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Unit I: Crystal Atoms of Solid 

• Solidification of metals, Crystallization, Crystal and amorphous, different types of bonds in 

different metals, Crystallography. Stability and metastability of metals. 

• Different mechanical properties of metals and other engineering materials like strength, 

hardness, elasticity, plasticity, Malleability, Ductility, Creep, Fatigue etc. 

• Introduction to industrial metals, steels and prevailing manufacturing methods by 

manufacturers. 

 

Solidification 

The crystallization of a large amount of material from a single point of nucleation results in a single 

crystal. In engineering materials, single crystals are produced only under carefully controlled 

conditions. The expense of producing single crystal materials is only justified for special 

applications, such as turbine engine blades, solar cells, and piezoelectric materials. Normally when 

a material begins to solidify, multiple crystals begin to grow in the liquid and a polycrystalline 

(more than one crystal) solid forms. 

The moment a crystal begins to grow is known as nucleation and the point where it occurs is the 

nucleation point. At the solidification temperature, atoms of a  liquid, such as melted  metal,  begin 

to bond together at the nucleation points and start to form crystals. The  final  sizes  of  the  

individual crystals depend on the number of nucleation points. The crystals increase in size by the 

progressive addition of atoms and grow until they impinge upon adjacent growing crystal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a) Nucleation of crystals, b) crystal growth, c) irregular grains form as crystals grow 

together, d) grain boundaries as seen in a microscope. 
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In engineering materials, a crystal is usually referred to as a grain. A grain is merely a crystal 

without smooth faces because its growth was impeded by contact with another grain or a 

boundary surface. The interface formed between grains is called a grain boundary. The atoms 

between the grains (at the grain boundaries) have no crystalline structure and are said to be 

disordered. 

Grains are sometimes large enough to be visible under an ordinary light microscope or even to the 

unaided eye. The spangles that are seen on newly galvanized metals are grains. Rapid cooling 

generally results in more nucleation points and smaller grains (a fine grain structure). Slow cooling 

generally results in larger grains which will have lower strength, hardness and ductility. 
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Dendrites 

In metals, the crystals that form in the liquid during freezing 

generally follow a pattern consisting of a main branch with 

many appendages. A crystal with this morphology slightly 

resembles a pine tree and is called a dendrite, which means 

branching. The formation of dendrites occurs because crystals 

grow in defined planes due to the crystal lattice they create. 

The figure to the right shows how a cubic crystal can grow in a 

melt in three dimensions, which correspond to the six faces of 

the cube. For clarity of illustration, the adding of unit cells with 

continued solidification from the six faces is shown simply as 

lines. Secondary dendrite arms branch off the primary arm, 

and tertiary arms off the secondary arms and etcetera. 

During freezing of a polycrystalline material, many dendritic 

crystals form and grow until they eventually become large 

enough to impinge upon each other. Eventually, the 

interdendriticspaces between the dendrite arms crystallize to 

yield a more regular crystal. The original dendritic pattern may 

not be apparent when examining the microstructure of a 

material. However, dendrites can often be  seen  in  

solidification voids that sometimes occur in castings or  welds, 

as shown to the right.. 

Shrinkage 

Most materials contract or shrink during solidification and 

cooling. Shrinkage is the result of: 

• Contraction of the liquid as it cools prior to its 

solidification 

• Contraction during phase change from a liquid to solid 

• Contraction of the solid as it continues to cool to ambient temperature. 

Shrinkage can sometimes cause cracking to occur in component as it solidifies. Since the coolest 

area of a volume of liquid is where it contacts a mold or die, solidification usually begins first at 

this surface. As the crystals grow inward, the material continues to shrink. If the solid surface is too 

rigid and will not deform to accommodate the internal shrinkage, the stresses can become high 

enough to exceed the tensile strength of the material and cause a crack to form. Shrinkage 

cavitation sometimes occurs because as a material solidifies inward, shrinkage occurred to such an 

extent that there is not enough atoms present to fill the available space and a void is left. 

 
What do you understand by chemical bonding? Explain the two main types of bonds. 

 

Chemical compounds are formed by the joining of two or more atoms. A stable compound occurs when 

the total energy of the combination has lower energy than the separated atoms. 

The bound state implies a net attractive force between the atoms-a chemical bond. 
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n e e 

b t e s or Na 

Covalent bond: bond in which one or more pairs of electrons are shared by two atoms. 

 

Ionic bond: bond in which one or more electrons from one atom are removed and attached to another 

atom, resulting in positive and negative ions which attract each other. 

 

Covalent chemical bonds involve the sharing of a pair of valence electrons by two atoms, in contrast to the 

transfer of electrons in ionic bonds. Such bonds lead to stable molecules if they share electrons in such a 

way as to create a noble gas configuration for each atom. 

 

Hydrogen gas forms the simplest covalent bond in the diatomic hydrogen molecule. The halogens such as 

chlorine also exist as diatomic gases by forming covalent bonds. The nitrogen and oxygen which makes up 

the bulk of the atmosphere also exhibits covalent bonding in forming diatomic molecules. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Ionic bond: In chemical bonds, atoms ca ith r transfer or share their valence electrons. In the extreme 

case where one or more atoms lose electrons and other atoms gain them in order to produce a noble gas 

electron configuration, the bond is called an ionic bond. 

 

Typical of ionic onds are those in he alkali halid s such as odium chl ide, Cl.  
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Intermolecular forces They differ from covalent and ionic bonding in that they are caused by correlations 

in the fluctuating polarizations of nearby particles. 

 

The much weaker intermolecular bonds between these molecules result from the relatively weak van der 

Waals forces. 
 

The van der Waals forces holding CO2 molecules together in dry ice, for example, are so weak that dry ice 

sublimes and it passes directly from the solid to the gas phase at -78 degree C. 

 

Q. Explain the Lattice and Crystal system arrangement. What is the difference between the two? 

 

Lattice and crystal are two words that go hand in hand. These two words are interchangeably used, but 

there is a small difference between the two. 

 

Lattice 

 

Lattice is a mathematical phenomenon. In chemistry, we can see different types of ionic and covalent 

lattices. It can be defined as a solid, which has a three- dimensional ordered arrangement of basic units. 

The basic unit can be an atom, molecule or an ion. Lattices are crystalline structures with these repeated 

basic units. When ions joined with ionic bonds, they form ionic crystals. For example, sodium chloride can 

be taken. Sodium is a group 1 metal, thus forms a +1 charged cation. Chlorine is a nonmetal and has the 

ability to form a -1 charged anion. In the lattice, each sodium ion is surrounded by six chloride ions, and 

each chloride ion is surrounded by six sodium ions. Due to all the attractions between ions, the lattice 

structure is more stable. The number of ions present in the lattice varies with the size of it. Lattice energy 

or enthalpy of lattice is the measure of the strength of the ionic bonds in the lattice. Normally lattice 

enthalpy is exothermic. 

 

Diamond and quartz are two examples for three-dimensional covalent lattices. Diamond is composed of 

only carbon atoms, and each carbon atom is covalently bonded to four other carbon atoms to form the 

lattice structure. Therefore, each carbon atom has the tetrahedral arrangement. Diamond, by forming a 

structure like this, has gained a high stability. (Diamond is known to be one of the strongest minerals.) 

Quartz or silicon dioxide also has covalent bonds, but they are between silicon and oxygen atoms (lattice of 

different atoms). Both of these covalent lattices have a very high melting point, and they cannot conduct 

electricity. 

 

Crystal 

 

Crystals are solids, which have ordered structures and symmetry. The atoms, molecules, or ions in crystals 

are arranged in a particular manner, thus have a long-range order. Crystals are naturally occurring on earth 

as large crystalline rocks, such as quartz, granite. Crystals are formed by living organisms too. For example, 

calcite is produced by mollusks. There are water-based crystals in the form of snow, ice or glaciers. Crystals 

can be categorized according to their physical and chemical properties. They are covalent crystals (e.g. 

diamond), metallic crystals (e.g. pyrite), ionic crystals (e.g. sodium chloride) and molecular crystals (e.g. 

sugar). Crystals can have different shapes and colors. Crystals have an aesthetic value, and it is believed to 

have healing properties; thus, people use them to make jewelry. 

 

What is the difference between Lattice and Crystal? 

 

• Lattice describes the structure of crystals. When a group of molecules tends to arrange each 

unit repeatedly at a lattice point, a crystal is made. 

 

• In a crystal structure, there is a pattern of arranging the atoms or units. These patterns are located 

upon the points of a lattice. These lattice points are arranged in a three dimensionally ordered manner 
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Readmore: http://www.differencebetween.com/difference-between-lattice-and-vs-rystal/#ixzz2rryyXgpW 
 

 

 

Lattice and Crystal 
 
,An ideal crystal is a repetition of identical structural units in three dimensional space. The periodicity is 

described by a mathematical lattice (which are mathematical points at specific coordinates in space), the 

identical structural units (or base of the crystal) are the atoms in some specific arrangement which are 

unambiguously placed at every lattice point. Note that a lattice is not a crystal, even so the two words are 

often used synonymously in colloquial language, especially in the case of elemental crystals where the 

base consists of one atom only. 

 

• All possible lattices can be described by a set of three linearly independent vectors a1 , a2 and 

a3, the unit vectors of the lattice. Each lattice point than can be reached by a translation vector 

T of the lattice given by 
 

with u, v, w = integers. 

• I,t is convenient, to classify lattices according to some basic symmetry groups. This yields the 14 

Bravais lattices, which are commonly used to describe lattice types. Their basic features are 

shown below (For sake of clarity, the lattice points are shown as little spheres and occasionally 

only visible lattice points are shown. These are not atoms, however!) 
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Q. Distinguish between ionic and Covalent bonds in solids. 2 

Q. What do you understand by the term r stal latti e  and how many types of this are found in metal? 2 

The crystal lattice can be thought of as an array of 'small boxes' infinitely repeating in all three spatial 

directions. Such a unit cell is the smallest unit of volume that contains all of the structural and symmetry 

information to build-up the macroscopic structure of the lattice by translation. 

Types: Simple Cubic, Body Centered Cubic, Face Centered Cubic and Hexagonal Closed Pack. 

 

 

Q. Show that the atomic packing factor (volume of atoms/volume of unit cell) for FCC and BCC structure are 

0.74 and 0.68 respectively. 3 

For BCC : 

Close-packed directions: length = 4R = 3 a 

Unit cell contains: 1 + 8 x 1/8 = 2 atoms/unit cell 

APF=   = 0.68 

For FCC: 

length = 4R = a 

cellvolumeUnit cell contains: 6 x 1/2 + 8 x 1/8 = 4 atoms/unit cell 

 

 

= 0.74 
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Metallic Bond in metals 

Metallic bond is the bonding between molecules within metals called alkali reactive force. It is the 

sharing of a sea of delocalized electrons amongst a lattice of positive ions, where the electrons act 

as a "glue" giving the substance a definite structure. 

 

Crystallography 
 

Crystallography is the experimental science of determining the arrangement of atoms in crystalline 

solids. 
 

Crystallography is used by materials scientists to characterize different materials. In single crystals, 

the effects of the crystalline arrangement of atoms is often easy to see macroscopically, because 

the natural shapes of crystals reflect the atomic structure. In addition, physical properties are often 

controlled by crystalline defects. The understanding of crystal structures is an important 

prerequisite for understanding crystallographic defects. Mostly, materials do not occur as a single 

crystal, but in poly-crystalline form (i.e., as an aggregate of small crystals with different 

orientations). Because of this, the powder diffraction method, which takes diffraction patterns of 

polycrystalline samples with a large number of crystals, plays an important role in structural 

determination. 
 

Crystallographic methods depend on analysis of the diffraction patterns of a sample targeted by a 

beam     of     some     type. X-rays are     most      commonly      used;      other      beams      used 

include electrons or neutrons. This is facilitated by the wave properties of the particles. 

Crystallographers often explicitly state the type of beam used, as  in  the  terms X-ray  

crystallography, neutron diffraction and electron diffraction. 

Laws of Crystallography 

Crystallography is based on three fundamental laws. 
 

(i) Law of constancy of interfacial angles: This law states that angle between adjacent 

corresponding faces is inter facial angles of the crystal of a particular substance is always 

constant inspite of different shapes and sizes and mode of growth of crystal. The size and shape 

of crystal depend upon the conditions of crystallisation. This law is also known as Steno's Law. 
 

(ii) Law of rational indices: This law states that the ratio of intercepts of different faces of a crystal 

with the  three axes are constant and can be expressed by  rational numbers that the intercepts   

of any face of a crystal along the crystallographic axes are either equal to unit intercepts (i.e., 

intercepts made by unit  cell)  a, b, c or some simple whole number multiples of them e.g., na, n'  

b, n''c, where n, n' and n'' are simple whole numbers. The whole numbers n, n' and n'' are called 

Weiss indices. This law was given by Hauy. 
 

(iii) Law of constancy of symmetry: According to this law, all crystals of a substance have the same 

elements of symmetry is plane of symmetry, axis of symmetry and centre of symmetry. 

 
 

Metastable state- A particular excited state of an atom, nucleus, or other system  that  has  a 

longer lifetime than the ordinary excited states and that generally has a shorter lifetime than the 

lowest, often stable, energy state, called the ground state. A metastable state may thus be 

considered a kind of temporary energy trap or a somewhat stable intermediate stage of a system 
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the energy of which may be lost in discrete amounts. 
 

In quantum mechanical ter s, tra sitio s fro  etasta le states are for idde   a d  are  u h 
less pro a le tha  the allo ed  tra sitio s fro  other e ited states. 

 

Theoretically every element has a metastable state. These are produced by giving energy to  

electrons to jump to lowest unoccupied orbital. 
 

Every element has metastable states because they possess unoccupied orbitals. 
 

Some have low excitation energies so are commonly used in visible wavelength applications. Some 

have very high excitation energy like Helium which is used in LASERs. 
 

In Metastable state, an atom remains excited for 10-6 to 10-3 seconds enough time  to  emit  a  

photons by returning to ground state. When a number of atoms usually in the order of 1025 repeat 

the same process we obtain a beam of light. 

 

Mechanical properties of metals & other engineering materials 
 

Materials are subject to an external force when they are used. Mechanical Engineers calculate 

those forces and material scientists how materials deform or break as a function of force, time, 

temperature, and other conditions. Materials scientists learn about these mechanical properties by 

testing materials. 
 

Some of the important mechanical properties of the metals are Brittleness, Creep, Ductility, 

Elasticity, Fatigue, Hardness, Malleability, Plasticity, Resilience, Stiffness, Toughness, Yield strength. 

Above mechanical properties of metals are explained below in brief. 
 

Brittleness: 

The tendency of material to fracture or fail upon the application of a relatively small amount  of  

force, impact or shock. 
 

Creep: 

When a metal is subjected to a constant force at a high temperature below its yield point, for a 

prolonged period of time, it undergoes a permanent deformation. 
 

Ductility: 

Ductility is the property by which a metal can be drawn into thin wires. It is determined by 

percentage elongation and percentage reduction in the area of metal. 

Elasticity: 

Elasticity is the tendency of solid materials to return to their original shape after being deformed. 

Fatigue: 

Fatigue is the of material weakening or breakdown of equipment subjected to stress, especially a 

repeated series of stresses. 

Hardness: 

Hardness is the ability of material to resist permanent change of shape caused by an external 

force. 

Malleability: 
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Malleability is the property by which a metal can be rolled into thin sheets. 

Plasticity: 

Plasticity is the property by which a metal retains its deformation permanently, when the external 

force applied on it is released. 

Resilience: 

Resilience is the ability of metal to absorb energy and resist soft and impact load. 

Stiffness: 

When an external force is applied on metal, it develops an internal resistance. The internal 

resistance developed per unit area is called stress. Stiffness is the ability of metal to resist 

deformation under stress. 

Toughness: 

When a huge external force is applied on metal, the metal will experience a fracture. Toughness is 

the ability of metal to resist fracture. 

Yield strength: 

The ability of metal to bear gradual progressive force without permanent deformation. 

Creep Properties 

Creep is a time-dependent deformation of a material while under an applied load that is below its yield 

strength. It is most often occurs at elevated temperature, but some materials creep at room temperature. 

Creep terminates in rupture if steps are not taken to bring to a halt. 

Creep data for general design use are usually obtained under conditions of constant uniaxial loading and 

constant temperature. Results of tests are usually plotted as strain versus time up to rupture. As indicated in 

the image, creep often takes place in three stages. In the initial stage, strain occurs at a relatively rapid rate 

but the rate gradually decreases until it becomes approximately constant during the second stage. This 

constant creep rate is called the minimum creep rate or steady-state creep rate since it is the slowest creep 

rate during the test. In the third stage, the strain rate increases until failure occurs. 

 
Creep in service is usually affected by changing conditions of loading and temperature and the number of 

possible stress-temperature-time combinations is infinite. While most materials are subject to creep, the 

creep mechanisms is often different between metals, plastics, rubber, and concrete. 

 

Introduction to industrial metals 

Chosen for their durability, strength and resistance to weather, metals used in the construction 

industry   serve   a   wide   range   of   functions.   The   most   common    of    them    are carbon   

steel, aluminum, copper tubing and stainless steel, which each have their particular qualities and 

ideal uses. 

Carbon steel is one alloy that is prized in the construction industry for its hardness and strength. It 

is typically used to make beams for structural framework, plates for highway construction, and 

rectangular tubing for welded frames trailer beds, and bridges. 

Aluminum is also commonly used in the industry because it is resistant to corrosion, highly 

conductive and ductile. 
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Aluminum 
 

Aluminum is one of the ost ersatile ele e ts a aila le to toda s e gi eers; ho e er its 
properties can be further improved by the addition of other elements such  as  copper 

a ga ese a d zi . These i pro e the alu i iu s stre gth, hard ess, ast-ability and 

resistance to corrosion. 
 

The main application is in the transport sector, particularly in the construction of aircraft and 

railway rolling stock. Aluminum alloys are also used extensively in the car industry in the 

production of engines and gearboxes. 
 

Zinc 
 

Zinc is used along with copper to form brass, and was used exclusively for valves when I was 

serving my time in Harland & Wolff shipyard in the sixties, where within the engine-works 

department there was a large dedicated brass valve turning shop. 
 

However, brass is not as popular in engineering nowadays apart from manufacture of brass 

fittings on fire hoses, screwed rod and screws, the main application being in the domestic 

sector and in the production of musical instruments. 
 

Zinc is also alloyed along with lead and tin to make solder, a low melting point alloy used in 

soldering. 
 

Tin 
 

Used to produce bronze and solder as previously discussed but also to form the alloy Babbitt, 

used to line white metal bearings. 
 

Lead 
 

As previously noted, lead is used with tin in the formation of solder alloy. It is also used in the 

formation of typesets in the printing industry and again in Babbitt white metal alloy production 
 

Vanadium 
 

The main application of vanadium alloys are high speed tool steels (HSTS). Its properties give a 

reduction in weight, an increase in tensile strength, and resistance to corrosion. It is also used 

along with chrome in the formation of hand tools such as spanners and socket sets. 
 

Chromium 
 

Chromium is used to produce stainless steel and is known for its resistance to corrosion and 

hardness properties. Stainless steel has many industrial uses – the main ones being tools, 

surgical equipment, specialist valves and piping, liquid storage tanks, and structural sections. 
 

Manganese 
 

Manganese gives an alloy the properties of hardness without causing brittleness.  Applications  

are the production of railroad tracks, switching points which require the above properties. 

Manganese is also used to produce a very hard alloy known as Spartan steel being used in the 

steel construction industry. 
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Tungsten 
 

When small quantities of tungsten are added to steel, a very hard-wearing, tough alloy is 

formed. It has many applications in the military sector both as armor and armor piercing 

components. It is also used in engineering where high temperatures are prevalent such as gas 

turbine components and where the properties of toughness without brittleness are a 

requirement. 
 

Tungsten alloys are also used in x-ray tubes and incandescent light fittings as well tungsten 

inert gas welding components, due to its high melting property. 
 

Nickel 
 

Nickel is corrosion resistant and it is used along with other elements to form stainless steel, 

brass and bronze with their attendant properties. Its applications are in power station rotary 

components which require the alloys properties of resistance to cracking, deformation, 

corrosion under sustained high temperatures are numerous. 
 

Nickel alloys are also used in the aerospace and chemical industries. 
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Classification of Steels 

Steels are generally classified by method of manufacture, use and chemical composition. 
 

If steel is classified by method of manufacture, it gives rise to crucible steel, bessemer steel, open- hearth 

steel, basic oxygen steel and electric-furnace steel. 
 

When steel is classified by use, it is generally classified by the final use for the steel such as machine steel, 

spring steel, boiler steel, structural steel or tool steel. 
 

The easiest and the most popular way to classify steels are by their chemical composition. Various alloying 

elements are added to iron for the purpose of attaining certain specific properties and characteristics. 

These elements include, but are not limited to, carbon, manganese, silicon, nickel, chromium, 

molybdenum, vanadium, columbium (niobium), copper, aluminum, titanium, tungsten, and cobalt. A 

numbering system is used in classification by chemical composition method, giving information on the 

approximate content of the important alloying elements in the steel. 
 

The carbon content in steel can range from 0.1-1.5%, but the most widely used grades of steel contain 

only 0.1-0.25% carbon. Elements such as manganese, phosphorus and sulphur are found in all grades of 

steel, but, whereas manganese provides beneficial effects, phosphorus and sulphur are deleterious to 

steel's strength and durability. 
 

Different types of steel are produced according to the properties required for their application, and various 

grading systems are used to distinguish steels based on these properties. According to the American Iron 

and Steel Institute (AISI), steels can be broadly categorized into four groups based on their chemical 

compositions: 
 

1. Carbon Steels 
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2. Alloy Steels 
 

3. Stainless Steels 
 

4. Tool Steels 
 

1) Carbon Steels: 

Carbon steels contain trace amounts of alloying elements and account for 90% of total steel production. 

Carbon steels can be further categorized into three groups depending on their carbon content: 
 

Low Carbon Steels/Mild Steels contain up to 0.3% carbon 
 

Medium Carbon Steels contain 0.3 – 0.6% carbon 
 

High Carbon Steels contain more than 0.6% carbon 

 

2) Alloy Steels: 

Alloy steels contain alloying elements (e.g. manganese, silicon, nickel, titanium, copper, 

chromium and aluminum) in varying proportions in order to manipulate the steel's properties, 

such as its hardenability, corrosion resistance, strength, formability, weldability or ductility. 
 

Applications for alloys steel include pipelines, auto parts, transformers, power generators and 

electric motors. 

3) Stainless Steels: 

Stainless steels generally contain between 10-20% chromium as the main alloying element and 

are valued for high corrosion resistance. With over 11% chromium, steel is about 200 times 

more resistant to corrosion than mild steel. These steels can be divided into three groups based 

on their crystalline structure: 

1. Austenitic: Austenitic steels are non-magnetic and non heat-treatable, and generally 

contain 18% chromium, 8% nickel and less than 0.8% carbon. Austenitic steels form the 

largest portion of the global stainless steel market and are often used in food processing 

equipment, kitchen utensils and piping. 

2. Ferritic: Ferritic steels contain trace amounts of nickel, 12-17% chromium, less than 0.1% 

carbon, along with other alloying elements, such as molybdenum, aluminum or titanium. 

These magnetic steels cannot be hardened with heat treatment,  but  can  be 

strengthened by cold works. 

3. Martensitic: Martensitic steels contain 11-17% chromium, less than 0.4% nickel and up to 

1.2% carbon. These magnetic and heat-treatable steels are used in knives, cutting tools, 

as well as dental and surgical equipment. 

4) Tool Steels: 

Tool steels contain tungsten, molybdenum, cobalt and vanadium in varying quantities to increase 

heat resistance and durability, making them ideal for cutting and drilling equipment. 

High-Speed Tool Steels: High-speed alloys include all molybdenum (M1 to M52) and tungsten 

(T1 to T15) class alloys. High-speed tools steels can be hardenend to 62-67 HRC and can 

maintain this hardness in service temperatures as high as 540°C (1004°F), making them very 

useful in high-speed machinery. Typical applications are end mills, drills, lathe tools, planar 

tools, punches, reamers, routers, taps, saws, broaches, chasers, and hobs. 

A Reamer 
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(A reamer is a type of rotary cutting tool used in metalworking. Precision reamers are designed to enlarge the size of a previously formed hole by a 

small amount but with a high degree of accuracy to leave smooth sides.) 

 

 

 

 

A Gear Hob 
 

Hobbing is a machining process for making gears, splines, and sprockets on a hobbing machine, which is a special type of milling 

machine. The teeth or splines are progressively cut into the workpiece by a series of cuts made by a cutting tool called a hob. 

 

Hot-work Tool Steels: Hot-work tool steels include all chromium, tungsten, and 

molybdenum class H alloys. They are typically used for forging, die casting, heading, 

piercing, trim, extrusion, and hot-shear and punching blades. 

 

Cold-work Tool Steels: Cold-work tool steels include all high-chromium class D, medium- alloy 

air-hardening class A alloys, water hardening W alloys, and oil hardening O alloys. Typical 

applications include cold working operations such as stamping dies, draw dies, burnishing tools, 

coining tools, and shear blades. 

Shock-Resistant Tool Steels: Cold-work tool steels include all class S alloys. They are among 

the toughest of the tool steels, and are typically used for screw driver blades, shear blades, 

chisels, knockout pins, punches, and riveting tools. 
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Mechanical properties of metals & other engineering materials 

Materials are subject to an external force when they are used. Mechanical Engineers 

calculate those forces and material scientists how materials deform or break as a function of 

force, time, temperature, and other conditions. Materials scientists learn about these 

mechanical properties by testing materials. 

Some of the important mechanical properties of the metals are Brittleness, Creep, Ductility, 

Elasticity, Fatigue, Hardness, Malleability, Plasticity, Resilience, Stiffness, Toughness, Yield 

strength. Above mechanical properties of metals are explained below in brief. 

Brittleness: 

The tendency of material to fracture or fail upon the application of  a relatively  small amount 

of force, impact or shock. 

Creep: 

When a metal is subjected to a constant force at a high temperature below its yield point, for   

a prolonged period of time, it undergoes a permanent deformation. 

Ductility: 

Ductility is the property by which a metal can be drawn into thin wires. It is determined by 

percentage elongation and percentage reduction in the area of metal. 

Elasticity: 

Elasticity is the tendency of solid materials to return to their original shape after being 

deformed. 

Fatigue: 

Fatigue is the material weakening or breakdown of equipment subjected to stress, especially 

a repeated series of stresses. 

Hardness: 

Hardness is the ability of material to resist permanent change of shape caused by an external 

force. 

Malleability: 

Malleability is the property by which a metal can be rolled into thin sheets. 

Plasticity: 

Plasticity is the property by which a metal retains its deformation permanently, when the 

external force applied on it is released. 

Resilience: 

Resilience is the ability of metal to absorb energy and resist soft and impact load. 

Stiffness: 

When an external force is applied on metal, it develops an internal resistance. The internal 

resistance developed per unit area is called stress. Stiffness is the ability of metal to resist 

deformation under stress. 

Toughness: 

When a huge external force is applied on metal, the metal will experience a fracture. 

Toughness is the ability of metal to resist fracture. 

Yield strength: 

The ability of metal to bear gradual progressive force without permanent deformation. 

 

 

Properties, types, uses and brief description of the manufacturing processes for 

Iron and steel making. 

Iron is a chemical element with the symbol Fe (from Latin: ferrum) and atomic number 26. 

It is a metal in the first transition series. 

It by mass is the most common element on Earth, forming much of Earth's outer and inner core. 
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It is the fourth most common element in the Earth's crust. 

Extraction 

1 Much of the world's iron ore is extracted through open pit mining in which the Pure iron is a soft, 

grayish white metal. 

Although iron is a common element, pure iron is almost never found in nature. Minerals near the 

surface of the earth that have the highest iron content are known as iron ores and are mined 

commercially. 

Surface of the ground is removed by heavy  machines, often  over a very large area, to expose the  

ore beneath. In cases where it is not economical to remove the surface, shafts are dug into  the  

earth, with side tunnels to follow the layer of ore. 

Refining 

2 The mined ore is crushed and sorted. The best grades of ore contain over 60% iron. Lesser grades 

are treated, or refined, to remove various contaminants before the ore is shipped to the blast 

furnace. 

Collectively, these refining methods are called beneficiation and include further crushing, washing 

with water to float sand and clay away, magnetic separation, pelletizing, and sintering. As more of 

the world's known supply of high iron content ore is depleted, these refining techniques have 

become increasingly important. 

3 The refined ore is then loaded on trains or ships and transported to the blast furnace site. 

Charging the blast furnace 

4 After processing, the ore is blended with other ore and goes to the blast furnace. 

A blast furnace is a tower-shaped structure, made of steel, and lined with refractory, or heat- 

resistant bricks. 

1. The mixture of raw material, or charge, enters at the top of the blast furnace. 

2. At the bottom of the furnace, very hot air is blown, or blasted, in through nozzles called 

tuye'res. 

3. The coke burns in the presence of the hot air. 

4. The oxygen in the air reacts with the carbon in the coke to form carbon monoxide. 

5. The carbon monoxide then reacts with the iron ore to form carbon dioxide and pure iron. 

Separating the iron from the slag 

5 The melted iron sinks to the bottom of the furnace. 

1. The limestone combines with the rock and other impurities in the ore to form a slag which is 

lighter than the iron and floats on top. 

2. As the volume of the charge is reduced, more is continually added at the top of the furnace. 

3. The iron and slag are drawn off separately from the bottom of the furnace. 

4. The melted iron might go to a further alloying process, or might be cast into ingots called pigs. 

5. The slag is carried away for disposal. 

(For Long answer type questions) 

6 A blast furnace is a type of metallurgical furnace used for smelting to produce industrial metals, 

generally iron, but also others such as lead or copper. 

7 In a blast furnace, fuel, ore, and flux (limestone) are continuously supplied through the top of the 

furnace, while a hot blast of air (sometimes with oxygen enrichment) is blown into the lower 

section of the furnace through a series of pipes called tuyeres, so that the chemical reactions 

take place throughout the furnace as the material moves downward. The end products are 

usually molten metal and slag phases tapped from the bottom, and flue gases exiting from the 

top of the furnace. The downward flow of the ore and flux in contact with an upflow of hot, 

carbon monoxiderich combustion gases is a countercurrent exchange process. 

8 In contrast, air furnaces (such as reverberatory furnaces) are naturally aspirated, usually by the 

convection of hot gases in a chimney flue. According to this broad definition, bloomeries for 

iron, blowing houses for tin, and smelt mills for lead would be classified as blast furnaces. 
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However, the term has usually been limited to those used for smelting iron ore to produce pig 

iron, an intermediate material used in the production of commercial iron and steel, and the  

shaft furnaces used in combination with sinter plants in base metals smelting. 

 

9 The hot gases produced in the chemical reactions are drawn off at the top and routed to a gas 

cleaning plant where they are cleaned, or scrubbed, and sent back into the furnace; the 

remaining carbon monoxide, in particular, is useful to the chemical reactions going on  within  

the furnace. 

10 A blast furnace normally runs day and night for several years. Eventually  the brick lining  begins  

to crumble, and the furnace is then shut down for maintenance. 

 

DEFINITION: STEEL (as per IS:7598-1990) 

For the purpose of classification, steel is an iron base alloy generally suitable for working to the 

required shape in the solid state having a carbon content generally less than 1.5 percent and 

containing varying amounts of other elements. 

A limited number of high alloyed steels may have more than 2 percent carbon but 2 percent is the 

usual dividing line between steel and cast iron. 

Steelmaking is the process for producing steel from iron and ferrous scrap. 

In steelmaking, impurities such as nitrogen, silicon, phosphorus, and excess carbon are removed 

from the raw iron, and alloying elements such as manganese, nickel, chromium and vanadium are 

added to produce different grades of steel. 

Limiting dissolved gases such as nitrogen and oxygen, and entrained impurities (termed 

"inclusions") in the steel is also important to ensure the quality of the products cast from the liquid 

steel. 

There are two major processes for making steel, namely basic oxygen steelmaking which has liquid 

pig-iron from the blast furnace and scrap steel as the main feed materials, and electric arc furnace 

(EAF) steelmaking which uses scrap steel or direct reduced iron (DRI) as the main feed materials. 

Oxygen steelmaking is fuelled predominantly by the exothermic nature of the reactions inside the 

vessel where as in EAF steelmaking, electrical energy is used to melt the solid scrap and/or DRI 

materials. 

In recent times, EAF steelmaking technology has evolved closer to oxygen steelmaking as more 

chemical energy is introduced into the process. 

Modern steelmaking processes can be broken into two categories: 

Primary and Secondary steelmaking. 

Primary steelmaking involves converting liquid iron from a blast furnace and steel scrap into steel 

via basic oxygen steelmaking or melting scrap steel and/or direct reduced iron (DRI) in an electric 

arc furnace. 

Secondary steelmaking involves refining of the crude steel before casting and the various 

operations are normally carried out in ladles. In secondary metallurgy, alloying agents are added, 

dissolved gases in the steel are lowered, inclusions are removed or altered chemically to ensure 

that high-quality steel is produced after casting. 
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***** 
 

Best Wishes for an excellent performance in MST. 

 
-Arvind Shrimali 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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