austenite and cementite is called 

ledeburite. 

 Therfore, just below eutectic temperature, the cast iron 

consists of austenite crystals and ledeburite. 

 Cooling of the alloy below 723°C transforms austenite of 

eutectoid composition to pearlite.  
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2.Transformation of a Hypoeutectic Cast Iron 

 If a sample of a 3.4%C cast-iron is heated to about 

1350°C for a sufficient time, its structure will become 

homogenous liquiduetal. 

 Then if this castiron is slowly cooled to temperature b the 

alloy of liquid metal and austenite crystal will form. On further 

cooling, more and more austenite precipitates out of the liquid. 

  At a temperature of 1148°C the alloy consists of 50% 

austenite and 50% liquid of eutectic composition. 

 As the alloy cools below 1148°C ledeburite freezes and 

cementite precipitates. This occurs between temperatures 

1148°C and 723°C. 

 Cooling of the alloy below 723°C involves the 

transformation of remaining austenite of eutectoid composition 

to pearlite, as discussed earlier for steels. 
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 Thus the structure of alloy at room temperature consists of 

cementite, pearlite, and transformed ledeburite. 

 The above phase transformation can be seen for any 

composition of cast iron between 2.0 to 4.3% carbon. 
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3.Transformation of Hypereutectic CastIron 

 If a sample of a 4.8% is heated to about 1450°C for a 

sufficient time, its structure will become homogenous liquid 

metal. 

 Then if this cast iron is cooled very slowly to temperature 

b cementite crystals nucleate and grow in the liquid phase. 

 With further slow cooling to point c at 1148°C eutectic 

reaction takes place with the information of ledeburite. 

 Thus the completely solidified hypereutectic castirons 

consists of cementite and ledeburite. 

 Cooling this alloy below 723°C results in the formation of 

pearlite. 

 The above phase transformation can be seen for any 

composition of castiron between 4.3 to 5% carbon.  
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1. Heat treatment 

 Heat treatment is an operation or combination of 

operations involving heating at a specific rate, soaking at a 

temperature for a period of time and cooling at some specified 

rate. 

2. Annealing 

 Annealing is a heat treatment procedure involving heating 

the alloy and holding it at a certain temperature (annealing 

temperature), followed by controlled cooling. 

3. Full annealing 

 Full annealing is a process in which a ferrous alloy 

(commonly hypoeutectoid steel) is heated to about 100°F (55°C) 

above the upper critical temperature, followed by soaking and 

slow cooling in the furnace or in some medium to a temperature 

below the critical temperature. 
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4. Recrystallization annealing 

 Recrystallization annealing is a process of heating a cold 

worked metal to a temperature above the recrystallization 

temperature followed by soaking for a time required for the 

grain structure transformation. 

5. Stress relief annealing 

 Stress relief annealing is a relatively low temperature 

process of reducing internal mechanical stresses, caused by cold 

work, casting or welding. 

6. Recrystallization 

 Recrystallization is a process by which deformed grains 

are replaced by a new set of undeformed grains that nucleate and 

grow until the original grains have been entirely consumed. 

7. Spheroidizing 

 Spheroidizing is done to improve the machineability of 

high carbon steels. Having the massive cementite regions 

enhances chip formation. 
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8. Peartlite 

 Ferrite-cementite structure, forming as a result of 

decomposition of austenite at slow cooling in annealing 

treatment. 

9. Sorbite 

 Ferrite-cementite-perlite like structure with finer (than in 

perlite) grain structure, forming as a result of decomposition of 

austenite at relatively high cooling rate (cooling in air). 

10. Trostite 

 Fine ferrite-cementite-pearlite-like structure forming as a 

result of decomposition of austenite at high (but lower than 

critical) cooling rate (cooling in oil). 

11. Tempering 

 Tempering is a heat treatment operation involving 

reheating hardened steel to a certain temperature below the 

lower critical point (A1) followed by soaking and then cooling. 
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12. Hardenability 

Hardenability is the property of steel indicating the depth to 

which hardening effect penetrates. 

13. Austempering 

The isothermal heat treatment by which austenite transforms to 

bainite. 

14. Quenching 

Its purpose is to retain the dissolved alloying elements in 

solution for subsequent precipitation hardening. 

15. Case hardening or surface hardening 

Case hardening or surface hardening is the process of hardening 

the surface of a metal, often a low carbon steel, by infusing 

elements into the material's surface, forming a thin layer of a 

harder alloy. 

MECH-KIOT 



16. Case depth 

 The depth below the surface of a steel at which hardening 

occurs by surface hardening and carburizing processes. 

17. Carburizing 

 A group of surface-hardening techniques by which carbon 

diffuses into steel. 

18. Cyaniding 

 Hardening the surface of steel with carbon and nitrogen 

obtained from a bath of liquid cyanide solution. 

19. Nitriding 

 Nitriding is the process of diffusion enrichment of the 

surface layer of a part with Nitrogen. 

20. Carbonitriding 

 Hardening the surface of steel with carbon and nitrogen 

obtained from a special gas atmosphere. 
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 Heat treatment is an operation or combination of 

operations involving heating at a specific rate, soaking at a 

temperature for a period of time and cooling at some specified 

rate. The aim is to obtain a desired microstructure to achieve 

certain predetermined properties (physical, mechanical, 

magnetic or electrical). 

The major objectives are 

 To increase strength, hardness and wear resistance (bulk 

hardening, surface hardening) 

To increase ductility and softness (tempering, recrystallization 

annealing) 

 To increase toughness (tempering, recrystallization 

annealing) 

 To obtain fine grain size (recrystallization annealing, 

full annealing, normalizing) 

 

MECH-KIOT 



 To remove internal stresses induced by differential 

deformation by cold working, non-uniform cooling from high 

temperature during casting and welding (stress relief annealing) 

 To improve machineability (full annealing and 

normalizing) 

 To improve cutting properties of tool steels (hardening 

and tempering) 

 To improve surface properties (surface hardening, 

corrosion resistance-stabilizing treatment and high 

temperature resistance-precipitation hardening, surface 

treatment) 

 To improve electrical properties (recrystallization, 

tempering, age hardening) 

 To improve magnetic properties (hardening, phase 

transformation) 
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 Heat treatment may be defined as an operation or 

combination of operations involving heating and cooling of a 

metal/alloy in solid state to obtained desirable properties.  

Stages of Heat treatment 

Stage 1: Heating a metal/alloy beyond the critical temperature. 

Stage 2 : Holding at that temperature for sufficient period of 

time to allow necessary changes to occur. 

 Stage 3 : cooling the metal/alloy at a rate necessary to obtain the 

desired properties. That is, cooling at a rate necessary to obtain 

the desired changes in the nature, form, size and distribution of 

micro constituents. 
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The important heat treatment processes are as follows: 

1.Annealing 

(a)Full annealing 

(b) Process annealing 

(c) Stress relief annealing 

(d) Recrystallisation annealing 

(e) Spheroidise annealing 

2.Normalising 

3.Hardening 

4.Tempering 

5.Austempering 

6.Martempering 

7.Case hardening 

(a) Carburising  (b) nitriding  (c) cyanding (d) carbonitriding  

(e) Flame hardening (f) Induction hardening 
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Annealing 

 The term annealing refers to a heat treatment in which a 

material is exposed to an elevated temperature for an extended 

time period and then slowly cooled. 

Purpose of Annealing 

1.To relieve or remove stresses 

2.To induce softness 

3.To alter ductility, toughness, electrical , magnetic, or other 

properties. 

4.To refine grain structure 

5. To remove gases. 

Applications 

 Annealing process is employed in casting, forging, rolled 

stock, press work, etc. 
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Full annealing 

1.To soften the metal 

2. To refine its crystalline structure, and 

3. To relieve the stresses. 

Process Annealing(or Subcritical Annealing) 

Purpose: Process annealing is a heat treatment that is often used 

to soften and increase the ductility of a previously strain-

hardened metal. 

Material: Process annealing is extensively employed for steel 

wires and sheet (especially low carbon steels). 

Application: This process has wide application in preparing 

steel sheets and wires for drawing. 
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Stress Relief Annealing 

 The stress relief annealing is a heat treatment process that 

is employed internal residual stresses induced by casting, 

quenching, cold working, welding,etc. 

 

Recrystallisation Annealing  

 Recrystallisation is a process by which distorted grains of 

cold-worked metal are replaced by new, strain-free grains during 

heating above a specific minimum temperature. 

 

Spheroidizing (or Spheroidising Annealing) 

 To soften the steels 

 To increase ductility and toughness 

 To improve machinability and formability 

 To reduce hardness, strength, and wear resistance 
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NORMALISING 

 Normalising is similar to full annealing, but cooling is 

established in still air rather than in the furnace. 

Objects of Normalising 

 To refine the grain structure 

 To increase the strength of the steel 

 To provide a more uniform structure in casting and 

forging 

 To relieve internal residual stresses due to cold working 

 To achieve certain mechanical and electrical properties. 

Materials  

 The normalising process is extensively employed for low 

and medium carbon steels as well as alloy steels. 
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QUENCHING 

 Quenching refers to accelerated cooling. 

 The cooling can be accomplished by contact with a 

quenching medium which may be gas, liquid, or solid. 

 Most of the times, liquid quenching media is widely used 

to achieve rapid cooling. 

Types of Quenching Medium 

 Some of the quenching medium that are used generally in 

industries, in order of decrease quenching severity, are given 

below: 

1).5-10% caustic soda, 2.) 5-20% brine(NaCl), 3.)Cold water 

4.)Warm water, 5.)Mineral oil(obtained during the refining of 

crude oil, 6.) Animal oil, 7.)Vegetable oil(such as linesed, 

cottonseed,and rapeseed, 

8.)Air 
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Selection of Quenching Medium 

1.Desired rate of heat removal 

2.Required temperature interval 

3.Boiling point 

4.Viscosity 

5.Flash point(if combustible) 

6.Stability under repeated use 

7.Possible reactions with the material being quenched 

8.Cost 

Stages of Quenching 

Stage 1 : Vapour –jacket stage 

Stage 2 : Vapour-Transport Cooling Stage 

Stage 3 : Liquid Cooling Stage 
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HARDENING 

 Hardening refers to the heat treatment of steel which 

increases its hardness by quenching. 

 Hardness normally implies heat-treating operations which 

produce microstructures which are entirely or predominantly 

martensitic. 

Objects of Hardening 

1.To harden the steel to resist wear 

2.To enable it to cut other metals. 

OPERATION 

1.Heating 

2.Soaking 

3.Cooling 
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Factors affecting the hardness 

1.Carbon content 

2.Quenching medium 

3.Specimen size 

4.Other factors 

TEMPERING 

 Tempering is a heat treatment in which martensite is 

reheated. In this, the ductility and toughness of martensite can be 

enhanced by reduced the hardness of martensite. 

 The ductility and toughness of martensite can be 

enhanced and these internal stresses are relieved by a heat 

treatment process known as tempering. 

Objects of Tempering 

1.To improve ductility and toughness  

2.To reduce brittleness of the hardened steel 

3.To remove the internal stresses caused by rapid cooling 

4.To impart wear resistance. 
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Classification of Tempering 

1.Low Temperature Tempering 

 The low temperature tempering is performed in the 

temperature range from 150°C to  250°C. 

2.Medium Temperature Tempering 

 The medium temperature tempering is performed in the 

temperature range from 350°C to 450°C. 

3.High Temperature Tempering 

 The medium temperature tempering is performed in the 

temperature range from 500°C to 650°C. 
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Time- Temperature-Transformation (or TTT)Diagrams 

 The time-temperature –transformation (TTT) diagram, 

which is also called isothermal transformation(IT) diagram, is a 

tool by heat treaters to predict quenching reactions in steels. 

 Because of the shape, the TTT diagrams are also called      

S curves or C curves. Sometimes TTT diagram is also known as 

Bain’s curve. 

 The TTT diagram is a plot of temperature versus the 

logarithm  of time for a steel of definite composition. 

 The TTT diagram assumes that the temperature is 

constant during the transformation. 

 The TTT diagram is used to determine when 

transformations begin and end for an isothermal heat treatment 

of a previously austenitized alloy. 
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Construction of a TTT Diagram 

Step 1 : Obtain a large number of relatively small specimen of 

same material. 

Step 2 : Austenitize the samples in a furnace at a temperature 

above the eutectoid temperature. 

Step 3 : The quench i.e., rapidly cool samples in a liquid salt 

bath at the desired temperature below the eutectoid temperature. 

Step 4 :  After various time intervals, remove the samples from 

the salt bath one at a time and quench in to water at room 

temperature. 

Step 5 :Now, examine the microstructure after each 

transformations time at room temperature.  

Step 6 :  Now repeat the above procedure for isothermal 

transformation at progressively lower temperatures. The data 

obtained from a serious of isothermal reaction curves over the 

whole temperature range of austenite instability for a given 

composition of steel is summerised. 
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TTT Diagram for a eutectoid steel  

The TTT diagram consists essentially of two C-shaped curves. 

1.The left hand C-shaped curve indicates the time necessary for 

the isothermal transformation of austenite to begin. 

2.The right hand C-shaped curve indicates the time required for 

the transformation to be completed. 

 Two parallel lines near the foot of the diagram are, strictly 

speaking, not part of the TTT diagram. But these two parallel 

lines indicate the temperatures where austenite will start to 

transform to martensite (Ms) and where this transformation will 

finish (Mf). 

 Isothermal transformations of eutectoid steels at 

temperatures between 723 °C and about 550 °C produce pearlite 

microstructures. 
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 Rapid quenching of a eutectoid steel from temperatures 

above 723°C, where it is in the austenitic condition, transforms 

the austenite in to martensite. 

 If eutectoid steels in the austenitic condition are hot 

quenched to temperatures in the 550°C to 250°C range and are 

isothermally transformed, a structure intermediate between 

pearlite and martensite, called bainite, is produced.  

 Bainite in iron-carbon alloys can be defined as an 

austenite decomposition product that has a non-lamellar 

eutectoid structure of a α ferrite and cementite(Fe3C). 

 For eutectoid carbon steels, a distinction is made between 

upper bainite and lower bainite. 

 (i) Upper bainite: is formed by isothermal transformation 

at temperatures between 550°C and 350°C.upper bainite has 

large, rod like cementite regions. 

 (ii) Lower bainite: is formed  between about 350°C and 

250°C.Lower bainite has much finer cementite particles. 
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 The continuous cooling transformation (CCT) diagram is 

a plot of temperature versus the logarithm of time for a steel 

alloy of definite composition. It is used to indicate when 

transformations occur as the initially austenitised   material is 

continuously cooled at a specified rate. In addition, using the 

CCT diagram the final microstructure and mechanical 

characteristics may be predicted. 
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 The isothermal transformation diagram (i.e., TTT 

diagram) is valid only for conditions of constant temperature. 

Since the continuous cooling is the most practical method of 

heat treatment, therefore the TTT diagram must be modified for 

transformations that occur as the temperature is constantly 

changing. 

 For continuous cooling, the time required for a reaction to 

begin and end is delayed. Thus the isothermal curves are shifted 

to longer times and lower temperatures. A plot containing such 

modified beginning and ending reaction curves is termed a 

continuous cooling transformation (CCT) diagram. 
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 The continuous –cooling diagram transformation start and 

finish lines are shifted to longer times and slightly lower 

temperatures in relation to the isothermal diagram. Also there are 

no transformation lines below about 450°C for the austenite-to-

bainite transformation. 

 Intersection of cooling curve with the beginning TTT 

curve indicates the start of transformation. Time at temperature, 

in proportion to the time required for complete transformation, 

indicates the degree to which transformation has progressed.  

MECH-KIOT 



1.Cooling curve A: curve A represents a very slow cooling rate 

such as in annealing. This cooling rate allows transformation to 

pearlite to start at a1and complete at b1. 

2.Cooling curve B: Curve B represents more rapid cooling (as 

in normalising). This transformation will start at a2 with the 

formation of coarse pearlite and finish at b2 with the formation 

of fine pearlite. 

3.Cooling curve C: In curve C, the transformation to pearlite 

begins at a3 but is interrupted; and no further transformation 

takes place until the remaining austenite begins to change to 

martensite (at C3).This final transformation being to complete at 

d3.Thus the resulting structure is a mixture of martensite and 

pearlite. Since the transformation take place in two steps, it is 

called a split transformation.  MECH-KIOT 
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4.Cooling curve D: Curve represents very raid cooling. It 

avoids the formation of ferrite, cementite, pearlite, or bainite. 

This might be a water quench to produce martensite. 

5.Cooling curve E: Curve E is tangent to the nose of CCT 

curve. The curve e represents critical cooling rate, which will 

produce a fully hardened (i.e., 100%) martensitic structure. 

 The schematic interpretation of the effect of cooling rate 

on approximate transformation temperature, and microstructure 

of a eutectoid structure. 
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The slowest rate of cooling of austenite that will result in 100% 

martensite transformation is known as the critical cooling rate. 

 The critical cooling rate is most important in hardening. 

In order to obtain a 100% martensitic structure on hardening, the 

cooling must be much higher than the critical cooling rate.  
Factors affecting the critical cooling rate 

1.Chemical composition of steel 

2.Hardening temperature, and 

3.Metallurgical nature(i.e., purity) of steel 
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HARDENABILITY 

 The term hardenability refers to the ease with which 

hardness may be attained. That is, the ease with which a steel 

will transform to hardened structure on quenching is called 

hardenability. 

 The hardenability of a steel is defined as that property 

which determines the depth and distribution of hardness induced 

by quenching from the austenitic condition. 

Factors affecting Hardenability 

1.It is relatively easy to perform. 

2.It has excellent reproducibility. 

3.It gives information useful to a designer as well as 

manufacturer.  
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END-QUENCH SPECIMEN 

A Bar of the steel to be tested is  machined to give a cylinder 

111.6mm(4 inch) long and 25.4 mm (1 inch) in diameter with an 

upper lip.  

Testing Procedure 

(i) The standard test-piece is heated to above the upper critical 

temperature of the steel i.e., until it becomes completely 

austenitic. 

(ii) It is very quickly transferred from the furnace, and 

immediately dropped in to position in the frame of the apparatus. 

(iii) Here it is quenched at one end only, by a standard jet of 

water at 25°C. thus, different rates of cooling are obtained along 

the length of the test-piece. 

(iv) When the test-piece has cooled, a „flat‟ approximately 

0.4mm deep is ground along the length of the bar. Now 

Rockwell C hardness readings are taken every 1.6mm (1/16inch) 

along the length, from the quenched end. 
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(v) It is clear that the greatest hardness is at the quenched end, 

where martensite is formed; and the lower hardness is farther 

away. 
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INTERRUPTED QUENCHING 

 The quenching i.e., rapid cooling mechanism has it own 

advantages. Some of the disadvantages of continues rapid 

cooling are: 

1.Setting up serve quenching stresses 

2.Warping or distorting the object, and 

3.Prompting crack formation in the steel. 

Two forms of interrupted quenching are: 

1.Martempering and  

2.Austempering 
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 Martempering, also known as marquenching, is a 

interrupted cooling procedure used for steels to minimize the 

stresses, distortion and cracking of steels that may be develop 

during rapid quenching.  

MARTEMPERING PROCESS 

Step 1 :Austenitizingng the steel,i.e., heating the steel above its 

critical range to make it all austenite. 

Step 2 : quenching the austenitized steel in hot oil or molten salt 

at a temperature just slightly above the martensite start 

temperature(Ms). 

Step 3 : Holding the steel in the quenching medium until the 

temperature is uniform throughout and stopping this isothermal 

treatment before the austenite-to-bainaite transformation begins. 
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Step 4 : Cooling at a moderate to room temperature (usually in 

air) to prevent large temperature differences between center and 

surface. 

 The resulting microstructure of the martempered steel is 

untempered martensite. 

 Now the untempered martensite structure is transformed 

in to tempered martensite structure by the conventional 

tempering heat treatment processing rapid quenching. 

Application 

 The martempering process is mostly used in alloy steels. 

Advantages 

1.Minimised quenching stresses 

2.Minimised chances of formation of quenching cracks 

3.Less distortion or wraping. 
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Austempering 

 Austempering is another type of interrupted quenching 

that forms bainite structure. 

 The austempering is an isothermal heat treatment process, 

usually used to reduce quenching distortion and to make a tough 

and strong steels. 

Austempering process 

Step 1 :Austenitizing the steel 

Step 2: Quenching the austenitised steel in a molten salt bath at 

a temperature just above the martensite start temperature (Ms) of 

the steel. 

Step 3:Holding the steel isothermally to allow the austenite-to-

bainite transformation to take place. 

Step 4:Slow cooling to room temperature in air. 

 The resulting microstructure of the austempering process 

is bainite. Unlike martempering, tempering is rarely needed after 

austempering. 
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Applications 

 Austempering is widely applied on small tools, springs, 

retainers, automobile seat belt components, link chains, 

lawnmover blades and various machinery parts. 

Advantages 

1.Improved Ductility 

2.Increased impact strength and toughness 

3.Decreased distortion of the quenched material 

4.Less danger of quenching cracks 

Disadvantages 

1.Need for a special molten salt bath 

2.The process can be used only for a limited number of steels 

3.Only small sections(up to 9mm thick) are suitable for 

austempering because big sections cannot be cooled rapidly to 

avoid the formation of pearlite 
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 In many applications, it is desirable that the surface of the 

components should have high hardness, while the inside or core 

should be soft. The treatments given to steels to achieve this are 

called surface heat treatments or surface hardening.  

Typical uses 

 Typical parts that are case-hardened are gears, splines, 

cams, bearing balls, wrist pins, universal joints, and valve 

tappers. 
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1.Diffusion Methods 

(a)Carburizing                 (b) Nitriding 

(c)Cyanding                     (d) Carbonitriding  

2.Thermal Methods 

(a)Flame hardening           (b) Induction hardening 
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1.Diffusion Surface-Hardening Treatments 

 In this methods, the hardness of the surface is improved 

by diffusing interstitial elements like carbon, nitrogen, or both in 

to the surface of steel components. 

 Depending upon the different elements chosen, diffusion 

treatment can be classified as  

(a)Carburizing 

(b) Nitriding 

(c)Cyaniding and  

(d)Carbonitriding 
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CARBURISING 

 Carburising is the process in which carbon atoms are 

introduced on to the surface of low carbon steels to produce a 

hard case of surface while the interior core remains soft. 

 Steels for carburising should have low carbon from 0.10 

to 0.20%. 

Process of Carburising 

 In carburisation, when a piece of low-carbon steel is 

placed in a carbon saturated temperature, then the carbon will 

diffuser or penetrate in to the steel and carburising it. 

Methods of Carburising 

 The carburising i.e., the process of adding carbon to a 

metal surface, can be accomplished by the following three 

methods. 

1.Pack carburising 

2.Gas carburising 

3.Liquid carburising  
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 In pack carburising, the components to be treated are 

packed in to steels boxes, along with the carburising mixture, so 

that a space of roughly 50mm exists between them. 

 The carburising mixture essentially consists of some 

carbon-rich material, such as charcoal or charred leather, along 

with an energizer (up to 40% of the total composition). 

 The energizer is generally a mixture of sodium carbonate 

(„soda ash‟) and barium carbonate. Its function is to accelerate 

the carburising process. 

 once the components to be treated and carburising 

mixture are packed in to steel boxes, then lids are fixed on the 

boxes. Then they are treated to the carburising temperature 

(between 900°C and 950°C).They are maintained at this 

temperature for up to  six hours to the depth of case required. 

when carburising is complete, the components are either or 

allowed to cool slowly in the box. MECH-KIOT 



MECH-KIOT 



 Gas carburising overcomes the drawbacks/difficulties of 

pack carburising by replacing the solid carburising mixture with 

a carbon-providing gas. 

 Gas carburising can be done with any carbonaceous 

gas(i.e., gas containing an excess of CO). In general, natural gas, 

propane, or generated gas atmospheres are most frequently used. 

Procedure 

 The gas-carburising is carried out in both continuous or 

batch-type furnaces. In this process, the heated (at about 900°C) 

in a furnace in which the carburising gas which is rich in carbon, 

such as methane, propane, or butanecomponents are  is 

circulated. The horizontal rotary type of gas carburising furnace 

has a muffle or retort which revolves slowly, so that the 

components are rotated in the stream of the gas. The carburising 

gas containing CO and hydrocarbons which decompose at red 

heat   and deposit the carbon on the component surface. MECH-KIOT 



Applications 

 Gas carburising is widely used for large scale treatment, 

particularly for the mass production of thin gases. 
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 Liquid carburising is also called salt carburising, is carried 

out in bath of molten salt which contains 20to 50% sodium 

cyanide, 40% sodium carbonate, and varying quantities of 

sodium or barium chloride. 

 The cyanide-rich mixture is heated in iron pots to a 

temperature of 870 to 950°C. The workpiece, which is carried in 

wire baskets, is immersed for periods of about five minutes 

upwards, according to the depth of case required.  

Suitability 

 the liquid carburising process is suitable for producing 

shallow cases of 0.1 to 0.25mm. 
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 Nitriding is a process of introducing nitrogen atoms, to 

obtain hard surface of steel components. In another process for 

the surface hardening of steel. 

Applications of Nitriding 

 The nitriding process is used in the production of machine 

parts such as  

Aircraft engine parts 

Aero engine cylinders 

Aero crankshafts  

Crank pins 

Journals 

Valve seats 

Gears 

Bushings, etc. 

MECH-KIOT 



MECH-KIOT 



 Cyaniding, also called liquid carbursing, is a process of 

introducing both nitrogen and carbon to obtain hard surface of 

the steel components. 

 Cyaniding is done by immersing the workpiece in a 

cyanide bath, as in liquid carbursing. 

 Metals usually hardened by cyaniding process are plain 

carbon or alloy steels containing about 0.20% carbon.  

Procedure 

 In cyaniding process, the steel components are heated in a 

bath of molten sodium cyanide and sodium carbonate at a 

temperature of about  950°C. During this treatment both carbon 

and nitrogen diffuse in to the surface of the steel. The formation 

of hard iron nitrides contributes to the surface hardening of the 

material. 
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Difference between Cyaniding and Liquid Carburising 

 The salt bath composition for cyaniding gives a high in 

nitrogen, whereas liquid carburising gives a case high rich in 

carbon. 

Applications 

 The cyaniding process is applied to procedure automobile 

parts such as gears, shafts, pins, brakes, cams, sleeves, spring, 

steps, etc. 
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 Carbonitriding is also known as gas-cyaniding or dry-

cyaniding, because it makes use of a mixture of hydrocarbons 

and ammonia. 

Suitability 

 (i) Carbonitriding is an ideal process for hardening small 

components where great resistance to wear is necessary. 

 (ii) the steels that are commonly carbonitrided are the 

low-carbon and low-carbon alloy steels. 

Carbonitriding process 

 The carbonitirding process is carried out in a gas-

atmosphere furnace using a carburising gas such as propane or 

methane mixed with the ammonia. The organic gas serves as the 

source of carbon and the ammonia gas serves as the source of 

nitrogen. 
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 The workpiece is heated to 850°C in the mixture of above 

gases for 2-10 hours. This is followed by quenching ( to increase 

hardness) and then tempering (to reduce brittleness) is employed 

at 180°C. Now both carbon and nitrogen diffuse simultaneously, 

carbon diffuse at higher rate. 
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THERMAL METHODS OF SURFACE-HARDENING  

(Selective Hardening Techniques) 

 Selective hardening (or heating) technique is a technique 

by which different properties are obtained simply by varying the 

thermal histories of the various regions. 

 In this thermal methods of surface hardening, only the 

surface of the steel components are heated to temperatures above 

the upper critical temperature and is suddenly quenched to get 

martensite formation on the surface which gives higher hardness 

at the surface.  

 

Two different thermal methods of surface-hardening widely used 

are: 

1.Flame Hardening 

2.Induction Hardening 
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 Flame Hardening is the process of selective hardening 

with a combustible gas flame as the source of heat for 

austenitizing. 

 Flame hardening can be performed only on steels with a 

sufficiently high carbon content – at least 0.4% C (to allow 

hardening). 

Principle of Flame Hardening 

 The surface to be hardened is heated to a temperature 

above its upper critical temperature, by means of a travelling 

oxy-acetylene torch. Then it is immediately quenched by a jet of 

water issuing from a supply built in to the torch-assembly. Thus, 

the surface hardness results when the austenitized surface is 

quenched by the water spray that follows the flame. 
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Suitability 

 The flame hardening technique is suitable for the plain 

carbon steels with carbon contents ranging from 0.40% to 0.95% 

and low-alloy steels. 

Applications 

  It is used to improve wear resistance and surface 

hardness of teeth of gears, wheels, sheaves, bushing, shafts, mill 

rolls, cams, spindles, hand tools, etc., 
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 The mechanism and purpose of induction hardening are 

the same as for flame hardening. The main difference is that in 

induction hardening the source of heat input is an induced 

electric current instead of using flame. 

 In  other words, the induction hardening is a process of 

selective hardening using resistance to induced eddy currents as 

the source of heat. 

Suitability   

 The steels can be hardened with this process are the same 

as those used in flame hardening. 
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Procedure 

 Induction heating is done by passing a high-frequency 

alternating current through a water-cooled coil or inductor 

around the workpiece. The cyclic magnetic field that is 

generated induces alternating currents that heat the workpiece. 

 The depth to which heating occurs varying inversely as 

the square root of the frequently, so that the higher used, the 

shallower the depth of depth of heating. Typical frequencies 

used are: 3000Hz for depths of 3 to 6 mm; and 9600Hz for 

depths of 2 to 3 mm. 

 the surface of the component has reached the necessary 

quenching temperature, the current is switched off, and the 

surface is simultaneously quenched by pressure jets of water, 

which pass through holes in the introduction-block. 
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Applications 

 The induction hardening is employed for hardening the 

surface of gears, tool drivers, wrist pins, crankshaft bearing 

journals, cylinder liners, rail ends, machine tool ways, and pump 

shafts. 
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FERROUS AND NON-FERROUS 

METALS 
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1.Effects of Alloying Elements in Steel 

2.Stainless steels 

2.1. Introduction 

2.2. Use of stainless steel 

2.3. Stainless steel categories and grades 

2.4.Corrosion and corrosion properties 

2.5. Martensitic and ferritic-martensitic steels 

3. Tool steel 

3.1. Cold work tool steels 

3.2. Shock resisting and special purpose tool steels 

3.3. Hot work tool steels 

3.4. High speed tool steels 

3.5. Brake Die tool Steel 
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4. HSLA Steel (High-Strength Low-Alloy Steels) 

4.1. Introduction and Overview 

4.2. HSLA Steel Categories 

4.3. Effects of Micro-alloying Additions 

4.4. Vanadium Microalloyed Steels 

4.5. Niobium Microalloyed Steels 

4.6. Applications of HSLA steels 

4.7. Maraging steel 

 4.7.1. Properties 

 4.7.2. Heat treatment cycle 

4.8. Cast iron 

 4.8.1. Introduction 

 4.8.2. The structure of cast iron is affected by the 

following factors:- 
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4.8. 3.Grey cast iron 

  4.8.3.1. Structure 

  4.8.3.2. Properties and uses of grey cast irons 

4.8. 4. White cast iron 

 4.8. 4.1. Structure 

 4.8.4.2. Properties and uses of white cast iron :- 

4.8.5. Malleable cast iron 

 4.8. 5.1. Properties and uses of malleable cast irons 

4.9. Spheroidal graphite cast iron 

 4.9.1. Properties and uses of spheroidal graphite cast irons 

4.8. Alloy cast iron 

4.9. Martensite 

4.10. Austenite 

4.11. Alloying elements and impurities 
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4.12. Copper and Alloys 

 4.12.1. Brass 

 4.12.2. Bronze 

  4.12.2.1. Aluminium Bronze 

  4.12.2.2. Silicon Bronze 

  4.12.2.3. Manganese Bronze and   

  Architectural Bronze 

  4.12.2.4. Cupronickel (or) copper-nickel 

   4.12.2.4.1. Other usages 

4.13. Aluminium 

 4.13.1. Introduction 

 4.13.2. Specific Alloys 

 4.13.3. Dispersion Strengthened Alloys 

 4.13.4. Corrosion 
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4.14. Precipitation hardening 

 4.14.1. The statistics of dislocation-particle interactions 

4.15. Bearing alloy 

 4.15.1. Properties of the Alloys 

 4.15.2. Bonding the Bearing 
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1. Martensitic and Ferritic-Martensitic Steels 

 Martensitic and ferritic-martensitic steels are 

characterized by high strength and the fact that the strength is 

strongly affected by heat treatment. The martensitic steels are 

usually used in a hardened and tempered condition. 

2. Ferritic steels 

 Ferritic steels have relatively low yield strength and the 

work hardening is limited. The strength increases with 

increasing carbon content, but the effect of chromium content is 

negligible. 

3. Ferritic-austenitic (duplex) steels 

 Ferritic-austenitic (duplex) steels have a high yield stress 

with increases with increasing carbon and nitrogen levels. 

Increased ferrite content will, within limits, also increase the 

strength of duplex steels. Their ductility is good and they exhibit 

strong work hardening. MECH-KIOT 



4. Austenitic steels 

 Austenitic steels generally have a relatively low yield 

stress and are characterised by strong work hardening. The 

strength of the austenitic steels increases with increasing levels 

of carbon, nitrogen and, to a certain extent, also molybdenum. 

5. Cold work tool steels 

 These steels are particularly designed to resist wear and 

abrasion. 

6. Shock resisting and special purpose tool steels 

 Shock Resisting Tool Steels are designed for use where 

the ability to withstand repeatedblows at normal operating 

temperatures is more important than the ability to resist wear and 

abrasion. 

7. Hot work tool steels 

 These steels are designed to resist abrasion and washing 

action. They have excellent shock resistance. 
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8. High speed tool steels 

 These steels are specifically designed to maintain high 

hardness at elevated temperatures (red hardness), with sufficient 

abrasion and shock-resisting properties for good cutting 

characteristics. 

9. Brake Die tool Steel 

 Brake Die Steel is a special chromium-molybdenum 

analysis designed especially for brake dies. 

10. HSLA Steel 

 High-strength low-alloy (HSLA) steels, or microalloyed 

steels. 

11. Maraging steel 

 Maraging steels (a portmanteau of "martensitic" and 

"aging") are steels (iron alloys) which are known for possessing 

superior strength and toughness without losing malleability, 

although they cannot hold a good cutting edge. 
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12. Cast iron 

 Cast iron is the name given to those ferrous metals 

containing more than1.7 % carbon. It  is similar in composition 

to crude pig iron as produced by the blast furnace 

13. Grey cast iron 

 An iron that contains graphite in its structure shows a 

fracture surface that is grey and dull in color. 

14. Martensite cast iron 

 Martensitic cast irons contain between 4 and 6 %nickel 

and approximately 1 per cent chromium. 

15. Brass 

 Brass is the generic term for a range of copper-zinc alloys. 

16. Bronze 

 These are alloys of copper and tin. 

17. Cupronickel 

 Cupronickel or copper-nickel or "cupernickel" is an alloy 

of copper that contains nickeland strengthening elements, such 

as iron and manganese. MECH-KIOT 



 Materials are made up of matter. Materials are anything 

that have weight and occupy some space. An every increasing 

variety of materials is available, each having its own 

characteristics, applications, advantages, and limitations. 

 In this chapter, we shall discuss about the important 

ferrous and non-ferrous metals. 

Note: The other engineering materials such as plastics, ceramics 

and composites will be studied in the next unit. 
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METALS 

 Metals are elemental substances. 

 Metals are composed of elements which readily give up 

electrons to provide a metallic bond and electrical conductivity. 

Characteristics of Metals 

In general, metals possess the following characteristics: 

(a) Hardness   (b) Strength 

(c) Rigidity   (d) Formability 

(e) Machinability  (f) Weldability 

(g) Conductivity   (h) Dimensional suitability 
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Types of metals 

The metals may be grouped in to the following two groups. 

1.Ferrous metals: The metals, which contain iron as their main 

constituents, are called ferrous metals. 

Examples: Some of the widely used ferrous metals are pig iron, 

castiron, wrought iron, and steel. 

2.Non-ferrous Metals: The metals, which contain a metal other 

that iron as their main constituent, are called non-ferrous metals. 

Examples: Some of the commonly used non-ferrous metals are 

aluminium, copper, zinc,lead,brass, and tin. 
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More than 90% by weight of the metallic materials used by 

human beings are ferrous materials. 

The ferrous metals are extensively used in engineering due to the 

following three factors: 

1.Iron-based components are relatively abundant and are widely 

distributed throughout the world. 

2.Ferrous materials can be produced very economically. 

3.Ferrous materials are versatile. Therefore wide range of 

mechanical and physical properties of ferrous materials can be 

achieved. 

 Thus the availability, comparatively low cost, and the 

wide range of properties that can be achieved have made ferrous 

materials of great importance. 

 The principal disadvantage of many ferrous alloys is their 

susceptibility to corrosion. 
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STEELS 

 Steels are alloys of iron and carbon. However, Steels 

contain other elements like silicon, manganese, sulphur, 

phosphorous, nickel, etc.  

 The alloying elements are either intentionally added or 

retained during the refining process. 

How steels are produced? 

Steels are typically produced in to two ways: 

1.By refining iron ore in blast furnace, or 

2.By recycling scrap steel in an arc furnace. 
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Classification of steels 

Steels can be classified as follows: 

1.Plain carbon(or non-alloy) steels 

(i)Low carbon steels 

(ii) Medium carbon steels, and  

(iii) High carbon steels 

2.Alloy steels 

(i)Low alloy steels, and  

(ii)High alloy steels 
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Plain Carbon Steels 

 Plain carbon steels are those in which carbon is the 

alloying element that essentially controls the properties of the 

alloys, and in which the amount of manganese cannot exceed 

1.65% and the copper and silicon contents each must be less 

than 0.6%. 

Composition of Plain Carbon Steels 

Carbon up to 1.5%    Copper up to 0.6% 

Manganese up to 1.65%  Silicon up to 0.6% 

Traces of other elements such as sulphur and silicon 

Other Names: The plain carbon steel are also known as many 

terms such as carbon steels, non-alloy steels, and straight 

carbon steels.  
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Characteristics of Plain Carbon Steels 

1.Plain carbon steels are the moderately priced steels (due to the 

absence of large amounts of alloying elements). 

2.They are sufficiently ductile to readily formed. 

3.Plain carbon steels are available in almost all product forms: 

Sheet, strip, bar, plates, tubes, pipe, wire. 

Applications of Plain carbon steels 

Plain carbon steels are used for mass production products such 

as automobiles and appliance. 

They are also find applications in the production of ball 

bearings, base plates, housings, chutes, structural members, etc. 

Classification of plain carbon Steels 

1.Low-carbon steels:Those contain less than 0.255 carbon. 

2.Medium-carbon steels: those containing between 0.25 and 

0.60% carbon. 

3.High-carbon steels: Those containing more than 0.60% 

carbon.   
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LOW CARBON STEELS 

 The low carbon steels represent the largest tonnage of all 

the steels produced. 

 The low carbon steels are those that contain less than 

about 0.25% carbon. 

 The low carbon steels are also known as mild steels. 

Characteristics of Low-carbon steels 

1.Low-carbon steels are relatively soft and weak 

2.They cannot be hardened appreciable by heat treatment 

3.They possess good formability and weldabilty 

4.Strengthening of low-carbon steels are accomplished by cold 

work. 

5.They are out standing ductility and toughness 

6.Of all steels, the low carbon steels are the least expensive to 

produce. 
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Applications of Low-carbon steels 

 Typical applications of low carbon steels include 

automobile body components, structural shapes (I-beams, 

channel, and angle iron), and sheets that are used in pipelines, 

buildings, bridges, and tin cams. 

 

MEDIUM-CARBON STEELS 

 Medium-carbon steels are those steels that have between 

0.25 and 0.60% carbon. 

 The medium-carbon steels may be heat treated by 

austenitizing, quenching, and then tempering to improve their 

mechanical properties. 
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Characteristics of Medium-Carbon Steels 

1.The plain medium-carbon steels have low hardenabilities. 

2.In plain medium-carbon steels, the high strength and hardness 

properties are achieved (at the sacrifice of ductility and 

toughness). 

Applications of Medium Carbon Steels 

 Typical applications of medium-carbon steels include 

railway wheels, railway tracks, gears, crankshafts, and other 

machine parts. 

 

HIGH-CARBON STEELS 

 High-carbon steels are those that have been more than 

060% carbon. 
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Characteristics of High-Carbon Steels 

1.High-carbon steels are the hardest, and strongest of the carbon 

steels. 

2.They are the least ductile (i.e., more brittle) of the carbon 

steels. 

3.They have more wear resistant. 

4.They are capable of holding a sharp edge (which is very 

important property for making tools). 

Applications of High-carbon Steels 

 Typical applications of plain high-carbon steels include 

cutting tools and dies(for forming and shaping materials, knives, 

razors, hacksaw blades, springs, and high-strength wire. 
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ALLOY STEELS 

 In general terms, alloy steels mean any steels other than 

carbon steels. 

 The steels products manual defines alloy steels as steels 

that exceed one or more of the following limits: 

Manganese-1.65%,Silicon-0.60%, Copper-0.60% 

 Also, a steel is considered to be an alloy steel if a definite 

amount or minimum of other alloying element is specified or 

required. 

Alloying elements 

 the most commonly used alloying elements are 

chromium, nickel, molybdenum, vanadium, tungsten, cobalt, 

boron, copper, and others. 
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Purpose of Alloying 

1.To increase its strength 

2.To improve hardness 

3.To improve toughness 

4.To improve resistance to abrasion and wear 

5.To improve machinability 

6.To improve ductility 

7.To enhance grain size control 

8.To achieve better electrical and magnetic properties. 

Classification of Alloy Steels 

1.Low alloy steels: These contain up to 3 to 4% of alloying 

elements. 

2.High alloy steels: These contain more than 5% of alloying 

elements. 
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Low Alloy Steels 

 Low alloy steels are steels which contain up to 3 to 4 % of 

one or more alloying elements. 

 They have similar microstructure and require similar heat 

treatments to that of the lain carbon steels. 

 They are also referred as pearlitic alloy steels as the 

normalised structure contains the eutectic pearlite. 

 the presence of  alloying elements provide enhanced 

properties such as increased strength without loss of toughness 

and increased hardenability.   

Types of low alloy Steels 

1.AISI Steels 

2.HSLA Steels 
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1.AISI Steels 

 AISI(American Iron and Steel Institute) steels are steels 

that are generally used in machine construction. 

 AISI steels are sometimes also referred as construction 

steels or structural steels. 

 AISI steels normally have less than about 5% total 

addition of elements such as Cr,Ni,Cu,Mn,Mo,V,etc. 

 The property of major interest in this AISI steels group is 

hardenability. 

2.HSLA Steels 

 HSLA(High-strength low alloy) steels, also known as 

micro-alloyed steels, have been developed by making micro-

alloying additions of the elements. Al, Nb and V etiher singly or 

in combination, to give major grain refinement.  
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HIGH ALLOY STEELS 

 High alloy steels are steels which contain more than 5% 

of one or more alloying elements. 

 They have different microstructure and require different 

heat treatments than that of the plain carbon steels. 

 Their room temperature structures after normalising may 

be austenitic, martensitic, or contain precipitated carbides. 

 

Types of High-Alloy Steels 

 Through there are several groups of high-alloy steels, the two 

important high alloy steels are: 

1.Tool and Die steels, and  

2.Stainless steels. 
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1.Tool and die steels 

 Tool steels are high-quality alloys used for tools, dies, 

etc., which require special characteristics of hardenability, wear 

resistance, resistance to softening on heating, and the like. 

2.Stainless Steels 

 Stainless steels are used for improving corrosion 

resistance.  

Some important Alloy Steels 

 Through there are number of alloy steels available, the 

study of the following four alloy steels are very important from 

our subject point of view 

1.Stainless steels 

2.Tool steels 

3.HSLA steels 

4.Maraging steels 
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Stainless Steels 

 Stainless steels are alloys of iron, chromium, and other 

elements that resist corrosion from many environments. 

 Stainless steels are also known as corrosion-resistance 

steels or chromium-bearing steels.   

Effect of Cr on Stainless Steels 

 All true stainless steel contain minimum of about 12% Cr. 

This 12% Cr permits a thin (but extremely dense) protective 

surface layer of chromium oxide to form when the steel is 

exposed to oxygen. 

 The chromium oxide (extremely dense-thin) protective 

layer acts as a barrier to retard further oxidation, rust or 

corrosion. For this steel cannot be stained easily, it is called 

stainless steel. 

MECH-KIOT 



 To enhance corrosion resistance, the stainless steel often 

contain other elements such as Cu, Al, Si, Ni, and Mn. However, 

chromium remains as a predominant element.  
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Types of Stainless Steel 

 The stainless steel are divided in to three classes on the 

basis of the predominant phase constituent of the microstructure 

as: 

1.Austenitic stainless steels 

2.Ferritic stainless steels, and 

3.Martensitic stainless steels. 

 Before discussing he above steels, it should be remained 

that the alloying elements in steels can be either austenite 

stabilizes or ferrite stabilizers. 

(a)Austenite stabilizers 

 The austenite stabilizers are Ni,Mn,Cu,Co. 

 These elements enhance the retention of austenite as steel 

is cooled. 

 For example, when 12% or more Mn is present, or when 

20% or more Ni is present, it is impossible to cool steel slowly 

enough to allow austenite to transform to ferrite. 
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(b) Ferrite stabilizers 

 The important ferrite stabilizers are Cr, W, Mo, V, Si. 

 These elements tend to prevent transformation of steel to 

austenite upon heating. 

 Thus, whether a steel is austenitic, ferritic, or martensitic, 

depends upon the balance between the amounts of austenite and 

ferrite stabilizers present, and the heating –cooling cycle to which the 

steel has been subjected.  

1.Austenitic Stainless Steels 

 the austenitic stainless steels have the austenite structure 

retained at room temperature. 

 It should be noted when a laymen speaks of stainless steel, it is 

usually implies an austenitic stainless steel. 

 These steels are produced and used in greatest tonnage. 

 Austenitic steels contain both chromium and nickel. When 

nickel is present, the tendency of nickel to lower the critical 

temperatures override the opposite effect of chromium. Thus the 

structure may become  completely austenitic. 
MECH-KIOT 



 In these steels, carbon contents are kept below 0.15% in 

order to minimize the formation of chromium carbides in the 

structure, as this would cause a reduction in corrosion resistance. 

 carbides may be form in these if they are allow to cool 

slowly from high temperature, or if they are heated in the range 

500-700°C. The later condition may apply in the heat-affected 

zones adjacent to welds. The type of corrosion failure that can 

occur, due to the presence of carbide particles, is known as Weld 

decay. 

 In order to prevent the weld decay, the stabilizer such as 

titanium or niobium is added in small amounts with the 

austenitic stainless steels. 

 An austenitic stainless steel with improved strength, 

hardness and wear resistance can be achieved by introducing a 

fine dispersion of titanium nitride particles throughout the 

material (using the powder metallurgy methods). 
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Composition: Typical composition of austenitic stainless steel is 

given below 

C-0.03 to 0.15%  Mn-2 to 10% 

Si-1 to 2%    Cr- 16 to 26% 

Ni- 3.5 to 22%  P and S –Normal 

Mo and Ti in some cases 

Properties: Some important properties of austenitic stainless 

steels are: 

(i)Highest corrosion resistance 

(ii)Good resistance and scale resistance at high temperature. 

(iii)Non-magnetic 

(iv)Good Ductility at cryogenic at high temperature i.e., below 

0°C 

(v)Very tough and can be welded, forged or rolled. 
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Applications: The typical applications of austenitic stainless 

steel include aircraft industry (engine parts), chemical 

processing (heat exchanger), food processing (kettles, tanks), 

household (cooking utensils), dairy industry (milk cans), 

transportation industry (trailers and railway cars), etc. 

2.Ferritic Stainless Steels 

 Ferritic stainless steels are ferritic in structure at all 

temperatures up to their melting points. 

 ferritic stainless steel contain between 12 and 25% of 

chromium and less than 0.1% of carbon. 

 An austenite cannot be formed, it is impossible to form 

hard martensitic structures by quenching the steels from high 

temperature. 

 This type of steel cannot be heat treated, but may be 

strengthened by work hardening. 
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Composition: A typical composition of ferritic stainless steel is 

given below: 

C-0.08 to 0.10%  Si-1% 

Mn-1 to 1.5%   Cr-12 to 25% 

Properties: The important characteristics of the ferritic stainless 

steel are: 

(i)They are magnetic 

(ii)They have good ductility 

(iii)They have great strength, toughness, and good resistance to 

corrosion 

(iv)These steels can be welded, forged, rolled, and machined.  

Applications: The typical applications of ferritic stainless steels 

include lining for petroleum industry, heating elements for 

furnaces, interior decorative work, screws and fittings, oil burner 

parts, etc. 
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3.Martensitic Stainless Steels 

 Martensitic stainless steel contain between 12 and 25% of 

chromium, together with carbon contents ranging from 0.1 to 

1.5%. 

 The presence of carbon restores the α to γ transition. 

These compositions can be heated to the austenitic range of 

temperatures and will transform to martensite upon cooling at 

suitable rates. 

Composition: A typical composition of martensitic stainless 

steel is given below: 

C-0.1 to 1.5%   Si-1% 

Mn-1%   Cr-12 to 25% 
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Properties: Some of the important characteristics of martensitic 

stainless steels are: 

(i)Good hardness, ductility, and thermal conductivity. 

(ii)Good toughness and corrosion resistance 

Applications: The typical applications of martensitic  stainless 

steels include pumps and valve parts, rules and tapes, turbines 

buckets, surgical instruments, etc. 

Note: For corrosion resistance and for a high degree of heat 

resistance austenitic stainless steel (used in welded assemblies) 

are preferred to ferrite or martensitic stainless steels . 
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TOOL STEELS 

 Tool steels are metals used to make tools and dies for 

cutting, forming, or otherwise shaping a material in to a 

component or part for a specific application. 

 In other words, tool steels are metals designed to provide 

wear resistance and toughness combined with high strength. 

 They are basically high-carbon alloys, where the 

chemistry provides the balance of toughness and wear desired. 

Properties of Tool Steels 

Tool steels should have the following requirements: 

(i)Good toughness 

(ii)Good wear resistance 

(iii)Very good machinability 

(iv)Slight change of form during hardening 

(v)Little risk of cracking during hardening 

(vi)Resistance to softening on heating 

(vii)Resistance to decarburisation 
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(viii)A definite hardening temperature 

(ix)A definite cooling rate during hardening 

Note: A plain high-carbon tool steel possesses the above 

properties its cutting edge softens easily on becoming 

overheated during a high-speed cutting process. Thus tools and 

dies cannot be made from plain-carbon steels. 

1.A widely used high-speed tool steel is 18-4-1 high speed steel. 

This steel contains 18% tungsten, 4% chromium, and 

1%vanadium. It is considered to be one of the best of all purpose 

tool steels. 

2.Since molybdenum is a cheaper alloying element than tungsten 

and is about as effective as tungsten, the T steels have been 

almost entirely replaced by M steels. 

3.The cobalt high speed steel is also known as ultra or super 

high speed steel. This steel contains 20% tungsten, 12% cobalt, 

4% chromium, and 2% vanadium. 
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HSLA STEELS 

HSLA(High-Strength Low-Alloy Steels), also known as micro-

alloyed steels, are low-carbon steels containing small amounts of 

alloying elements. Its primary purpose is weight reduction 

through increased strength. 

Characteristics of HSLA Steels 

(i) HSLA steels have very high yield strength 

(ii) They can be welded without becoming brittle 

(iii) These are very light i.e., weight savings up to 20 to 30% can 

achieved without compromising its strength 

(iv) They have high corrosion resistance 

(v) They are ductile, formable, and machinable 

Applications of HSLA Steels 

 The HSLA steels are widely used as structural materials. 

The structural applications (wherever possible, substantial 

weight savings is desired) includes bridges, towers, columns in 

high-rise buildings, pressure vessels, automobiles, trains,etc. 
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MARAGING STEELS 

 Maraging  steels are low-carbon, highly alloyed steels. 

They are used in applications where very high tensile strength is 

desired. 

Composition: Maraging steels contain 18% nickel, 7% cobalt, 

and small amounts of other elements such as titanium. The 

carbon content is low, generally less than 0.05%. 

Characteristics of Maraging Steels 

(i)Maraging steels have very high tensile strength and impact 

strength. 

(ii)These steels combine considerable toughness with high 

strength and are far superior than conventional alloy 

constructional steels. 

(iii)They are also very suitable for surface hardening by nitriding 

(iv)They can be welded, if welding is followed by the full 

solution and ageing treatment. 
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Applications of Maraging steels 

 Maraging steels find a variety of uses such as the flexible 

drive shafts for helicopters, barrels for rapid-fired guns, die 

casting dies, and extrusion rams, space-vehicle  cases, etc.  
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CASTIRON 

 Cast irons can be defined as the ferrous alloys with 

greater than 2% carbon. They also contain small amounts of 

silicon, sulphur, manganese, and phosphorous. 

 In principle, cast irons are eutectic alloys of iron and 

carbon. 

 Cast irons are the least expensive of all metals. This is 

because iron is the second most plentiful metallic resource next 

to aluminium. 

 As the name implies, molten cast iron can be cast in to 

any complex, shapes and can be easily machined to required 

tolerances. 
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Features that make cast iron an important material 

1.It is cheap metallurgical substance. 

2.Good mechanical rigidity and good strength under 

compression 

3.Easy castability 

4.Good machinability can be achieved when a suitable 

composition is selected 

5.High-duty cast irons can be produced by further treatment of 

irons of suitable composition. For example, spheroidal-graphite 

irons are strong, whilst malleable irons are tough. 

Composition of cast iron 

Carbon-3.0-4.0%   Sulphur up to  0.1% 

Silicon 1.0-3.0%   Phosphorous up to 1.0% 

Manganese 0.5-1.0% 
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GREY CAST IRON 

 Grey cast iron is the least expensive and the most 

common type of cast iron. 

 It is an alloy of carbon and silicon with iron. 

Composition: Typical composition of grey cast iron is given 

below: 

Carbon – 2.5 to 4%   Silicon – 1 to 3% 

Manganese – 0.4 to 1%  Phosphorous – 0.15% to 1% 

Sulphur – 0.02 to 0.15%  Remaining is iron 

Characteristics of Grey Cast Iron 

1.Grey cast iron possess excellent compressive strengths. In fact, 

the compressive strength of grey cast iron is three to five times 

higher than its tensile strength. This is due to the fact that 

compressive forces do not promote crack propagation. 

2.It also has good torsional and shear strengths. 

3.It has good corrosion resistance, which may be attributed to 

high silicon content. 
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4.It has excellent fluidity and hence it can be cast in to any 

complex shapes. 

5.It posses good wear resistance in adhesive wear conditions. 

This is due to the presence of graphite flakes which provide self 

lubrication. 

6.It exhibits excellent machinability(better than steel). This is 

because graphite acts to break up the chips and lubricate contact 

surfaces. 

7.It also ha sound standing sound and vibration damping 

capacity. This is again due to the fact that graphite flakes absorbs 

transmitted energy. 

Applications of Grey Cast Iron 

 The typical applications of grey cast iron include machine 

tool bodies, engine blocks, engine cylinders, brake drums, cam 

shafts, pipes, and pipe fittings, rolling mills, ingot moulds, house 

hold and agricultural appliances, etc. 
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WHITE CAST IRON 

 White cast iron derives its name from the fact that its 

fracture surface has a white or silvery appearance. 

 White iron has all the carbon in the combined form as 

cementite (i.e., iron carbide) in a pearlitic matrix. When the rate 

of cooling is fast, nearly all the carbon in a cast iron exists as 

cementite. 

Composition: The typical composition of a white cast iron is 

given below: 

Carbon  - 1.8 to 3%    Silicon – 0.5 to 1.9% 

Manganese – 0.25 to 0.8%  Phosphorous – 0.05 to 0.2% 

Sulphur – 0.10 to 0.30%  Remaining is iron 
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Characteristics of White cast iron 

1.White cast iron is very hard and brittle 

2.It possess high abrasion resistance  

3.It has a high tensile strength and a low compressive 

strength 

4.Since, it is hard, it cannot be machined. 

5.White iron castings can be made in sand moulds. 

Applications of White cast Iron 

1.White cast iron is used as a raw material in the 

production of malleable cast iron. 

2.The typical applications of white cast irons include 

rolls, Wear plates, pump linings, balls, etc. 

3.It is also used for inferior casting and in places where 

hard coating is required as in the outer surface of car 

wheels. 
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Malleable Cast Iron 

 Malleable iron is a cast iron  that has been heat treated so 

that it has significant ductility and malleability. 

Composition : The composition of a typical malleable cast iron 

is given below: 

Carbon – 2.0 to 3.0%   Silicon – 0.6 to 1.3% 

Manganese – 0.2 to 0.6%   Phosphorous – 0.15% 

Silicon – 0.10%   Remaining is iron 

Types of Malleable Irons 

Two types of malleable irons, depending on the type of heat 

treatment cycle used to produce, are: 

1.Ferritic malleable iron, and 

2.Pearlitic malleable iron 
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1.Ferritic Malleable Cast Iron 

 The white iron castings are heated beyond the upper critical 

temperature and held for a prolonged period of time so that carbon 

in the cementite converts to graphite. Subsequent low cooling 

through the eutectoid reaction results in a ferritic matrix. The cast 

iron so obtained is termed as ferritic malleable cast iron. 

 The ferritic malleable cast iron has good toughness 

compared with that of other cast irons. 

2.Pearlitic Malleable Cast Iron 

 When the white cast iron is cooled from  temperatures 

higher than a upper critical temperature more rapidly through the 

eutectoid transformation range, the carbon in the austenite will not 

have enough time to form additional graphite but is retained in the 

pearlite matrix. The irons so produced are called pearlitic 

malleable cast irons. 

 Pearlitic malleable cast iron is characterised by higher 

strength and lower ductility than ferritic malleable cast iron. 
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Characteristics Of Malleable Cast Iron 

1.The malleable cast iron possess good ductility and malleability 

properties than grey cast iron. 

2.It exhibits high yield strength and tensile strength 

3.It is not brittle as grey cast iron 

4.It has high young‟s modulus and low coefficient of thermal 

expansion. 

5.It exhibits excellent impact strength and fatigue strength 

6.It has good wear resistance and vibration damping capacity 

7.It also has excellent machinability.  
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APPLICATIONS OF MALLEABLE CAST IRON 

 Malleable cast iron are widely used in the automobile 

industries, because of their combination of castability, shock-

resistance, and good machinability. Typical components include 

brake-shoes, pedals, levers, wheel-hubs, axle-housings, 

connecting rods, transmission gears, and door hinges. 

 They are also suitable for the manufacture of thin sections 

which require high ductility. Typical components include pipe 

fittings, parts for agricultural machinery, switchgear equipment, 

and fittings for bicycle and motorcycle frames. 
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SPHEROIDAL GRAPHITE OR NODULAR CAST IRON 

(OR DUCTILE CAST IRON) 

 Spheroidal graphite (SG) cast iron is also known as 

„nodular iron‟ or as „ductile iron‟. 

Composition: The composition of atypical SG cast iron is given 

below: 

Carbon – 3.2 to 4%   Silicon – 1.8 to 3% 

Manganese – 0.2 to 0.5%  Phosphorous – 0.08%max 

Sulphur – 0.01 max   Remaining is iron. 

 The SG iron is the cast iron with nodular or spheroidal 

graphite. The nodules, also called spheroids, are about the same 

as those in malleable cast iron (temper carbon), expect that they 

are more perfect spheres. 
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Characteristics of SG Cast Iron 

1.S.G cast iron has excellent ductility, tensile, and yield, 

strengths then grey and malleable cast iron. 

2.It has good toughness than the grey cast iron. 

3.It has good fatigue strength 

4.It exhibits good impact strength 

5.It possesses good hardness and high modulus of elasticity. 

6.It has corrosion resistance similar to that of grey cast iron 

7.It possesses excellent castability and wear resistance  

8.It has ability to resist oxidation at high temperatures 

9.It has good machinability 

Applications of SG Cast Iron 

 The typical applications of SG cast iron include valves, 

pump bodies, crank shafts, gears, pinions, rollers, rocker arms, 

flanges, pipe fittings, power transmission equipments, 

earthmoving machineries, and other machine components. 
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ALLOY CAST IRON 

 The cast iron discussed so far called plain cast irons, in 

the sense that above cast irons contain only small amounts of 

impurities. 

 The alloy cast irons, like alloy steels, can be produced by 

adding alloying elements like Ni, Cr, Mo, Cu, Si, and Mn. 

Purpose:  Alloy cast irons have been produced to give high-

strength materials, hard and abrasion-resistant materials, 

corrosion resistant irons, and irons for high-temperature service. 
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 All the metallic elements other than iron are referred to as 

non-ferrous materials. 

 In other words, non-ferrous materials are those metals 

which contain elements other than iron as their chief constituent. 

 Even through non-ferrous materials are not produced in as 

great tonnage and are more costly than ferrous materials(steel 

and cast iron), the non-ferrous materials are widely employed in 

current engineering industries due to the following 

characteristics: 

1.Lighter in weight 

2.Higher electrical and thermal conductivity. 

3.Better resistance to corrosion 

4.Ease of fabrication (casting, rolling, forging, welding, and 

machining) 

5.Colour. 
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Various non-ferrous materials: Of all the non-ferrous 

materials, the important non-ferrous materials used in 

engineering practice are: 

1.Copper,    2.Aluminium 

3.Lead,    4.Magnesium, 

5.Nickel,    6.Tin, 

7.Titanium, and   8.Zinc  
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Copper 

 Copper is one of the oldest and the most widely used non-

ferrous metals in industry. 

Properties of Copper 

1.Copper possesses very high electrical conductivity. In fact, in 

this respect it is second only to silver. 

2.It also has very high thermal conductivity. 

3.It exhibits excellent resistance to corrosion 

4.It is very soft, ductile, and malleable 

5.It becomes brittle just below its melting point 

6.It can be worked in hot and cold condition, but it cannot be 

welded. 

Applications of Copper 

 Copper is extensively used for manufacturing power 

cables, telephone cables, cables for computer networks, printed 

circuit boards, connectors, etc. 
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 Other grades of pure copper and used in the form of sheet 

for architectural cladding and for shaping in to articles such as 

domestic water tanks and vessels used in the food and chemical 

industries, and in the form of tubing for heat exchangers. 

  It is mainly used in the manufacture of important alloys such 

as brass and bronze. 

COPPER ALLOYS  

 Copper may be alloyed with a number of elements to 

provide a range of useful alloys. 

 The copper alloys possess a number of unique superior 

characteristics: High thermal and electrical conductivity, high 

corrosion resistance, high ductility and formability, and interesting 

colour for architectural uses. 

The important copper alloys are; 

1.Brasses (copper-Zinc alloys) 

2.Bronzes (copper-tin alloys) 

3.Gun-metals (copper-tin-zinc alloys) 

4.Cupro nickels (copper-nickel alloys) 
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Other alloying elements and their effects on copper are as 

follows: 

(i)Small additions of beryllium or chromium to copper give 

high-strength alloys. 

(ii)A small addition of cadmium gives a significant increase in 

strength with little loss of electrical conductivity. 

(iii)An addition of tellurium to copper gives an alloy  with very 

good machinability 

1.Brasses 

 Brass is an alloy of copper and zinc. Sometimes, small 

amounts of other metals such as tin, lead, aluminium, and 

manganese may be added. 

 Up to 36% zinc, brass is a single phase solid solution 

identified as the α phase and these alloys are called α brasses. 

  α brasses are relatively soft ductile, and easily cold 

worked. 
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CHARACTERISTICS OF BRASSES 

1.Brasses are stronger than copper 

2.Brasses have low thermal and electrical conductivity than copper 

3.They can be cast in to moulds, drawn in to wires, rolled in to 

sheets, and turned in to tubes 

4.Very often 1 to 3% of lead is added to brass for improving its 

machining properties 

5.The colour of brasses range from reddish colour to nearly white 

depending on the amount of zinc present. 

2.BRONZES 

 Bronze is an alloy of copper and tin. 

 The bronze are high-strength alloys with a good corrosion 

resistance than brasses. 

 The strength of the bronze increases with increase in tin 

content. However, tin content is kept 12% because they tend to be 

brittle. 

 Bronzes can be shaped or rolled in to wires, rods, and sheets. 
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3.Gun metals 

 Gun metals are alloys of copper, tin and zinc. 

 The zinc acts as a deoxidiser and it also improves fluidity 

during casting. 

 A small amount of lead may be added to improve 

castability and machinability 

 Since Zinc is considerably cheaper than tin, the total cost 

of the alloy is reduced. 

4.Cupronickels 

 Cupronickels are alloys of copper and nickel. 

 they have better corrosion resistance than many            

other copper alloys in sea water. 

 They can be hot-worked or cold-worked 

 They can be shaped by rolling, forging, pressing, drawing, 

and spinning. 

MECH-KIOT 



ALUMINIUM 

 Aluminium is one of the most abundant elements in the 

earths crust and also the most important of the non-ferrous 

metals. 

Characteristics of Aluminium 

(i)Light-weight(one-third the weight of the steel) 

(ii) High thermal and electrical conductivity 

(iii)Non-toxicity 

(iv)Soft and Ductile 

(v)Low specific gravity 

(vi)High strength-to-weight ratio and  

(vii) High reflectivity 

Applications of Aluminium 

 The aluminium is chiefly used for making parts of 

aeroplane, cooking utensils, electric wires, window frames, 

glazing bars, corrugated sheets, foils, posts, furniture, precision 

surveying instruments, surgerical instruments, etc. 
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 It is used as a reducing agent in the manufacturing of 

steels 

 It is used in the manufacture of electrical conductors and 

paints in powder form. 

 

ALUMINIUM ALLOYS 

 At room temperature, the mechanical properties of 

aluminium alloys are: 

(i)Interior to those of steel 

(ii)Almost equal to those of copper alloys and  

(iii)Superior to those of magnesium alloys. 

 The aluminum may be alloyed with one or more alloying 

elements such as Cu, Mg, Mn, Si, and Ni. 

 The addition of small amounts of alloying elements 

convert the soft and weak aluminium metal in ot hard and strong 

one, while retaining its light weight property. 
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Types of Aluminium Alloys 

The alloys of aluminium may be subdivided in to two groups as: 

1.Heat-treatable aluminium alloys and 

2.Non-heat treatable aluminium alloys 

1.Heat-treatable aluminium alloys  

 The heat treatable alloys cannot be strengthened by using 

a special type of heat treatment such as age hardening or 

precipitation hardening. 

The principal heat-treatable aluminium alloys are: 

1.Al-Cu alloys  2.Al-Cu-Ni alloys 

3.Al-Mg-Si alloys  3.Al-Zn-Cu alloys and  

5.Al-Li alloys 

2.Non-heat treatable aluminium alloys 

These alloys may be strengthened by cold working operations  

The important non-heat treatable aluminium alloys are: 

1.Al-Mn alloys  2.Al-Mg alloys and 

3.Al-Si alloys 
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Al-Cu Alloys 

The two important Al-Cu alloys are 

1.Duralumin and  

2.Y-alloy 

 S.N

o 

Alloy 

name 

Composition 

(wt%) 

Properties Typical 

applications 

1 Dural

umin 

94 Al,  

4Cu, 0.5Mg, 

0.5Mn, 

0.5Si,  

0.5Fe 

It is an 

wrought alloy 

Possesses 

maximum 

strength after 

age 

hardening. 

High strength-

to-weight 

ratio  

For air craft 

and automobile 

industries . 

For making 

electric cables 

in surgical and 

orthopadic 

implements or 

gadgets etc 
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2 Y-alloy 92.5 Al, 

4Cu 

2Ni 

1.5Mg 

It is an cast 

alloy 

Better 

strength than 

duralumin at 

high 

temperatures. 

For making piston of 

engines, cylinder 

heads, gear boxes, 

propeller blades, 

pistons, etc 
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BEARING MATERIALS 

 The materials which are used for making bearings are 

known as bearing materials. 

Characteristics of  a Bearing Material 

1.It should possess sufficient hardness and wear resistance 

2.It should have low coefficient of friction 

3.It should be tough, shock-resistant, and sufficiently ductile. 

4.It should have sufficient thermal conductivity 

5.It should have high thermal conductivity  

6.It should have good casting qualities 

7.It should have good resistance to corrosion. 
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Bearing Materials 

1.White metals 

2.Copper-base alloys 

3.Aluminium-base alloys 

4.Plastic materials and  

5.Ceramics 

 The selection of a particular bearing material depends 

upon types of loading, running speed, and service conditions 

1.White bearing Materials 

 White bearing metals are either tin-based alloys. 

 All white bearing metals contain about 10% of 

antimony(Sb).Tin and antimony combines chemically to form an 

intermetallic compounds SbSn. This forms small hard cubic 

crystals, termed cuboids. These cuboids are hard, and have low-

friction properties, which contains the necessary bearing, 

surface, in white metals. 
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(i)Tin-base bearing alloys 

 The Tin-base bearing alloys are known as Babbitmetals, 

after Isaac babbit, their originator. 

Composition: The composition of a typical „babbit‟ metal is 

given below: 

Sb 10%, Sn 82%, Cu 4%, Pb 4% 

Uses: They are suitable for use in many medium and high duty 

bearing applications, particularly in the automotive industries. 

(ii)Lead –base bearing alloys 

 The lead base bearing alloys are cheaper than tin-base 

bearing alloys. 

Composition:The composition of a typical lead-base bearing 

alloy is given below: 

Sb-13%, Sn-12%, Cu-0.75%, As-0.25%, Pb-745 

Uses: They are used for low pressure /low speed bearing 

applications.  
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2.Copper-base bearing alloys 

Copper-base bearing alloy include: 

1.Plain tin bronze- Cu85%, Sn15% 

2.Phosphor bronzes- Cu88%, Sn10%, P0.3%, Zn1%, Pb0.7% 

3.Leaded bronzes- Cu75%, Sn5%, Pb18%, Ni2% 

4.Sintered bronzes- Cu powder 90%, Sn powder 10% 

 The phosphor bronzes provide improved load bearing 

capacity. 

 The leaded bronzes are less strong than other bearing 

bronzes. But they will sustain higher loads at higher speeds than 

white metals. 

 Sintered bronzes are made by compacting and sintering 

Cu-Sn powder. They are usually self-lubricated. 
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Uses: 

1.Leaded bronzes are used in the manufacture of main bearings 

in aero-engines, and for automobile and diesel crankshaft 

bearings. 

2.Self-lubricating sintered bearing are used widely in the 

automobile industries and in domestic equipments such as 

vacuum cleaners, washing-machines, extractor fans, and audio 

equipment(where long service with a minimum of maintenance 

is required). 

3.Aluminium-base bearing materials 

 Aluminium-base alloys containing tin, copper, and nickel, 

are widely used as bearing materials. 

Composition: Sn 5.5- 7.0%, Cu0.7-1.3%, Balance is Al. 

Uses: They are used as main and big-end bearings in automobile 

design. 
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4.Plastic bearing materials 

The well-known plastic bearing materials are: 

1.Nylons(polyamides), and 

2.Poly tetra fluro ethylene (PTFE or Teflon). 

They have very low coefficients of friction. 

Uses: They are used for low load applications, particularly 

where oil lubrication is impossible or undesirable. 

5.Ceramic bearing materials 

 Ceramic materials are used as bearings in small precision 

instruments, for example jewel bearings in watch movements. 

 Modern industrial ceramics such as alumina are used as 

bearings in large speed precision movements. 
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1 INTRODUCTION 

1.1 Polymers 

1.2 Polymer Synthesis 

1.3 Laboratory Synthesis 

2 Engineering Thermolastics 

2.1 Thermoplastics 

2.2 Thermosetting Plastics 

2.3 Elastrometric Polymers 

2.4 Linear Polymers 

2.4.1 Addition Polymers 

 2.4.1.1 Polyethylene 

 2.4.1.2 Polypropylene 

 2.4.1.3 Poly (tetrafluoroethylene) 

 2.4.1.4 Elastomers 

3 Properties and Applications of Some Elastomers 
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4 Commodity and Engineering Polymers 

4.1 Properties and Applications of some other polymers 

 4.1.1 Polyethylene (PE) 

  4.1.1.1 Properties 

  4.1.1.2 Classification of Polyethylene 

   4.1.1.2.1 Ultra-High-Molecular-Weight 

Polyethylene UHMWPE) 

   4.1.1.2.2 High-Density Polyethylene 

(HDPE) 

   4.1.1.2.3 Cross-linked polyethylene (PEX or 

XLPE) 

   4.1.1.2.4 Medium-Density polyethylene 

(MDPE) 

   4.1.1.2.5 Linear low-density polyethylene 

(LLDPE) 

   4.1.1.2.6 Low-density polyethylene (LDPE) 

   4.1.1.2.7 Very-low-density polyethylene 

(VLDPE) 
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 4.1.1.3 Environmental issues 

4.1.2 Polypropylene 

 4.1.2.1 Chemical and Physical Properties 

4.1.3 Polystyrene 

 4.1.3.1 Polymerization 

 4.1.3.2 Degradation 

4.1.4 Polyvinyl chloride (PVC) 

 4.1.4.1 Properties 

4.1.5 PMWA (Poly(methyl Methacrylate) 

 4.1.5.1 Properties 

 4.1.5.2 Modification of properties 

4.1.6 Polyethylene terephthalate(PET) Polymers 

 4.1.6.1 Properties 

4.1.7 Polycarbonates (PC) Polymers 

 4.1.7.1 Properties 

 MECH-KIOT 



4.1.8 Polyamide(PA) Polymers 

4.1.9 Acrylonitrile butadiene styrene (ABS) 

 5.4.1.9.1 Properties 

4.1.10 Polyimide (PI) Polymers 

4.1.11 Poly (p-phenylene oxide) (PPO) (PPE) Polymers 

4.1.12 Poly (p-phenylene sulfide) PPS Polymers 

 4.1.12.1 Properties 

 4.1.12.2 Applications of PPS Thermoplastic 

4.1.13 PEEK (Polyether ether ketone) Polymers 

 4.1.13.1 Synthesis 

 4.1.13.2 Properties 

4.1.14 ABS (Acrylonitrile butadiene styrene) Polymers 

 4.1.14.1 Properties 

4.1.15 Polytetrafluoroethylene (PF) Polymers 

 5.4.1.15.1 Formation 

 4.1.15.2 Properties 

 4.1.15.3 Applications and uses 
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4.2 Urea Formaldehyde (UF) 

 4.2.1 Properties 

 4.2.2 General Uses 

 4.2.3 Properties 

4.3 Phenol formaldehyde Resin (PF) 

4.4 Engineering Ceramics 

 4.4.1 Ceramics 

  4.4.1.1 Examples of whiteware ceramics 

  4.4.1.2 Classification of technical ceramics 

  4.4.1.3 Types of ceramic materials 

  4.4.1.4 Properties of Ceramics 

  4.4.1.5 General classification of ceramics: 

  4.4.1.6 Tribology of ceramics 

  4.4.1.7 Effect of microstructure on tribological 

properties of ceramics 
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  4.4.1.8 Grain size 

  4.4.1.9 Effect of flaw size on the fracture strength 

of a ceramic material is expressed by the Griffith equation 

  4.4.1.10 Homogeneity 

  4.4.1.11 Manufacturing processes forming 

microstructure of ceramics powder preparation 

  4.4.1.12 Compaction (shape forming) 

  4.4.1.13 Sintering 
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1. Polymers 

 A polymer is a chemical compound or mixture of 

compounds consisting of repeating structural units created 

through a process of polymerization. 

2. Polymerization 

 Polymerization is the process of combining many small 

molecules known as monomers into a covalently bonded chain. 

During the polymerization process, some chemical groups may 

be lost from each monomer. 

3. Elastomers: 

 Elastomers are linear polymers with occasional-cross 

links. These cross-links provide a memory so it returns to its 

original shape on unloading. 
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4. Addition Polymers 

 Addition polymers such as polyethylene, polypropylene, 

poly(vinyl chloride), and polystyrene are linear or branched 

polymers with little or no cross-linking. As a result, they are 

thermoplastic materials, which flow easily when heated and can 

be molded into a variety of shapes. 

5. Polyethylene(PE) 

 Polyethylene (abbreviated PE) or polythene (IUPAC 

name polyethene or poly(methylene)) is the most common 

plastic. The annual production is approximately 80 million 

metric tons. 

6. Poly(tetrafluoroethylene) 

 Tetrafluoroethylene (CF2=CF2) is a gas that boils at -76C 

and is therefore stored in cylinders at high pressure. 
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7.ULTRA-HIGH-MOLECULAR-WEIGHT 

POLYETHYLENE (UHMWPE) 

 UHMWPE is polyethylene with a molecular weight 

numbering in the millions, usually between 3.1 and 5.67 million. 

8. Cross-linked polyethylene (PEX or XLPE) 

 PEX is a medium- to high-density polyethylene 

containing cross-link bonds introduced into the polymer 

structure, changing the thermoplast into an elastomers 

9. Polystrerne 

 Polystyrene (PS) ( pɒliˈstaɪriːn) is an aromatic polymer 

made from the monomer styrene, a liquid petrochemical. 

Polystyrene is one of the most widely used plastics, the scale of 

its production being several billion kilograms per years. 
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10. Linear low-density polyethylene (LLDPE) 

 LLDPE is defined by a density range of 0.915–0.925 

g/cm3. LLDPE is a substantially linear polymer with significant 

numbers of short branches, commonly made by 

copolymerization of ethylene with short-chain alpha-olefins (for 

example, 1-butene, 1- hexene and 1-octene). LLDPE has higher 

tensile strength than LDPE, it exhibits higher impact and 

puncture resistance than LDPE. 

11.Polyphenylene sulfide (PPS) 

 Is an organic polymer consisting of aromatic rings linked 

with sulfides. Synthetic fiber and textiles derived from this 

polymer are known to resist chemical and thermal attack. 
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12. UREA FORMALDEHYDE(UF) 

 Urea-formaldehyde, also known as urea-methanal, 

named so for its common synthesis pathway and overall 

structure, is a non-transparent thermosetting resin or plastic, 

made from urea and formaldehyde heated in the presence of a 

mild base such as ammonia or pyridine. These resins are used in 

adhesives, finishes, MDF, and molded objects. 

13. ABS(Acrylonitrile butadiene styrene) Polymers 

 Acrylonitrile butadiene styrene (ABS) (chemical 

formula (C8H8)x· (C4H6)y·(C3H3N)z) is a common 

thermoplastic. Its glass transition temperature (ABS is 

amorphous and therefore has no true melting point) is 

approximately 105 °C (221 °F). 

14. PEEK (Polyether ether ketone) Polymers 

 PEEK is a colourless organic polymer thermoplastic used 

in engineering applications 
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15. Polycarbonates (PC) Polymers 

  Polycarbonates (PC) Polymers known by the 

trademarked names Lexan, Makrolon, Makroclear and others, 

are a particular group of thermoplastic polymers. 
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 The most important non-metallic materials include 

polymers (such as plastics, rubbers, and adhesives), ceramics, 

and composites.  

 In recent decades there is a large increase in the polymer 

materials. Polymers are widely used in number of applications, 

including toys, home appliances, structural and decorative items, 

coatings, paints, adhesives, automobile tyres, foams, and 

packaging. In the same way, ceramic materials are used in varied 

engineering applications, including tools for grinding and 

cutting, seals, bearings and other components for engine and 

pumps. The composite engineering materials are used to produce 

a wide range of products varying from those used in high-

strength air craft components to road-building tarmacadam and 

concrete. Therefore it is imperative for the design engineer to 

have an understanding of their natures, properties, advantages, 

and limitations. 
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 The following groups of non-metallic materials are, 

1.Polymers 

2.Ceramics, and 

3.Composites 

POLYMERS 

 Almost all biological system are built of polymers which 

not only perform mechanical functions (like wood, bone, 

cartilage, leather) but also contain and regulate chemical 

reactions (leaf, veins, cells). People have used these natural 

polymers for thousand of years now. Modern scientific 

researchers have made possible the development of numerous 

polymers, which are synthesized from small organic molecules. 

 Most of our useful plastics, rubbers, and fiber materials 

are synthetic polymers. In fact, in some applications polymers 

replaced metallic materials. The use of synthetic poymers have 

increased largely during recent decades. 
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Characteristics of Polymers 

1.Low density 

2.Good thermal and electrical insulation properties 

3.High resistance to chemical attack 

4.Ease of fabrication 

5.Relatively low cost 

Some of the disadvantages of polymer materials are: 

1.Low strength 

2.Low elastic modulus values 

3.Low softening temperatures 

 However, the low strength and stiffness can be improved 

by fiber reinforcement of polymers. 
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What are polymers 

 The term „poly‟ means „many‟, and the term „mer‟ means 

„parts or units‟. Thus polymers are composed of a large number 

of repeating units of small molecules called monomers.  

Monomers: Monomers are the small molecules which combine 

to form a polymer. They are also repeating units as they 

combine repeatedly to form a polymer. The number of repeating 

units in a polymer is known as degree of polymerisation or 

D.P.value.  
Polymerisation: is a reaction which involves the union of small 

molecules to form molecules having higher molecular weight 

called polymer.  

Therefore, a polymer is made up of thousand of monomers 

joined together to form a large molecule. 
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CLASSIFICATION OF POLYMER 
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Terminology Used in Polymers 

1.Monomer: It is a small molecule consisting of a single mer 

i.e., a single unit/blocking block. 

2.Polymer: It is a macromolecule formed by the repeated 

linking of many monomers. 

3.Polymerisation: It is a polymer made out of identical 

manomer. 

4.Homopolymer: It is a polymer made out of identical 

monomer. 

In other words, when all the repeating units along a chain are of 

the same type, the resulting polymer is called a homopolymer. 

‒M ‒M ‒M ‒M ‒                      ‒M1 ‒M2 ‒M1‒M2 ‒M1‒M2‒ 

Homopolymer   Copolymer 

5.Copolymer:It is a polymer which is obtained by adding 

different types of monomers. 

MECH-KIOT 



6.Degree of polymerisation: It is the number of repetitive units 

(or mers) present in one molecule of a polymer. It is a parameter 

used to designate the average chain of a polymer. 

Mathematically, 

Degree of Polymerisation= Molecular weight of a polymer/ 

Molecular weight of a single monomer 

7.High-polymers:Solid polymers which have very high 

molecular weights (ranging between 10,000 and 1,00,000 g/mol) 

are called high-polymer. 

8.Oligo-polymers: oligo-polymers or oligomers are liquid/gas 

polymers with very short chains (having molecular weights on 

the order of 100g/mol). 

Types of Homopolymers 

9.Linear polymers: Linear polymers are those in which the mer 

units are joined together end to end in single chains, For linear 

polymers, there may be extensive van der boundary between the 

chains.   
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10.Branched polymers: Branched polymers are those in which 

side-branch chains are connected to the main ones. 

11.Cross-linked polymers: In cross-linked polymers, adjacent 

linear chains are joined one to another at various positions by 

covalent bonds.  
12.Network polymers: Network polymers have three active 

covalent bonds (known as trifunctional mer units), which form 

three-dimensional networks instead of the linear chain 

framework. 

Types of Copolymers 

 Consider a copolymer that is composed of two mer units 

as represented by ○ and ●. Depending upon the polymerisation 

process and the relative fractions of these mer types, we have 

different sequencing arrangements along the polymers chains. 

13.Random copolymer: In this, the two different units are 

randomly dispersed along the chain. 
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14.Alternating Polymer: In this, the two mer units alternate 

chain positions. 

15.Block copolymer: In this, the identical mers are clustered in 

blocks along the chains. 

16.Graft copolymer: In this, homopolymer side branches of one 

type may be grafted to homopolymer main chains that are 

composed of a different mer.  
17.Isomerism: It is a phenomenon wherein different atomic 

configurations are possible for the same configuration.   
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POLYMERISATION 

 Polymerisation is the process of forming a polymer by 

linking together of monomers. 

 The polymerisation mechanism can be divided in to two 

categories as: 

1.Addition polymerisation  

2.Condensation polymerisation 

Addition Polymerisation 

 Addition polymerisation, also known as chain reaction 

polymerisation, is a process by which two or more chemically 

similar monomers are polymerisation to form long chain 

molecules. 

 Polymerisation takes place in unsaturated organic 

compounds. In this process, their double covalent bonds are 

broken and single are formed in its place.  
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 Addition polymerisation yields a product that is an exact 

multiple of the original monomeric molecule. 

 Addition polymerisation is usually instigated by the 

application of heat, light, pressure or a catalyst. 
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THREE STAGES IN ADDITION POLYMERISATION 

The addition polymerisation occurs in three stages: 

1.Initiation  

2.Propagation, and 

3.Termination 

These three stages are demonstrated for polyethylene formation 

from ethylene monomer. 

Stage1:Inititation of addition polymerisation 

 During the initiation stage, an initiator (such as benzoyl 

peroxide) is added to the molecule. 

 The initiator forms free radicals with a reactive site that 

attracts one of the carbon atoms of an ethylene monomer. 
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Stage2:Propagation of the addition chain 

 Once the chain is initiated, repeat units are added on to each 

chain at a high rate. 

 The chain growth is relatively quick. For example, the time 

required to grow a molecule consisting of 1000 mer units is on the 

order of 10-2  to 10-3s. 

Stage3:Termination of addition polymerisation  

The chains may be terminated by two mechanisms. They are: 

1.The active ends of two propagating chains may react or link 

together to form a non-reactive molecules. This process is called 

combination. This termination the growth of each chain. 

2.The active end of one chain may remove a hydrogen atom from a 

second chain by a process known as disproportionation. This 

reaction terminates two chains. 

Applications 

Addition polymerisation is used in the synthesis of polyethylene, 

polypropylene, polyvinyl chloride, and polystyrene and many 

copolymers. 
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CONDENSATION POLYMERISATION 

 Condensation polymerisation, also known as step-growth 

polymerisation, is the formation of polymers by step wise 

intermolecular chemical reactions that normally involve atleast 

two different monomers. 

 In contrast to addition polymerisations, the condensation 

polymerisation form a small molecular weight by-product such 

as water or CH3OH in addition to the polymer final product. 

 in this, the reactant products will not have the chemical 

formula of the repeat unit, and the intermolecular reaction occurs 

every time a mer repeat unit is formed. 

Characteristics of Condensation Polymerisation 

 The reaction times for condensation are generally larger 

than for addition polymerisation. 

 Like addition polymerisation, various chain length can be 

produced, yielding a molecular weight distribution. 
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Condensation reactions often produce trifunctional monomers 

capable of forming cross-linked and network polymers. 

Applications 

 The condensation polymerisation is used in the synthesis 

of thermosetting polyesters and phenol formaldehyde 

(Bakelite),the nylons, and the polycarbonates. 
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POLYMER ADDITIVES 

 Polymers use additives to improve their properties and 

performance. 

Additives are added to polymers: 

(i)To improve mechanical properties 

(ii)To reduce the cost 

(iii) To improve the thermal processing such as moldability 

(iv)To improve surface and chemical characteristics 

(v)To improve the appearance and aesthetic properties 

The various polymer additives include: 

1.Filler materials   2.Plasticizers 

3.Stabilizers   4.Colorants 

5.Flame retardants  6.Reinforcements and 

7.Lubricants. 
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PLASTICS 

 A plastic may be defined as an organic polymer, which 

can be moulded in to any desired shape and size with the help of 

heat, pressure, or both. 

 Now a days plastics are extensively used in engineering 

applications due to their important properties such as low price, 

colour range, toughness, water resistance, low electrical and 

thermal conductivity, ease of fabrication, etc. 

 Standard forms in which plastics are available include 

powders, sheets, films, rods, tubes and liquids. 

Natural Vs Synthetic Plastics 

Natural Plastics: The plastics which are available as such in the 

nature are called natural plastics. Examples include resins, lac, 

and casein. 
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Synthetic Plastics: The plastics which are prepared artifically 

are called synthetics. Examples include urea, phenol 

formaldehydes, polystyrene, and acrylic. 

Sources of Raw Materials for plastics 

The three main sources of raw materials used in the manufacture 

of plastics are: 

1.Animal and vegetable by-products[such as casein(from cow‟s 

milk), cellulose (mainly from cotton fibres), and wood pulp 

(cellulosics)]. 

2.Coal by-products (obtained during the destructive distillation 

of coal to produce coal gas). 

3.Petroleum by-products (obtained during the refining of crude 

oil). 

Classification of Plastics 

1.Thermoplastics 

2.Thermosetting plastics. 
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1.Thermoplastics 

Thermoplastics, are also known as thermoplasts, are the plastics 

whose plasticity with the increase in temperature. 

 It means that thermoplastics soften (i.e., liquidity) when 

heated, and hardened when cooled. 

 Thermoplastics may be solidified and reheated as many 

time as desired. But their characteristics remain the same. 

 Thermoplastics are relatively soft and ductile . 

Since thermoplasts have low melting temperatures can be 

repeatedly moulded and remoulded to the desired shape, they 

have a good resale/scrap valve. 

Mechanism: It may be noted that most of the thermoplastics are 

formed by addition polymerisation. We know that the addition 

polymerisation produces only linear polymers i.e., chain 

molecules or linear molecules. Therefore thermoplastics can be 

mechanically deformed and soften at high temperatures.  
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Also they can easily moulded due to the absence of cross links 

Examples: some of the important thermoplastics are: 

1.Polythenes  2.Polystyrenes 

3.Polyvinyls  4.Acrylics    

5.Polyamides  6.Polytetrafluoroethylenes 

7.Cellulosics   
2.Thermosetting plastics 

 Thermosetting plastics, also known as thermosets, are 

plastics which become permanently hard when heat is applied 

and do not soften upon subsequent heating. 

 That is, thermosetting plastics once set cannot be soften 

on heating. Thus they cannot be remoulded/reshaped again and 

again. That‟s why they do not a resale/scrap value. 

 The thermosetting plastics are generally stronger, harder, 

more brittle, more resistant to heat and solvents than 

thermoplastics. 
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Mechanism: It any be noted that most of the thermosetting 

plastics are formed by condensation polymerisation. We know 

that the condensation polymerisation produces cross –linked 

molecules. Cross linked molecules are composed of long 

molecules linked to each other in three dimensions by primary or 

valence bonds. They are not broken by heat until the compound 

is decomposed. Once the product is heated to an excessive 

temperature, where cross-links are broken, an irreversible 

decomposition takes place. Moreover, due to these cross-linked 

molecules the thermosetting plastics cannot be softened once 

they are moulded, even at high temperatures. 

Examples: Some of the important thermosetting plastics are: 

1.Polyesters   2.Phenolic 

3.Urea formaldehyde  4.Melamine formaldehyde and 

5.Epoxides. 
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Both the thermoplastics and thermosetting plastics, in turn, can 

be classified, from the usage point of view, in to two groups. 

They are 

1.Commodity plastics, and 

2.Engineering plastics. 

Commodity plastics 

The widely used plastics are called commodity plastics. 

Commodity plastics generally have lower cost. 

Most commodity plastics are used for throaway items such as 

hot/cool drink cups, plastic bags, boxes ,etc. 
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Engineering plastics 

The plastics which are used in engineering applications are 

known as engineering plastics. 

Engineering plastics have higher strength, greater, environmental 

resistance, and better physical properties. 
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PROPERTIES AND APPLICATION  OF SOME 

THERMOPLASTICS 

1.Hydrocarbon Plastics 

2.Chlorocarbon and Flurocarbon polymers 

3.Acrylic Materials 

4.Polyamides (or Nylons) 

5.Heterochain Polymers 

1.Hydrocarbon Plastics 

The major hydrocarbon thermoplastic polymers are 

polyethylene,  polypropylene, and polystyrene. 

1.1.Polyethylene(PE) 

 polyethylene, also known commonly as polythene, is 

made by the polymerisation of ethane i.e., (CH2=CH2). 

 Polyethylene is made from petroleum or natural gas feed 

stocks. 

 The properties and application of PE vary over wide 

ranges depending on the molecular weight, the method of 
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Manufacture, and differences in structure and density. 

Types of polyethylenes: Based on density, there are four 

classifications of polyethylene: 

1.Low density polyethylene (LDPE) 

2.High density polyethylene (HDPE) 

3.Linear low density polyethylene (LLDPE) 

4.Ultra-high-molecular weight polyethylene(UHMWPE) 

Characteristics of PEs: 

1.They have excellent resistance to most solvents and chemicals. 

2.They are tough and flexible over a wide range of temperature. 

3.They are non-toxic. 

4.They possess good electrical insulation properties. 

Applications: Typical applications of polyethylene include 

flexible bottles, toys, packing films, seals and gaskets, bowls and 
buckets, etc. 
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1.2.Polypropylene(PP) 

Polypropylene is formed from the monomer propane i.e., 

propylene (CH2=CH - CH3). 

It is similar to high-density polyethylene (HDPE), but its 

mechanical properties make it more suitable for moulded parts 

than polyethylene. 

Characteristics of PPs: 

1.They are stiffer, harder, and often stronger than polyethylenes. 

2.They have excellent fatigue resistance and a higher use 

temperature. 

3.They are lighter in weight 

4.They have good chemical and thermal resistance. But they 

have poor resistance. 

5.They are relatively low cost to ultra-violet light. 
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Applications: Typical applications of polypropylene include 

low-cost semi-rigid moulded products such as housewares, car  

interior components; bottle caps; extruded pipes; carpet fibres; 

etc. 

1.3.Polystyrene(PS) 

 Polystyrene is made from ethyl-benzene. It accounts for 

about 20% of all thermoplastics in commercial use. 

Characteristics of Polystyrenes: 

1.They are low cost, brittle, glassy, transparent polymers. 

2.They are easy to process; have excellent moldability. 

3.They have good dimensional stability 

4.They have a poor chemical and corrosion resistance 

5.They are susceptible to ultra-violet lights. 

Types of polystyrenes; 

1.HIPS(High Impact Polystyrene) 

2.ABS (Acryknitrile-Butadiene-styrene),and 

3.SAN(Styrene- Acrylonitrile) 
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Applications: Typical applications of polystyrene include 

packaging and insulating foams, lighting panels, appliance 

components, egg boxes, wall tiles, battery cases, etc. 

2.CHLOROCARBON AND FLUROCARBON POLYMERS 

2.1Polyvinyl chloride (PVC) 

Polyvinyl chlorides (PVC) is made by polymerisation of the 

monomer vinyl chloride(CH2=CHCl). 

PVC is one of the most widely used in plastics inn terms of 

volume produced. 

Characteristics of PVCs: 

1.They are good, low-cost, general purpose materials. 

2.They are ordinarily rigid, but can be made flexible with 

plasticizers. 

3.Thye are often copolymerised. 

4.They are susceptible to heat distortion. 

5.They have good flame, electrical, chemical, oil, abrasion, and 

weather resistance in various grades. 
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Types of PVCs: 

1.UPVC(Unplasticised PVC):UPVC is a strong, rigid, and 

tough material with good resistance to ultra-violet light.  

2.PPVC(Plasticised PVC): The raw polymer is compounded 

with a plasticing agent to form PPVc. This makes PPVC a soft, 

flexible, rubbery material. 

3.CPVC(chlorinated PVC):It is a polymer of dichloroethylene. 

4.PVDC(polyvinylidene chloride). 

APPLICATIONS: Typical applications of PVC include pipes, 

valves, fittings, floor tiles, wire insulations, toys, phonograph 

records, vinyl automobile roofs, etc. 

2.2 POLYTETRAFLUORO ETHYLENE(PTFE) 

 Polytetrafluoro ethylene (PTFE) is the most widely used 

fluorocarbon polymer. 
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Characteristics of PTFEs: 

1.They are chemically inert in almost all environments 

2.Thye have excellent electrical properties 

3.They have low coefficient of friction 

4.They possess relatively weak and poor cold-flow properties. 

Other fluorocarbon polymers are: 

1.Pvdf (polyvinylidene fluoride) 

2.PVF (polyvinyl fluoride), and 

3.PFA (perfluoroalkoxy ethylene). 

Applications: Typical applications of PTFE include anti-

corrosive seals, chemical pipes and valves, bearings, non-stick 

coatings, and high temperature electronic parts. 
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3.ACRYLIC MATERIALS 

 acrylic materials are thermoplastic polymers based on the 

polymerisation of esters of acrylic acid and/or methacrylic acid. 

The most commonly used acrylic polymers are: 

1.PMMA(polymethyl methacrylate) and  

2.PAN (polyacrylonitrile). 

3.1 PMMA 

 PMMA (polymethyl methacrylate), also commonly 

known as perspex or plexiglass, is produced by the addition 

polymerisation of methyl methacrylate. 

Characteristics of PMMAs: 

1.They are hard, rigid, and high impact strength thermoplastic. 

2.They are highly transparent to light 

3.They can be easily formed 

4.They can be readily coloured and they have excellent 

decorative properties. 
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Applications: Typical applications of PMMAs include camera 

lenses, flash lights, safety glasses, drafting equipments, 

instrument panels, display signs, transparent aircraft enclosures, 

and windows. 

3.2 PAN 

 PAN (polyacrylonitrile) is an acrylic polymer made by the 

addition polymerisation of acrylonitrile. 

Characteristics of PANs: 

1.They have highly stable material 

2.They have good resistant to oils and greases. 

Applications: The PAN is mainly used for synthetic fibre 

manufacture. 
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4.POLYAMIDES(or Nylons) 

 Polyamides (PA), also known as nylons, are the products 

of condensation reactions between an amine and an organic  

acid. 

 There are number of common polyamides. They are 

usually designated as nylon 6, nylon 6/6, nylon 6/12,nylon 11, 

and nylon 12. These suffixes refer to the number of carbon 

atoms in each of the reacting substances involved in the 

condensation polymerisation process. Nylons with a slash (/) 

between the numbers are copolymers; for example, nylon 6/12 is 

a copolymer of nylons 6 and12. 

Characteristics of Nylons: 

1.They are crystalline thermoplastics with good mechaical 

properties 

2.They are very strong and tough 

3.They possess good abrasion resistance 
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4.They are flexible and have high impact strengths 

5.They possess high softening temperatures (in excess of 

200°C), so moulding is difficult. 

6.They possess a good resistance to most solvents and 

chemicals, but are affected by phenols. 

7.They tend to absorb water, with a consequent reduction in 

strength. 

Applications: Typical applications of nylons include bearings, 

gears, cams, fastenings, man automotive parts, bushings, 

electrical components, fibres, and ropes. 
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5.HETROCHAIN POLYMERS 

 Hetrochain polymers are those polymer materials which 

possess linear molecular chains with some of the atoms in the 

chain being of elements other than carbon. The major hetrochain 

polymers are: acetal (POM), polycarboonate (PC) and 

polyethylene teraphthalate (PET). 

5.1. Acetal (POM) 

 Acetal, also known as polyacetal and polyoxymethylene, 

is based on the polymerisaation of formaldehyde. 

Characteristics of acetals: 

1.They possess good strength, stiffness, and toughness 

2.They have a low coefficient of friction  

3.They have outstanding fatigue life and exceptional solvent 

resistance 

4.They retain their properties at temperatures of up to 120°C 
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Applications: Typical applications of acetals include plumbing 

fixtures, pens, bearings, gears, cams, levers, fan blades, pump 

parts, water taps and piping. 

5.2 Polycarbonate (PC) 

 Polycarbonate is a linear hetrochain polymer made from 

the condensation of bisphenol A and carbonic acid. 

Characteristics of polycarbonates: 

1.They have very good impact resistance and ductility 

2.They are dimensionally stable 

3.They are transparent and low water absorption materials 

4.They have low fatigue and weak resistance 

5.They can be attacked by some organic solvents and are 

susceptible to stress cracking. 
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Applications: Typical applications of polycarbonates include 

safety helmets, shields and goggles, lenses, glazing, lighting 

fittings, CDs, car headlamp moulding, kettle mouldings, 

instrument casing and machine housing, sterilisable medical 

components and kitchen-wares. 

5.2.polyethylene teraphthalate(PET) 

 PET (polyethylene teraphthalate), also known as polyster 

or PETP, is a linear polyster made by the condensation 

polymerisation of ethylene glycol and teraphthalic acid. 

Characteristics of PETs: 

1.They are high strength, high stiffness thermoplastics 

2.They are produced as fibres, as transparent films, and as 

moulding materials. 

3.They have excellent fatigue and wear strength 

4.They possess good resistance to humidity, acids, greases, oils, 

solvents. 

5.They can be reinforced with glass fibre. 
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Applications: Typical applications of PET include fibres, 

photographic films, recording tapes, boil-in-bag containers, 

beverage containers, soft drinks bottles, electrical connectors, 

parts for domestic goods and automotive components. 

5.3 Polyether ether ketone (PEEK) 

 PEEK (polyether ether ketone) is  a linear-crystalline 

hetero-chain polymer. It is a high-temperature plastics, which is 

generally used for service of high temperatures. 

Characteristics of PEEKs: 

1.They have a melt temperature as high as 300°C 

2.They have low flammability and lowest smoke emission 

ratings. 

3.They have good fatigue and chemical resistance 

4.They have good dimensional stability at elevated temperatures. 

5.They possess better mechanical properties. 
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Applications: Typical applications of PEEK include high 

temperature engineering components, high-temperature 

electrical insulation and coatings and aerospace applications. 

5.4.Polyphenylene oxide(PPO) 

 PPO (polyphenylene oxide) is an amorphous linear 

heterochain polymer. 

Characteristics of PPOs: 

1.They possess good mechanical properties and a high impact 

strength over a wide range of temperature (-40°C to 150°C). 

2.They have a low  mould shrinkage and they show very good 

dimensional stability over a wide range of temperatures. 

3.They have good resistance to hydrolysis but not to many 

solvents. 

4.They are suitable for continuous use at temperatures up to 

80°C 
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Applications: Typical applications of PPS include coatings, fluid 

handling components(such as pumps, pipes, and gaskets), 

electronic components, hair dryer components. However the 

main use of PPSs are similar to PPOs but usable at higher 

temperatures. 
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5.5.polymidies(PI) 

 The polyimides are a group of linear aromatic polymers. 

They are produced by a condensation reaction between 

pyromelltic dianhydride and a diamine. 

Characteristics of PIs: 

1.They possess good mechanical properties with a low 

coefficient of friction. 

2.They possess excellent thermal resistance up to about 250°C 

3.Thye have good resistance to organic solvents but are attacked 

by alkalis acids. 

4.They are transparent to microwaves and are not affected by 

radiation. 

Applications: Typical applications of polyimides include 

bearings and seals for high-load /high-speed applications, 

printed circuit boards, high temperature electrical cable 

insulations, fibres for space shuttle, and adhesives. 
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5.6.Polyamide-imide(PAI) 

 PAI(polamide-imide), similar to PI, is also called a linear 

aromatic polymer for use at high temperatures. 

Characteristics of PAIs: The properties of PAIs are 

approaching those of PIs. However the PAIs are expensive and 

are attacked by alkalis. 

Applications: Typical applications of PAIs include valves, 

bearings, electrical connectors, printed circuit boards, and 

components for gas turbines and spark ignition engines. 
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Phenolics 

 Phenolics also known as Bakelites, are the oldest family 

of thermosetting plastics. The most important phenolic materials 
is the polyformaldehydes. 

1.Polyformaldehydes: 

 Phenolics are based on phenol and formaldehyde, that‟s 

why they are also termed as phenol formaldehydes (PF). 

Characteristics of PFs: 

1.They are hard, rigid, thermosets stable up to about 150°C. 

2.Thye have low thermal conductivity and good electrical 

insulation properties. 

3.They possess good resistance to oils, greases and many 

solvents 

4.They are relatively low in cost 

5.They are limited in colourability 
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Applications: Typical applications of phenol 

formaldehydes(PFs) include electrical plugs, sockets, 

telephones, door knobs and handles, adhesives, coatings, and 

laminates. 

Amino-Formaldehyde Materials 

 These thermoset high polymers contain an amino group (-

NH2) condensed with aldehydes. The most important of amino-

formaldehyde polymers are urea formaldehyde and melamine-

formaldehyde. 

1.Urea formaldehyde(UF) 

 Urea formaldehyde is produced by condensing urea 

monomers with formaldehyde. 

Characteristics of UFs: 

1.They are similar to the phenolics 

2.They are hard and rigid thermosets 

3.They have good electrical insulation properties 

4.They exhibit good resistance to most properties  
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Applications: Typical  applications of UFs include electrical 

devices, Circuit breakers, Switches, and the like; used in the 

manufacture of laminates, as adhesives and as binding agents in 

shell moulding sands; for bottle caps , cups, saucers, plates, etc., 

as they do not import a taste to food stuffs. 

2.Melamine formaldehyde(MF) 

 Melamine formaldehyde is produced by condensing 

melamine monomers with formaldehyde. 

Characteristics of MFs: The general properties of melamine 

formaldehyde (MF) materials are similar to those of urea 

formaldehyde (UF) materials. But the MFs have a better 

resistance to heat and can be used t temperatures of up to 95°C. 

Applications: The  MFs are used for many of the same types of 

applications as the UFs and phenolics. 
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Other Thermosetting Plastics 

The other thermosetting polymers are: 

1.Polyesters 

 Polyesters are reaction products of dibasic acids and 

polyhydric alcohols. 

Applications: Typical applications of polyesters include safety 

helmets, fibre glass boats, machine covers, structural panels, 

electrical mouldings, and decorative laminates. 

2.Epioxides(EP) 

 Epoxides are thermosetting polymers formed from 

molecules containing a tight C-O-C ring. 

Applications: Epioxides are used as adhesives, as rigid moulded 

parts for electrical applications, automotive components, circuit 

boards, sporting goods, and as matrix for fibre-reinforced 

composite materials for aerospace.  
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3.Polyurethanes(PUR) 

 Polyurethanes is a family name given to a serious of 

polymers that are produced by the reaction between aromatic     

di-isocyanates and low molecular weight polymer molecules.  

 Depending on the degree of formulation, the urethanes 

behave as thermosetting polymers, thermoplastic polymers, or 

elastomers. 

Applications: Typical applications of polyurethanes include 

hoses, car bumpers, shoe heel tips, hammer heads, gears, 

furniture, and insulations. 
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CERAMICS 

 The term ceramic embraces not only earthenware, pottery 

and porcelain, all materials used by man from earliest times, but 

also the newer engineering ceramics which are mainly the 

oxides, carbides and nitrides of metals. 

Characteristics of Ceramics 

1.Ceramics are non-metallic and inorganic solids that are 

processed and /or used at high temperatures. 

2.Ceramics are strong, hard, and brittle. 

3.They possess high melting temperature. 

4.They are good thermal and electrical insulators 

5.They are resistant to oxidation and corrosion. 

6.They have high compressive strength but are weak in tension. 
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ENGINEERING CERAMICS 

 Engineering ceramics, are also known as tehcnical 

/industrial ceramics or advanced ceramics, are those ceramics 

that are specially used for engineering applications or in 

industries. 

Characteristics of Engineering Ceramics 

1.High resistance to abrasion and wear 

2.High strength at high temperature 

3.Good chemical stability 

4.Good electrical insulation characteristics. 

Applications of Engineering Ceramics 

1.Alumina (Al2O3) 

2.Silicon carbide (SiC) 

3.Silicon nitride(Si3N4) 

4.Partially stabilised zirconia (PSZ) and 

5.Sialons 
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1.Alumina (Al2O3) 

 Alumina is nothing but an aluminum oxide (Al2O3), 

which is the oldest engineering ceramic. 

 Alumina is produced from bauxite ((Al2O3.2H2O), which 

is the main ore from which metallic aluminium is manufactured. 

Characteristics of alumina:  

1.Alumina have excellent hardness, wear resisitance and 

chemical inertness properties. 

2.They have more stiffer than steels 

3.They are more stronger in compression than many hardened 

tool steels 

4.They retain 50% of their room temperature strength at elevated 

temperature (about 1093°C) 

5.They possess very good environmental resisitance. 

6.They are susceptible to overheating because they are poor 

thermal conductors. 
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7.They possess low neutron absorption cross-section. This property 

enables them to find application in nuclear application. 

Applications of aluminas: 

1.High alumina ceramics are used for the manufacture of spark-

plug insulators, ceramic/metal assemblies in vacuum tubes, 

substrates for the deposition of electronic microcircuits, and metal-

cutting tool tips. 

2.They are suitable for any type of load-bearing application. They 

are used for rocket nozzles, pump impellers, pump linears, check 

valves, nozzles subject to erosion, and for support members in 

electrical and electronic devices. 

3.Some unique applications of alumina are in detail and medical 

use, including restoration of teeth, bone filler, and orthopadeic 

implants. 

4.These materials find application in nuclear equipment. 

5.Much of the alumina produced is used in miltary armour plating. 

These armour plates protect against missles fired from high-

powered rifles.  
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2.Silicon Carbide(SiC) 

 Silicon carbide (SiC) is a hard,semiconducting ceramic 

material. In fact it is the hardest of the traditional abresive 

materials. 

 Silicon carbides have been used as abrasives for grinding, 

wheels and for bonded abrasive papers for many years. 

Types of silicon carbide: The two priccipal types of silicon 

carbide are: 

1.α-SiC: The α silicon carbide is made by the reduction of silica 

sand with carbon in an arc furnace. It has a hexagonal crystalline 

structure. 

2.β-SiC: The β-silicon carbide is produced by a vapour phase 

reactions. It has cubic crystalline structure. 

Types of Silicon carbide ceramics: Depending upon the mode 

of manufacture, the following different types of silicon carbide 

ceramics are available: 
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1.Reaction bonded silicon carbide 

2.Clay-bonded silicon carbide 

3.Hot-pressure silicon carbide 

4.Sintered silicon carbide 

5.Recrystallised silicon carbide 

6.Nitride-bonded silicon carbide 

Characteristics of silicon carbides: 

1.Silicon carbides have higher tensile strength, stiffness, 

hardness, and lower density than aluminium oxides. 

2.Thye provide outstanding oxidation resistance at temperatures 

even above the melting point of steel (up to 1500°C) 

3.They possess the highest thermal conductivity when compared 

with most engineering ceramics 

4.They have better dimensional stability and polishability 

5.They are abrasion resistant and wear resistance 

6.They are also chemical resistant 
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Applications of Silicon Carbides: 

1.Silicon carbides are widely used as abrasives for grinding 

wheels and for bonded abrasive papers. 

2.They are used for precision optical mirrors and special fixtures 

for the semiconductor industry 

3.They are also used as coating (i.e., cladding material) for 

metals, composites, and other ceramics to provide protection at 

very high temperatures. Example, they are used for nuclear-

reactor fuel elements, mechanical, seals, bearings, and engine 

components. 

4.They are used for refractory tubes and containers. 

5.They are also formed as fibres and whiskers for use as 

reinforcement in composite materials. 
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3.Silicon Nitride(Si3N4) 

 Silicon nitride (Si3N4) is a very useful engineering 

ceramics which is fully resistant to most strong acids and to 

molten aluminium and low melting point metals. 

Types of Silicon nitride Ceramics: Depending upon the mode 

of manufacture, there are different types of silicon nitride 

ceramics available. The four important silicon nitride ceramics 

are: 

1.Reaction bonded silicon nitride(RBSN) 

2.Hot pressed silicon nitride(HPSN) 

3.Sintered silicon nitride (SSN) 

4.Pressureless sintered silicon nitride (PSSN) 

Characteristics of silicon nitrides: some of the important 

properties of silicon nitrides are given below: 

1. Silicon nitrides are fully resistant to most strong acids, to 

molten aluminium, and to other low melting point metals. 
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2.They exhibit greater thermal shock resistance than many other 

ceramics 

3.They have lower density and hence the lower weight than most 

other engineering ceramics 

4.They have low thermal expansion 

5.They exhibit better toughness than Al2O3 and SiC 

6.They exhibit 50% more stiffer than steels 

7.They are very porous, which lowers strength and mechanical 

properties 

Applications of silicon nitrides: 

1.Silicon nitrides are widely used as cutting tool materials 

2.They are used for automotive and gas turbine parts, for balls, 

rollers, and racers for bearings, for diesel engines, hot extrusion 

pipes, and pump parts. 

3.They are also used as pouring tubes for aluminium, and for 

high-temperature engineering components. 
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4.Partially stabilised Zirconia(PSZ) 

 Partially stabilised zirconia (PSZ) is nothing bug a 

zirconium oxide(ZrO2), that has been blended and sintered with 

some other oxide such as magnesium oxide(MgO), calcium 

oxide (CaO), and yttria (Y2O3), to control crystal structure 

transformations. 

 Zirconia (Zro2) has been used for many years as a high-

temperature crucible and furnace refractory where temperatures 

up to 2500°C must be sustained. 

Characteristics of PSZ: 

1.Partially stabilised zirconias have better fracture toughness 

than the other high-performance ceramics 

2.They have better tensile strength that of alumina and some of 

the other engineering ceramics 

3.They possess low thermal conductivity, which make them as 

good thermal insulators. 
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Applications of PSZs 

1.PSZs re used for super alloy rotor blades in jet turbines 

2.Since PSZs are environmentally friendly inside the human 

body, they are finding use in implantology. They are used for the 

manufacture of artificial hip joints. 

3.Nowadays PSZs replace metals in internal combustion 

engines. 
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5.Sialons(Si3Al3O3N5) 

 The name sialon  is an acronym derived from the 

ingredients involved, namely Si-Al-O-N. 

 That is, sialons are derivatives of silicon nitride. Sialons 

are formed when aluminium and oxygen partially substitute for 

silicon and nitrogen in silicon nitride. 

Characteristics of Sialons: 

1.Sialons retain their hardness are higher temperatures than does 

alumina 

2.They are tough and have higher strength 

3.They possess good mechanical properties 

4.They are relatively light-weight materials with low coefficient 

of thermal expansion. 
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Applications of sialons: 

1.Sialons are used for cutting tool materials, dies for drawing 

wire and tubes, rock-cutting and coal-cutting equipment, nozzles 

and welding shields. 

2.They are used for the manufacture of thermocouples sheaths, 

radiant heater tubes, impellers, small crucibles and other 

purposes involving temperatures up to 1250°C. 
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COMPOSITES 

 The term composite can be defined as a material 

composed of two or more different materials, with the properties 

of the resultant material being superior to the properties of the 

individual materials that make up the composite. 

What are composites: 

 Composites are produced when two or more materials are 

joined to give a combination of properties that cannot be attained 

in the original materials. 

 frequently composites are selected to give unusual 

combinations of stiffness, strength, weight, high-temperature 

performance, corrosion resistance, hardness, or conductivity. 

Examples: 

1.A number of composites are found in nature. The common 

example of a natural composite is wood. Wood is a composite 

of cellulose and lignin. 
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2.Some of the artificial (or synthetic ) composite materials are 

cement concrete, fibre glass, bimetallic strip used in thermostats, 

etc. 

Constituents of Composites 

Composites are composed of two phases. They are: 

1.Matrix phase, and 

2.Dispersed phase 

 The properties of composites are a function of the 

properties of both the constituent phases, their relative amounts, 

and the geometry of the dispersed phase. 

 The geometry of the dispersed phase means the shape of 

the particles and the particle size, distribution, and orientation. 
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PARTICLE – REINFORCED COMPOSITES 

 Particle-reinforced composites, also known as particle 

composites or particulate composites, consist of particles of one 

material dispersed in a matrix of a second material. 

 Consider a metal matrix with a fine distribution of 

secondary particles. Our object is to strengthen this matrix-

mixture so that to obtain a composite material with superior 

characteristics. 

 Since deformation in the matrix is accompanied by slip 

and dislocation movement, the degree of strengthening achieved 

is proportional to the ability of the particles to impede the 

dislocation movement. 

 It should be noted that a finer dispersion of particles 

results in greater strengthening. Therefore, it is desired to have 

the particles small enough and spaced so that dislocations cannot 

easily move between them. 
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The two sub-classifications of particle-reinforced composites 

are: 

1.Dispersion-strengthened composites, and 

2.Large-particle composites 

1.Dispersion-strengthened Composites 

 In dispersion-strengthened composites, particles are 

normally much smaller, having diameter between 0.01 and 

0.1µm; the volume concentrations are 1 to 15%. 

 particle-matrix interactions that lead to strengthening 

occur on the atomic or molecular level. The mechanism of 

strengthening is similar to that for precipitation hardening. 

 In these composites, the strengthened matrix becomes the 

main load-bearing constituent, whereas the small dispersed 

particles hinder or impede the motion of dislocations. 

 Thus the plastic deformation is restricted which results in 

improved yield and tensile strength, as well as hardness. 
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2.SAP Composite 

 The most important example of dispersion-strengthened 

composite is SAP i.e., sintered aluminium powder composite. 

 SAP has an aluminium matrix which is strengthened by 

up to 14% Al2O3. 

 If we make a composite of fine Al2O3 particles in an 

aluminium matrix(by compacting and sintering the powders), we 

can significantly increase the high-temperature properties of 

aluminium alloys since the composite does not overage.  

 SAP finds wide use because they retain a much higher 

strength at all temperatures. 

MECH-KIOT 



Large Particle Composites 

 If we have a greater percentage of dispersion and larger 

particles, we obtain large-particle reinforcement. 

 In this reinforcement, the load is shared by both the 

matrix and particles. 

 In general, in a large-particle reinforced composites, 

particle diameter are greater than 1µm and volume 

concentrations are greater than 25%. 

 These composites are designed to produce unusual 

combinations of properties rather than to improve strength. 

Examples of Large-particle Composites 

1.Cermet 

2.Other particle-reinforced composites: 

1.Bricks, 2.Concrete,3.Grinding and cutting wheels, 4.Electrical 

contacts(Tungsten-reinforced silver), 5.Polymers and 

elastomers(such as vulcanised rubbers). 
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FIBRE-REINFORCED COMPOSITES 

 Fibre-reinforced composites are those in which the 

dispersed phase in the form of a fibre. 

 In a fibre-reinforced composites, high-strength fibres are 

encased within a tough matrix. 

 The functions of the matrix are(i)to bond the fibres 

together, (ii) to protect them from damage, and (iii) to transmit 

the load from one fibre to another. 

 The greatest reinforcing effect is obtained when fibres are 

continuous and parallel to one another, and maximum strength is 

obtained when the composite is stressed in tension in a direction 

parallel to the line of fibres. 

 When such a composite is stressed within the elastic 

range, the strain developed in both fibres and matrix will be the 

same, So the stresses induced in fibres and matrix will be 

proportional to the values of young‟s modulus for each 

component. 
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Most fibre-reinforced components provide improved strength, 

fatigue resistance, stiffness, and strength-to-weight ratio. 

Characteristics of Fibre-Reinforced Composites 

 Many factors influence the characteristics of fibre-

reinforced composites. The factors include: 

1.The length, diameter, orientation, amount, and properties of 

the fibres. 

2.The properties of the matrix 

3.The bonding between the fibres and matrix. 

(i)Fibre length and diameter: Fibres can be short, long, or even 

continuous. Their dimensions are generally specified by the 

aspect ratio l/d, where l is the fibre length and d is the diameter. 

 The strength of a composite improves when the aspect 

ratio is large and vice versa. 
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(ii)Amount of fibre: A greater volume fraction of fibre increases 

the strength and stiffness of the composites. 

(iii) Orientation of fibres:  The reinforcing fibres may be 

introduced in to the matrix in a number of orientations. 

(iv) Fibre properties: If the composite is to be used at elevated 

temperatures, the fibre should have a high melting temperatutres. 

(v)Matrix Properties: The matrix usually provides the major 

control over electrical properties, chemical behavior, and 

elevated-temperature use of the composite. 

 Depending upon the requirements, any one of the 

following matrices are selected: 

1.Polymer matrices 

2.Metal matrices, and 

3.Composite matrices 
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Advantages and Limitations of Composite Materials 

(Characteristics of Composite Materials)  

Advantages 

1.Composite materials exhibit superior mechanical properties 

such as high strength, toughness, elastic modulus, fairly good 

fatigue and impact properties. 

2.As fibre composites are light weight materials, the specific 

strength and specific modulus are much higher than the 

conventional materials. 

3.In aerospace applications, the power-to-weight ratio is about 

16 with composites compared to 5 with conventional aterials. 

4.The fabrication of composites to any desired shape and size 

can be achieved with ease. 

5.They exhibit good corrosion resistance 

6.Assembly of components made of composites is much easy 

and quick. 

7.They are not much sensitive to thermal shocks and temperature 

changes. MECH-KIOT 



Limitations: 

1.Higher cost than many conventional materials. 

2.Polymeric composites cannot be used for high temperature 

applications. 

Applications of Composites: 

1.Commerical aircraft  2.Military aircraft 

3.Missles    4.Space hardwares 

5.Automobile and trucks  6.Electrical and electronics 

7.Marine applications  8.Sporting equipments 

9.Other applications. 
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Unit V 

MECHANICAL PROPERTIES AND 

TESTING 
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1.Metals 

2.Polymers 

3.Ceramics and inorganic glasses 

4.Composites 
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S.No Properties Qualities 

1 Physical 

properties 

Colour, density, melting point, size 

,shape, surface finish,damping 

capacity, specific gravity,porosity, 

structure. 

2 Chemical 

properties 

Corrosion resistance, atomic weight, 

equivalent weight, valency, 

molecular weight, acidity, alkalnity, 

atomic number, chemical 

composition. 

3 Mechanical 

properties 

Strength, elasticity, plasticity, 

ductility, brittleness, hardness, 

toughness, stiffness, resilience, creep 
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4 Electrical 

properties 

Resistivity, conductivity, capacitivity, 

dielectric constant, dielectric strength 

5 Magnetic 

properties 

Relative permeability, reluctivity, 

retentivity, suspectibility, hysteresis, 

coercive force 

6 Thermal properties Specific heat, thermal capacity, thermal 

conductivity, thermal stress, thermal 

fatigue, thermal shocks, latent heat. 

7 Technological 

properties 

Malleability, machinability, weldability, 

castability, formability. 

8 Aesthetic 

properties 

Appearance, texture, and ability to 

aspect special finishes 

9 Economic 

properties 

Raw material and processing costs, 

availability 

10 Other properties 

 

Optical, acoustical and physiochemical 

properties 
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Mechanical properties 

 Mechanical properties are those characteristics of material 

that describe its behaviour under the action of external forces. 

1.Elasticity: 

 It is the property of a material by virtue of which it is able 

to retain its original shape and size after the removal of the load. 

Examples: Steel and rubber 

 This property is desirable in materials used in tools and 

machines. 

2.Plasticity: 

 It is the property of a material by virtue of which a 

permanent deformation (without fracture) takes place, whenever 

it is subjected to the action of external forces. 

Examples: Clay and lead 

 This property is of importance in forming, shaping, and 

extruding operations. 
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 Mechanical Properties are those characteristics of material 

that describe its behavior under the action of external forces. 

Types of Mechanical Properties 

1. Elasticity: 

 The term elasticity may be defined as the property of a metal 

by virtue of which it is able to regain the original shape and size 

after the removal of load. 

 In nature no material is perfectly elastic. 

Eg.Steel and rubber 

2. Plasticity: 

 The term plasticity may be defined as a property of a metal 

by virtue of which a permanent deformation (without fracture) 

takes place, whenever it is subjected to action of external forces. 

  Lead has a good plasticity. 

Eg. clay and lead 
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3. Ductility: 

 The term Ductility can be defined as property of metal by 

virtue of which it can be drawn into wires elongated before 

rupture takes place. It depends upon the grain size of metal 

crystals. 

Eg. Gold, platinum, silver, iron, copper, and aluminum. 

4. Brittleness: 

 May be defines as property of a metal by virtue of which 

it will fracture without any appreciable deformation. Ex: Glass. 

5. Creep: 

  May be defined as property of a metal by virtue of which 

it is able to resist abrasion, indentation (penetration). 

This property is considered in designing I.C.Engines, boilers, 

turbines, etc. 
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6. Toughness: 

 Property of a metal by virtue of which it can absorb 

maximum energy before fracture takes place. 

Eg.Mild steel bars, brass, wrought iron. 

7. Stiffness: 

 Property of a metal by virtue of which it rests 

deformation. 

8. Resilience: 

 Property of a metal by virtue of which or stores energy 

and resists shocks and impacts. 

9.Malleability 

 It is the property of a material by virtue of which it can 

withstand deformation under compression without rupture. 

Eg: Gold and lead 
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10.Endurance: 

 It is the property of a material by virtue of which it can 

withstand varying stresses. 

 The maximum value of stress that can be applied for an 

indefinite times without causing its failure is known as 

endurance limit.  
11.Strength 

 It is the property of a material by virtue of which it can 

withstand or support an external force or load without rupture. 

 This property is very important while designing various 

structures and components. 

(a) Elastic strength: It is the value of load corresponding to 

transition from elastic to plastic range 

(b) Plastic strength: It is the value of load corresponding to 

plastic range and rupture 
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13.Impact strength 

 It is the property of a material by virtue of which it can 

resist or absorb shock energy before it fractures. 

14.Fatigue 

 it is the property of a material by virtue of which it 

deforms under the fluctuating or repeated loads 
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1.Machinability 

 It is the property of a material, which indicates the ease 

with which it can be cut or removed in various machining 

operations such as turning, drilling, boring, shaping, etc. 

2.Castability 

 it is the property of a material, which indicates the ease 

with which it can be cast in to different shapes and sizes. 

3.Weldability 

 it is the property of a material, which indicates the ease 

with which two similar or dissimilar metals are welded. 

4.Formability or workability 

 It is the property of a material, which indicates the ease 

with which it can be formed in to different shapes ad sizes. 
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Factors Affecting Mechanical Properties 

1.Grain size 

2.Heat treatment 

3.Atmospheric exposure, and  

4.Low and high temperatures. 

 

DEFORMATION OF METALS 

 When force is applied on a metal piece, then the size and 

/or shape will be altered. Any changes in the size and /or shape 

of the metal is called as deformation of the metal. 

 The deformation can be either permanent or temporary. 

Permanent deformation remains after the removal of the 

deforming force or applied load, while temporary deformation 

disappears on removal of the load. 
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Classification of Metal Deformation  

Based on the nature of strain produced during deformation, the 

deformation of metals can be classified in to: 

1.Elastic deformation and  

2.Plastic deformation 

1.Elastic deformation 

 Elastic deformation is the deformation of a body which 

completely disappears as soon as the external load is removed 

from the body. 

2. Plastic deformation 

 Plastic deformation is the deformation of a body which 

remains even after removing the external load from  the body. 
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The two modes of plastic deformation are: 

1.Slip and 2.Twinning 

Deformation by Slip 

 Slip may be defined as the sliding of blocks of the crystal 

over one another along definite crystallographic planes called 

slip planes. 

 

MECH-KIOT 



Mechanism of Slip 

 The slip occurs by translatory motion along sliding planes 

and rotation of the specimen. 
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Deformation by Twinning  

 Twinning is the process in which atoms in a part of a 

crystal subjected to stress, rearrange themselves so that tone part 

of the crystal becomes a mirror image of the other part. 

 Like slip, twinning almost takes place in special planes 

called twinning planes. 
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Types of Twins(Causes of Twins) 

1.Mechanical Twins: Twins that are produced by mechanical 

deformation are called mechanical twins. 

2.Annealing Twins: Twins that are produces by annealing are 

called annealing twins. 
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Fracture 

 Fracture is the mechanical failure of the material which 

will produce the separation or fragmentation of a solid in to two 

or more parts under the action of forces. 

Causes of Fracture 

 The fracture is caused due to the presence of 

submicroscopic defects known as cracks. Then the initial crack 

is propagated to cause complete failure. 

Types of Fracture 

1.Brittle fracture 

2.Ductile fracture 

3.Fatigue fracture 

4.Creep fracture 
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Brittle Fracture 

 A brittle fracture may be defined as a fracture which takes 

place by the rapid propagation of crack with a negligible 

deformation. 

 In crystalline materials, the fracture takes place normal to 

the specific crystallographic planes, called clevarage planes. 

 In polycrystalline materials, the fracture takes place along 

the grain boundaries. 

 The tendency of the brittle fracture is increased with 

decreasing temperature and increasing strain rate. 

Mechanism of Brittle Fracture: Griffith’s Theory 

(Griffith Crack Theory) 

 According to Griffith, the discrepancy between the 

strength of real and ideal materials is due to many fine cracks 

which act to concentrate the stress as their tips or ends. 

MECH-KIOT 



Griffith’s Theory 

Griffith‟s theory is as follows: 

1.In a brittle material, there is many fine cracks. These cracks 

concentrate the applied stress at their tips or ends. 

2.When the stress at the tips of a crack exceeds the theoretical 

stress values, the crack expands and fracture occurs. 
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DUCTILE FRACTURE   

Ductile fracture may be defined as the fracture which takes place 

by a slow propagation of crack with appreciable plastic 

deformation. 

Mechanism of Ductile Fracture 

 The various stages in the development of a ductile 

fracture, also called cup-and-cone fracture.  

 Indicates the formation of a neck, when a ductile 

specimen is subjected to tensile stress. When the tensile stress is 

increased beyond the ultimate tensile stress, a neck is formed in 

the specimen. 

 The continuation of the plastic deformation produces 

many fine cavities in the specimen. 

 Under continued straining, these cavities grow and form a 

central crack. 
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 The crack grows in a direction perpendicular to the axis of 

the specimen until it approaches the surface of the specimen. It 

then propagates to the surface of the specimen to form the cone 

part of the fracture. 

 The central cup region of the fracture has a very fibrous 

appearance. 

Observations 

1.A Ductile fracture occurs by a slow tearing of the metal with 

the expenditure of considerable energy. 

2.Unlike brittle fracture, a ductile fracture presents a rough dirty-

grey surface. 

Prevention of Ductile Fracture 

The material should have fine grains 

It should have higher hardness value 

It should have higher young‟s modulus and cohesive energy 

It should not have any defects/dislocations. 
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Fatigue fracture defined: The fatigue fracture is defined as the 

fracture which takes place under repeatedly applied fatigue 

stresses.  
 The behaviour of the materials subjected to fluctuating or 

repeated loads is called fatigue. 

Three main features that distinguishes the fatigue fracture are: 

(i)Loss of strength 

(ii)Loss of Ductility and  

(iii) Increased uncertainty in strength and service life. 

The fatigue fracture occurs at stresses well below the tensile 

stress of the materials. 

Fatigue must be considered in machine components subjected to 

continuously cyclic loading such as motor shafts, bolts, springs, 

gear teeth, valves, turbine blades, airplanes, automobile and gas-

engine parts, suspension bridges, wire ropes and many others.  
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 Since 80 to 90% of the total failures of high-speed 

machine parts is due to fatigue, therefore the study of fatigue 

failure is very important. 

Mechanism of Fatigue Fracture 

 Fatigue fracture begins at irregularities on the surface 

imperfections such as machine marking and slip steps. The 

nucleation of microcrack is due to the slip movements. The slip 

movements starts within few cycles of loading. The microcrack 

acts as the points of stress concentration. 

 As the cycle of loading continue, the microcrack 

propagates and grows in its size. In brittle materials, the crack 

grows to a critical size very fastly. But in brittle materials, the 

crack keeps growing until remaining area cannot support the 

load. So the fatigue fracture in ductile materials occur suddenly. 

 The high temperature increases the mobility of atoms, 

facilitating slip and hence the fatigue fracture. 
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Fatigue Stress ( or fatigue strength): The stress at which a 

metal fails by fatigue is termed as fatigue strength. 

Fatigue limit(or endurance limit): It is defined a s the value of 

stress below which the material will not fail even when it is 

loaded for infinite number of cycles. 

Fatigue life: It is the total number of cycles required to bring 

about final fracture under a given condition of use. 

Factors Affecting Fatigue Strength 

1.Fatigue strength is influenced by many factors such as 

chemical composition, grain size, and amount of cold working. 

2.Fatigue strength is high at low temperatures and gradually 

decreases with rise in temperature. 

3.Environmental effects such as corrosion of the product by 

moisture decreases the fatigue strength. 

4.The design of the product also influences the fatigue strength. 

Because changes in shape/size may change the stress gradients 

and residual stresses of the materials. MECH-KIOT 



CREEP 

 The creep is defined as the property of a material by 

virtue of which it deforms continuously under a steady  load. 

 In other words, creep can be defined as the permanent 

deformation of a material under a steady load as a function of 

time, usually at higher temperature. 

The property of creep is important in: 

(a)The soft metals used at about room temperature such as lead 

coverings on telephone cables and white metal bearings. 

(b) The metals used at high temperature such as furnace parts, 

turbine blades, pressure vessel parts, rocket and missiles, 

supersonic jets, etc. 

 When a material is subjected to a constant loading, then 

the time-dependent strain occurring under the constant stress is 

known as creep. 

 Some materials such as zinc, lead and tin creep more at 

room temperature.  
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 A creep curve shows the variation of the extension of a 

metal with time under different stresses. A typical creep curve 

under constant nominal stress and constant temperature. 
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Different stages in creep curve 

1.Primary creep: In this stage, the creep is mainly due to 

dislocation movement. 

The creep rate decreases with time. 

During this stage, the recovery effect is less than the work-

hardening effect. Hence the creep rate decreases logarithmically. 

2.Secondary creep: During this stage, the rates of work 

hardening and recovery are equal, so the material creeps at 

steady rate. 

Steady-state creep may be viscous or plastic in character, 

depending upon the state level and temperature. 

It is important part of the creep curve which is used to estimate 

the service life of the alloy. 

3.Tertitary creep: In this stage, creep rate increases with time 

until fracture occurs. 

 Generally the tertiary creep occurs due to necking of the 

specimen or grain boundary sliding  
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Important Creep Related Properties 

 1.Creep strength: it is constant nominal stress that will cause a 

specified creep extension in a given time at a constant 

temperature. 

2.Creep limit: It is defined as the maximum static stress that 

will result in creep at a rate lower than some assigned rate at a 

given temperature. 

3.Creep life: It is the time required for occurrence of creep 

fracture under a given static load. 

4.Creep resistance: It is the resistance offered by the material 

for its continuous deformation under steady load.  

MECH-KIOT 



Factors Affecting Creep  

1.Grain size: Grain size influences the creep resistance. 

Generally, coarse-grained materials exhibit better creep 

resistance than fine-grained ones.  

2.Thermal stability of the micro-structure: The material 

having greater thermal stabilities possess greater creep resistance 

than the material with poor thermal stabilities. 

3.Chemical reactions: Chemical reactions in materials seriously 

affect the creep rate. 

4.Prior strain: Prior cold working or work-hardening has also a 

strong effect on creep. It increases the creep resistance. 
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Mechanism of Creep Fracture 

 The creep fracture is due to any of the following three 

mechanisms: 

1.Dislocation climb 

2.Vacancy diffusion and 

3.Grain boundary sliding. 

1.Dislocation climb:  At high temperatures, atomic movements 

permit the dislocation to climb. Because of this dislocation 

climb, the diffusion rate of vacancies may produce a motion in 

response to the applied stress. 

2.Vacancy diffusion: In this mechanism, the diffusion of 

vacancies controls the creep rate but does not involve the climb 

of edge dislocations. Vacancies move in response to the applied 

stress in the directions. This movement finally will result in 

creep fracture. 

3.Grain boundary sliding: At lower temperatures, the creep 

fracture takes place due to sliding of  grain boundaries.  
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 Testing is an essential part of any engineering activity. 

Testing is applied to materials, components, and assemblies. 

 It consists of measurement of fundamental properties or 

measurement of response to particular influences such as load, 

temperature, and corrodants. 

Why learn about mechanical testing? 

 The engineer and designer need to know the hardness, 

strength, and other characteristics of the materials they use. 

 The engineer and designer should also know about the 

way in which the properties are determined. 

Classification of Mechanical Tests 

Mechanical tests may be grouped in to two classes are: 

1.Destructive tests, and 2.Non-destructive tests. 
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1.Destructive tests: In this type of testing, the component or 

specimen to be tested is destroyed and cannot be reused. 

Examples: Tensile test, impact test, bend test, fatigue test, 

torsion test, creep test, etc., 

2.Non-destructive tests: In this type of testing, the component 

or specimen to be tested is not destroyed and can be reused after 

the test. 

Examples: Radiography, Ultrasonic inspection, etc., 
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Tensile Test 

 The tensile test is one of the most widely used of the 

mechanical tests. 

 A tensile test of a material is performed on ductile 

materials to determine tensile properties such as 

(i)Limit of proportionality 

(ii) Yield point of yield strength 

(iii) Maximum tensile strength 

(iv) Breaking strength 

(v) Percentage elongation 

(vi) Percentage reduction in area, and 

(vii) Modulus of elasticity 

 The tensile test is usually carried out with the help of a „ 

Universal Testing Machine‟(UTM). 
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Compression Test 

 The compression test is conducted in a manner similar to 

the tensile test, expect that the force is compressive. 

 Since brittle materials are unsuitable for tension test, 

therefore they are tested for compression. 

 Brittle materials such as cast iron, concrete, mortar, brick, 

and ceramics are commonly tested in compression. 

 The compression test is also conducted on a universal 

testing machine. 
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SHEAR TESTS 

 There are two main types of test which may be used for 

the determination of the properties of a material in shear. They 

are 

1.Test performed using a pure shear force, and 

2.Test performed using the application of a torque to a 

cylindrical specimen. i.e., torsion test. 

Shear test using a pure shear force 

 In this type, the force is imposed parallel to the upper and 

lower faces of the body. 
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Shear stress: The shear stress or shear strength is the value of 

load applied tangentially to shear it off across the resisting 

section. Mathematically, 

Shear stress,  

  Ʈ=F/A0 

Where  F= Shear force applied, and  

  A0=Area of shear 

Shear Strain: The shear strain is defined as the tangent of the 

strain angle . 

Mathematically, shear strain,= tan 
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TESTING METHODS 

 The three main systems used for shear test are: 

(i)Double shear system for round bar test- pieces using a fork 

and eye device. 

(ii) Double knife shear system for specimens with a rectangular 

section, and  

(iii)The shearing of a disc from sheet materials using a punch 

and die. 

The test equipment generally takes the form of attachments 

which can be used inn conjunction with a universal testing 

machine. 

The disadvantages of these methods are: 

 Always there will be bending of the test-piece, therefore the 

stresses within the material will not be of the pure shear type, 

but they include bending stresses. 

 Very difficult to obtain accurate quantitative data from them. 
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Torsion Test 

 Torsion is a variation of pure shear, wherein a structural 

member is twisted in the manner. 
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 Torsional forces produce a rotational motion about the 

longitudinal axis of one end of the member relative to the other 

end. 

 To determine the shear strength Ʈ, the following general 

torsion equation can be applied within 

 the elastic range: 

Ʈ/r=T/J=G/L 

Where 

Ʈ=shear stress 

r=Radius of the cylinder 

T=Applied torque 

J=Second polar moment of area 

G=Modulus of rigidity of the material 

   = Angle of twist in radians, and 

L=Gauge length of the test-piece 
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HARDNESS TESTS 

 Hardness may be defined as the ability of a material to 

resist scratching, abrasion, cutting or penetration. 

 The hardness test is performed on a material to know its 

resistance against indention and abrasion. 

Type of Hardness Tests 

1.Brinell hardness test, 

2.Vickers hardness test and  

3.Rockwell hardness test. 

Basic Common Principle 

 The hardness is measured from an indentation produced 

in the component by applying a constant load on a specific 

indenter in contact with the surface of the component for the 

fixed time. 
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In other words, an indenter is pressed in to the surface of the 

material by a slowly applied known load, and the extent of the 

resulting impression is measured mechanically or optically. A 

large impression for a given load and indenter indicates a soft 

material, and a small impression indicates a hard material. 

BRINELL HARDNESS TEST 

 One of the earlier standardized methods of measuring 

hardness was the brinell test. 

 In the brinell test, a hardened steel ball indenter is forced 

in to the surface of the metal to be tested. The diameter of the 

hardened steel (or tungsten carbide) indenter is 10mm. Standard 

loads range between 500kg and 3000kg in 500kg increments. 

During a test, the load is maintained constant for 10 to 15 

seconds.  
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 The brinell‟s hardness test is performed by pressing a steel 

ball, also known as indenter in to the specimen. 

 The diameter of the resulting impression is measured with 

the help of a calibrated microscope. 
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Brinell hardness number(BHN): The measured diameter is 

converted in to the equivalent brinell hardness number using the 

following relation. 

BHN=Load of the ball/Area of the indentation of steel ball 

Limitations of Brinell Hardness Test 

It cannot be used on very soft materials 

The test may not be valid for thin  specimens 

The test is not valid for case-hardened surfaces 

The test should be conducted on a located far enough removed 

from the edge bulging results. 
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VICKERS HARDNESS TEST 

 The Vickers hardness test is similar to the brinell test, 

with a square-based diamond pyramid being used as the 

indenter. 

 As in the brinell test, the indenter is forced in to the 

surface of the material under the action of a static load for 10 to 

15 seconds. 

 The standard indenter is a square pyramid shape with an 

angle of 136° between opposite faces. This angle was chosen 

because it approximates the most desirable ratio of indentation 

diameter to ball diameter in the brinell hardness test. 

 Because no shape of the indenter, this test is frequently 

called the diamond-pyramid hardness test. 

 An advantage of the Vickers test over the brinell test is 

that the accuracy in increased in determining the diagonal of a 

square as opposed to the diameter of a circle. 
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ROCKWELL HARDNESS TEST 

 The rockwell hardness test is probably the most widely 

used methods of hardness testing. 

 The principal of the rockwell test differs from that of the 

others in that the depth of the impression is related to the 

hardness rather than the diameter or diagonal of the impression. 

 Rockwell test are widely used in the industries due to its 

accuracy, simplicity and rapidity. In this test, the dial gives a 

direct reading of hardness; no need for measuring indentation 

diameter or diagonal length using the microscope.  

 

MECH-KIOT 



MECH-KIOT 



Rockwell Scales 

There are many Rockwell scales. But the most commonly used 

are: 

1.B-Scale:( 1/16 inch diameter steel ball indenter; 100 kg load), 

used to measure the hardness (HRB) of non-ferrous metals. 

2.C-Scale:(120° diamond cone indenter, called a BRALE; 150kg 

load), used to measure the hardness(HRC) of steels. 

Testing Procedure: 

1.The material to be tested is held on the anvil of the machine. 

2.The test piece is raised by turning the hand wheel, till it just 

touches the indenter. 

3.A minor load of 10kg is applied to seat the specimen. Then the 

dial indicator is set at zero. 

4.Now the major load (100kg for B scale or 150kg for C scale) is 

applied to the indenter to produce a deeper indentation. 

5.With the major load removed, the pointer now indicates the 

rockwell hardness number on the appropriate of the dial. 
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 The impact test is performed to study the behaviour of 

materials under dynamic load i.e., suddenly applied load. 

 The capacity of a metal to withstand blows without 

fracture, is known as impact strength or impact resistance. 

 The impact test indicated the toughness of the material 

i.e., the amount of energy absorbed by the material during plastic 

deformation. 

 The impact test also indicates the notch sensitivity of a 

material. The notch sensitivity refers to the tendency of some 

normal ductile materials to behave like a brittle materials in the 

presence of notches. 

 In an impact test, a notch is cut in a standard test piece 

which is struck by a single blow in a impact testing machine. 

Then the struck energy absorbed in breaking the specimen can 

be measured from the scale provided on the impact testing 

machine. MECH-KIOT 
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Types of Impact Tests 

1.Izod test, and 

2.Charpy test 

 It can be noted that the impact testing machines are 

designed so that both types of test can be performed on the same 

machine with only minor adjustments. 

1.Izod Test 

 Izod test uses a cantilever specimen of size 

75mmx10mmx10mm.The V-notch angle is 45° and depth of the 

notch is 2 mm. 

2.Charpy Test 

 Charpy test uses a test specimen of size 

55mmx10mmx10mm.The V-notch angle is 45° and depth of the 

notch is 2 mm. 
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Testing Procedure 

1.The specimen is placed in the vice of the anvil. 

2.The pendulum hammer is raised to known standard height 

depending on the type of specimen to be tested. 

3.When the pendulum is released, its potential energy is 

converted in to kinetic energy just before it strikes the specimen. 

4.Now the pendulum strikes the specimen. It may be noted that 

the izod specimen is hit above the V-notch and the charpy 

specimen will be hit behind the V-notch. 

5.The pendulum, after rupturing the specimen, rises on the other 

side of the machine. 

6.The energy absorbed by the specimen during breaking is the 

weight of the pendulum times the differences in two heights of 

pendulum on either side of the machine. 

7.now, the energy i.e., the notched impact strength, in foot-

pounds or meter-kg, is measured from the scale of the impact 

testing machine. 
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Fatigue Affecting Impact Strength 

1.Angle of notch 

2.Shape of notch 

3.Impact velocity 

4.Temperature of the specimen 

5.Dimensions of notch specimen. 

FATIGUE TESTS 

Fatigue tests determine the resistance of material to repeated 

pulsating or fluctuating loads. 

Fatigue defined: The capacity of material to withstand 

repeatedly applied stresses is known as fatigue. 

The resistance of a material to fatigue failure is characterized by 

its fatigue or endurance limit. 

The endurance limit or endurance strength is defined as the 

maximum stress which a specimen can endure without failure 

when the stress is repeated for a specified number of cycles. 
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Testing procedure 

1.The test specimen is placed on the machine 

2.Now the specimen is rotated using an electric motor 

3.When the specimen is rotating, it can be noted that the upper 

surface of the specimen is subjected to tension and its lower 

surface experiences compression. 

4.As the specimen rotates, there is sinusoidal variation of stress 

between a state of maximum tensile stress and a state of 

maximum compressive stress. 

5.The cycles of stress are applied until the specimen fractures. A 

reduction counter records this number of stress cycles. 

6.Now a number of specimen of the same material are tested in 

the same manner under different stress levels and the results are 

plotted on S-N graph. 

7.The S-N graph is drawn on a semilogarithmic scale with the 

number of cycles (N) required to cause failure of the specimen 

on the X-axis and the stress (S) on the Y-axis. 
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Results of the fatigue test 

 The fatigue test can tell us show long a part may survive 

or the maximum allowable loads that can be applied to prevent 

failure. 

 The fatigue test is useful in setting the design criterion 

with the use of the endurance limit. Endurance limit is stress 

below which there is a 50% probability that failure by fatigue 

will never occur, which is the common design criterion. 

 Fatigue life tells us how long a component survives at a 

particular stress. From the S-N curve, one can find the fatigue 

life (N) for the applied stress. 

Endurance ratio= Endurane limit/Tensile strength 
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Creep Defined: The Continuous deformation of a metal under a 

steady load is known as creep. 

 The purpose of creep tests is to determine the creep limit. 

The creep limit or the limiting creep stress is defined as the 

stress that will not break the specimen when applied for an 

infinite period at a specific constant temperature. 

 The creep tests require the measurement of four variables- 

stress, strain, temperature and time. 

 The creep tests are simply tests run at constant load and 

constant temperature. Then the value of strain of the test piece is 

noted as a function of time. 

 the specimen for creep testing are usually the same as for 

conventional tensile tests. 
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The basic requirements for a creep testing machine are: 

It must possess means for applying and machining a constant 

tensile load. 

There must be a furnace capable of keeping the temperature of 

the test piece at the desired value to within very close limits 

There should be means for the accurate measurement of test-

piece extension. 

Test procedure 

1.The specimen to be tested is placed in an electric furnace. At 

the electric furnace, the specimen is heated to the given 

temperature under the constant load. 

2.The strain in the specimen is measured by the strain gauge or 

an optical extensometer as a function of time. 

3.The above test is repeated for four to five specimens at each 

temperature under different loads. 

4.Now the creep curve i.e., the elongation versus time curves are 

plotted for each specimen. 
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