




Liquid (4.3%C)  Austenite (2.08% C) + Fe3C (6.67% C)

 This reaction is of great importance in case irons.
eutectoid reactions

Eutectoid reaction is defined as the reaction in which solid on cooling at 730C gives a
mixture of ferrite and cementite.

Cooling

Austenite Ferrite + Cemenite

Heating

Unlike eutectic and peritectic transformations (which are liquid – solid transformations),
eutectoid involves a solid – solid transformation.

Eutectoid reaction is an isothermal reversible reaction in which one solid phase transforms into
two intimately mixed new solid phases upon cooling.

Eutecoid reaction is found in many systems such as Cu-A1, Cu-Zn, Cu-Sn, A1-Mn, Cu-Be and
so on.

This reaction is the basis for much of the heat treating of steel and its variety of applications.

5. Define the term solid solution. (Nov 2016)

solid solution

A solid solution is simply a solution in the solid state and consists of two kinds of atoms
combined in one type of space lattice & combination in one type of solvent and solute.

6. How will you classify steels? (Nov 2016) (Nov 2013)
classification of steel

Steel is classified as:

i. Mild steel
ii. Carbon steel
iii. Alloy steel
iv. Prominent alloy steel
v. Wear resistant steel
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vi. Tool steel
vii. High speed steel
viii. Heat resisting steel
ix. Hadfield’s manganese steel
x. Maraging steels

7. What are the types of solid solutions? (May 2017)

The different types of solid solution

1. Substitutional solid solution

a. ordered solid solution

b. disordered solution

2. Interstitial solid solution

8. Why is carbon solubility more in austenite? (May 2017)

Austenite is the gamma solid solution. The maximum solubility of carbon in gamma-iron is 2%
at 11300 C. This solubility is approximately 100 times greater than for ferrite. Since the
interstitial positions are large.

9. Name and explain the standard rule for the formation of substitutional type of solid
solutions. (May 2015)

If the atoms of the parent metal rule are replaced in the crystal lattice by the atoms of solute
metal , then the solid solution is known as substitutional solid solution.

Ex: copper-nickel system.

10. Name the system and sketch the labeled ideal binary phase diagrams for the system
where the components are completely soluble in liquid and partially soluble in solid states.
(May 2015) STUCOR A
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11. Define Eutectic Reaction. .(Nov 2013)

Eutectic reaction

 At the eutectic reaction point (shown in Figure 1.25), liquid of 4.3% forms  austenite of
2.08% C and the intermetallic compound Fe3C (cementite), which contains 6.67%C.
 This eutectic reaction, which occurs at 1148C, can be written as

Liquid (4.3%C)  Austenite (2.08% C) + Fe3C (6.67% C).

This reaction is of great importance in case irons.

12. Write the constitution of austenite and its crystal structure. (May 2013)
Austenite phase – Austenite is a high temperature phase and has a Face Centred Cubic

(FCC) structure (which is a close packed structure) is having good strength and toughness but it
is unstable below 723 deg C.

13. Classify the plain carbon steels. (May 2013)

Classification carbon steel

Carbon steel is classified as:

i. Low carbon steel or mild steel
ii. Medium carbon steel
iii. High carbon steel

14. State Hume Rothery’s rules for formtion of substitutional solid solutions. (May 2014)

Hume Rothery’s Rules

(Factors Governing Solid Solubility)
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To form an extensive solid solution (i.e., greater than 1- atomic percent 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.

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 elctronegativity.
Electronegativity is the ability of the atom to attract an electron. If electronegativity differ
significantly, then the compounds will form.

If one or more of the Hume Rothery rules are violated, only partial solubility is possible.

UNIT-2

1. What do you mean by hardenability? .(NOV2015)

Hardenabiity may be defined as the depth of hardening produced under the given conditions of
cooling.

Factors affecting the hardenability

i) Composition of steel
ii) Method of manufacture of steel
iii) Quenching media & method of steel.
iv) Section of steel

2. Which type of surface hardening process that does not involve composition change?
(NOV2015)

Flame hardening and Induction hardening process.

3. What is austempering ? (May 2016)

Austempering

 Austempering is another type of interrupted quenching that forms bainite structure.
 The austemperng is an isothermal heat treatment process, usually used to reduce

quenching distortion and to make a tough and strong steels.

4. Name any 2 shallow hardening processes. (May 2016)

Flame hardening and Induction hardening process.
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5. When will you prefer annealing? (May 2013) (Nov 2016)

 Some of the purpose of normalizing are:
1. To refine the grains structure
2. To increase the strength of the steel.
3. To provide a ore uniform structure in castings and foregins.
4. To relieve internal residual stresses due to cold working.
5. To achieve certain mechanical and electrical properties.

6. Define the term cementite. (Nov 2016)

Cementite consists of iron and carbon compounds combined chemically, having the
chemical symbol Fe3C. It is composed of 93% iron and 7% carbon. This compound is brittle,
hard and falls under the ceramic classification.

Cementite forms directly through the melt in white cast-iron cases. In the case of carbon steels, it
can be formed by either the cooling of austenite or tempering of martensite.

7. What are the principal advantages of austempering over conventional quenching and
temper method ? (May 2017)

The advantages of austempering are:

1. Improved ductility.
2. Increased impact strength and toughness.
3. Decreased distortion of the quenched material.
4. Less danger of quenching cracks.

8. Mention few applications of induction hardening system. (May 2017)

The inductions hardening is employed for hardening the surfaces of gears, tool drives, wrist
pins, crank shaft bearing journals, cylinder liners, rail ends, machine tool ways, and pump shafts.

9. Differentiate annealing and normalizing treatments. (May 2015)

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



S.No Normalising Full Annealing

1. Normalising is more economical than full
annealing (since no furnace is required to
control the cooling rate).

Full annealing is costly.

2 Normalising is less time consuming Full annealing is more time consuming

3 Normalising temperature is higher than full
annealing

Annealing temperature is lower than
normalizing

4 It provides a find grain structure It provides coarse grain structure.

5 In normalizing the cooling is established in
still air. So the cooling will be different at
different locations. Thus properties will
vary between surface and interior

In full annealing, the furnace cooling
ensures identical cooling conditions at all
locations within the metal, which
produces identical properties.

10. “Austempering is different from other hardening treatments”. Explain the statement.
(May 2015)
Austempering

 Austempering is another type of interrupted quenching that forms bainite structure.
 The austemperng is an isothermal heat treatment process, usually used to reduce

quenching distortion and to make a tough and strong steels.
Austempering Process

The austempering process consists of the following steps:

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.

11. Define the term Stress relief annealing and Spheroidizing. (Nov 2013)
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The stress relief annealing is a heat treatment process that is employed to eliminate internal
residual stresses induced by casting, quenching, machining, cold working , welding, etc.

The spheroidizng process results in a coalescence of the Fe3C to form the spheroid particles, the
actual structure is a matrix of ferrite with Fe3C in the form of speroid globules. Spheroidizing is
extensively employed for medium and high carbon (tool) steels.

12. Differentiate between Tempering and Maraging. (Nov 2013)

Tempering

The martensite which is formed during hardening process is too brittle and lacks goods ductility
and toughness. Hence it cannot be used for most applications. Also the internal residual stresses
they are introduced during hardening have a weakening effect. The ductility and toughness
martensite can be enhance and these internal stress are relieved by a heat treatment process
known as tempering.

Maraging steels are steels (iron alloys) that are known for possessing superior strength and
toughness without losing malleability, although they cannot hold a good cutting
edge. Aging refers to the extended heat-treatment process. These steels are a special class of low-
carbon ultra-high-strength steels that derive their strength not from carbon, but from precipitation
of inter metallic compounds.

13. What are different processes of surface hardening? (May 2013)
- Case hardening
- Nitriding
- Cyanding
- Flame hardening

14. What is quenching? List some of the quenching medium generally used in industries.
(May 2014)

Quenching refers accelerated cooling.

 The cooling can be accomplished by contact with a quenching medium which may be gas,
liquid, or soli.

 Most of the times, liquid quenching media is widely used to achieve rapid cooling.

Types of Quenchining Medium:
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Some of the quenching medium that are sued generally in industries, in order of decreasing
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 o crude petroleum)

6. Animal oil.

15. What is the significance of TTT diagram in the heat treatment of steel? (May 2014)

The TTT diagram shows the relationship between temperature and time taken for a
decomposition transformation to take place in a metal when the transformation is isothermal. (i.e
at constant temperature).

UNIT-3

1. Which type of stainless steel is used for surgical instruments? .(NOV2015)

Martensitic stainless steel is used for surgical instruments

2. What is the typical constituent microstructure of bearing alloy? .(NOV2015)

Tin-base bearing alloys

 The tin-base bearing alloys are known as Babbit metals.
 Composition: The composition of a typical ‘Babbit’ metal is given below:

o Sb 10%, Sn82%, Cu4%, Pb4%

 The tin-base bearing alloys are of better-quality high-duty bearing metals than the lead-
base bearing alloys.

 Uses: They are suitable for use in many medium and high-duty bearing applications,
particularly in the automotive industries.
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3. Give the effects of silicon on steel. (May 2016) (May 2017)

The silicon acts as a general purpose deoxidizer.

-Improves electrical and magnetic properties.

-Improves oxidation resistance.

-Strengthens low alloy steels.

- Increases hardenability of steels.

-Increases hardenability of steels carrying non-graphitizing elements.

4. What are bearing alloys? Give example. (May 2016)

The widely used bearing materials are:

1. White metals,

2. Copper-base alloys,

3. Aluminium-base alloys,

4. Plastic materials, and

5. Ceramics.

5. List the properties of HSLA. (Nov 2016)

1. HSLA steels are nothing but high-strength low – alloy steels.
2. HSLA steels, also known as micro-alloyed steels, are low carbon steels containing small
amounts of alloying elements.
3. The primary purpose of HSLA steels is weight reduction through increased strength.
4. These HSLA steels are widely used as structural or constructional alloy steels.
5. For structural applications, high yield strength, good weld ability, and corrosion resistance are
most desired, with only limited ductility and virtually non harden ability.
6. These low-alloy structural steels have about twice the yield strength of the plain – carbon
structural steels.

6. What are bronzes? List the uses. (May 2013) (Nov 2016)

 Bronze is an alloy of copper and tin
 The bronzes are high-strength alloys with a good corrosion resistance than brasses.
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 The strength of the bronze increase with increase in tin content. However, tin content is
kept below 12% because they tend to be brittle.

 Bronzes can be shaped or rolled into wires, rods, and sheets.
For pumps, valves, statuary and miscellaneous castings (mainly for marine work). For bearings,
steam pipe fittings, marine castings, hydraulic valves and gears etc.

7. Differentiate brass from bronze. (May 2017)

 Brass is an alloy of copper and zinc. Sometimes, small amounts of other metals such as
tin, lead, aluminium, and manganese may be added.

 Bronze is an alloy of copper and tin
The bronzes are high-strength alloys with a good corrosion resistance than brasses

8. What is HSLA? Explain with respect to composition, properties and application.
(May 2015)

All have 0.04%P; 0.05%S; and 0.20%Cu.The HSLA steels posses the following
important properties.

(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 be 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 widely used as structural materials. The structural
applications (wherever possible, substantial weight saving is desired) include bridges, towers,
columns in high – rise buildings, pressure vessels, automobiles, trains, etc.
9. Explain briefly the effect of ferrite stabilizer on the eutectoid temperature and
composition. (May 2015)

Ferrite stabilizers make ferrite stable at higher temperature.

Examples: Ti, No, Mo

10. What are the properties of steel? (Nov 2013)
The properties that need to be considered by designers when specifying steel construction
products are:
 Strength
 Toughness
 Ductility
 Weldability
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 Durability.

For design, the mechanical properties are derived from minimum values specified in the
relevant product standard. Weldability is determined by the chemical content of the alloy, which
is governed by limits in the product standard. Durability depends on the particular alloy type -
ordinary carbon steel, weathering steel or stainless steel .

11. What is precipitation hardening? (Nov 2013)
 Precipitation hardening also known as age hardening, is the most important method of

improving the physical properties of some of the non-ferrous alloys by solid state
reaction.

 It is mostly applicable to the alloys of aluminium, magnesium and nickel. It is
occasionally used for the alloys of copper and iron.

 Examples of alloys that are hardened by precipitation treatments include aluminium-
copper, copper-beryllium, copper-tin, and magnesium-aluminium.

12. What is the effect of chromium alloying element on the properties of steel? (May 2013)
The effect of chromium alloying element on the properties of steel is to increase

corrosion and oxidation resistance.

UNIT-4

1. What are the outstanding properties of PMMA? (NOV2015)

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.

2. List the typical applications of Al2o3. .(NOV2015)

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 liners, check valves, nozzles subject to erosion and for support
members in electrical and electronic devices.
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3. Some unique applications of alumina are in dental and medical use including restoration of
teeth, bone filler and orthopaedic implants.

These materials find application in nuclear equipment

3. What is polymerization ? (May 2016)

Polymerisation is a process in which large number of small molecules (called monomers)
combine to give a big molecule (called a polymer) with or without elimination of small
molecules like water.

4. State the advantages of fiber reinforced composites. (May 2016)

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 materials.

4. The fabrication of composites to any desired shape and size can be achieved with ease.
5. They exhibit good corrosion resistance.

5. Define the term degree of polymerization. (Nov 2016)

The number of repeating units (n) in a polymer chain is known as the Degree of Polymerization.

6. State any 4 applications of Bakelite. (Nov 2016)

Electrical plugs, sockets, switches, door knobs and handles, adhesives, coatings and laminates.

7. Differentiate between composite and an alloy. (May 2017)

An alloy is a metallic substance composed of two or more elements.

A composite material is a combination of two or more materials having compositional variations
and depicting properties distinctively from those of the individual materials of the composite.

8. Write short notes on PET. (May 2017)
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PET (polyethylene teraphthalate), also known as polyester or PETP, is a linear polyester
made by the condensation polymerization of ethylene 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 posses good resistance to humidity, acids, greases, oil and solvents.

9. Differentiate thermosetting and thermoplastic polymers. ( May 2015)

S.No Thermoplastics Thermosetting plastics

1 They are formed by addition
polymerization.

They are formed by condensation
polymerization.

2 They are linear polymers, so they are
composed of chain molecules.

They are composed of three dimensional
network of cross-linked molecules.

3 Softening is possible on reheating
(because of the weak secondary forces).

Softening is not possible on reheating (because
of strong covalent bonds.)

4 They can be easily moulded on
remoulded into any shape.

They can not be remoulded into any new
shape.

5 They can be recycled again. They can not be recycled.

6 They can be reclaimed for value. They cannot be reclaimed.

7 They are soft, weak, and less brittle. They are hard, strong, and more brittle.

8 They are soluble in organic solvents. They are not soluable in organic solvents.

9 They are not suitable for high
temperature services.

They are usable in process requiring high
temperature.

10 Example:Polythenes, polystyrenes,
PVC., etc.

Example : Polyesters, phenoilics epoxides,
etc.

10. What is meant by metal matrix composites? Give one example each to matrix material
and reinforcements used. ( May 2015)

A metal matrix composite (MMC) is composite material with at least two constituent parts, one
being a metal necessarily, the other material may be a different metal or another material, such as
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a ceramic or organic compound. When at least three materials are present, it is called a
hybrid composite.
Metal matrix composites (MMCs) usually consist of a low-density metal, such as aluminum or
magnesium, reinforced with particulate or fibers of a ceramic material, such as silicon carbide or
graphite. Compared with unreinforced metals, MMCs offer higher specific strength and stiffness,
higher operating temperature, and greater wear resistance, as well as the opportunity to tailor
these properties for a particular application.

11. Brief about any two types of polymers. (Nov 2013)
1. Polyethylene (PE)

 Polyethylene, also known commonly as polythene, is made by the polymerization
of ethane i.e., ethylene (CH2 = CH2).

 Polyethylene is made from petroleum or natural gas feed stocks.
 The properties and application of PE vary wide ranges depending on the

molecular weight, the method of manufacture, and differences in structure and
density.

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

suitable for moulded parts than polyethylene.
Characteristics of PPs:

1. They are stiffer, harder, and often stronger than poly ethylene.
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.

12. What are the applications of Poly Styrene? (Nov 2013)
Applications of PS

Typical applications of polystyrene include packaging and insulating foams, lighting panels,
appliance components, egg boxes, wall tiles, battery cases etc.

13. Define plastics. (May 2013)
A plastic may be defined as an organic polymer, which can be moulded into any desired

shape and size with the help of heat, pressure, or both.

14. What is PA? (May 2013)
Polyamides (PA), also known as nylons, are products of condensation between an amine
and an organic acid.
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There are number of common polyamides. They are usually designated as nylon 6, nylon 6/6,
nylon 6/10, nylon6/12, nylon 11, and nylon 12. These suffixes refer to the number of carbon
atoms in each of the reacting substances involvd in the condensation polymerization process.

15. What are sialons? State their applications. (May 2014)
The name sialon is an acronym derived from the ingredients involved, namely Si – AI – O – N.

That is the sialons are derivatives of silicon nitride. Sialons are formed when aluminium and
oxygen partially substitute for silicon and nitrogen in silicon nitride.

The general form of the material is Si6 – AIzOzN8 – z. When z = 3, the formula obtained is
Si3AI3O3N5, which is termed as sialon.

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 thermocouple sheaths, radiant heater tubes,
impellers, small crucibles and other purposes involving temperatures upto 12500C.

16. What is meant by the term ‘unsaturated molecule’? State its significance in plastics.
(May 2014)

The term "unsaturated" is used to designate a compound which contains double or triple bonds
and therefore not every carbon is bonded to a different atom.

Ethane, C2H4, is an example of an unsaturated hydrocarbon.

17. List the applications of engineering ceramics. (May 2016)

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 coatings (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 also formed as fibres and whiskers for use as reinforcement in composite
materials.
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Applications of silicon nitrides:

Silicon nitrides are widely used as cutting tool materials.

1. They are used for automotive and gas turbine parts; for balls, rollers and racers for
bearings; for diesel engines, hot extrusion pipes, pump parts.

2. They are also used as pouring tubes for aluminum and for high-temperature engineering
components

UNIT-5

1. What are the characteristics features of fracture surface of creep rupture component?
(NOV2015)

Creep is the term used to describe the tendency of a material to move or to deform permanently
to relieve stresses. Material deformation occurs as a result of long term exposure to levels of
stress that are below the yield or ultimate strength of the material.

Creep is more severe in materials that are subjected to heat for long periods and near melting
point. The rate of this damage is a function of the material properties and the exposure time,
exposure temperature and the applied load (stress). Depending on the magnitude of the applied
stress and its duration, the deformation may become so large that a component can no longer
perform its function — for example creep of a turbine blade will cause the blade to contact the
casing, resulting in the failure of the blade.

2. State the advantages of Rockwell hardness testing over other techniques. (NOV2015)

The advantages of the Rockwell test are as follows:

1. Very simple to use
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2. Hardness use be used directly in a single step.
3. Each measurement requires only a few seconds.
4. Since it can be conducted very fastly, it is suitable for routine tests o harness in mass

protection.
5. It can be used to test materials over a greater range of hardness because of the many

combinations of indenters and loads which are available.
6. It can be used on metallic materials as well as on plastics.

3. Distinguish between elasticity and plasticity. (May 2016)

Plasticity is a property of a material or a system that allows it to deform irreversibly. Elasticity is
a property of a system or a material that allows it to deform reversibly. Both plasticity and
elasticity play major roles in fields such as material science, engineering, economics,
mathematical modeling and any other field involving designing and developing mechanical
objects.

4. Define term fatigue. (Nov 2016)

Fatigue

The failure of a material under repeatedly applied stress is called fatigue.

5. List any 4 mechanical testing methods of metals. (Nov 2016)

1. Hardness test

2. Impact test

3. Fatigue test

4. Creep test

6. Differentiate between ductile and brittle fracture. (May 2017)

Brittle fracture Ductile fracture

i. Brittle fracture is the one which has the
movement of crack with negligible plastic
deformation adjacent to crack.

Ductile fracture is the one which is accompanied
with large plastic deformation adjacent to crack.
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ii. Rapid rate of crack propagation. Slow rate of crack propagation.

iii. It is characterized by separation of
normal to tensile stress.

It is characterized by the formation of cup and cone.

iv. It occurs when the material is in elastic
condition

It occurs when the material is in plastic condition

7. What is the difference between HRB and HRC? (Rockwell B scale and C scale). (May
2017)

Test Indenter Load Typical applications.

Rockwell B-
Scale (HRB)

1/16 inch diameter steel
ball

10 kg minor load

100 kg major load

Low-strength steels and
non-ferrous up to HV of
240

Rockwell C-
Scale (HRC)

Diamond cone 10kg minor load

150 kg major load

All metals with a machined
surface finish or equivalent
High strength steels from
HV 240-1000

8. Draw a typical load versus percentage elongation curve for ductile material and explain
the tensile properties. (May 2015)

Stress – Strain Curve

By using the table the stress – strain curve can be plotted as shown in fig.
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9. Draw a typical creep curve for ductile metal and explain the regions. (May 2015)

CREEP CURVE
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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, is shown
in Fig.

10. Sketch Slip and Twinning types of deformation. .(Nov 2013)

11. Differentiate between Fatigue and Creep tests.(Nov 2013)

Fatigue Test

 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 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 this stress is repeated for a specified number
of cycles.

 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.
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 The creep tests are simply tension tests run at constant load and constant temperature.
Then the value of strain of the test piece is noted as a function of time.

12. Define plastic deformation. (May 2013)

Plastic deformation

The deformation may be permanent ie the deformation appears after the load is removed.
It does not obey hooke’s law.

13. What is creep? (May 2013)
Creep.

Creep is defined as the property of the material by virtue of which, it deforms
continuously under steady load.

14. What are the primary effects of chromium, and copper as alloying elements in steel?
(May 2014)
This is the most important alloying element and it gives stainless steels their basic corrosion
resistance. All stainless steels have a Cr content of at least 10.5% and the corrosion resistance
increases the higher chromium content. Chromium also increases the resistance to oxidation at
high temperatures and promotes a ferritic microstructure.
Copper enhances corrosion resistance to certain acids and promotes an austenitic microstructure.
It can also be added to decrease work hardening in grades designed for improved machinability.
It may also be added to improve formability.
15. What are super alloys? (May 2014)

Super alloys, or high performance alloys, are alloys that exhibit excellent mechanical strength
and creep resistance at high temperatures, good surface stability, and corrosion and oxidation
resistance. They typically have an austenitic face-centered cubic crystal structure with a base
alloying element of nickel, cobalt, or nickel-iron. The development of super alloys has primarily
been driven by the aerospace and power industries.
16. What is the effect of the grain size on the mechanical properties of the materials? (May
2014)
Effect of Grain Size

Since metals are composed of grains, therefore grain size has important effect on the mechanical
properties of material.

The materials having smaller grains (i.e., fine grained structure) have high yield strength, high
tensile strength, and more hardness. Also fine grain results in better resistance to cracking and
better surface finish.
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The materials having larger grains (i.e., coarse grained structure), exhibit better workability,
hardenability, forgeability and creep resistance. But coarse grains result in poor surface finish,
less tough and have greater tendency to cause distortion.

17. What is S-N diagram? What is the significance of it? (May 2014)

 The S-N diagram can be obtained by plotting the number of cycles of stress reversals (N)
required to cause fracture against the applied stress level (S), as shown in Fig.



Fig. The S-N curves for different materials

 It can be seen from the fig.5.10 that the fatigue strength is more for steels than for non-
ferrous metals (such as aluminium) and their alloys.

 Fatigue stress (or fatigue strength): The stress at which a metals fails by fatigue is
termed as fatigue strength.

 Fatigue limit (or endurance limit): It is defined as 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.
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PART-B

UNIT-1

1. Draw the typical microstructure of 0.5% C steel at 920° C, 780°
C and 200° C. .(NOV2015)

2.i) Discuss on substitutional solid solution. (8)
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.

 In other words, in substitutional solid solution, the atoms of the solvent substitute for
atoms of the solute in the lattice structure of the solvent.
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 This type of solid solution is quite common among various metal systems.

 Illustration: A Cu-Ni system, shown in figure is an example for a substitutional solid
solution. These two elements are completely soluble in one another at all proportions.
This system also satisfies all the Hume Rothery’s rules that govern the degree of
solubility, as below:

Fig. Substitutional solid solution (with nickel atoms substituting for copper atoms on FCC
atom sites)

(i) The atomic radii for copper and nickel are 1.28 Å and 1.25 Å respectively;
(ii) Both the Cu and Ni have the FCC crystal structure;
(iii) The most common valencies are +1 for Cu and +2 for Ni; and
(iv) The electronegativities of Cu and Ni are 1.9 and 1.8 respectively.

Thus, Cu-Ni system forms an extensive substitutional solid solution.

(a) Random (or Disordered) Substitutional Solid Solution

 In random substitutional solid solution, there is no order in the substitution of the two
elements; the solute and solvent atoms are randomly distributed.

 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.

 A random substitutional solid solution of copper-zinc system (i.e., brass). Here the crystal
pattern is not altered.
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(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.

 Diffusion (that takes place during cooling) tends to produce uniform distribution of solute
and solvent atoms. Thus the solute atoms move into definite orderly positions in the
lattice, as shown in figure.

 Examples: Au-Cu and Cu2MnA1 have ordered crystal structures.

2. Interstitial Solid Solution

 In interstitial solid solution, the solute atoms fit into the space between the solvent or
parent atoms. These spaces or voids are called interstices.

 Interstitial solid solution can form only when one atom is much larger than another.
 The atoms which have atomic radii less than 1 Å are likely to form an interstitial solid

solution. Such atoms are hydrogen (0.46 Å), carbon (0.77 Å), nitrogen (0.71 Å) and
oxygen (0.6 Å).

 Illustration: Figure illustrates an interstitial solid solution that is formed by carbon in
FCC  iron just above 912C. In this case, the atomic radius of carbon is 0.75 Å and that
of iron is 1.29 Å, and so there is an atomic radius difference of 42%.
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 Like substitutional solid solutions, interstitial solid solutions also depend on size, valency,
and electronegativity factors. But they do not depend on the type of crystal structure.

ii) Compare the microstructure, properties and application of any two kind of
cast iron. (NOV2015)

Grey Cast Iron and its microstructure.

 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-2.5to4% Silicon -1to3%

Manganese - 0.4 to 1% Phosphorus – 0.15 to 1%

Sulphur - 0.02 to 0.15% Remaining is iron

Microstructure of Grey Cast iron

 The microstructure of grey cast irons consist of graphite flakes, which resemble a
number of potato crisps glued together at a single location, as shown in Fig.

(a) Sketch and (b) Photomicrograph of the flake graphite in grey cast
iron(x100)
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(b)

 This graphite flakes are normally surrounded by  ferrite or pear lite matrix.
 The typical microstructure of a grey cast iron is shown in Fig. (b)
 Because of the graphite flakes in the structure, the fractured surface appears in a grey

colour. That’s why this cast iron is described as a grey cast iron.
 The graphite flakes do not have appreciable strength and hence they essentially act as

voids in the structure.
 In addition, the pointed edges of the flakes act as preexisting notches or crack

initiating sites which makes the grey cast iron to behave as a brittle material.
 It should be noted that he shape, size, and distribution of the graphite flakes can have

a significant effect on the overall properties of the grey cast iron. For instance,
presence of small uniformly distributed graphite flakes give maximum strength to
grey cast iron.

Designation of Grey Cast Iron

 Grey cast iron is commonly designated a grade number. A class or a grade number
represents the minimum tensile strength in psi† of the iron in a standard test piece
machined from a 30mm diameter cast test bar.

 For example, a class ( or a grade) 20 iron means the cast iron has minimum tensile
strength of 20  103 psi(138MPa ††); and a class 40 iron means the cast iron has
minimum tensile strength of 40x103psi(276MPa).

 Table 3.12 presents the typical compositions and mechanical properties of some grey
cast irons.

Characteristics of Grey Cast iron

The important properties of grey cast irons are given below:

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 tensional 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 into 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 graphic acts to beak

up the chips and lubricate contact surfaces.
7. It also has outstanding 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 irons 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.

White Cast Iron And its microstructure

 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 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%

Maganese – 0.25 to 0.8% Phosphorus – 0.05 to 0.2%

Sulphur – 0.10 to 0.30% Remaining is iron.

Microstructure of White Cast Iron

 Since cementite is caused by quick cooling of molten iron, white case iron is very hard
and brittle.

 It is used only in applications where hardness and wear resistance are important e.g.
grinding and crushing machinery.

 Most white case irons are hypo-eutectic. A typical microstructure of a white cast iron is
shown in Fig.
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Grey cast iron will form a white cast iron structure when rapidly cooled from the
casting temperature. In this case, the cast iron is termed as ‘Chilled ‘ iron.

Characteristics of White Cast Iron

The important properties of white cast iron are given below:

1. White cast iron is very hard and brittle.
2. It possesses 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.

3. Explain the various classifications of steels and cast iron with microstructure,
properties and applications. (May 2016) (Nov 2016)

Steel Categories

According to the American Iron & Steel Institute (AISI), Steel can be categorized into four basic
groups based on the chemical compositions:

1. Carbon Steel
2. Alloy Steel
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3. Stainless Steel
4. Tool Steel

There are many different grades of steel that encompass varied properties. These properties can
be physical, chemical and environmental.

All steel is composed of iron and carbon. It is the amount of carbon, and the additional alloys
that determine the properties of each grade.

Classifications

Types of Steel can also be classified by a variety of different factors:

1. Composition: Carbon range, Alloy, Stainless.
2. The production method: Continuous cast, Electric furnace, Etc.
3. Finishing method used: Cold Rolled, Hot Rolled, Cold Drawn (Cold Finished), Etc.
4. Form or shape: Bar, Rod, Tube, Pipe, Plate, Sheet, Structural, Etc.
5. De-oxidation process (oxygen removed from steelmaking process): Killed & Semi-Killed

Steel, Etc.
6. Microstructure: Ferritic, Pearlitic, Martensitic, Etc.
7. Physical Strength (Per ASTM Standards).
8. Heat Treatment: Annealed, Quenched & Tempered, Etc.
9. Quality Nomenclature: Commercial Quality, Drawing Quality, Pressure Vessel Quality,

Etc.

Steel Numbering Systems

There are two major numbering systems used by the steel industry, the first developed by
the American Iron & Steel Institute (AISI), and the second by the Society of Automotive
Engineers (SAE). Both of these systems are based on four digit code numbers when identifying
the base carbon and alloy steels. There are selections of alloys that have five digit codes instead.

If the first digit is a one (1) in this designation it indicates a carbon steel. All carbon steels are in
this group (1xxx) in both the SAE & AISI system. They are also subdivided into four categories
due to particular underlying properties among them. See below:

 Plain Carbon Steel is encompassed within the 10xx series (containing 1.00% Mn
maximum)

 Re-Sulfurized Carbon steel is encompassed within the 11xx series
 Re -Sulfurized and Re-Phosphorized Carbon Steel is encompassed within the 12xx series
 Non-Re-Sulfurized High-Manganese (up-to 1.65%) carbon steel is encompassed within

the 15xx series.

The first digit on all other alloy steels (under the SAE-AISI system), are then classified as
follows:

2 = Nickel steels.
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3 = Nickel-chromium steels.

4 = Molybdenum steels.

5 = Chromium steels.

6 = Chromium-vanadium steels.

7 = Tungsten-chromium steels.

8 = Nickel-chromium-molybdenum steels

9 = Silicon-manganese steels and various other SAE grades

The second digit of the series (sometimes but not always) indicates the concentration of the
major element in percentiles (1 equals 1%).

The last two digits of the series indicate the carbon concentration to 0.01%.

For example: SAE 5130 is a chromium alloy steel containing about 1% of chromium and
approximately 0.30% of carbon.

Carbon Steel

Carbon Steel can be segregated into three main categories: Low carbon steel (sometimes known
as mild steel); Medium carbon steel; and High carbon steel.

Low Carbon Steel (Mild Steel):

Typically contain 0.04% to 0.30% carbon content. This is one of the largest groups of Carbon
Steel. It covers a great diversity of shapes; from Flat Sheet to Structural Beam. Depending on the
desired properties needed, other elements are added or increased. For example: Drawing Quality
(DQ) – The carbon level is kept low and Aluminum is added, and for Structural Steel the carbon
level is higher and the manganese content is increased.

Medium Carbon Steel:

Typically has a carbon range of 0.31% to 0.60%, and a manganese content ranging from .060%
to 1.65%. This product is stronger than low carbon steel, and it is more difficult to form, weld
and cut. Medium carbon steels are quite often hardened and tempered using heat treatment.

High Carbon Steel:

Commonly known as “carbon tool steel” it typically has a carbon range between 0.61% and
1.50%. High carbon steel is very difficult to cut, bend and weld. Once heat treated it becomes
extremely hard and brittle.
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Classification of cast iron

Malleable Cast Iron& its Microstructure and application

 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 give below:
Carbon – 2.0 to 3.0% Silicon - 0.6 to 1.3%

Manganese – 0.2 to 0.6% Phosphorus - 0.15%

Silicon - 0.10% Remaining is iron

Microstructure of Malleable Cast Iron

 Malleable iron is produced by heat treating unalloyed (2.5%C, 1.5% Si) white iron.
During the heat treatment process, the cementite in the white cast iron structure breaks
down into ferrite and graphite clumps (or nodules). This graphite nodules, also called
tempered carbon, appears like poncorn. This rounded graphite shape permits a good
combination of strength and ductility.

Type 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

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 (Fig. 3.7). 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.
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Pearlitic Malleable Cast Iron

 When the white cast iron is cooled from temperatures higher that 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 characterized by higher strength and lower ductility than
ferritic malleable cast iron.

Designation of Malleable Cast Iron

 The designation system for malleable cast iron given by ASTM, is a five – digit number.
 The first three digits represents the minimum yield strength in psi of the iron and the last

two digits represents the percent of elongation.
 For example, a grade 32510 malleable cast iron has a minimum yield strength of 32.5 x

103 (  224 MPa) psi and 10% elongation; and a grade 35018 has a minimum yield
strength of 35 x 103 psi (i 242 MPa) and 18% elongation.

 Table presents the typical compositions, and mechanical properties of some malleable
cast irons.

Characteristics of Malleable Cast Iron

The important properties of malleable cast iron are given below:

1. The malleable cast iron possesses 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.

Applications of Malleable Cast Iron

Malleable cast irons 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, transmissions 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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4. Explain the various micro constituents present in steel . State the properties and
applications of plain carbon steel.(Nov 2016)

Plain carbon steel. Carbon steel is by far the most widely used kind of steel. The properties of
carbon steel depend primarily on the amount of carbon it contains. Most carbon steel has a
carbon content of less than 1%. Carbon steel is made into a wide range of products, including
structural beams, car bodies, kitchen appliances, and cans. In fact, there are 3 types of plain
carbon steel and they are low carbon steel, medium carbon steel, high carbon steel, and as their
names suggests all these types of plain carbon steel differs in the amount of carbon they contain.

Indeed, it is good to precise that plain carbon steel is a type of steel having a maximum carbon
content of 1.5% along with small percentages of silica, sulphur, phosphorus and manganese.
General properties of plain carbon steel. Generally, with an increase in the carbon content from
0.01 to 1.5% in the alloy, its strength and hardness increases but still such an increase beyond
1.5% causes appreciable reduction in the ductility and malleability of the steel. Low carbon steel
or mild steel, containing carbon up to 0.25% responds to heat treatment as improvement in the
ductility is concerned but has no effect in respect of its strength properties. Medium carbon steels,
having carbon content ranging from 0.25 to 0.70% improves in the machinability by heat
treatment. It must also be noted that this steel is especially adaptable for machining or forging
and where surface hardness is desirable.

Limitations of plain carbon steel

Like everything, the plain carbon steels do have some appreciable properties but also consists
of some limitations. These are:

1. There cannot be strengthening beyond about 100000 psi without significant loss in
toughness (impact resistance) and ductility.

2. Large sections cannot be made with a martensite structure throughout, and thus are not deep
hardenable.

3. Rapid quench rates are necessary for full hardening in medium-carbon leads to shape
distortion and cracking of heat-treated steels.

4. Plain-carbon steels have poor impact resistance at low temperatures.

5. Plain-carbon steels have poor corrosion resistance for engineering problems.

6. Plain-carbon steel oxidises readily at elevated temperatures.

Effects of residual elements on steel
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Like stated above, the presence of these trace elements are undesirable due to their bad effects
on the steel and its properties. In fact, here is in more details, the description of these elements as
well as their drawbacks they cause on steel. Phosphorus: Phosphorus is an element, which affects
primarily the ductility and the toughness of steel and this mostly when the steel is in the
quenched and tempered conditions. In fact, the phosphorus has a tendency to react with the iron
to form a compound known as iron phosphide (Fe3P) which has the particularity of being brittle.

Hence, phosphorus renders steel less tough and ductile while it increases brittleness. Silicon:
Although the fact, that silicon is not that harmful to steel, still it has some bad effects on its
properties. In fact, silicon has the particularity of impairing hot and cold workability and
machinability. The presence of Silicon in low carbon steel is also detrimental since it affects the
surface quality of the steel. Oxygen: Oxygen is really a poison to steel. Indeed, when present in
steel, it has a very bad effect on its mechanical properties.

5. Explain the following invariant reactions with reference to a phase diagram 1)
eutectic reaction 2) eutectoid reaction

Eutectic reaction

 At the eutectic reaction point (shown in Figure 1.25), liquid of 4.3% forms  austenite of
2.08% C and the intermetallic compound Fe3C (cementite), which contains 6.67%C.

 This eutectic reaction, which occurs at 1148C, can be written as

Liquid (4.3%C)  Austenite (2.08% C) + Fe3C (6.67% C)

 This reaction is of great importance in case irons.

3. Eutectoid reaction

 At the eutectoid reaction point (shown in Figure), sold austenite of 0.8% C produces 
ferrite with 0.02% C and Fe3C that contains 6.67% C.

 This eutectoid reaction, which occurs at 723C, can be written as
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 Austenite (0.8% C) Ferrite (0.02% C) + Fe3C (6.67% C).

This reaction gains much importance for the heat treatment of steels.

The eutectoid reaction describes the phase transformation of one solid into two different solids.
In the Fe-C system, there is a eutectoid point at approximately 0.8wt% C, 723°C. The phase just
above the eutectoid temperature for plain carbon steels is known as austenite or gamma. We now
consider what happens as this phase is cooled through the eutectoid temperature (723°C).

The phase diagram which we will be considering throughout this section is shown below:

6. What are the micro-constituents of iron- carbon alloys? Explain the general
characteristic of each. (May 2017)

The Constitution Of Iron Carbon Alloys

1. Iron And Carbon
The following are the three features of adding Carbon to Iron:

 Steel is a crystaline substance containing less than 1.5% Carbon.
 Carbon gives strength and hardness but at the expense of ductility.
 For Steel the Carbon must be present as Iron Carbide. Free Carbon is present in

Cast Iron.

2. Chemical Compounds
Carbide of Iron is known as "CEMENTITE" It is a chemical compound of Iron and
Carbon
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3. Solution: "austenite"
When steel is heated to a certain temperature the tiny particles of Cementite dissolve or
go into solution in the Iron and above this temperature the particles of Iron could not be
observed under a microscope. Since the steel was solid this is known as a "Solid
Solution" and is called "AUSTENITE". The properties of Austenite are quite different
to those of the original mixture of Iron and Cementite.

4. The Iron Carbon Equilibrium Diagram (first Part)

Carbon Equilibrium Diagram

 Before solidification (freezing) can occur the temperature must fall to a point on
the lines AB or BC

 The Iron Carbon eutectic contains the equivalent of 4.3% Carbon.
 The "frozen" eutectic has a composition of Austenite solid solution (Of

composition E) and Iron Carbide.
 For alloys below 1.8% Carbon each alloy has a range of temperatures over which

freezing takes place but the final liquid does not reach eutectic composition and
the construction of the solid alloy is entirely Austenite solid solution.

 The 1.8% Carbon Criterion is used to distinguish between Steel and Cast Iron.
 1) If Carbon in Cast Iron is in the form of Carbide we have "White Cast Iron"

2) If the Carbon is free in the form of Graphite. We have Grey Cast Iron.
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Iron Carbon Equilibrium Diagram (second Part)
This concerns the changes which take place when Austenite

cools.

a) Consider the cooling of a 0.5% Carbon Alloy.

1. At "O" the Alloy consists entirely of Austenite.
2. On cooling to "X" on the line AE the alloy begins to reject or deposit practically

pure Iron. As the temperature continues to fall, more and more pure Iron is
deposited until only Austenite solid solut1on of 0.82% Carbon
at remains.

3. The remaining Austenite deposits Iron and Carbide of Iron side by side to form
the eutectoid of Iron.

b) When a 1.25% Carbon Alloy cools the ( From Y on the EB line) the Austenite
begins to deposit Cementite (Carbide of Iron)

7. Neatly sketch labeled lron-Carbon equilibrium diagram. Name, write and explain the
reactions involved. (May 2015) (NOV2015) (Nov 2016) (May 2017)
Iron-Iron Carbide equilibrium diagram.
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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 (weight per cent)

along the X-axis and temperature along the Y-axis.
 The iron-iron carbide (Fe-Fe3C) phase diagram is shown in figure.
 This phase diagram presents the phases present at various temperatures for very slowly

cooled iron-carbon alloys with upto 6.67% carbon .
 The pure iron exists in three allotropic forms i.e.,  iron,  iron, and  iron before it melts.

At room temperature the stable form, called ferrite (or  iron), exist with a BCC crystal
structure. Upon heating, ferrite transforms to FCC austenite (or  iron) at 912C (1674F).
This austenite continues till 1394  C (2541  F); at this temperature the FCC austenite
transforms back to a BCC phase known as  ferrite. Then finally the iron melts at 1538C
(2800  F). All these changes are seen in figure along the left vertical axis of the phase
diagram.
 Carbon is an interstitial impurity in iron and forms a solid solution with each of  and 

ferrites, and also with austenie, as indicated by the , , and  single-phase fields.
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 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. Eutectoid, hypoeutectoid, and hypereutectoid steels.
4. Euctectic, hypoeutectic, and hypereutectic cast irons.

Solid Phases in the Phase Diagram

The Fe-Fe3C phase diagram contains the following four solid phases :

1.  Ferrite 2. Austenite ()

3. Cementite (Fe3C), and 4.  Ferrite

1. -Ferrite :  This phase is an interstitital solid solution of carbon in the BCC iron crystal
lattice.

 As shown in Figure the solid solubility of carbon in  ferrite is a maximum of 0.02% at
723C and decreases to 0.005% at 0C.

2. Austenite (or  iron) : The interstitial solid solution of carbon in  iron is called austenite.

 Austenite has an FCC crystal structure and a much higher solid solubility for carbon than
 ferrite.

 As indicated by figure the solid solubility of carbon in austenite is a maximum of 2.08%
at 1148C and decreases to 0.8% at 723C.

3. Cementite (Fe3C) : The intermetallic iron-carbon compound (Fe3C) is called cementite.

 As shown in Figure cemenite has negligible solubility limits and a composition of 6.67%
C and 93.3% Fe.

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

  ferrite has a BCC crystal structure.
 As shown in Figure, the maximum solid solubility of carbon in  ferrite is 0.09% at

1465C.
Invariant Reactions in the Fe-Fe3C Phase Diagram

The three important invariant reactions associated with the Fe-Fe3C diagram are
peritectic, eutectic, and eutectoid reactions.

1. Peritectic reaction
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 At this peritectic reaction point (shown in figure), liquid of 0.53% C combines with 
ferrite of 0.09% C to form  austenite of 0.17%C.

 This pertectic reaction, which occurs at 1495C, can be written as

Liquid (0.53% C) +  Ferrite (0.09% C) 1495 C  Austenite (0.17% C)

 The peritectic reaction affects only solidification of steels with less than 0.55% carbon.

2. Eutectic reaction

 At the eutectic reaction point (shown in Figure 1.25), liquid of 4.3% forms  austenite of
2.08% C and the intermetallic compound Fe3C (cementite), which contains 6.67%C.

 This eutectic reaction, which occurs at 1148C, can be written as

Liquid (4.3%C)  Austenite (2.08% C) + Fe3C (6.67% C)

 This reaction is of great importance in case irons.
3. Eutectoid reaction

 At the eutectoid reaction point (shown in Figure), sold austenite of 0.8% C produces 
ferrite with 0.02% C and Fe3C that contains 6.67% C.

 This eutectoid reaction, which occurs at 723C, can be written as

 Austenite (0.8% C) Ferrite (0.02% C) + Fe3C (6.67% C).

 This reaction gains much importance for the heat treatment of steels.

The Solidification of Iron-Carbon Alloys.

(Eutectoid, hypoeutectoid)

 As we know, there are three types of ferrous alloys based on carbon content. They are: 1.
Iron 2. Steel and 3. Cast iron.
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 Composition upto 0.008% carbon are regarded as commercially pure iron, those from
0.008 to 2% carbon represent steel, and those above 2% carbon represent cast iron.

 Steels are further subdivided into:
1. Eutectoid steels : Steels that contain 0.8% C (the eutectoid amount of carbon) are called

eutectoid steels.
2. Hypoeutectoid steels: Steels having less than 0.8%C are known as hypoeutectoid steels.

8. Explain the procedural steps for constructing the binary phase diagram where the
components show complete liquid and solid solubility. Draw the labeled diagram and name
the system. (May 2015)
How to build a phase diagram

A binary phase diagram shows the phases formed in differing mixtures of two elements over
a range of temperatures.

Compositions run from 100% Element A on the left of the diagram, through all possible
mixtures, to 100% Element Bon the right. The composition of an alloy is given in the form A -
x%B. For example, Cu - 20%Al is 80% copper and 20% aluminium.

Weight percentages are often used to specify the proportions of the alloying elements,
but atomic percent may be used. The type of percentage is specified e.g.
Cu - 20wt%Al for weight percentages and Cu - 20at%Al for atomic percentages.
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Alloys tend to solidify over a temperature range, rather than at a specific temperature like pure
elements.

At each end of the phase diagram only one of the elements is present (100% A or 100% B) and
therefore a specific melting point exists.

Sometimes there is a mixture of the constituent elements which produces solidification at a
single temperature like a pure element. This is called the eutectic point. The eutectic point can
be found experimentally by plotting cooling rates over ranges of alloy composition.

The phase diagrams for some very simple binary alloys do not have eutectic points (more info).

By cooling alloys from the liquid state and recording their cooling rates, the temperature at
which they start to solidify can be determined and then plotted on the phase diagram. If enough
experiments are performed over a range of compositions, a start of solidification curve can be
plotted onto the phase diagram.

This curve will join the three single solidification points and is called the liquidus line.
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In the same way that sugar dissolves into hot tea (a liquid solution) it is possible for one
element to dissolve in another, whist both remain in the solid state. This is called solid
solubility and is characteristically up to a few percent by weight. This solubility limit will
normally change with temperature.

The extent of the solid solubility region can be plotted onto the phase diagram and labelled
appropriately. A solid solution of B in A (i.e. mostly A) is called alpha and a solid solution of A
in B (i.e. mostly B) is called beta.

It is worthwhile to note that some elements that are alloyed have zero solid solubility; a good
example is Al - Si alloys, where aluminium has zero solid solubility in silicon.

If an alloy's composition does not place it within the small solid solution regions at either side
of the phase diagram, the alloy will become fully solid at the eutectic temperature, shown as
the eutectic line on the phase diagram.

At alloy compositions and temperatures between the start of solidification and the point at
which it becomes fully solid (the eutectic temperature) a mushy mix of either alpha or beta will
exist as solid lumps with a liquid mixture of A and B. These partially solid regions are marked
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on the phase diagram.

The region below the eutectic line, and outside the solid solution region, will be a solid mixture
of alpha and beta, and is labelled to reflect this.

A phase diagram is a temperature - composition map which indicates the phases present at a
given temperature and composition.

It is determined experimentally by recording cooling rates over a range of compositions.

We will use these diagrams to understand and predict the alloy microstructure obtained at a
given composition.

Very simple binary phase diagrams do not have a eutectic point. The liquid mixture will cool
through a solidification region (temperature range) and become a solid solution of the two
constituent elements.

These simple phase diagrams normally only occur when two very similar elements are being
alloyed or as part of a more complex phase diagram.
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9. What are the properties and application of different types of Cast Iron? Explain in brief.
(Nov 2013)
Grey Cast Iron and its microstructure

 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-2.5to4% Silicon -1to3%

Manganese - 0.4 to 1% Phosphorus – 0.15 to 1%

Sulphur - 0.02 to 0.15% Remaining is iron

Microstructure of Grey Cast iron

 The microstructure of grey cast irons consist of graphite flakes, which resemble a
number of potato crisps glued together at a single location, as shown in Fig.

(c) Sketch and (b) Photomicrograph of the flake graphite in grey cast
iron(x100)
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(d)

 This graphite flakes are normally surrounded by  ferrite or pear lite matrix.
 The typical microstructure of a grey cast iron is shown in Fig. (b)
 Because of the graphite flakes in the structure, the fractured surface appears in a grey

colour. That’s why this cast iron is described as a grey cast iron.
 The graphite flakes do not have appreciable strength and hence they essentially act as

voids in the structure.
 In addition, the pointed edges of the flakes act as preexisting notches or crack

initiating sites which makes the grey cast iron to behave as a brittle material.
 It should be noted that he shape, size, and distribution of the graphite flakes can have

a significant effect on the overall properties of the grey cast iron. For instance,
presence of small uniformly distributed graphite flakes give maximum strength to
grey cast iron.

Designation of Grey Cast Iron

 Grey cast iron is commonly designated a grade number. A class or a grade number
represents the minimum tensile strength in psi† of the iron in a standard test piece
machined from a 30mm diameter cast test bar.

 For example, a class ( or a grade) 20 iron means the cast iron has minimum tensile
strength of 20  103 psi(138MPa ††); and a class 40 iron means the cast iron has
minimum tensile strength of 40x103psi(276MPa).

 Table 3.12 presents the typical compositions and mechanical properties of some grey
cast irons.

Table Designations, compositions, mechanical properties, and typical applications of some
grey cast irons.

Grade
(or class
number)

Composition
(wt%)

Mechanical Properties

Typical applicationsTensile
strength
(psi x
103

(MPa))

Yield
strength
(MPa)

Ductility
(%elongation
in 50mm)

BHN

25 3.5C,

2.5Si,

25(173) 138 0.4 050 Pipe, sanitary ware
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0.7Mn

40 3.2C,

2Si,

0.8Mn

40(276) 241 0.4 220 Machine tools, engine
blocks, brake drums

70 3.2C,

2Si,

1Ni,

1Mo

70(483) 483 0 300 Camshafts

80 3.2C,

2Si,

1Ni,

1Cr,

0.4Mo

80(525) 552 0 500 Wearing surfaces

Characteristics of Grey Cast iron

The important properties of grey cast irons are given below:

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 tensional and shear strengths.
3. It has good corrosion resistance, which may be attributed to high silicon content.
4. It has excellent fluidity and hence it can be cast into 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 graphic acts to beak
up the chips and lubricate contact surfaces.
7. It also has outstanding sound and vibration damping capacity. This is again due to the fact
that graphite flakes absorbs transmitted energy.

Applications of Grey Cast Iron
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The typical applications of grey cast irons 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.

White Cast Iron And its microstructure

 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 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%

Maganese – 0.25 to 0.8% Phosphorus – 0.05 to 0.2%

Sulphur – 0.10 to 0.30% Remaining is iron.

Microstructure of White Cast Iron

 Since cementite is caused by quick cooling of molten iron, white case iron is very hard
and brittle.

 It is used only in applications where hardness and wear resistance are important e.g.
grinding and crushing machinery.

 Most white case irons are hypo-eutectic. A typical microstructure of a white cast iron is
shown in Fig.

Grey cast iron will form a white cast iron structure when rapidly cooled from the
casting temperature. In this case, the cast iron is termed as ‘Chilled ‘ iron.

Note
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Characteristics of White Cast Iron

The important properties of white cast iron are given below:

1. White cast iron is very hard and brittle.
2. It possesses 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.

Malleable Cast Iron& its Microstructure and application

 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 give below:
Carbon – 2.0 to 3.0% Silicon - 0.6 to 1.3%

Manganese – 0.2 to 0.6% Phosphorus - 0.15%

Silicon - 0.10% Remaining is iron

Microstructure of Malleable Cast Iron

 Malleable iron is produced by heat treating unalloyed (2.5%C, 1.5% Si) white iron.
During the heat treatment process, the cementite in the white cast iron structure breaks
down into ferrite and graphite clumps (or nodules). This graphite nodules, also called
tempered carbon, appears like poncorn. This rounded graphite shape permits a good
combination of strength and ductility.

Type 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
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
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low cooling through the eutectoid reaction results in a ferritic matrix (Fig. 3.7). 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.
Pearlitic Malleable Cast Iron

 When the white cast iron is cooled from temperatures higher that 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 characterized by higher strength and lower ductility than
ferritic malleable cast iron.

Designation of Malleable Cast Iron

 The designation system for malleable cast iron given by ASTM, is a five – digit number.
 The first three digits represents the minimum yield strength in psi of the iron and the last

two digits represents the percent of elongation.
 For example, a grade 32510 malleable cast iron has a minimum yield strength of 32.5 x

103 (  224 MPa) psi and 10% elongation; and a grade 35018 has a minimum yield
strength of 35 x 103 psi (i 242 MPa) and 18% elongation.

 Table presents the typical compositions, and mechanical properties of some malleable
cast irons.

Table 3.1.3. Designation, compositions, mechanical properties, and typical applications of
some malleable cast irons

Mechanical properties

ASTM

Grade

Composition

(wt%)

Tensile
strength

(MPa)

Yield

Strength

[psi x 103

(MPa)]

Ductility

(%
elongation in

50mm)

BHN Typical applicat-ions

35018

(Ferritic)

2.2 C,

1 si

366 35(242) 18 130 Hardware,

fittings

45010 2.2 C, 449 45(311) 10 180 Couplings
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(Pearlitic) 1 si

80002 2.2 C,

1 si

690 80(552) 2 250 High-strength yokes

Characteristics of Malleable Cast Iron

The important properties of malleable cast iron are given below:

1. The malleable cast iron possesses 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.

Applications of Malleable Cast Iron

 Malleable cast irons 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, transmissions 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.

Spheroidal Graphite Cast Iron

Spheroidal graphite (SG) cast iron is also known as ‘nodular iron’ or as ‘ ductile iron’.

 Composition: The composition of a typical SG cast iron is given below:
Carbon - 3.2 to 4% Silicon - 1.8 to 3%

Manganese–0.2 to 0.5% Phosphorus – 0.0.8% 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), except that
they are more perfect spheres.

Microstructure of SG Cast Iron
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 The nodular cast iron is produced by adding magnesium and / or cerium to molten cast
iron (i.e. the grey iron before casting). The magnesium converts the graphite of cast iron
from flake form into spheroidal or nodular form. The resulting alloy is called Spheroidal
or nodular cast iron.

 The typical microstructure of a spheroidal cast iron
 The presence of spheroidal graphite improves the ductility, strength, fracture toughness

and other mechanical properties.
 Ductile cast iron derives its name from the fact that its ductility is increased (by 20%)
 Addition of magnesium gives good results and hence it is widely used. Magnesium is

usually added in the form of a master alloy such as ferro-silicon – magnesium or nickel-
magnesium alloy.

Designation of SG Iron

 The ASTM has designated SG irons by a six or seven digit number. The first two or three
digits stand for the minimum tensile strength in psi, the middle two digits for the
minimum yield strength in psi, and the last two digits for percent elongation in a tensile
test.

 For example, a grade 60 – 40 -18 SG cast iron has a minimum tensile strength of 60 x 103

psi, a minimum yield strength of 40 – 103 psi, and 18% elongation.
 Table 3.14 presents the typical compositions, and mechanical properties of some

malleable cast irons.

Designations, compositions, mechanical properties and typical applications of some
nodular cast irons

Mechanical properties

ASTM

Grade

Composition

(wt%)

Tensile
strength

[psi x
103

(MPa)]

Yield

Strength

[psi x 103

(MPa)]

Ductility

(%
elongation
in 50mm)

BHN Typical applicat-ions

60-40-18

(Ferritic)

3.5 C,

2.5 Si

0.05 Mg

< 0.20 Ni

60(414) 40(276) 18 170

Heavy-duty pipe, valve
and pump bodies
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<0.10 Mo

80-55-06

3.5 C,

2.5 Si

0.05 Mg

<0.20 Ni

<0.10 Mo

80(552) 35(380)
6 190

Crankshafts

Gears

120-90-
02

3.5 C,

2.5 Si

0.05 Mg

<0.20 Ni

<0.10 Mo

120(828) 90(621)

2 270

High-strength

Machine parts

Characteristics of SG Cast iron

The important properties of the SG cast iron are given below:

1. S.G. cast iron has excellent ductility, tensile and yield strengths.
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 or grey iron.
7. It possesses excellent castability and wear resistance.
8. It has ability to resist oxidation at high temperatures.
9. It has good machinability

Thus, one can say that ductile iron has mechanical characteristics approaching those of steel
and hence it behaves like steel.

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, earth moving
machineries, and other machine components.

10. Explain with a phase diagram of Eutectoid & Peritectic reaction . (Nov 2013)
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Invariant Reactions in the Fe-Fe3C Phase Diagram

The three important invariant reactions associated with the Fe-Fe3C diagram are
peritectic, eutectic, and eutectoid reactions.

1. Peritectic reaction

 At this peritectic reaction point (shown in figure), liquid of 0.53% C combines with 
ferrite of 0.09% C to form  austenite of 0.17%C.

 This pertectic reaction, which occurs at 1495C, can be written as

Liquid (0.53% C) +  Ferrite (0.09% C) 1495 C  Austenite (0.17% C)

 The peritectic reaction affects only solidification of steels with less than 0.55% carbon.
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2. Eutectoid reaction

 At the eutectoid reaction point (shown in Figure), sold austenite of 0.8% C produces 
ferrite with 0.02% C and Fe3C that contains 6.67% C.

 This eutectoid reaction, which occurs at 723C, can be written as

 Austenite (0.8% C) Ferrite (0.02% C) + Fe3C (6.67% C).

 This reaction gains much importance for the heat treatment of steels.

11. Explain with neat sketch the eutectic systems? Give examples for this system. (May
2013)
Eutectic reaction

 At the eutectic reaction point (shown in Figure 1.25), liquid of 4.3% forms  austenite of
2.08% C and the intermetallic compound Fe3C (cementite), which contains 6.67%C.

 This eutectic reaction, which occurs at 1148C, can be written as
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Liquid (4.3%C)  Austenite (2.08% C) + Fe3C (6.67% C)

 This reaction is of great importance in case irons.

12. With the help of the Fe-C equilibrium diagram describe completely the changes that
take place during the slow cooling of 0.5% carbon steel from liquid state. (May 2014)

13. Metal ‘A’ has melting point of 1000°C, metal B has melting point, of 500°C. Draw one
phase diagram (between the elements ‘A’ and ‘B’) for
each of the following conditions.
(i) The two elements exhibit unlimited solid solubility. (8)
(ii) The ‘alloy system shows formation of two terminal solid solutions and a Eutectic point,
at 50% A and at 700°C. (5) (May 2014)

UNIT-2

1. i) Brief on hardening and tempering of steel with respect to rate of cooling and
tempering temperature? .(NOV2015)
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Hardening

 Hardening refers to the heat treatment of steel which increases its hardness by quenching.

 Hardening normally implies heat-treating operations which produce microstructures
which are entirely or predominantly martensitic.

Objects of Hardening:

The main purposes of hardening are:

1. To harden the steel to resist wear.

2. To enable it to cut other metals.

Operation:

The process of hardening involves the following stages:

1. Heating: The steel to be heat treated is heated slowly in a furnace to a temperature 30C
to 50  C above the upper critical temperature i.e., above the A3., above the A3 line, as
shown in fig 2.8.

2. Soaking: The heated steel is held at this temperature for considerable length of time to
allow complete austenisation.

3. Cooling: The steel is cooled by quenching (in a water bath or oil bath) to the room
temperature. The cooling rate should be higher than the critical cooling rate in order to
get the completely martensitic structure.

Phase Transformation During Hardening:

 Due to rapid cooling, the austenite ( iron) will be super cooled by nearly 500C
and the driving force will be large enough to convert FCC body centered
tetragonal (BCT) , as shown in fig 2.9. the resulting structure of FCC BCT is
called as martensite.

 A new phase transformation from austenite to martensite occurs without a
compositional change.

 (  iron) Rapid
Cooling BCTFCC

Austenite Martensite 

Tempering
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The martensite which is formed during hardening process is too brittle and lacks goods ductility
and toughness. Hence it cannot be used for most applications. Also the internal residual stresses
they are introduced during hardening have a weakening effect. The ductility and toughness
martensite can be enhance and these internal stress are relieved by a heat treatment process
known as tempering.

 The temporary process usually follows hardening process.

Objects of Tempering:

The main purposes of tempering are:

1. To improve ductility and tougheness

2. To reduce brittleness of the hardened steel.

3. To remove the internal stresses caused by rapid cooling.

4. To impart wear resistance,

Tempering Process:

 Tempering is the process of heating a martensitle steel at a temperature below te eutecoid
transformation temperature (i.e between 250 and 650C) for a specified time tperiod, and
is cooled slowly to room temperature.

 When the martensite steel is heated at temperatures as low as 200C, the internal stresses
may be believed.

 The tempering heat treatment transforms martensite into tempered
maternsite by diffusional process.

The reaction of transformation of tempered martensite can be written as

Martensite ------Tempered martensite

(BCT, Single phase) (α + Fe3C phases)

 That is, in the tempering process the single- phase BCT martensite (which is
supersaturated with carbon) transform to the tempered martensite ( composed of the
stable ferrite and cementite phases), as indicated on the iron-iron carbide phase
diagram.
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 Tempered martensite have substantially improved ductility and toughness than the
martensite.

ii) Compare Austempering and Martempering .(NOV2015)

Martempering

 MArtempering, also known as marquenching, is a interrupted cooling procedure used for
steels to minimize the stresses, distortion and cracking of steels that may develop during
rapid quenching.

Martempering Process

The martempering process consists of the following steps:

Step 1: Austenitizing 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 throughput
and stopping this isothermal treatment before the austenite-to-bainaite transformation begins.

Step 4: Cooling at a moderate to room temperature (usually in air) to prevent large temperature
differences between center and surface. Fig. shows a cooling path for the martempering process.

 The resulting microstructure of the martempered steel is untempered martensite.
 Now the untempered martensite structure is transformed into tempered martensite

structure by the conventional tempering heat treatment processing rapid quenching.

Application The martempering process is mostly used in alloy steels.

Advantage of Martempering

1. Minimised quenching stresses.
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2. Minimised chances of formation of quenching cracks.
3. Less distortion or warping.

AUSTEMPERING (ISOTHERMAL QUENCHING)

 Austempering is another type of interrupted quenching that forms bainite structure.
 The austemperng is an isothermal heat treatment process, usually used to reduce

quenching distortion and to make a tough and strong steels.
Austempering Process

The austempering process consists of the following steps:

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.

Austempering process

Step 4: Slow cooling to room temperature in air. Fig shows a cooling path for the austempering
process.

 The resulting microstructure of the austempering process is bainite. Unlike martempering,
tempering is rarely needed after austempering.

Application

Austempering is widely applied on small tools, springs, retainers, automobile seat belt
components, links chains, lawnmover blades and various machinery parts.

Advantages

The advantages of austempering are:

1. Improved ductility.
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2. Increased impact strength and toughness.
3. Decreased distortion of the quenched material.
4. Less danger of quenching cracks.

Disadvantages

The disadvantages of austempering over quenching and tempering are:

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 (upto 9 mm thick) are suitable for austempering because big sections

cannot be cooled rapidly to avoid the formation of pearlite.

2. i)Brief on Jominy end quench test and interpretation of results. Draw hardness Vs
distance from quenched end . (May 2013) (May 2014) (May 2015) (NOV2015) (May 2016)
(Nov 2016) (May 2017)
Jominy End – Quench Test

Determining Hardenability (Jominy End – Quench Test)

 The most widely adopted method of determining hardenability is the Jominy end-quench
test method.

 The Jominy end-quench test method is universally adopted, because:
i. It is relatively easy to perform.
ii. It has excellent reproducibility.
iii. It gives information useful to a designer as well as manufacturer.

End-Quench Specimen

A bar of the steel to be tested is machined to give a cylinder 111.6 mm (4inch) long and
25.4 mm (1 inch) in diameter with an upper lip. The end-quench specimen and testing
arrangement are shown in Fig (a) and (b) respectively.STUCOR A
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Testing Procedure

ii. The standard test-piece (Fig (a)) is heated to above the upper critical
temperature of the steel i.e., until it becomes completely austenitic.

iii. It is then very quickly transferred from the furnace, and immediately dropped
into position in the frame of the apparatus shown in fig (b).

iv. Here it is quenched at one end only, by a standard jet of water at 250C. Thus,
different rates of cooling are obtained along the length of the test-piece.

v. When the test-piece has cooled. A ‘flat’ approximately 0.4 mm deep is ground
along the length of the bar, (c) Now Rockwell C hardness readings are taken
every 1.6 mm (1/16 inch) along the length, from the quenched end.

vi. Finally, the results are plotted

 It is clear that the greatest hardness is at the quenched end, where martensite is formed;
and the lower hardness is farther away.

Use of Hardenability Curves

The main practical uses of end-quench hardenability curves are:

1. If the quench rate (i.e., cooling rate) for a given part is known, the Jominy hardenability
curves can predict the hardness of that part.

2. If the hardness at any point can be measured, the cooling rate at that point may be
obtained from the hardenability curve for that material.

Cooling rates can be determined by thermocouples embedded in the bars during the
quenching operation.

Fig shows Jominy hardenability curves for various common engineering steels.
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ii) Brief on the types of carburizing and need for post carburizing heat treatments.
(NOV2015)

Carburizing Process and its types

 Carburizing is the process in which carbon atoms are introduced onto the surface of low
carbon steels to produce a hard case of surface, while the interior or core remains soft.

 Steels for carburizing should have carbon from 0.10 to 0.20%.

Process of Carburizing

In carburization, when a piece of low-carbon steel is placed in a carbon saturated
temperature, then the carbon will diffuse or penetrate into the steel and carburizing it.

Methods of Carburizing

The carburizing i.e., the process of adding carbon to a metal surface, can be accomplished
by the following three methods.

1. Pack carburizing,
2. Gas carburizing, and
3. Liquid carburizing (or cyaniding),

This classification is based on the form of the carburizing medium used.

PACK (OR SOLID) CARBURISING

Pack Carburizing

 In pack carburizing, the components to be treated are packed into steel boxes, along with
the carburizing mixture, so that a space of roughly 50mm exists between them.

 The carburizing mixture essentially consists of some carbon rich material, such as
charcoal or charred leather, along with an energizer (upto 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 carburizing process.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 Once the components to be heat treated and carburizing mixture are packed into steel
boxes, then lids are fixed on the boxes. Then they are heat treated to the carburizing
temperature (between 9000C and 9500C). They are maintained at this

Temperature for up to six hours according to the depth of case required. When carburizing is
complete, the components are either quenched or allowed to cool slowly in the box.

 The pack carburizing process is illustrated in Fig..
 Show the relationship between time and temperature of the carburizing treatment and the

depth of case produced.
The carburizing times are estimated using the Fig.

During the process of carburizing, the following things happen:

1. During heat treatment, the charcoal is treated with barium carbonate (carburizing mixture)
that process the formation of CO2 gas.

BaCO3 BaO + CO2

2. This CO2 gas in turn reacts with the excess carbon in the charcoal to produce carbon
monoxide (CO).

CO2 +C  2 CO.

This CO supplies the carbon that is necessary for diffusion.

2 CO +3 Fe  Fe3C + CO2

Thus the formation of Fe3C on the surface give a very high hardness to them.

Drawbacks
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There are several problems in pack carburising process. They are:

i) Inefficient heating.
ii) Temperature of a carburising medium is not uniform throughout.
iii) Difficulty in handling.
iv) The process is not readily adoptable to continuous operation.

GAS CARBURISING

 Gas carburizing overcomes the drawbacks/difficulties of pack carburizing by replacing
the solid carburizing mixture with a carbon-providing gas.

 Gas carburizing can be done with any carbonaceous gas, propane, or generated gas
atmospheres are most frequently used.

Procedure

The gas-carburizing is carried out in both continuous or batch-type furnaces. In this
process, the components are heated (at about 9000C) in a furnace in which the carburizing gas
which is rich in carbon, such as methane, propane, or butane is circulated. The horizontal rotary
type of gas carburizing furnace has a muffler or retort which revolves slowly, so that the
components are rotated in the stream of the gas. The carburizing gas contains CO and
hydrocarbons which decompose at red heat and deposit the carbon on the component surfaces.

The thickness of the case formed depends upon the rate of flow of the gases and the

temperature.

Mechanism/Reactions during Gas Carburizing Process

The major reactions that take place during the process of gas carburizing are given below:

3 2

3 2 4

2 3 2

2 4 2

4 3 2

3Fe 2 CO      Fe C CO
Fe C 2 H       3Fe CH
3Fe CO H  Fe C H O
CO CH       CO 2H
CH 3 Fe       Fe C 2H
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Thus, like in pack carburizing, the formation of Fe3C on the surface gives a very high hardness
of them.

Application:

Gas carburizing is widely used for large-scale treatment, particularly for the mass
production of thin cases.

LIQUID CARBURISING

 Liquid carburizing, also known as salt carburizing, is carried out in baths of molten
salt which contains 20 to 50% sodium cyanide, 40% sodium carbonate, and varying
quantities of sodium or barium chloride.

 The cyanide-rich mixture is heated in iron to a temperature of 870 to 9500C. The
work piece, which is carried in wire baskets, is immersed for periods of about five
minutes upwards, according to the depth of case required.

Mechanism

Liquid carburizing takes place due to the decomposition of sodium cyanide at the surface
of the steel. Atoms of both carbon and nitrogen are released, so liquid carburizing is due to the
absorption of nitrogen, as well as of carbon.

The chemical reaction that occurs in liquid carburizing is

2 NaCN + 2 O2 Na2CO3 + 2N +CO

Dissociation of CO at the steel surface then takes place, in the same manner as pack
carburizing.

Suitability

The liquid carburizing process is suitable for producing shallow cases of 0.1 to 0.25 mm.
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Advantages

The main advantages of liquid carburizing are:

1. The temperature of a liquid salt bath is uniform throughout.
2. The temperature of the liquid salt bath can be controlled accurately by pyrometers.
3. The basket of work can be quenched direct form the bath.
4. The surface of the work remains clean.
5. The cycle times for liquid carburizing are shorter than the cycle times for pack as gas

carburizing.

Disadvantages

The disadvantages of liquid carburizing are:

1. Since sodium cyanide salt is one of the most deadly poisonous material, extreme care in
handling it is required.

2. Salt pots usually require batch processing.
3. The cost of carburizing salt is high.

3. Explain TTT diagram with neat sketch and indicate all the phases with microstructure.
(May 2016)

Time-Temperature- Transformation (or TTT) Diagrams.

 The time- temperature-transformation (TTT) diagram, which is also called the
isothermal transformation (IT) diagram, is a tool used by heat treaters to predict
quenching reactions in steels.

 Because of the shape, the TTT diagram 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
alloy of definite composition.

 The TTT diagram assumes that the temperature is constant (i.e., isothermal) 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.

Construction of a TTT diagram

The step by step procedure for constructing a TTT diagram is as follows:

Step1: Obtain a large number of relatively small specimens of same material.

Step2: Austenitize the samples in a furnace at a temperature above the eutectoid temperature, as
shown in Fig.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



Experimental arrangement for determining the microscopic changes that occur during the
isothermal transformation of austenite in a eutectoid plain – carbon steel.

Step 3: Then quench i.e., rapidly cool the samples in a liquid salt bath at the desired temperature
below the eutectoid temperature, as shown in Fig.

Step 4: After various time intervals, remove the samples from the salt bath one at a time and
quench into water at room temperature, as shown in Fig.

Step 5: Now, examine the microstructure after each transformation time at room temperature.
The result obtained is the reaction curve as shown in Fig.

Step 6: Now repeat the above procedure for the isothermal transformation at progressively lower
temperatures. The data obtained from a series of isothermal reaction curves over the whole

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



temperature range of autenite instability for a given composition of steel is summarized, the
result is TTT diagram for that steel.

4. i) distinguish between annealing and tempering.

Tempering

The martensite which is formed during hardening process is too brittle and lacks goods ductility
and toughness. Hence it cannot be used for most applications. Also the internal residual stresses
they are introduced during hardening have a weakening effect. The ductility and toughness
martensite can be enhance and these internal stress are relieved by a heat treatment process
known as tempering.

Annealing

 The team 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.

 According to American Society of Testing Material (ASTM), annealing is defined as a
softening process consisting of heating the steel to a temperature at or near the critical
point, holding there for a proper time and then allowing it to cool slowly in the furnace
itself.

ii) Explain in detail the flame and induction hardening with neat sketches. (Nov 2016)(May
2013&2014)

Flame Hardening

 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 – at
least 0.4% C (to allow hardening).

Principal of Flame Hardening

The surface to be hardened is heated to a temperature above its upper critical temperature,
by means of a traveling oxy-acetylene torch, as shown in Fig. Then it is immediately quenched
by a jet of water issuing from a supply built into the torch-assembly. Thus, the surface hardening
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, bushings, shafts, mill rolls, cams, spindles, hand tools, etc.

Advantages of Flame Hardening

The advantages of flame hardening are as follows:

1. There is practically no distortion of work piece because only small section of steel is
heated

2. The process is more efficient and very economical for larger works.
3. As heating rate is high the surface of work remains clean.
4. It is more suitable for small quantities because it is versatile and equipments cost is less.

Disadvantages of Flame Hardening

The disadvantages of flame hardening are:

1. Very thin sections may get distorted excessively
2. Overheating may cause cracks.

Induction Hardening

 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 that can be hardened with this process are the same as those used in flame
hardening.

Procedure
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Induction heating is done by passing a high-frequency alternating current through a
water-cooled coil or inductor around the work piece. The cyclic magnetic field that is generated
induces alternating currents that heat the work piece.

The depth to which heating occurs varies inversely as the square root of the frequency, so that
the higher the frequency used, the shallower the depth of heating. Typical frequencies used are:
3000 hz for depths of 3 to 6mm; and 9600 hz for depths of 2 to 3mm.

As soon as 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 induction – block, as shown in Fig.

Applications

The inductions hardening is employed for hardening the surfaces of gears, tool drives, wrist
pins, crank shaft bearing journals, cylinder liners, rail ends, machine tool ways, and pump shafts.

Advantages of induction hardening

The advantages of induction hardening over flame hardening are as follows:

1. Time required for heating in induction hardening is very less (in the order of 10s).
2. The surface hardness and depth of hardness can be easily controlled.
3. The process can be easily automated.
4. It does not give any scaling effect. Thus machining is reduced.
5. External as well as internal surfaces can be hardened.

Disadvantages of induction Hardening

The disadvantages of induction hardening as compared with flame hardening are as follows:

1. It requires large capital equipment expenditures.
2. It is economical only for large quantity production
3. It is difficult to handle the irregular shape components.
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5. Compare and contrast the process of full annealing, stress relief, recrystallization
annealing and spheroidise annealing. (May 2017)

Full Annealing:

 In fact, the actual definition of annealing describes only the full annealing. This is, full
annealing consists of heating the steel to a temperature at a near the critical point, holding
there for a time period and then allowing it to cool slowly in the furnace itself.

The main objects of full annealing are:

(i) To soften the metal,
(ii) To refine its crystalling structure, and
(iii) To relieve the stresses.

 Material: The full annealing is specially adopted for steel castings and steel ingots.
Process of full Annealing:

 In full annealing, hypoeutectoid steels (less then 0.77% C) are heated to 30 to 60 C
above the upper critical point i.e., A3 line (i.e, between 723 and 910), as shown in Fig
2.1. This is to convert the structure to homogeneous single-phase austenite of uniform
composition and temperature, held at this temperature for a period of time, ant then
slowly cooled to room temperature.

 Cooling is usually done in the furnace itself by decreasing the temperature 10 to 30 C
below the A1 line then, the alloy is removed from the furnace and air cooled to room
temperature.

 Now the resulting structure is coarse pearlite with excess ferrite. In this condition, the
steel is quite soft and more ductile.

 The procedure for hypereutecoid sttels (i.e., greater than 0.77% C ) are the same, except
that the hypereutectoid steels are heated to 30 to 60C above A1 line (i.e., between 723C
and 1138C)

 In this case, the resulting structure of a hypereutectoid steel will be coarse pearlite plus
excess cementite in dispersed spheroidal form.

 This structure imparts much improvement in mechanical properties, high ductility and hig
toughness.
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2. 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 annealings is extensively employed for steel wires and sheet precuts
(especially low carbon steels).

 Operation: In process annealing, the low carbon steels (<0.25%C) are heated to a
temperature slightly below the A1 line (i.e, between 550 C and 650 C) are heated to a
temperate slightly below the A1 line( i.e., between 55.  C and 650C), as shown in fig2.3.
then they are held for period of time to achieve softening, and then cooled at any desired
rate. This process induces single phase morphology.

 Because the material is not heated to as high temperature as in full annealing, the process
annealing is comparatively cheaper, more rapid and tends to produce less scaling.

 Application: This process has wide application in preparing steel sheets and wires for
drawings.

Stress Relief Annealing (or Commercial Annealing) Recrytalisation and heroidizing
midemix).

 Purpose: The stress relief annealing is a heat treatment process that is employed to
eliminate internal residual stresses induced by casting, quenching, machining, cold
working , welding, etc.

 Causes of internal residual stresses: Internal residual stresses may develop in metals
/alloys due to:

1. Plastic deformation processes such as machining and grinding;

2. Non-uniform cooling of a metal that was processed or fabricated at an
elevated temperature, such as weld or a casting; and

3. A phase transformation that is induced upon cooling wherein parent and
product phases have different densities.
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 Effects of internal residual stresses: If the internal residul stress are not removed, then
distortion  or warpage of the material may result.

 Operation: In stress relief annealing, the steel parts are heated in the range of 550 C to
650 held for a period of time, and then cooled slowly.

 Stress relief is also known as recovery. Recovery is a low temperature phenomenon
which removes most internal residual stresses with little change in mechanical properties
and no drastic change in microstructure.

Recrystallisation Annealing:

 Recrystallisation

 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.

 Recrystallisation temperature: the temperature at which crystallization takes place. i.e ,
new grains are formed is called recrystallisation temperature. The temperature is a
function of the particular metal, its purity, amount of prior deformation and annealing
time.

 Operation: In this heat treatment process, cold worked steel is heated to a temperature
above recrystallisation temperature, held at this temperature for some time and then
cooled.

It may be noted that the recrystallisation process does not produce new structures, But is
produces strain-free new grains. This results in increase in ductility as well as decreases in the
hardness and strength.

Spheroidizing (or Spheroidise Annealing)

 Purpose: Medium and high carbon steels having a microstructure containing even coarse
peralite is too hard to conveniently machine or plastically deform. These steels are
spheroidise annealed i.e., heat treated to develop the spheroidite structure. The
spheroidiszed steels have a maximum softness and ductility; and also they are easily
machined or deformed.

 Objects of spheroidising are:

1. To soften steels.

2. To increase ductility and toughness.

3. To improve machinability and formability

4. To reduce hardness, strength, and wear resistance.
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 Materials: Spheroidizing is extensively employed for medium and high
carbon (tool) steels.

 Operation: Spheroidizing is done by many ways. The important three
methods are:

1. Prolonged heating at a temperature just below the A1 line followed by relatively slow
cooling.

2. Prolonged cycling between temperatures slight above and slightly below the A1 line.

3. In the case of tool or high alloy steels, heating to 750 C to 800C or higher and holding
at this temperature for several hours, followed by slow cooling.

A typical spheroidizing annealing temperatures range is depicted in fig

 The spheroiding process results in a coalescence of the Fe3C to form the spheroid
particles, the actual structure is a matrix of ferrite with Fe3C in the form of speroid
globules.

Normalising and its type

Normalizing is similar to full annealing, but cooling is established in still air rather then in the
furnace.

 Full annealing is an expensive and time consuming process. When a reasonably soft and
ductile material is required and cost saving are desired, then the normalizing process is
used instead of full annealing.

Objects of Normalising: Some of the purpose of normalizing are:

1. To refine the grains structure
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2. To increase the strength of the steel.
3. To provide a ore uniform structure in castings and forgings.
4. To relieve internal residual stresses due to cold working.
5. To achieve certain mechanical and electrical properties.

Materials:

The normalizing process is extensively employed for low and medium carbon steels as
well as alloy steels.

Operation:

In normalizing, the steel is heated to 50C to 60C above its upper critical temperature (i.e.,
above the A3 line) for hypoeutecoid steel or above the Acm line for hypereutecoid steels, It is held
at this temperature for a short time and ten allowed to cool in still air.

The normalizing process provides a homogeneous structure consisting of ferrite and
pearlite for hypeutecoid steels, and pearlite and cementite for hypereutectoid steels.

6. Draw a neat sketch of the isothermal Transformation diagram for Eutectoid steel and
explain the constructional procedure. Label all the salient features on it. Superimpose on it
a cooling curve to obtain bainitic phase. (Nov 2013) (May 2015)
Isothermal transformation diagrams (also known as time-temperature-transformation (TTT)
diagrams) are plots of temperature versus time (usually on a logarithmic scale). They are
generated from percentage transformation-vs time measurements, and are useful for
understanding the transformations of an alloy steel at elevated temperatures.

An isothermal transformation diagram is only valid for one specific composition of
material, and only if the temperature is held constant during the transformation, and strictly with
rapid cooling to that temperature. Though usually used to represent transformation kinetics for
steels, they also can be used to describe the kinetics of crystallization in ceramic or other
materials. Time-temperature-precipitation diagrams and time-temperature-embrittlement
diagrams have also been used to represent kinetic changes in steels.
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Isothermal transformation (IT) diagram or the C-curve is associated with mechanical
properties ,micro constituents/microstructures, and heat treatments in carbon steels. Diffusional
transformations like austenite transforming to a cementite and ferrite mixture can be explained
using the sigmoidal curve; for example the beginning of pearlitic transformation is represented
by the pearlite start (Ps) curve.

This transformation is complete at Pf curve. Nucleation requires an incubation time. The
rate of nucleation increases and the rate of micro constituent growth decreases as the temperature
decreases from the liquidus temperature reaching a maximum at the bay or nose of the curve.
Thereafter, the decrease in diffusion rate due to low temperature offsets the effect of increased
driving force due to greater difference in free energy. As a result of the transformation, the micro
constituents, Pearlite and Bainite, form; Pearlite forms at higher temperatures and bainite at
lower.

Austenite is slightly under cooled when quenched below Eutectoid temperature. When
given more time, stable micro constituents can form: ferrite and cementite. Coarse pearlite is
produced when atoms diffuse rapidly after phases that form pearlite nucleate. This
transformation is complete at the pearlite finish time (Pf).

However, greater under cooling by rapid quenching results in formation of martensite or
bainite instead of pearlite. This is possible provided the cooling rate is such that the cooling
curve intersects the martensite start temperature or the bainite start curve before intersecting the
Ps curve. The martensite transformation being a diffusionless shear transformation is represented
by a straight line to signify the martensite start temperature.
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7. Differentiate hardness and hardenability. (May 2015)

Hardness is resistance to penetration under specified conditions of load and indenter.

Hardenability is the ability of a steel to acheive a certain hardness at a given depth, upon
suitable heat treatment and quench. Hardness can be measured in steels in any condition.
Hardenability presumes that the steels will be heat treated to acheive a targeted hardness at a
given depth.

Hardness is resistance to penetration. Hardenability describes how deep the steel may be
hardened upon quenching from high temperature. The depth of hardening is an important factor
in a steel part’s toughness.

8.. Write a short notes on 1) hardenability 2) cyaniding 3) nitriding 4) flame hardening.
(Nov 2013)

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



i) hardenability

ii) Cyaniding

 Cyaniding, also called liquid carburising, 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 carburising
in Section 2.17.

 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 9500C. During this treatment both carbon and
nitrogen diffuse into the surface of the steel. The formation of hard iron nitrides contributes to
the surfaces hardening of the material.

Reactions during Cyaniding Process

The following reactions occur during the cyaniding process.

2 NaCN + O2 (air)  2NaCNO

2 NaCNO + O2 (air)  Na2 CO3 + CO + 2 N (atomic)

2 CO  CO2 + C (atomic)

The atomic nitrogen and carbon diffuse into steel. After cyaniding, the components
require quenching to obtain hardness. The case depths of 0.1 mm to 0.5 mm may be readily
obtained by this process.

iii) Nitriding

 Nitriding is a process of introducing nitrogen atoms, to obtain hard surface of steel
components. It is another process for he surface hardening of steel.

Procedure

Prior to being nitrided, first the work pieces are heat-treated, to produce the required
properties in the core. In nitriding, the steel parts are heated and maintained at about 5000C for
between 40 and 100 hours. The treatment takes place in a gas-tight chamber through which
ammonia gas is allowed to circulate. Some of the ammonia decomposes, releasing single atoms
of nitrogen. NH3  3 H +N (atom)

This atomic form of nitrogen (N) is absorbed on the surface of steel of component. The resulting
nitride case can be harder than carburized steels.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



 A typical basic nitriding setup is illustrated in Fig.

Schematic of a gas nitriding system

Note: Ordinary ‘atmospheric’ nitrogen is not suitable for nitriding process, Because it exists in
the form of molecules (N2) which would not be absorbed by the steel.

Applications

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.

Advantages of Nitriding

The advantages of nitriding over case-hardening are as follows:

1. An extremely hard surface is formed.
2. The treatment is conducted at comparatively low temperatures, minimizing cracking and

distortion.

9. Distinguish between annealing and normalizing. (6)

S.No Normalising Annealing

1. Normalising is more economical than full
annealing (since no furnace is required to
control the cooling rate).

Annealing is costly.

2 Normalising is less time consuming Annealing is more time consuming
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3 Normalising temperature is higher than full
annealing

Annealing temperature is lower than
normalizing

4 It provides a find grain structure It provides coarse grain structure.

5 In normalizing the cooling is established in
still air. So the cooling will be different at
different locations. Thus properties will
vary between surface and interior

In full annealing, the furnace cooling
ensures identical cooling conditions at all
locations within the metal, which
produces identical properties.

10. Discuss different types of annealing processes. Explain normalizing .(May 2014)
Types of Annealing:

The most common types of annealing process applied to commercial steels are:

2. Full annealing
3. Process annealing,
4. Stress relief annealing,
5. Recrystallisation annealing, and
6. Spheroidising annealing,

Full Annealing:

 In fact, the actual definition of annealing describes only the full annealing. This is, full
annealing consists of heating the steel to a temperature at a near the critical point, holding
there for a time period and then allowing it to cool slowly in the furnace itself.

The main objects of full annealing are:

(iv) To soften the metal,
(v) To refine its crystalling structure, and
(vi) To relieve the stresses.

 Material: The full annealing is specially adopted for steel castings and steel ingots.
Process of full Annealing:

 In full annealing, hypoeutectoid steels (less then 0.77% C) are heated to 30 to 60 C
above the upper critical point i.e., A3 line (i.e, between 723 and 910), as shown in Fig
2.1. This is to convert the structure to homogeneous single-phase austenite of uniform
composition and temperature, held at this temperature for a period of time, and then
slowly cooled to room temperature.
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 Cooling is usually done in the furnace itself by decreasing the temperature 10 to 30 C
below the A1 line then, the alloy is removed from the furnace and air cooled to room
temperature.

 Now the resulting structure is coarse pearlite with excess ferrite. In this condition, the
steel is quite soft and more ductile.

 The procedure for hypereutecoid sttels (i.e., greater than 0.77% C ) are the same, except
that the hypereutectoid steels are heated to 30 to 60C above A1 line (i.e., between 723C
and 1138C)

 In this case, the resulting structure of hypereutectoid steel will be coarse pearlite plus
excess cementite in dispersed spheroidal form.

 This structure imparts much improvement in mechanical properties, high ductility and hig
toughness.

2. 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 precuts
(especially low carbon steels).

 Operation: In process annealing, the low carbon steels (<0.25%C) are heated to a
temperature slightly below the A1 line (i.e, between 550 C and 650 C) are heated to a
temperate slightly below the A1 line( i.e., between 55.  C and 650C), as shown in fig2.3.
then they are held for period of time to achieve softening, and then cooled at any desired
rate. This process induces single phase morphology.
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 Because the material is not heated to as high temperature as in full annealing, the process
annealing is comparatively cheaper, more rapid and tends to produce less scaling.

 Application: This process has wide application in preparing steel sheets and wires for
drawings.

Stress Relief Annealing (or Commercial Annealing)

Purpose: The stress relief annealing is a heat treatment process that is employed to eliminate
internal residual stresses induced by casting, quenching, machining, cold working , welding, etc.

 Causes of internal residual stresses: Internal residual stresses may develop in metals
/alloys due to:

1. Plastic deformation processes such as machining and grinding;

2. Non-uniform cooling of a metal that was processed or fabricated at an
elevated temperature, such as weld or a casting; and

3. A phase transformation that is induced upon cooling wherein parent and
product phases have different densities.

 Effects of internal residual stresses: If the internal residul stress are not removed, then
distortion  or warpage of the material may result.

 Operation: In stress relief annealing, the steel parts are heated in the range of 550 C to
650 held for a period of time, and then cooled slowly.

 Stress relief is also known as recovery. Recovery is a low temperature phenomenon
which removes most internal residual stresses with little change in mechanical properties
and no drastic change in microstructure.

Recrystallisation Annealing:

 Recrystallisation

 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.

 Recrystallisation temperature: the temperature at which crystallization takes place. i.e ,
new grains are formed is called recrystallisation temperature. The temperature is a
function of the particular metal, its purity, amount of prior deformation and annealing
time.

 Operation: In this heat treatment process, cold worked steel is heated to a temperature
above recrystallisation temperature, held at this temperature for some time and then
cooled.
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Normalising

Normalizing is similar to full annealing, but cooling is established in still air rather then in the
furnace.

 Full annealing is an expensive and time consuming process. When a reasonably soft and
ductile material is required and cost saving are desired, then the normalizing process is
used instead of full annealing.

Objects of Normalising:

 Some of the purpose of normalizing are:
1. To refine the grains structure
2. To increase the strength of the steel.
3. To provide a ore uniform structure in castings and foregins.
4. To relieve internal residual stresses due to cold working.
5. To achieve certain mechanical and electrical properties.

Materials: The normalizing process is extensively employed for low and medium carbon
steels as well as alloy steels.

Operation: In normalizing, the steel is heated to 50  C to 60  C above its upper critical
temperature (i.e., above the A3 line) for hypoeutecoid steel or above the Acm line for
hypereutecoid steels, It is held at this temperature for a short time and ten allowed to cool in still
air.

The normalizing process provides a homogeneous structure consisting of ferrite and
pearlite for hypeutecoid steels, and pearlite and cementite for hypereutectoid steels.
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UNIT-3

1.i) brief on the influence of alloying elements in steel under classification of carbide former
and non carbide former.

i) Carbide forming – elements forming hard carbides in steels.

The elements like chromium (Cr), tungsten (W), molybdenum (Mo), vanadium (V), titanium (Ti),
niobium (Nb), tantalum (Ta), zirconium (Zr) form hard (often complex) carbides, increasing
steel hardness and strength.

ii) List the types and their typical applications of stainless steel. (NOV2015)

Types of Stainless Steels

The stainless steels are divided into 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.

Austenitic stainless steel Applications: The typical applications of austenitic stainless steels
include aircraft industry (engine parts), chemical processing (heat exchanger), food
processing (kettles, tanks), household ( cooking utensils), dairy industry ( milk cans ),
transportation industry ( trailers and railways cars), etc.

Ferritic stainless steel Applications: The typical applications of ferritec stainless steels
include lining for petroleum industry, heating elements for furnaces, interior decorative work,
screws and fittings, oil burner parts etc.

Martensitic stainless steel Applications: The typical applications of martensitic stainless
steels include pumps and value parts, rules and tapes, turbine buckets, surgical instruments
etc.

2. What are the types of titanium alloy, their composition, properties and applications.

(NOV2015)

Use of titanium and titanium alloys started in the early 1950s. Soon, it becomes very
popular with the aerospace, energy, and chemical industries around the globe. Titanium and its
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alloys are the best material choice for various critical applications because of their high strength-
to-weight ratio, excellent mechanical properties, and corrosion resistance features. Titanium
alloys are used for many critical hi-tech applications, such as rotating and static gas turbine
engine components and parts of aircraft engines.

Other application areas of titanium alloys are :

Nuclear
power plants

Food
processing
plants

Oil refinery heat
exchangers

Marine
components

Medical
protheses

Titanium is a light, strong, lustrous, corrosion-resistant transition nonferrous metal. It can be
easily alloyed with other elements/metals including iron, aluminum, vanadium, molybdenum and
others, for producing strong lightweight alloys for aerospace and other demanding applications.
Titanium's advantages can be summarized as follows:

 Elevated temperature 350°F-1000°F service capability

 Excellent fatigue and fracture resistance

 Excellent strength-to-weight ratio

 Compatibility with carbon/epoxy materials

 It is used as part of the containers of batteries and as anode in alkaline batteries.

 Biocompatibility

 Superior oxidation and corrosion resistance

 Non-magnetic character

 Fire resistance

 Short radioactive half life

Types of Titanium Alloys
Titanium alloys are classified as Alpha (a), Alpha-Beta (a-ß), and Beta (ß) alloys on the basis of
alloying elements they contain. The following table explains and compares these three titanium
alloys: STUCOR A

PP
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Alpha Alloys (a) Alpha-Beta Alloys (a-ß) Beta Alloys (ß)

Alpha alloys commonly have
creep resistance superior to
beta alloys. Alpha alloys are
suitable for somewhat
elevated temperature
applications. They are also
sometimes used for cryogenic
applications. Alpha alloys
have adequate strength,
toughness, and weldability for
various applications, but are
not as readily forged as many
beta alloys. Alpha alloys
cannot be strengthened by
heat treatment.

Alpha-Beta alloys have
chemical compositions that
result in a mixture of alpha and
beta phases. The beta phase is
normally in the range of 10 to
50% at room temperature.
Alloys with beta contents less
than 20% are weldable.The
most commonly used titanium
alloy is Ti-6Al-4V, an alpha +
beta alloy. While Ti-6Al-4V is
fairly difficult to form other
alpha + beta alloys normally
have better formability.

Beta alloys have good forging
capability. Beta alloy sheet is
cold formable when in the
solution treated condition.
Beta alloys are prone to a
ductile to brittle transition
temperature. Beta alloys can
be strengthened by heat
treatment. Typically beta
alloys are solutioned followed
by aging to form finely
dispersed particles in a beta
phase matrix.

Followings are the few common titanium alloys according to the above classifications:

Alpha Alloys (a) Alpha-Beta Alloys (a-ß) Beta Alloys (ß)

Ti-2.5Cu Ti-6Al-4V Ti-13V-11Cr-3Al

Ti-5Al-2.5Sn Ti-6Al-6V-2Sn Ti-8Mo-8V-2Fe-3Al

Ti-8Al-1V-1Mo Ti-6Al-2Sn-2Zr-2Cr-2Mo Ti-10V-2Fe-3Al

Ti-6242 Ti-3Al-2.5V Ti-15-3

Ti-6Al-2Nb-1Ta-0.8 Mo Ti-8Al-1Mo-1V -----

Ti-5Al-5Sn-2Zr-2Mo ----- -----
More Applications of Titanium Alloys

 Artillery (howitzers)

 Turbines (power generation)

 Manned and unmanned aircraft (commercial and military aircraft, rotorcraft)

 Automotive (motorcycles, performance automobiles)

 Military vehicles (tanks, hovercraft) .

 Naval and marine applications (surface vessels, subs)

 Sports equipment (bicycle frames, golf clubs)

 Chemical processing plants (petrochemical, oil platforms)

 Consumer electronics (batteries, watches)
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 Pulp and paper industry (washing and bleaching systems)

 Medical devices (implants, instruments)

 Architecture (sculptures)

3. Discuss the properties and the applications of the following i) tool steels ii) HSLA (May
2016)

i) Tool steel

1. Water-hardening group

Named from its essential property of having to be water quenched. This group of tool steel is
essentially plain high carbon steel. It is commonly used because of its low cost.

W-group tool steel gets its name from its defining property of having to be water quenched. W-
grade steel is essentially high carbon plain-carbon steel. This group of tool steel is the most
commonly used tool steel because of its low cost compared to others. They work well for small
parts and applications where high temperatures are not encountered; above 150 °C (302 °F) it
begins to soften to a noticeable degree.

Its hardenability is low, so W-group tool steels must be subjected to a rapid quenching, requiring
the use of water. These tool steels can attain high hardness (above HRC 66) and are rather brittle
compared to other tool steels. W-steels are still sold, especially for springs, but are much less
widely used than they were in the 19th and early 20th centuries. This is partly because W-steels
warp and crack much more during quench than oil-quenched or air hardening steels.

2. Cold-work group

This is a group of three tool steels: oil-hardening, air-hardening, and high carbon-chromium. The
steels in the group have high hardenability and wear resistance, with average toughness.
Typically they are in the production of larger parts or parts that have a minimum distortion
requirement when being hardened.Both Oil quenching and Air-hardening both reduce the
distortion and higher stress caused by the quick water quenching.Because of this they are less
likely to crack.

 2.1. Oil-hardening

A very common oil hardening steel is O1 steel. It is a very good cold work steel and also makes
very good knives and forks. It can be hardened to about 57-61 HRC.

 2.2. Air-hardening
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The first air-hardening grade tool steel was mushet steel, which was known as air-hardening steel
at the time.Modern air-hardening steels are characterized by low distortion during heat treatment
because of their high-chromium content. Their machinability is good and they have a balance of
wear resistance and toughness (i.e. between the D- and shock-resistant grades).

 2.3. High carbon-chromium,

2.3.1. D-type

The D-type, of the cold-work class of tool steels, contain between 10% and 13% chromium.
These steels retain their hardness up to a temperature of 425 °C (797 °F). Common applications
for these tool steels include forging dies, die-casting die blocks, and drawing dies. Due to their
high chromium content, certain D-type tool steels are often considered stainless or semi-stainless,
however their corrosion resistance is very limited due to the precipitation of the majority of their
chromium and carbon constituents as carbides.

D2 Tool Steel is very wear resistant but not as tough as lower alloyed steels. The mechanical
properties of D2 are very sensitive to heat treatment. It is widely used for the production of shear
blades, planer blades and industrial cutting tools; sometimes used for knife blades.

A A2 – A10 Air hardening, Medium alloys
D D2 – D7 High carbon, high chromium
O O1 – O7 Oil hardening, Low carbon

3. Shock-resisting group

This class has high shock resistance and good hardenability. It is designed to resist shock at both
low and high temperatures. It also has a very high impact toughness and relatively low abrasion
resistance.

Carbide-forming alloys provide the necessary abrasion resistance, hardenability, and hot-work
characteristics. This family of steels displays very high impact toughness and relatively low
abrasion resistance and can attain relatively high hardness (HRC 58/60). In the US, toughness
usually derives from 1 to 2% silicon and 0.5-1% molybdenum content. In Europe, shock steels
often contain 0.5-0.6 % carbon and around 3% nickel. 1.75% to 2.75% nickel is still used in
some shock resisting and high strength low alloy steels (HSLA), such as L6, 4340, and Swedish
saw steel, but it is relatively expensive. An example of its use is in the production of jackhammer
bits.

4. High speed group

T-type and M-type tool steels are used for cutting tools when strength and hardness must be
retained at high temperatures.
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High-speed steel (HSS or HS) is a subset of tool steels, commonly used in tool bits and cutting
tools. It is often used in power-saw blades and drill bits. It is superior to the older high-carbon
steel tools used extensively through the 1940s in that it can withstand higher temperatures
without losing its temper (hardness). This property allows HSS to cut faster than high carbon
steel, hence the name high-speed steel. At room temperature, in their generally recommended
heat treatment, HSS grades generally display high hardness (above HRC60) and abrasion
resistance (generally linked to tungsten and vanadium content often used in HSS) compared with
common carbon and tool steels.

5. Hot-working group

H-group tool steels were specifically developed to maintain strength and hardness while exposed
to prolonged elevated temperatures.

Hot-working steels are a group of steel used to cut or shape material at high temperatures. H-
group tool steels were developed for strength and hardness during prolonged exposure to
elevated temperatures. These tool steels are low carbon and moderate to high alloy that provide
good hot hardness and toughness and fair wear resistance due to a substantial amount of carbide.
H1 to H19 are based on a chromium content of 5%; H20 to H39 are based on a tungsten content
of 9-18% and a chromium content of 3–4%; H40 to H59 are molybdenum based.

6. Special purpose group / Plastic Mold Steel

P-type tool steel is short for plastic mold steels. They are designed to meet the requirements of
zinc die casting and plastic injection molding dies. Common steel grades like P20, 420 etc.

L-type tool steel is short for low alloy special purpose tool steel. L6 is extremely tough.

F-type tool steel is water hardened and substantially more wear resistant than W-type tool steel.
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ii) HSLA Steels its characteristics.

 HSLA steels are nothing but high-strength low – alloy steels.
 HSLA steels, also known as micro-alloyed steels, are low carbon steels containing

small amounts of alloying elements.
 The primary purpose of HSLA steels is weight reduction through increased strength.
 These HSLA steels are widely used as structural or constructional alloy steels.
 For structural applications, high yield strength, good weld ability, and corrosion

resistance are most desired, with only limited ductility and virtually non harden
ability.

 These low-alloy structural steels have about twice the yield strength of the plain –
carbon structural steels.

 ]The increase in strength, coupled with resistance to marten site formation in weld
zone of a HSLA steel, is obtained by adding low percentages of several elements,
such as manganese, silicon, niobium, vanadium, etc.

 About 0.20% Cu usually added to improve corrosion resistance.
Compositions and Properties of HSLA steels

Table presents four of the common HSLA steels, their compositions, and strength properties.

Table: Typical compositions and strength properties of several groups of HSLA steels

Group

Chemical composition †(%) Strength properties

C Mn Si Cr V Yield
(MPa)

Tensile
(MPa)

Ductility(%

elongation is
50mm)

Niobium or Vanadium 0.2
0

1.2
5

0.30 0.01 0.01 379 483 20

Low Manganese
Vanadium

0.1 0.5
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0 0 0.10 - 0.02 276 414 35

Manganese Copper 0.2
5

1.2
0

0.30

- -

345 517 20

Manganese Vanadium
Copper 0.2

2
1.2
5

0.30

-

0.02 345 483 22

The HSLA steels posses the following important properties.

1. HSLA steels have very high yield strength.
2. They can be welded without becoming brittle.
3. These are very light i.e., weight savings up to 20 to 30% can be achieved without
compromising its strength.
4. They have high corrosion resistance.
5. They are ductile, formable, and machinable.

Applications of HSLA Steels

The HSLA steels are widely used as widely used as structural materials. The structural
applications (wherever possible, substantial weight saving is desired) include bridges, towers,
columns in high – rise buildings, pressure vessels, automobiles, trains, etc.

4. State the compositions, properties and uses of bearing alloys. (May 2013) (Nov 2016)

Bearing Materials and its characteristics

 The materials which are used for making bearings are known as bearing materials.
Characteristics of a Bearing Material

A bearing material should have the following properties:

1. It should possess sufficient hardness and wear resistance.

2. It should have a low coefficient of friction.

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

4. It should have a sufficient melting point.

5. It should have high thermal conductivity.
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6. It should have good casting qualities.

7. It should have good resistance to corrosion.

Types of bearing materials and also its uses

The widely used bearing materials are:

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 metals

 White bearing metals are either tin-based or lead-based alloys.
 All white bearing metals contain about 10% of antimony (Sb) Tin and antimony

combines chemically to form an intermetallic compound Sb Sn. This forms small hard
cubic crystals, termed cuboids. These cuboids are hard, and have low-friction properties,
which constitutes the necessary bearing surface in white metals.

(i) Tin-base bearing alloys

 The tin-base bearing alloys are known as Babbit metals, after Isaac Babbit, their
originator.

 Composition: The composition of a typical ‘Babbit’ metal is given below:
Sb 10%, Sn 82%, Cu 4%, Pb 4%

 The tin-base bearing alloys are of better-quality high-duty bearing metals than the lead-
base bearing alloys.

 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.
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 Composition: The composition of a typical lead-base bearing alloy is given below:
Sb 13%, Sn 12%, Cu0.75%, As 0.25%, Pb 74%

 Uses: They are used for low pressure/low speed bearing applications.
2. Copper-base bearing alloys

 Copper-base bearing alloys include:
1. Plain tin bronze - Cu 85%, Sn 15%

2. Phosphor bronzes - Cu 88%, Sn 10%, P

0.3%, Zn 1%, Pb 0.7%

3. Leaded bronzes - Cu 75%, Sn 5%, Pb

18%, Ni 2%

4. Sintered bronzes - Cu power 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.
 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 bearings 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.

 Nowadays, more expensive tin-base bearing alloys are replaced by aluminium-
base bearing alloys.

 Composition: The composition of a typical AI-Sn alloy is given below:
Sn 5.5 – 7.0%, Cu 0.7-1.3%, Ni 0.7-1.3%, Balance is AI.

 Uses: They are used as main and big-end bearings in automobile design.
4. Plastic bearing materials

 The well-known plastic bearing materials are:
1. Nylons (polyamides) and

2. Ply tetra fluro ethylene (PTFE or Teflon).
 They have very low coefficient of friction.
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 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.

5. Discuss the various alloying elements in steel . (Nov 2013) (May 2017)

EFFECT OF ALLOYING ELEMENTS IN STEELS

 In general, alloying elements are added to steel in small percentages—usually less than 5
percent—to improve strength or hardenability. Otherwise, alloying elements are added to
steel in much large amounts—usually upto 20 percent – to produce special properties such as
corrosion resistance or stability at high or low temperature.

 The properties of all steels (or all alloys) are determined by the kinds and amounts of phases
of which they are composed, by the properties of the phases, and by the way in which these
phases are distributed among one another.

 Steels consist of two or more pyhases known as ferrite, austenite, carbides, and graphite.
 The alloying elements in steels affect the stability of these phases the relative amount of the

phases, and how the phases are distributed or dispersed throughout one another. Thus, the
alloying elements affect and control the properties of steels.

 The alloying elements such as Ni, Mn, Cu, and Co tend to stabilize austenite.
 The alloying elements such as Cr, W, Mo, V and Si tend to stabilize ferrite.
 Some alloying elements such as Cr, W, Ti, Mo, Nb, V, and Mn, tend to form carbides.

Other elements such as Si, Co, A1, and Ni tend to destabilize carbides and form graphic.
The more important effects of the main alloying elemendts added to steels can be summarized in
Table.

Table Effects of alloying elements in steels

Alloying
element

Typical
ranges in
alloy steels

(%)

General effects Typical steels
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Manganese

(Mn)

0.3 – 2.0 Increases the strength and
hardness and forms a carbide.

Increases hardenability.
Lowers the critical temperature
range. Promotes an austenitie
structure. Acts as a deoxidizer
and a desulphurizer.

1. Pearlitic steels
(Up to 2% Mn) with high
hardenability used for
shafts, gears and connecting
rods.

2. Hadifield’s steel (13%
Mn), a tough austenitic
steel.

Silicon (Si) 2  Acts as a general purpose
deoxidizer. Improves electrical
and magnetic properties.
Improves oxidation resistance.
Strengthens low alloy steels.
Increases hardenability of
steels. Increases hardenability
of steels carrying non-
graphitizing elements.

1. Silicon steels (0.07% C,
4% Si) used for
transformer cores.

2. Silicon used with
chromium (3.5% Si, 8%
Cr) for its high
temperature oxidation
resistance in IC engine
valves.

Chromium
(Cr)

0.3 - 4 Increases corrosion and
oxidation resistance.

1.1.0 – 1.5% Cr in medium and
high carbon steels for gears,
axles, shafts, springs, ball
bearings and metal working
rolls.

2. 12 – 30% Cr in martensitic
and ferritic stainless steels.

Nickel (Ni) 0.3 - 5 Stregthens unquenched or annealed
steels.

Toughens pearlitic ferritic steels.

Increases hardenability.

Improves resistance to fatigue.

Strong graphite- forming tendency.

1. 0.3 – 0.4% C with upto 5%
Ni used for crankshafts and
axles and other parts subject to
fatigue.

2.(i) Cr-Ni steels (0.15% C with
Ni Cr) used for case
carburizing.

(ii)Cr – Ni steels (0.3% C with
Ni Cr) used for gears, shafts,

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



axles and connecting rods.

(iii) Cr-Ni steels (18% Cr and
8% Ni) give austenitc stainless

steels.

Tungsten(w) - Forms hard, abrasion resistant
particles in tool steels.

Promotes red hardness and hot
strength.

Raises the softening temperature.

1. Major constituent in high –
speed tool steels.

2. Also used in some permanent
magnet steels.

Molybdenum 0.1-0.5 Improves high temperature creep
resistance.

Reduces temper brittleness is Ni-Cr
steels.

Stabilizes carbides.

Increases hardenability.

1. A constituent of high – speed
tool steels and creep- resistant
steels.

2. Up to 0.5% Mo often added
to pearlitic Ni-Cr steels to
reduce temper – brittleness.

Aluminium

(AI)

< 2 Aids nitriding.

Restricts grain growth. Deoxidizes
efficiently.

Added to lnitriding steels to
restrict nitride formation to sub-
face layers.

Cobalt (Co) - Increases strength.

Decreases hardenability.

Used in ‘Stellite’ type alloys,
magnet steels, and as a binder in
cemented carbides.

Niobium (Nb) - Strong carbide former.

Increases creep resistance.

Added for improved creep
resistance and as a stabilizer in
some austenitic stainless steels.

Copper (Cu) 0.2 –
0.5

Increases strength. Increases
corrosion resistance.

1. Added to cast steels to
improve fluidity, cast ability
and strength.

2. Used in corrosion resistant
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architectural steels.

Lead (Pb) - Insoluble in iron. Improves
machinability.

Added to low-carbon steels to
give free machining properties.

Titanium(Ti) - Strong carbide forming element.
Reduces martensitic hardness and
hard enability in medium
chromium steels.

Prevents formation of austenite in
high chromium steels.

Note used alone, but added as a
carbide stabilizer to some
austenitic stainless steels.

6. Discuss the compositions, properties and uses of any 4 copper alloys. (May 2017)

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), and
4. Cupro nickels (copper –nickel alloys).

 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.

An addition of tellurium to copper gives an alloy with very good machinability.

1. Brasses(May 2013)
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 Brass is an alloy of copper and zinc. Sometimes, small amounts of other metals such as
tin, lead, aluminium, and manganese may be added.

 Upto 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.
 Brasses having more than 36% zinc have a two phases – α and β phases at room

temperature. These brasses are harder and stronger than the α brasses.

Characteristics of Brasses

 Brasses are stronger than copper.
 Brasses have lower thermal and electrical conductivity than copper.
 They can cast into moulds, drawn into wires, rolled into sheets, and turned into tubes.
 Very often 1 to 3% of lead is added to brass for improving its machining properties.
 The colour of brasses range from reddish colour to nearly white depending on the amount

of zinc present.

Types of Brasses

There are various types of brasses, depending upon the proportion of copper and zinc.
Table presents composition, properties and applications of some commonly used brasses.

S.No
Alloy Name Composition

(wt%) Properties Typical
Applications

1 Gliding metal
(or commercial
bronze)

90 Cu, 10 Zn Gold-like colour

Good ductility

Ability to be
brazed and
enamelled

Limitation jewellery

Decorative work

Making coins,
medals, fuse caps

2 Cartridge brass 70 Cu, 30 Zn For deep drawing
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High strength

Excellent ductility

General purpose
cold working alloy

High strength

Manufacturing
cartridges ans
shellcases

3

Standard brass
(or cold
working brass)

65 Cu, 40 Zn

General purpose
cold-working alloy

High strength

For press-work, cold
forming, radiator
cores, springs,
screws,rivets, tubes
etc

4 Muntz metal
(or yellow
metal)

59 Cu, 40Zn,
1Sn (i.e 1% tin
+ Mu

Can be hot-rolled
and extruded

For extruding rods
and tubes.

For making
condenser and heat
exchanger plates.

5

Naval Brass 70Cu, 29Zn, 1
sn (i.e 1%tin +
Catridge brass)

Can be forged and
extrud4ed

Corrision resistant

For marine and
engineering
structural uses

6 Admiralty
brass

35Zn, 2Mn, 2
Al, 2Fe, balance
Cu

Corrosion resistant Or making tubes and
some parts of
condensers, pump
impellers

7 High Tensile
brass (or
manganese

High tensile
strength

Can be cast, hot

For pump rods,
stampings, and
pressings
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brass) 59 Cu, 39Zn,
2Pb

worked As marine castings
such as propellers,
water turbine
runners, rudders etc.

8 Free cutting
brass (or
leaded brass)

Heat resistant,

Excellent strength

Suitable for high
speed machining

9 Bell bronze 78 Cu, 22Sn Hard and brittle,

Possesses
resonance

For making bells

10 Phosphor
bronze

88 Cu, 10 Sn,
0.3P, 1Zn, Pb
0.7

When bronze
contains
phosphorus, it is
called phosphor
bronze.

Phosphor
increases the
strength, ductility
and quality of
costings.
Possesses high
corrresistance.

For bearings, worm
wheels, gears, nuts
for machine lead
screws, pump parts,
linings, springs etc.

11 Silicon bronze 95 cu, 3 Si, 1
Mn, 1 Fe

Effect of silicon is
to strengthen,
harden and
improve corrosion
resistance

Can be cast,
rolled, forged and

For bearings, boiler
parts, marine
hardwares roll mill
sleeper, die cast
parts etc
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pressed hot or cold

12 Aluminium
bronze

89 Cu, 7 Al, 3.5
Fe, 0.35 Sn

Iron is added to
aluminium
bronzes to
increase the
strength and
hardness.

High corrosion
resistance.

For making gears,
propellers,
condenser bolts,
pump components,
tubes air, pumps,
slide valves, buses,
cams, rollers etc.

13 Coinage
bronze

95.5 Cu, 3 Sn,
1.5 Zn

Good Strength and
corrosion resistant

For making copper
coins

14 Leaded bronze 75 Cu, 5 Sn, 18
Pb, 2 Ni

Can carry greater
loads

Can work at
higher speeds
because of its
quick heat
dissipation

Used as a bearing
alloys.

2. Bronzes

 Bronze is an alloy of copper and tin
 The bronzes are high-strength alloys with a good corrosion resistance than brasses.
 The strength of the bronze increase with increase in tin content. However, tin content is

kept below 12% because they tend to be brittle.
 Bronzes can be shaped or rolled into wires, rods, and sheets.

Types of Bronzes

Table presents different types of bronzes, their compositions, properties and typical applications.

3. Gun Metals

 Gun metals are alloy of copper, tin and zinc
 The zinc acts as a deoxidizer and it also improves fluidity during casting.
 A small amount of lead may be added to improve castability and machinability.
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 Since zinc is considerably cheaper than tin, the total cost of the alloy is reduced.
Types of Gun Metals

Table presents the two important types of gun metals, and their compositions, properties and
typical applications.

Table Compositions, properties and typical applications of gun metals

S.No Alloy Name Composition
(wr%) Properties Typical applications

1

Admiralty
gun metal

88 Cu, 10Sn, 2
Zn, 2 (max) Ni

High corrosion
resistance

Good casting
properties

For pumps, valves, statuary and
miscellaneous castings (mainly for
marine work)

2

Leaded gun
metal (or red
brass)

85 Cu, 5 Sn, 5Zn,
5 Pb, 2(max) Ni

Good pressure
tightness

High strength

For bearings, steam pipe fittings,
marine castings, hydraulic valves
and gears etc.

4. Cupronickels :

 Cupronickels are alloys of copper and nickel
 The metals copper and nickel mix in all proportions in the solid state. That is, a copper

nickel alloy of any composition consists of only one phase – a uniform solid solution.
Thus all copper nickel alloys are relatively ductile and malleable.

 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.

Types of Cupronickles

Table presents some important types of cupronickels, their compositions, properties and typical
applications.

Compositions, properties and typical applications of some cupronickels

S.no Alloy
Name

Composition
(wr%)

Properties Typical applications

1
Cupronickel 70 Cu, 30 Ni Excellent corrosion

resistant

Can be cayst into any

For salt water piping,
condenser tubing and for
bullet envelopes
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forms

2

Monel
metal

29 Cu, 68 Ni,
1.25 Fe, 1.25
Mn

Excellent corrosion
resistant

Good Mechanical
properties

For making propellers, pump
fittings, condenser tubes,
steam turbine blades, sea
water exposed parts, tanks
and food handling plants.

3

‘K’ monel 29 Cu, 66 Ni,
2.75 Al, 0.4
Mn, 0.6 Ti

A heat treated alloy

Good mechanical
properties

Used for motor-boat propeller
shafts.

7. Classify Stainless steel and tool steels and explain the following:
(i) Maraging steel (5) (ii) Spheroidal graphite iron (5)
(iii) High speed steel in terms of composition, property and use. (6)
iv) Stainless steel (May 2013 & 2015) (Nov 2016)

i)

 Maraging steels are low- carbon, highly alloyed steels.
 These are very high-strength materials that can be hardened to obtain tensile strengths

of up to 1900 MPa.
 Composition: Maraging steels contain 18% nickel, 7% cobalt, and small amount of

other element such as titanium. The carbon content is low, generally less than 0.05%.
 These compositions develop marten site upon cooling (usually by air quenching)

from the austenitizing temperature. The marten site formed in these steels, unlike the
marten site of other alloy steel, is ductile and tough. The ductility and toughness of
this marten site result from its very low carbon content.

 In the martensitic condition, these steels can be cold worked and can be hardened by
precipitation at temperatures below the autenitizing temperature to achieve high
tensile strength.

Characteristics of Maraging Steels

The important properties of maraging steels are given below:

(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 wide variety of uses such as the flexible drive shafts for
helicopters, barrels for rapid-firing guns, die-casting dies, extrusion rams, space- vehicle cases,
etc.

ii) Spheroidal Graphite Cast Iron

Spheroidal graphite (SG) cast iron is also known as ‘nodular iron’ or as ‘ ductile iron’.

 Composition: The composition of a typical SG cast iron is given below:
Carbon - 3.2 to 4% Silicon - 1.8 to 3%

Manganese–0.2 to 0.5% Phosphorus – 0.0.8% 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), except that
they are more perfect spheres.

Microstructure of SG Cast Iron

 The nodular cast iron is produced by adding magnesium and / or cerium to molten cast
iron (i.e. the grey iron before casting). The magnesium converts the graphite of cast iron
from flake form into spheroidal or nodular form. The resulting alloy is called Spheroidal
or nodular cast iron.

 The typical microstructure of a spheroidal cast iron .
 The presence of spheroidal graphite improves the ductility, strength, fracture toughness

and other mechanical properties.
 Ductile cast iron derives its name from the fact that its ductility is increased (by 20%)
 Addition of magnesium gives good results and hence it is widely used. Magnesium is

usually added in the form of a master alloy such as ferro-silicon – magnesium or nickel-
magnesium alloy.

iii) High speed steel

High-speed steel (HSS or HS) is a subset of tool steels, commonly used as Cutting tool material.
It is often used in power-saw blades and drill bits. It is superior to the older high-carbon
steel tools used extensively through the 1940s in that it can withstand higher temperatures
without losing its temper (hardness). This property allows HSS to cut faster than high carbon
steel, hence the name high-speed steel. At room temperature, in their generally recommended
heat treatment, HSS grades generally display high hardness (above Rockwell hardness 60) and
abrasion resistance (generally linked to tungsten and vanadium content often used in HSS)
compared with common carbon and tool steels.
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Applications

The main use of high-speed steels continues to be in the manufacture of various cutting tools:
drills, taps, milling cutters, tool bits, gear cutters, saw blades, planer and jointer blades, router
bits, etc., although usage for punches and dies is increasing.
High speed steels also found a market in fine hand tools where their relatively good toughness at
high hardness, coupled with high abrasion resistance, made them suitable for low speed
applications requiring a durable keen (sharp) edge, such as files, chisels, hand
plane blades, kitchen knives and pocket knives.
High speed steel tools are the most popular for use in woodturning, as the speed of movement of
the work past the edge is relatively high for handheld tools, and HSS holds its edge far longer
than high carbon steel tools can.

iv) Stainless steel

In metallurgy, stainless steel, also known as inox steel or inox from
French inoxydable (inoxidizable), is a steel alloy with a minimum of
10.5%[1] chromium content by mass.
Stainless steel is notable for its corrosion resistance, and it is widely used for food handling and
cutlery among many other applications.Stainless steel is used for corrosion-resistant tools such as
this nutcracker.
Stainless steel does not readily corrode, rust or stain with water as ordinary steel does. However,
it is not fully stain-proof in low-oxygen, high-salinity, or poor air-circulation environments.
There are various grades and surface finishes of stainless steel to suit the environment the alloy
must endure. Stainless steel is used where both the properties of steel and corrosion
resistance are required.
Stainless steel differs from carbon steel by the amount of chromium present. Unprotected carbon
steel rusts readily when exposed to air and moisture. This iron oxide film (the rust) is active and
accelerates corrosion by making it easier for more iron oxide to form. Since iron oxide has lower
density than steel, the film expands and tends to flake and fall away. In comparison, stainless
steels contain sufficient chromium to undergo passivation, forming an inert film of chromium
oxide on the surface. This layer prevents further corrosion by blocking oxygen diffusion to the
steel surface and stops corrosion from spreading into the bulk of the metal. Passivation occurs
only if the proportion of chromium is high enough and oxygen is present in it.
Stainless steel’s resistance to corrosion and staining, low maintenance, and familiar lustre make
it an ideal material for many applications. The alloy is milled into coils, sheets, plates, bars, wire,
and tubing to be used in cookware, cutlery, household hardware, surgical instruments, major
appliances, industrial equipment (for example, in sugar refineries) and as an automotive and
aerospace structural alloy and construction material in large buildings. Storage tanks and tankers
used to transport orange juice and other food are often made of stainless steel, because of its
corrosion resistance. This also influences its use in commercial kitchens and food processing
plants, as it can be steam-cleaned and sterilized and does not need paint or other surface finishes.
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Properties of Stainless Steels

The advantageous properties of stainless steel can be seen when compared to standard plain
carbon mild steel. Although stainless steel have a broad range of properties, in general, when
compared with mild steel, stainless steel have:

 Higher corrosion resistance
 Higher cryogenic toughness
 Higher work hardening rate
 Higher hot strength
 Higher ductility
 Higher strength and hardness
 A more attractive appearance
 Lower maintenance

Types of Stainless Steels

The stainless steels are divided into 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.

Table lists several stainless steels, by class, along with composition, typical mechanical
properties and applications.Before discussing the above steels, it should be reminded 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.

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.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



8. With part of phase diagram and relevant graphs explain precipitation hardening
treatment of Al-Cu alloy. (OR) Explain age hardening of Al-Cu with the help of phase
diagram. (May 2015) (NOV2015) (May 2016) (Nov 2016)

Precipitation Hardening

 Precipitation hardening also known as age hardening, is the most important method of
improving the physical properties of some of the non-ferrous alloys by solid state
reaction.

 It is mostly applicable to the alloys of aluminium, magnesium and nickel. It is
occasionally used for the alloys of copper and iron.

 Examples of alloys that are hardened by precipitation treatments include aluminium-
copper, copper-beryllium, copper-tin, and magnesium-aluminium.

 This process is called precipitation hardening because the fine precipitate particles of the
new phase are formed in this hardening process.

S.No Alloy
name

Composition

(wt%)
Properties Typical applications

1. Duralumin 94 Al,4Cu

0.5Mg,0.5
Mn,

0.5Si,0.5 Fe

 It is
an wrought alloy.

 Possesses
maximum strength after age
hardening

 High
Strength-to-weight-ratio

 For aircraft and
Automobile industries

 For making
electric cables, in surgical and
orthopaedic implements or
gadgets, etc.

2. Y-alloy 92.5 Al, 4Cu

2 Ni, 1.5 Mg

 It is an
cast alloy

 Better
strength than duralumin at

 For making pistons
of engines, cylinder heads, gear
boxes, propeller blades, pistons,
etc.
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high temperatures.

Process of Precipitation Heat Treatment

The process of precipitation heat treatment consists of three steps. The three step process
is explained for an aluminium alloy, say AI-4% Cu alloy (called duralumin) below.

Fig3.9 shows the AI-Cu phase equilibrium diagram. Fig 3.9 also shows the three steps in the
precipitation hardening heat treatment together with the microstructures that are produced.

Fig. The aluminium-rich end of the aluminium-copper phase diagram showing the three
steps in the age-hardening heat treatment and the microstructures that are produced

Step 1: Solution treatment

 First the alloy is heated above the solvus temperature to obtain its solid solution.
 They alloy is held at this temperature until a homogeneous solid solution  is produced.
 This step dissolves the  precipitate and reduces any segregation present in the original alloy.
 As shown in Fig.3.9, the AI – 4% Cu alloy is solution-treated between 5000C and 5480C.
Step 2: Quenching process

 The effect of ageing temperature and time on the yield strength and ductility of an AI –
4% Cu alloy is illustrated in Fig.3.10 (a) and (b) respectively.

 From the fig.3.10 (a), the following points can be made:
 The strengthening process accelerates with the increase in the ageing temperature.
 The maximum strength increases as the ageing temperature decreases.
 After reaching a peak strength, the strength starts to decrease. This phenomenon is

called over ageing.
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 As we know, an increase in strength is associated with a reduction in ductility. This can
be seen in Fig.3.10 (b).

 The over ageing phenomenon is useful in selecting the alloys according to the required
service conditions. For example, using Fig.3.10, we can understand that the aluminium
age-hardened alloys are best suited for service near room temperature. Age-hardened AI-
4% Cu alloy should be used at high temperature. Because at service temperatures ranging
from 1000C to 5000C, the alloy overages and loses its strength.

9. What are the properties of aluminium? And what is the effect of different types of
alloying elements such as Cu, Iron, Manganese, Magnesium used with aluminium and its
application? Explain. (Nov 2013)

Aluminium is one of the most abundant elements in the earth’s crust and also the most
important of the non-ferrous metals.

Characteristics of Aluminium.

Pure aluminium is known for its outstanding characteristics. Some of its main characteristics are:

i. Light-weight (one-third the weight of steel),
ii. High thermal and electrical conductivity,
iii. Excellent corrosion resistance,
iv. Non-toxicity,
v. Soft and ductile,
vi. Low specific gravity,
vii. High strength-to-weight ratio, and
viii. High reflectivity.

Table 3.22 presents the principal properties of pure aluminium.

Table 3.22 Principal properties of pure aluminium

Melting point 6000C

Crystal structure FCC

Density 2.70 x 103kg/m3

Young’s modulus, E 70.5 GPa

Tensile strength 45 MPa
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Electrical resistivity 2.66 x 10-8 m at 200C

Corrosion resistance Very good

Aluminium Vs Copper

Nowadays aluminium replaces the copper as an electrical conductor due to the following reasons:

i. The price of aluminium is much lower than that of copper.
ii. The specific gravity of aluminium is only 2.7 compared to 8.9 for copper.
iii. The electrical conductivity of EC-grade (electrical conductor) aluminium is 61% of

the conductivity of standard copper, based on equal cross sections.
iv. If equal weights of aluminium and copper conductors of a given length are compared,

it is found that aluminium conducts 20.1% as much current as does copper.

However, an important limitation of aluminium in this regard is the difficulty of soldering or
joining it. This can be overcome by chemically coating aluminium with tin, followed by plating
with other metals.The pure aluminium has a very low strength. Hence for most engineering
purposes, aluminium is alloyed in order to obtain a higher strength/weight ratio.

Alloying elements when added to Aluminum alloys may produce effects of precipitation
hardening (age hardening), solid solution hardening, dispersion strengthening, grain refining,
modifying metallic and intermetallic phases, suppression of grain growth at elevated
temperatures (e.g. during annealing), wear resistance and other tribological properties.
 Silicon, Si (up to 17%)

 Improves castability of aluminum alloys due to a better fluidity and
lower shrinkage of molten aluminum-silicon alloys.

 Increases strength of the alloys.
 Improves resistance to abrasive wear.
 Silicon in a combination with magnesium allows to strengthen the alloys by

precipitation hardening heat treatment (Wrought aluminum-magnesium-silicon alloys
(6xxx), Cast aluminum alloy 356.0).

 Copper, Cu (up to 6.5%)
 Increases tensile strength, fatigue strength and hardness of the alloys due to the

effect of solid solution hardening.
 Allows to strengthen the alloys by precipitation hardening heat treatment

(Wrought aluminum-copper alloys (2xxx), Cast aluminum alloy 201.0).
 Decreases the ductility of the alloys.
 Decreases corrosion resistance.

 Magnesium, Mg (up to 10%)
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 Strengthens and hardens the alloys by solid solution hardening mechanism
without considerable decrease of ductility (Wrought aluminum-magnesium alloys
(5xxx), Cast aluminum alloy 518.0.

 In a combination with silicon or zinc allows to strengthen the alloys by
precipitation hardening heat treatment (Wrought aluminum-magnesium-silicon alloys
(6xxx), Wrought aluminum-zinc-magnesium alloys (7xxx), Cast aluminum alloy
356.0, Cast aluminum alloy 713.0).

 Manganese, Mn (up to 1.5%)
 Strengthens and hardens the alloys (Wrought aluminum-manganese alloys (3xxx))

by solid solution hardening and dispersion hardening mechanisms.
 Improves low cycle fatigue resistance.
 Increases corrosion resistance.
 Improves ductility of aluminum alloys containing iron and silicon due to

modification of Al5FeSi intermetallic inclusions from platelet to cubic form
Al15(MnFe)3Si2.

 Zinc, Zn (up to 8%)
 In a combination with magnesium or magnesium-copper allows to strengthen the

alloys by precipitation hardening heat treatment (Wrought aluminum-zinc-magnesium
alloys (7xxx), Cast aluminum alloy 713.0).

 Increases susceptibility of the alloys to Stress corrosion cracking.
 Chromium, Cr (up to 0.3%)

 Suppresses the grain growth at elevated temperatures (e.g. during heat treatment).
 Improves ductility and toughness of aluminum alloys containing iron and silicon

due to modification of Al5FeSi intermetallic inclusions from platelet to cubic form
(similar to the effect of manganese).

 Reduces susceptibility of the alloys to Stress corrosion cracking.
 Nickel, Ni (up to 2%)

 Increases hardness and strength of aluminum-copper (Wrought aluminum-copper
alloys (2xxx) and aluminum-silicon (Wrought aluminum-silicon alloy 4032) at elevated
temperatures.

 Reduces the Coefficient of Thermal Expansion.
 Lithium, Li (up to 2.6%)

 Increases strength by the precipitation hardening heat treatment.
 Increases Modulus of Elasticity.
 Reduces density.

 Titanium, Ti (up to 0.35%)
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 Refines primary aluminum grains (grains formed during the Solidification) due to
formation of fine nuclei Al3Ti. Titanium is commonly added to aluminum alloys together
with boron due to their synergistic grain refining effect.

 Boron, B (up to 0.03%)
 Boron in a combination with titanium refines primary aluminum grains (grains

formed during the Solidification) due to formation of fine nuclei TiB2.
 Zirconium, Zr (up to 0.3%); Vanadium, V (up to 0.2%)

 Inhibit recovery and recrystallization
 Increase the recrystallization temperature.

 Iron, Fe (up to 1.1%)
 Increases strength due to formation of Al-Fe intermetallics.
 Decreases ductility. I most aluminum alloys Iron is undesirable impurity.

 Sodium, Na (up to 0.015%); Antimony, Sb (up to 0.5%); Calcium, Ca (up to
0.015%), Strontium, Sr (up to 0.05%)
 Increase ductility of hypoeutectic and eutectic aluminum-silicon alloys (Wrought

aluminum-silicon alloys (4xxx), Cast aluminum alloy 443.0) by a modification of the
silicon phase from coarse platelet like particles to fine fibrous structure.

 Tin, Sn (up to 40%)
 Reduces coefficient of friction of aluminum alloys (Aluminum based bearing

materials).
 Increases compatibility of the aluminum bearing alloy.
 Improves conformability.
 Improves embedability.

10. (i) Name non ferrous materials for the following articles
(1) Bush (2) Furnaces Heating element (3) Type writer parts (4) coins (5) girders for
airship (6) Big end bearing (7) filament of electric lamps (8) Turbine blades.

1) Bush- Bronze, Cast Iron

2) Cupronickel (Cu Ni) alloys for low temperature heating.
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3) Type writer parts
Carrying cases can be made of steel, or plastic. Steel is the material used for most of the parts in
standard models. Typewriters use hundreds to thousands of moving parts, and cold-rolled steel is
one of the most reliable materials.
4. Coins- coins are made up of silver, copper and zinc.
5. Girders for airship- aluminum
6. Big end bearing- Babbitt
7. Filament of electric lamps- tungsten
8. Turbine blades- Nickel based super alloys.

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



UNIT-4

1. i) Classify composite materials and two properties and applications of them.

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.

Applications of composites

1. Commercial aircraft
Used for air conditioning duct, radar dome, landing gear door, seats, floorings, window
reveals, ceiling panels, propeller blades, nose, wing body, elevators, ailerons, air brake
etc.

2. Military aircraft
Used for speed brake, rubber trunnion, forward fuselage, elevators, ailerons, landing gear
doors, horizontal stabilizers, etc.

3. Missiles
Used for remote piloted vehicles, filament wound rocket motors wings, rotor cases, etc.

4. Space hardwares
Used for antennas, struts, support trusses, trusses for telescopes, storage tanks for gases
and fluids at cryogenic temperatures, etc.

5. Automobile and trucks
Used for drive shafts, bumpers, door and window frames, starter motor commutators,
body panels, radiator and other hoses, timing and V belts, drive chains, etc.
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ii) State the properties and applications of PSZ or SiC. (NOV2015)

1. Partially Stabilized Zirconia (PSZ)
Partially stabilized zicronia (PSZ) is nothing but 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.

Zicronia (ZrO2) has been used for many years as a high temperature crucible and furnace
refractory where temperatures upto 25000C must be sustained.

Why zirconia should be stabilized

The oxide of zirconium (ZrO2) exists in three different crystalline modifications. The
ZrO2 has a cubic structure at elevated temperatures during cooling, this transforms first into a
tetragonal structure. There at room temperature it transforms into a monoclinic crystal structure.
On cooling, transformation (from cubic structure to monoclinic structure) causes cracking
because of a 3% volume change. So it is difficult to fabricate pure ZrO2 ceramics. In order to
avoid cracking, zicronia is stabilized by adding a ‘stabilizing’ oxide such as MgO, CaO, or Y2O3.

A fully stabilized zicronia (FSZ) contains 18% of any of the stabilizing oxides, but partially
stabilized zicronia (PSZ) contains about 5% of a stabilizing oxide.

Characteristics of PSZ:

Some of the important properties of PSZs are given below :

1. Partially stabilized zicronia have better fracture toughness than the high-performance
ceramics.

2. They have better tensile strength than that of alumina and some of the other engineering
ceramics.

3. They possess low thermal conductivity, which make them as good thermal insulators.
4. They have thermal expansion and modulus of elasticity similar to that of steels.
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Applications of PSZs:

1. PSZs are 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.

2. Silicon Carbide (SiC)

Silicon carbide (SiC) is a hard, semiconducting ceramic material. In fact it is the hardest of
the traditional abrasive 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 principal types of silicon carbides are:

1.  SiC: The  silicon carbide is made by the reduction of silica sand with carbon in an arc
furnace. It has a hexagonal crystalline structure.

2. SiC :  The  - silicon carbide is produced by a vapour phase reactions. It has a cubic
crystalline structure.

Types of silicon carbide ceramics: Depending upon the mode of manufacture the following
different types of silicon carbide ceramics are available.

1. Reaction bonded silicon carbide.
2. Clay-bonded silicon carbide.
3. Hot-pressed silicon carbide.
4. Sintered silicon carbide.
5. Recrystallised silicon carbide
6. Nitride-bonded silicon carbide.

Characteristics of silicon carbides: Some of the important properties of SiC are given below:

1. Silicon carbides have higher tensile strength, stiffness, hardness and lower density than
aluminium oxides.

2. They provide outstanding oxidation resistance at temperatures even above the melting
point of steel (upto 15000C).

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 resistant.
6. They are also chemical resistant.
7. They are not very tough.
8. They are expensive with limited availability of shapes and sizes.

Applications of silicon carbides:

STUCOR A
PP

DOWNLOADED FROM STUCOR APP

DOWNLOADED FROM STUCOR APP



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 coatings (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 also formed as fibres and whiskers for use as reinforcement in composite
materials.

2. Brief on properties and applications of any two polymers from the list. PTFE, PC, PET,
ABS and PS.

i) Polythylene teraphthalate (PET)

 PET (polyethylene teraphthalate), also known as polyester or PETP, is a linear polyester
made by the condensation polymerization of ethylene and teraphthalic acid.

 Characteristics of PETs:

5. They are high strength, high stiffness thermoplastics.
6. They are produced as fibres, as transparent films, and as moulding materials.
7. They have excellent fatigue and wear strength.
8. They posses good resistance to humidity, acids, greases, oil and solvents.

 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

ii) Polystyrene(PS)

 Polystyrene is made from ethyl-benzene. It accounts for about 20% of all thermoplastics in
commercial use.

Characteristics of polystyrenes:
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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: Some of the commonly used polystyrenes are:

1. HPS (High Impact Polystyrene)
2. ABS (Acryknitrile & Styrene), and
3. SAN (Styrene &– Acrylonitrile)

Applications: Typical applications of polystyrene include packaging and insulating foams,
lighting panels, appliance components, egg boxes, wall tiles, battery cases etc.

iii)ABS (Acrylonitrile-butadiene-styrene )

Outstanding strength and toughness.

Resistant to heat distortion.

Good electrical properties.

Flammable and soluble in some organic solvents.

Application:

Automotive parts, mouldings for telephones, business machines, domestic cleaners and mixers,
bathroom fittings.

3. What is polymerization? Explain addition polymerization and condensation
polymerization with examples. ( May 2013, 2014 & 2016)

Polymerisation: it is the process of forming a polymer.
Addition Polymerisation

 Addition polymerization, also known as chain reaction polymerization, is a process
by which two or more chemically similar monomers are polymerized to form long
chain molecules.

 Polymerization takes place only in unsaturated organic compounds. In this process,
their double covalent bonds are broken and single bonds ar formed in its place.
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 Addition polymerization yields a product that is an exact multiple of the original
monomeric molecule.

 Addition polymerization is usually instigated by the application of heat, light,
pressure or a catalyst, as shown in Fig.

 It should be noted that in addition polymerization process there is no loss of any
substance.

Three Stages in Addition Polymerization

The addition polymerization occurs in three stages:

1. Initiation,
2. Propagation, and
3. Termination.

These three stages are demonstrated for polyethylene formation from ethylene monomer.

Stage1: Initiation of addition polymerization

 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,

Fig. Initiation of polyethylene chain H by producing free radicals from initiators. R*
represents the active initiator, and * is an unpaired electron.

Stage2: Propagation of the addition chain

 Once the chain is initiated, repeat units are added onto each chain at a high rate,
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Growth of the addition chain

 The chain growth is relatively quick. For example, the time required to grow a
molecule consisting of 1000 moleculer units is on the order of 10-2 to 10-3 s.

Stage3: Termination of addition polymerization

 The chains may be termed by two mechanism. They are:
1. The active ends of two propagating chains may react or link together to form a

non-reactive molecules, as shown in Fig.4.10 (a). This process is called
combination. This terminates the growth of each chain.

Condensation Polymerization

 Condensation polymerization, also known as Step- growth Polymerization, is the
formation of polymers by stepwise intermolecular chemical reactions that normally
involve at least two different monomers.

 In contrast to addition polymerizations, the condensation polymerizations from 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 molecule
repeat unit, and the intermolecular reaction occurs every time a molecule repeat unit
is formed.

Illustrations

1. Formation of a polyester from the reaction between ethylene glycol and adipic acid is
illustrated in Fig. 4.12.

Condensation polymerization of polyester
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2. The condensation polymerization of Bakelite i.e., phenol formaldehyde is illustrated in
Fig.4.13.

Formation of phenol-formaldehyde by condensation polymerization.

Characteristics of Condensation Polymerization

 The reaction times for condensation are generally large than for addition
polymerization.

 Like addition polymerization, various chain length can be produced, yielding a
molecular weight distribution.

 Condensation reactions often produce trifunctional monomers capable of forming
cross-linked and network polymers.

Applications

The condensation polymerization is used in the synthesis of thermosetting polyesters and
phenol formaldehyde (Bakelite), the nylons, and the polycarbonates.

4. What is strengthening mechanism? Explain the strengthening mechanism of fibre –
reinforced composites. (May 2016)

Plastic deformation occurs when large numbers of dislocations move and multiply so as to result
in macroscopic deformation. In other words, it is the movement of dislocations in the material
which allows for deformation. If we want to enhance a material's mechanical properties (i.e.
increase the yield and tensile strength), we simply need to introduce a mechanism which
prohibits the mobility of these dislocations. Whatever the mechanism may be, (work hardening,
grain size reduction, etc.) they all hinder dislocation motion and render the material stronger than
previously

Particle- reinforced composites
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 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 objects 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 closely enough so that
dislocations cannot easily move between them.

 The two sub-classifications of particle reinforced composites are:
1. Dispersion –strengthened composites, and
2. Large –particle composites.

The distinction between these two is discussed below.

Dispersion-Strengthened Composites

 In dispersion – strengthened composites, particles are normally much smaller, having
diameters between 0.01 and 0.1 m; 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
strengths, as well as hardness.

Examples of Dispersion – Strengthened Composites

1. Some of the examples and their applications of dispersed –strengthened composites are
presented in Table 4.10.

Examples and applications of some dispersion – strengthened composites

S.No. Composite system Applications

1 Ag-CdO Electrical contact materials

2 Al-Al2O3 Possible use in nuclear reactors.

3 Be-BeO Aerospace and nuclear reactors.
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4 Co-ThO2,Y2O3 Possible creep-resistant magnetic
materials

5 Ni, Cr-ThO2 Turbine engine components

6 Pb-PbO Battery grids

7 Pt-ThO2 Filaments, electrical components

8 W-ThO2,ZrO2 Filaments, heaters

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 aluminum alloys since the composite does not overage.

 SAP finds wide use because they retain a much higher strength at all temperatures.

5. State the properties and uses of reinforced composites. (Nov 2016)

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 shot, long, or even continuous. Their dimensions are generally specified
by the aspect ratio l/d, where l is the fibre length d is the diameter.

 The strength of a composite improves when the aspect ratio is large and vice versa.
(ii) Amount of fibre: A greater volume fraction of fibres increases the strength and stiffness of
the composite.

(iii) Orientation of fibres:
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 The reinforcing fibres may be introduced into the matrix in a number of orientations.
 Short, randomly oriented fibes give relatively isotropic† behaviour in the composite.
 Long, are even continuous, unidirectional arrangements of fibres produce anisotropic

†† properties, with particularly good strength and stiffnes parallel to the fibres.
(iv) Fibre properties:

 If the composite is to be used at elevated temperatures, the fibre should have a high
melting temperature.

 To achieve better mechanical properties, one should use fibres that have higher
specific strength and specific modulus.

(v) Matrix Properties:The matrix usually provides the major control over electrical properties,
chemical behaviour, 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.

(Vi) Bonding and failure: The firmly must be firmly bonded to the matrix material so that the
load can be properly transmitted from the matrix to the fibres.

 If fibre bonding is poor, the fibres may pull out of the matrix during loading. This
will reduce the strength and fracture resistance of the composite.

 The coefficients of thermal expansion for the fibre and matrix materials should be
similar. If the fibre expands and contracts at a rate much different from that of the
matrix, fibres may break or bonding can be disrupted. This may cause premature
failure.

Applications of composites

1. Commercial aircraft Used for air conditioning duct, radar dome, landing gear door,
seats, floorings, window reveals, ceiling panels, propeller blades, nose, wing body,
elevators, ailerons, air brake etc.

2. Military aircraft
Used for speed brake, rubber trunnion, forward fuselage, elevators, ailerons, landing gear
doors, horizontal stabilizers, etc.

3. Missiles
Used for remote piloted vehicles, filament wound rocket motors wings, rotor cases, etc.

4. Space hardwares
Used for antennas, struts, support trusses, trusses for telescopes, storage tanks for gases
and fluids at cryogenic temperatures, etc.
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5. Automobile and trucks
Used for drive shafts, bumpers, door and window frames, starter motor commutators,
body panels, radiator and other hoses, timing and V belts, drive chains, etc.

6. Electrical and electronics
Used for microphone housing, miniature-electronic card holder, ribs to protect printed
circuit boards, parabolic antenna, etc ; electrical equipments – switch casings, cable and
distribution cabinets, junction boxes, etc.

7. Marine applications
Used for small boat hulls, sonar domes, masts, tanks, decks, submarine masts, spinnaker
pole on the racing yatch, plates in nuclear submarine lead acid batteries, etc.

8. Sporting equipments
Used for tennis rackets, golf club shafts; bicycle components such as wheel, frame, forks,
handlebars, pedal crank arms, package carriers, fenders, etc. ; gliders; boats; sail boards.

9. Other applications
Other applications include bridge building; joint implants, heart valves; leaf springs,
chemical industries application – for storing aggressive chemicals; wine vats and
pipelines for water and sewage; in reinforced wood products, etc.

6. Name, explain the properties and application of any four types of ceramics. (May 2015)
(Nov 2016) (May 2017)

Properties and applications of important engineering ceramics.

1. Alumina (AI2O3),

2.Silicon carbide (SiC),

3.Silicon nitride (Si3N4),

4.Partially stabilized zicronia (PSZ), and

5.Sialons.

1. Alumina (Al2O3)

Alumina is nothing but an aluminium oxide (Al2O3), which is the oldest engineering ceramic.
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Alumina is produced from bauxite (Al2O3.2H2O), which is the main ore from which metallic
aluminum is manufactured.

Characteristics of alumina: Typical mechanical and physical properties of alumina are shown
in Table 4.8. Some notable properties are the following:

1. Aluminas have excellent hardness, wear resistance and chemical inertness properties.
2. They are 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

10930+C).
5. They possess very good environmental resistance.
6. They are susceptible to overheating because they are poor thermal conductors.
7. They possess low neutron absorption cross-section. This property enables them to find

application in nuclear equipment.
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 liners, check valves, nozzles subject to erosion and for support members
in electrical and electronic devices.
3. Some unique applications of alumina are in dental and medical use including restoration of
teeth, bone filler and orthopaedic implants.
4. These materials find application in nuclear equipment.
5. Much of the alumina produced is used in military armour plating. These armour plates

protect against missiles fired from high-powered rifles.
2. Silicon Carbide (SiC)

Silicon carbide (SiC) is a hard, semiconducting ceramic material. In fact it is the hardest of
the traditional abrasive 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 principal types of silicon carbides are:

1.  - SiC: The  silicon carbide is made by the reduction of silica sand with carbon in an
arc furnace. It has a hexagonal crystalline structure.

2. SiC :  The  - silicon carbide is produced by a vapour phase reactions. It has a cubic
crystalline structure.

Types of silicon carbide ceramics: Depending upon the mode of manufacture the following
different types of silicon carbide ceramics are available.

7. Reaction bonded silicon carbide.
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8. Clay-bonded silicon carbide.
9. Hot-pressed silicon carbide.
10. Sintered silicon carbide.
11. Recrystallised silicon carbide
12. Nitride-bonded silicon carbide.

Characteristics of silicon carbides: Some of the important properties of SiC are given below

9. Silicon carbides have higher tensile strength, stiffness, hardness and lower density than
aluminium oxides.

10. They provide outstanding oxidation resistance at temperatures even above the melting
point of steel (upto 15000C).

11. They possess the highest thermal conductivity when compared with most engineering
ceramics.

12. They have better dimensional stability and polishability.
13. They are abrasion resistant and wear resistant.
14. They are also chemical resistant.
15. They are not very tough.
16. They are expensive with limited availability of shapes and sizes.

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 coatings (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 also formed as fibres and whiskers for use as reinforcement in composite
materials.
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 other 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) and
4. Pressure less 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 AI2O3 and SiC.
6. They are 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, pump parts.
3. They are also used as pouring tubes for aluminum and for high-temperature engineering

components.

4. Partially Stabilised Zirconia (PSZ)
Partially stabilized zicronia (PSZ) is nothing but a zicrconium 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.

Zicronia (ZrO2) has been used for many years as a high temperature crucible and furnace
refractory where temperatures upto 25000C must be sustained.

Characteristics of PSZ:

5. Partially stabilized zicronias have better fracture toughness than the high-performance
ceramics.

6. They have better tensile strength than that of alumina and some of the other engineering
ceramics.

7. They possess low thermal conductivity, which make them as good thermal insulators.
8. They have thermal expansion and modulus of elasticity similar to that of steels.

Applications of PSZs:

4. PSZs are used for superalloy rotor blades in jet turbines.
5. 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.
6. Nowadays PSZs replace metals in internal combustion engines.

5. Sialons (Si3AI3O3N5)

The name sialon is an acronym derived from the ingredients involved, namely Si – AI – O – N.
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That is the sialons are derivatives of silicon nitride. Sialons are formed when aluminium and
oxygen partially substitute for silicon and nitrogen in silicon nitride.The general form of the
material is Si6 – AIzOzN8 – z. When z = 3, the formula obtained is Si3AI3O3N5, which is termed
as sialon.

Characteristics of sialons: Some of the important properties of sialons are given below.

1. Sialons retain their hardness at 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.

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 thermocouple sheaths, radiant heater tubes, impellers,
small crucibles and other purposes involving temperatures upto 12500C.

7. What are the properties and Application of PVC, PET, PP and PC? Explain. (Nov 2013)
(May 2015) (Nov 2016) (May 2017)
i) PVC
Polyvinyl Chloride (PVC)

Polyvinyl chlorides (PVS) is made by polymerization of the monomer vinyl chloride (CH2 =
CHCI).
PVC is one of the most widely used plastics in terms of volume produced.

Characteristics of PVCs:
1. They are good low-cost, general purpose materials.
2. They are ordinarily rigid, but can be make flexible with plasticizers.
3. They are often copolymerized.
4. They are susceptible to heat distortion
5. They have good flame, electrical, chemical, oil, abrasion, and weather resistance in

various grades.
6.

Types of PVCs: The various grades of PVC available are:
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 plasticizing 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)
5.
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Applications: Typical applications of PVC include pipes, valves fittings, floor tiles, wire
insulations, toys, phonograph records, vinyl automobile roofs, etc.

ii) PET
PET (polyethylene teraphthalate), also known as polyester or PETP, is a linear polyester made
by the condensation polymerization of ethylene and teraphthalic acid.

Characteristics of PETs:
9. They are high strength, high stiffness thermoplastics.
10. They are produced as fibres, as transparent films, and as moulding materials.
11. They have excellent fatigue and wear strength.
12. They posses good resistance to humidity, acids, greases, oil and solvents.

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

iii) Polypropylene (PP)

Polypropylene is formed from the monomer propene i.e. propylene (CH2 = CH – CH3)
It is similar to high – density polyethylene (HDPE), but its mechanical properties make it
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.

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.

iV) Polycarnbonate (PC)

Polycarbonate is a linear heterochain polymer made from the condensation of bisphenol A
and carbonic acid.
Characteristic of polycarbonates:
1. They have very good impact resistance and ductility
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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.

Applications: typical applications of polycarbonates include safety helmets, shields and googles,
lenses, glazing, lighting, fitting. CDs, car headlamp mouldings, kettle mouldings, instrucment
castings and machine housings, sterilisable medical components, and kitchen-wares.

8. Write a short note on: (i) PTFE (4) (ii) Phenol formaldehyde (4) (iii) Engg Ceramics (4)
(iv) Fiber Rein forced Plastic. (4) (Nov 2013) (May 2015) (Nov 2016)

i) Poly tetrafluoro ethylene (PTFE)

 Poly tetrafluoro ethylene (PTFE) is the most widely used fluorocarbon polymer.
 Characteristics of PTFEs:

1. They are chemically inert in almost all environments.
2. They have excellent electrical properties.
3. They have low coefficient of friction.
4. They posses relatively weak and poor cold-flow properties.

Other fluorocarbon polymers are:
1. PVDF(polyvinylidene fluoride).
2. PVF (poly vinyl fluoride), and
3. PFA (perfluoroalkoxy ethylene)
Acrylic Materials
Acrylic materials are thermoplastic polymers based on the polymerization of esters of acrylic
acid and / or methacrylic acid. The most commonly used acrylic polymers are:

1. PMMA (polymethylmethacrylate), and
2. PAN (polyacrylonitrile).

ii) Phenolics

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 upto about 1500C.
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2. They 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.

Applications: Typical applications of phenol formaldehydes (PFs) include electrical plugs,
sockets, switches, telephones, door knobs and handles, adhesives, coatings and laminates.

iii) Engineering ceramics

Engineering ceramics are also known as technical/industrial ceramics or advanced ceramics
are those ceramics that are specially used for engineering applications or in
industries.Engineering ceramics are mainly oxides, carbides, sulphides, and nitride of metals.

Characteristics of Engineering Ceramics

Any ceramic can be said to be an engineering ceramic if it can satisfy one or more of the
following requirements:

a) High assistance to abrasion and wear.
b) High strength at high temperature
c) Good chemical stability
d) Good electrical insulation characteristics.

Alumina (Al2O3)

Alumina is nothing but an aluminium oxide (Al2O3), which is the oldest engineering ceramic.

Alumina is produced from bauxite (Al2O3.2H2O), which is the main ore from which metallic
aluminum is manufactured.

Characteristics of alumina: Typical mechanical and physical properties of alumina are shown
in Table 4.8. Some notable properties are the following:

8. Aluminas have excellent hardness, wear resistance and chemical inertness properties.
9. They are more stiffer than steels.
10. They are more stronger in compression than many hardened tool steels.
11. They retain 50% of their room temperature strength at elevated temperature (about

10930+C).
12. They possess very good environmental resistance.
13. They are susceptible to overheating because they are poor thermal conductors.
14. They possess low neutron absorption cross-section. This property enables them to find

application in nuclear equipment.

iv)
Fibre-reinforced polymer (FRP), also Fibre-reinforced plastic, is a composite material

made of a polymer matrix reinforced with fibres. The fibres are usually glass, carbon, or aramid,
although other fibres such as paper or wood or asbestos have been sometimes used. The polymer
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is usually an epoxy, vinylester or polyester thermosetting plastic, and phenol formaldehyde
resins are still in use. FRPs are commonly used in the aerospace, automotive, marine, and
construction industries.

Composite materials are engineered or naturally occurring materials made from two or
more constituent materials with significantly different physical or chemical properties which
remain separate and distinct within the finished structure.
Most composites have strong, stiff fibres in a matrix which is weaker and less stiff. The objective
is usually to make a component which is strong and stiff, often with a low density. Commercial
material commonly has glass or carbon fibres in matrices based on thermosetting polymers, such
as epoxy or polyester resins. Sometimes, thermoplastic polymers may be preferred, since they
are moldable after initial production. There are further classes of composite in which the matrix
is a metal or a ceramic. For the most part, these are still in a developmental stage, with problems
of high manufacturing costs yet to be overcome .

Furthermore, in these composites the reasons for adding the fibres (or, in some cases,
particles) are often rather complex; for example, improvements may be sought in creep, wear,
fracture toughness, thermal stability, etc.

Fibre reinforced polymer (FRP) are composites used in almost every type of advanced
engineering structure, with their usage ranging from aircraft, helicopters and spacecraft through
to boats, ships and offshore platforms and to automobiles, sports goods, chemical processing
equipment and civil infrastructure such as bridges and buildings.

The usage of FRP composites continues to grow at an impressive rate as these materials
are used more in their existing markets and become established in relatively new markets such as
biomedical devices and civil structures. A key factor driving the increased applications of
composites over the recent years is the development of new advanced forms of FRP materials.
This includes developments in high performance resin systems and new styles of reinforcement,
such as carbon nanotubes and nanoparticles. This book provides an up-to-date account of the
fabrication, mechanical properties, delamination resistance, impact tolerance and applications of
3D FRP composites .

The fibre reinforced polymer composites (FRPs) are increasingly being considered as an
enhancement to and/or substitute for infrastructure components or systems that are constructed of
traditional civil engineering materials, namely concrete and steel.

FRP composites are lightweight, no-corrosive, exhibit high specific strength and specific
stiffness, are easily constructed, and can be tailored to satisfy performance requirements. Due to
these advantageous characteristics, FRP composites have been included in new construction and
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rehabilitation of structures through its use as reinforcement in concrete, bridge decks, modular
structures, formwork, and external reinforcement for strengthening and seismic upgrade .

9. Write notes on (i) PVC (ii) PF (iii) Glass (iv) PMMA (May 2013) (Nov 2016)

i) Polyvinyl Chloride(PVC)

 Polyvinyl chlorides (PVS) is made by polymerization of the monomer vinyl chloride (CH2 =
CHCI).

 PVC is one of the most widely used plastics in terms of volume produced.
 Characteristics of PVCs:

7. They are good low-cost, general purpose materials.
8. They are ordinarily rigid, but can be make flexible with plasticizers.
9. They are often copolymerized.
10. They are susceptible to heat distortion
11. They have good flame, electrical, chemical, oil, abrasion, and weather resistance in

various grades.
ii) Phenolics

Phenolics are based on phenol and formaldehyde, that’s why they are also termed as phenol
formaldehydes (PF).

Characteristics of PFs:

6. They are hard, rigid thermosets stable up to about 1500C.
7. They have low thermal conductivity and good electrical insulation properties.
8. They possess good resistance to oils, greases, and many solvents.
9. They are relatively low in cost.
10. They are limited in colourability.

Applications: Typical applications of phenol formaldehydes (PFs) include electrical plugs,
sockets, switches, telephones, door knobs and handles, adhesives, coatings and laminates.

iii) GLASS

Glass is an inorganic product of fusion of one or more oxides of silicon, boron, magnesium,
calcium, sodium,etc.
It is a transparent silica product which may be amorphous or crystalline, depending on heat
treatment it undergoes.
Glass has apparently physical properties of solids, hardness, brittleness and optical properties.
Glass is manufactured by mixing raw materials like soda ash, lime stone, sand, sodium sulphate
according to the final requirement.
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iv) PMMA

 PMMA (poly methyl metha crylate), also commonly known as Perspex or plexi glass, is
produced by the addition polymerization of methyl metha crylate.

Characteristics of PMMAs:

5. They are hard, rigid, and high impact strength thermoplastic.
6. They are highly transparent to light.
7. They can be easily formed.
8. They can be readily coloured and they have excellent decorative properties.

Applications: Typical applications of PMMAs include camera lenses, flash lights, safety
glasses, drafting equipments, instrument panels, display signs, transparent aircraft enclosures,
and windows.

10. How plastic materials are classified? Explain each classification. (6). ( May 2013)
Classification of Plastics

The plastics can be broadly classified into two groups:

1. Thermoplastics, and
2. Thermosetting plastics

1. Thermoplastics

 Thermoplastics, also known as thermoplasts, are the plastics whose plasticity
increases with the increase in temperature.

 It means that thermoplastics soften (i.e., liquidity) when heated, and harden when
cooled.

 Thermoplastics may be solidified and reheated as many time as desired. But their
characteristics remain the same.

 Thermoplasts are relatively soft and ductile.
 Since thermoplasts have low melting temperature and can be repeatedly moulded

and remoulded to the desired shape, they have a good resale/scrap value.
Mechanism of forming: It may be noted that most of the thermoplastics are formed by addition
polymerization. We know that the addition polymerisatin produces only linear polymers i.e.,
chain molecules or linear molecules. Therefore thermoplastics can be mechanically deformed
and softened at high temperature. Also they can be easily moulded due to the absence of cross
links. On cooling, they are hardened and they regain their original low temperature properties.
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Examples: some of the important thermoplastics are:

1. Polythenes,
2. Polystyrenes,
3. Polyvinyls,
4. Acrylics,
5. Polyamides(Nylones),
6. Polytetrafluoro ethylenes (Teflon), and
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 have a resale/scrap
value.

 The thermosetting plastics are generally stronger, harder, more brittle, more resistant
to heat and solvents than thermoplastics.

Mechanism of forming: It may be noted that most of the thermosetting plastics are formed by
condensation polymerization. We know that the condensation polymerization products 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.

11. Write short note about the different types of matrix materials and reinforcement
materials used to make polymer matrix composites.
(ii) Discuss the properties and applications of A1203 and SiC. (M 2014)

i) Polymer Composites consist of a polymer matrix with fiber reinforcements (glass, carbon,
aramids and more recently ceramic fibers) added to improve the mechanical properties of the
resulting material. Thermoset matrices dominate the composite industry. With thermosets, the
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reinforcements are added to the resins in their monomer form, which allows for ready dispersion
and impregnation of the fibers; however, once manufactured the structure can not be modified.
Engineering and high performance polymers are increasingly being used as matrices in
composite systems. The use of thermoplastics over thermosets has several advantages:

i) while it matches the stiffness of thermosets, their fracture resistance is one to two orders of
magnitude higher; ii) it also can be remolded and that means it can be recycled, while thermosets
can not be reprocessed; and iii) it is easier to process. However, thermoplastic composites are
still more expensive than thermosets and have less dimensional stability. Today, practically all
thermoplastics are available in glass reinforced form. Those used in largest volumes are
polymides and ABS. High performance resins are also available in composites (PPS, PEEK, for
example).

There are several manufacturing techniques for polymer composite manufacture. For example,
Pultrusion is a modern and increasingly popular manufacturing process for polymer composites
shapes. Through this process, a polymer matrix and a fiber are pulled through a die. The shapes
can be tailored to existing structural elements (beams, rods, and other forms, see Chapter 5).
Glass fiber reinforced polyesters (fiberglass) are the most commonly used material in pultrusion.
Composites are also manufactured through a variety of other processing techniques, including
Reaction Injection Molding (RIM), Filament Winding, and Compression Molding (BMC or
SMC).

Ceramic composites are relatively new, but show considerable promise, in duplicating
mechanical properties close to those for metals such as cast iron and with the added advantage of
remarkable thermal and electric properties. Reinforcement with ceramic fibers seeks to increase
the damage tolerance of the matrix and reduce the likelihood of failures. Although many
reinforcement materials are under development, Si based fibers show the greatest potential and
are already being introduced in the market. There is however the need for additional
developmental work to surmount quality control difficulties and for increases in the service
temperature of the composites.

Polymer Matrix Composite (PMC) is the material consisting of
a polymer (resin) matrix combined with a fibrous reinforcing dispersed phase. Polymer Matrix
Composites are very popular due to their low cost and simple fabrication methods.
Use of non-reinforced polymers as structure materials is limited by low level of their mechanical
properties: tensile strength of one of the strongest polymers - epoxy resin is 20000 psi (140 MPa).
In addition to relatively low strength, polymer materials possess low impact resistance.

Reinforcement of polymers by strong fibrous network permits fabrication of Polymer Matrix
Composites (PMC) characterized by the following properties:

 High tensile strength;
 High stiffness;
 High Fracture Toughness;
 Good abrasion resistance;
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 Good puncture resistance;
 Good corrosion resistance;
 Low cost.

The main disadvantages of Polymer Matrix Composites (PMC) are:

 Low thermal resistance;
 High coefficient of thermal expansion.

Two types of polymers are used as matrix materials for fabrication
composites: Thermosets (epoxies, phenolics) and Thermoplastics (Low Density Polyethylene
(LDPE), High Density Polyethylene (HDPE), polypropylene, nylon, acrylics).

According to the reinforcement material the following groups of Polymer Matrix Composites
(PMC) are used:

 Fiberglasses – Glass Fiber Reinforced Polymers;
 Carbon Fiber Reinforced Polymer Composites;
 Kevlar (aramid) fiber reinforced polymers.
Reinforcing fibers may be arranged in different forms:
 Unidirectional fibers;
 Rovings;
 Veil mat: thin pile of randomly orientated and looped continuous fibers;
 Chopped strands: thin pile of randomly orientated and looped short (3-4 inches) fibers;
 Woven fabric.

Properties of Polymer Matrix Composites are determined by:
 Properties of the fibers;
 Orientation of the fibers;
 Concentration of the fibers;
 Properties of the matrix.

Properties of Polymer Matrix Composites may be estimated by the Rule of Mixtures.
Polymer Matrix Composites (PMC) are used for manufacturing: secondary load-bearing
aerospace structures, boat bodies, canoes, kayaks, automotive parts, radio controlled vehicles,
sport goods (golf clubs, skis, tennis racquets, fishing rods), bullet-proof vests and other armor
parts, brake and clutch linings.
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UNIT-5

1. i) Compare Charpy and Izod impact test. ii) List the applications of impact test. iii) Draw
a typical creep curve and brief on the mechanism. (NOV2015) (Nov 2016)

Point of Strike

Point at which the hammer strike the specimen is different for both of them. In Izod test hammer
strike at the upper tip of specimen while in Charpy test hammer strike at point of notch but in
opposite direction
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Direction of Notch

Face of specimen which faces the striker is different. The notch face in the izod test is facing the
striker, fastened in a pendulum, while in the charpy test, the notch face is positioned away from
the striker.
Type Of Notch

In hardness testing two types of notches are used V-notch and U-notch. In the Charpy method,
there are two kinds of notches, the V-notch and the U-notch, while in the Izod method, there is
V-notch is used

Specimen Dimensions

Even if you are testing the same material the test specimens have different dimensions for each
test. The basic Izod test specimen is 75 x 10 x 10mm (2.95" x 0.394" x 0.394"); the basic Charpy
test specimen is 55 x 10 x 10mm (2.165" x 0.394" x 0.394")
Hammer Type

Hammer which use as striker is different in both test. Izod use Farming hammer as striker where
as Charpy use Ball Pin hammer as striker.

ii) The purpose of an impact test is to determine the ability of the material to absorb energy
during a collision. This energy may be used to determine the toughness, impact strength, fracture
resistance, impact resistance or fracture resistance of the material depending on the test that was
performed and the characteristic that is to be determined. These values are important for the
selection of materials that will be used in applications that require the material to undergo very
rapid loading processes such as in vehicular collisions.

iii) Creep curve
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Creep by Dislocation

Slip Actually, creep types (i) and (ii) may be combined under the general heading of ‘dislocation
creep’, but there is merit in separating the two different types: slip (glide) and climb. Creep takes
place as a result of dislocation motion in a crystalline specimen by movement known as ‘slip’
(glide). As a result of such dislocation motion through a crystal, one part of the dislocation
moves one lattice point along a plane known as the ‘slip plane’, relative to the rest of the crystal.
The slip plane along which the dislocation motion takes place separates both parts of the crystal.
For dislocation motion to occur, the bonds between the atoms (ions, in the case of nonmetallic
materials) must be broken during the deformation. Deformation by creep, which can be an
important contributor to overall deformation, occurs only in certain circumstances.

(ii) Climb During dislocation motion, the creep rate is limited by the obstacles resisting
dislocation motion. The obstacles resisting the motions of dislocations harden (strengthen) the
material. High temperatures acting during deformation induce recovery processes. During
steady-state creep, strain increases over time. The increased strain energy stored in the material,
due to deformation, together with the high temperature, provide the driving force for the
recovery process. As such, there is a balance between the processes of work hardening and
recovery. Recovery involves a reduction in dislocation density and the rearrangement of
dislocations into lower energy arrays, such as sub grain boundaries. For this to occur,
dislocations must climb, as well as slip, and this, in turn, requires atomic movement or self-
diffusion within the lattice. Hence, it is often said that the activation energies for self-diffusion
and for creep are almost the same. Vacancies must be located at a site where climb is supposed
to occur, to enable climb by means of a vacancy-atom exchange. As the temperature increases,
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the atoms gain thermal energy and the equilibrium concentrations of the vacancies in the metals
increase exponentially.

2. i) Discuss the role of slip and twinning in plastic deformation of materials.( Explain the
mechanism of plastic deformation with suitable diagrams.) (May 2013) (May 2016) (Nov
2016) (May 2017)

 i) Slip may be defined as the sliding of blocks of the crystal over one another along definite
crystallographic planes called slip planes.

 In other words, slip represents a displacement of one part of the crystal relative to another
along particular crystallographic planes and in certain crystallographic directions. The
particular crystallographic planes are called slip planes and the preferable direction is called
the slip direction.

 There are one or more slip planes and one or more slip directions in each crystal.
 The combination of a slip plane and slip direction is known as slip system.
 The concept of sip can be considered analogous to the distortion produced in a deck of cards

when it is pushed from one end.
Mechanism of Slip

 The slip occurs by translatory motion along sliding planes and rotation of the specimen.
 Figure (a) depicts the layers of planes of an ideal crystal. Let us consider the shear stress

acting on the crystal, as indicated by the arrows.
 When the shear stress exceeds the critical value, then the slip occurs, as shown in figure (b).

 It is experimentally proved that the mechanism of slip is actually due to the movement of
dislocations in the crystal lattice.

 The energy of a dislocation line is given by the relation.
E  G.l.b2
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Where G = Shear modulus,

l = Length of dislocation line, and

b = Unit slip vector, also known as Burger’s vector.

 Thus it can be noted from the above relation that the dislocations having the shortest slip
vector (b) re the easiest dislocations to generate and to expand for plastic deformation.

Mechanism of Twinning

Fig (a) depicts the arrangement of atoms before twinning.

 Fig (b) depicts the arrangement of atoms after twinning. In Fig (b), the planes AB and CD are
known as twinning planes.

 The crystals twin about the twinning planes. The twinning occurs due to the growth and
movement of dislocations in the crystal lattice.

 It can be noted from the Fig. (b) that the arrangement of atoms on either side of the twinning
planes remain unaffected.

Types of Twins (Causes of Twins)

Two types of twins are :

1. Mechanical twins:  Twins that are produced by mechanical deformation are called
mechanical twins. Mechanical twins are produced in BCC or HCP metals, under the conditions
of decreased temperature and shock loading.

2. Annealing twins:  Twins that are produced by annealing are called annealing twins.

 Most of FCC metals form annealing twins.
2. ii) Draw a typical S-N curve of fatigue testing and brief on the mechanism. (NOV2015)

S-N Diagram
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 The S-N diagram can be obtained by plotting the number of cycles of stress reversals (N)
required to cause fracture against the applied stress level (S), as shown in Fig.5.10.

Fig. The S-N curves for different materials

 It can be seen from the fig.5.10 that the fatigue strength is more for steels than for non-
ferrous metals (such as aluminium) and their alloys.

 Fatigue stress (or fatigue strength): The stress at which a metals fails by fatigue is
termed as fatigue strength.

 Fatigue limit (or endurance limit): It is defined as 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 affects 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.

Prevention of Fatigue Failure

The following methods can be adopted to prevent the fatigue failure.

1. Use of good design to avoid stress concentration by eliminating sharp recesses and severe
stress raisers.
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2. Control of the surface finish by avoiding damage to surface machining, punching, stamping,
shearing, etc.

3. Reduction of corrosion environmental effects by surface heat treatments like polishings,
coatings, carburizing, nitriding, etc.

4. The material should have fine grain structure and also it should be free from residual stresses
and dislocations.

3. i) What are the different hardness tests performed in metallic natural? Specify the
indenter and hardness measurement scale of the same. (May 2015,2016&2017) (Nov
2015&2016)

The Brinell hardness test

 One of the earlier standardised methods of measuring hardness was the Brinell test.
 In the Brinell test, a hardened steel ball indenter is forced into the surface of the metal to be

tested. The diameter of the hardened steel (or tungsten carbide) indenter is 10 mm. standard
loads range between 500 kg and 3000 kg in 500 kg increments. During a test, the load is
maintained constant for 10 to 15 seconds.

Testing Arrangement and Procedure

 A Brinell hardness testing machine is depicted in Fig.

A Brinell hardness testing machine

The Brinell’s hardness test is performed by pressing a steel ball, also known as indenter, into the
specimen as shown in Fig.
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Fig. Brinell hardness test

The diameter of the resulting impression is measured with the help of a calibrated microscope.

 Brinell hardness number (BHN): The measured diameter is converted into the equivalent
Brinell hardness number using the following relation.

2 2

Load on the ballBHN
Areaof indentaition of steel ball 

P        = 
D [D D d ]
2




 

where P = Load applied on indenter in kg,

D = Diameter of steel ball indenter in mm, and

D = Diameter of ball impression in mm.

 If the BHN value is higher, then the materials is said to be harder. If BHN is less, then the
metal is soft.

Limitations of Brinell Hardness Test

The Brinell test is subject to the following limitations;

a) It cannot be used on very hard or very soft materials.
b) The test may not be valid for thin specimens.
c) The test is not valid for case-hardened surfaces.
d) The test should be conducted on a location for enough removed from the edge of the

materials so that no edge bulging results.

Vickers Hardness Test
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 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 into the surface of the materials under the action
of a static load for 10 to 15 seconds.

 The standard indenter is a square pyramid shape with an angle of 1360 between opposite
faces. This angle was chosen because in approximates the most desirable ratio of indentation
diameter to ball diameter in the Brinell hardness test.

 Because of 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 is increased in
determining the diagonal of a square as opposed to the diameter of circle, as shown in Fig.

Brinell Vs Vickers indenter and impression

 Vickers hardness number: The diamond-pyramid hardness number (DPH) or Vickers
hardness number (VHN or VPH) is defined as the applied load divided by the surface area of
indentation.

2

0
2

2PsinApplied load 2VHN
Surface area of impression D
1.8544 P        =                                              ...[ =136 ]

D



 



where P = Applied load in kg.

 = Angle between the opposite faces of

diamond = 1360,
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and D = Mean diagonal length in mm.

Advantages of Vickers Hardness Test

The Vickers test has the following advantages over the Brinell test.

1. The diagonals of the square indentation can be measured more accurately than the diameters
of the circles.

2. This method is suitable for hard materials as well as for soft materials.

3. The Vickers indenter is capable of giving geometrically similar impression with different
loads. Thus, the hardness number is independent of the load applied.

Limitations of Vickers Hardness Test

The Vickers test has the following limitations.

1. The impression is very small and also it requires careful surface preparation of the specimen.

2. It takes a relatively long time to perform a Vickers hardness test.

Rockwell hardness test

 The Rockwell hardness test is probably the most widely used methods of hardness testing.
 The principle of the Rockwell test differs from that of the others in hat the depth of the

impression is related to the hardness rather than the diameter or diagonal of the impression,
as shown in Fig.

 Rockwell test are widely used in 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.

Rockwell indenter

Rockwell Scales
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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 (1200 diamond cone indenter, called a BRALE; 150 kg load), used to
measure he hardness (HRC) of steels.

However the various scales and their applicability are presented in Table.

Table: Rockwell hardness scales

Scale Symbol Indenter Total indenting load Material for which the scale is
used

A HRA Diamond cone 60 kg Thin hardened steel strip

B HRB 1/16 inch diameter
steel ball

100 kg Mild steel and non-heat treated
medium carbon steels

C HRC Diamond cone 150 kg Hardened and tempered steels and
alloy steels

D HRD Diamond cone 100 kg Case hardened steels.

E HRD 1/8 inch diameter
steel ball

100 kg Cast iron, aluminum alloys and
magnesium alloys

F HRF 1/16 inch diameter 60 kg Copper and brass

G HRG 1/16 inch diameter
steel ball

150 kg Bronzes, gun metal and beryllium
copper

H HRH 1/8 60 kg Soft aluminium

K HRK 1/8 inch diameter
steel bar

150 kg Aluminium and magnesium

L HRL ¼ inch diameter
steel ball

100 kg Thermoplastics

R HRR ½ inch diameter 60 kg Very soft thermoplastics

Testing Procedure

The step by step procedure for measuring Rockwell hardness is given below:
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i) The materials to be tested is held on the anvil of the machine.

ii) The test piece is raised by turning the hand wheel, till it just touches the indenter.

(iii) A minor load of 10kg is applied to seat the specimen. Then the dial indicator is set at zero.

(iv) Now the major load (100 kg for B-scale or 150kg for C-Scale ) is applied to the indenter to
produce a deeper indentation.

(v) After the indicating pointer has come to rest, the major load is removed.

(v) With the major load removed, the pointer now indicates the Rockwell hardness number on
the appropriate scale of the dial.

Advantage of Rockwell Hardness Test:

The advantages of the Rockwell test are as follows:

1. Very simple to use
2. Hardness use be used directly in a single step.
3. Each measurement requires only a few seconds.
4. Since it can be conducted very fastly, it is suitable for routine tests o harness in mass

protection.
6. It can be used to test materials over a greater range of hardness because of the many
combinations of indenters and loads which are available.
7. It can be used on metallic materials as well as on plastics.

Limitations of Rockwell Hardness Test:

The Rockwell test is not as accurate as the Vickers test. That’s why the Vickers test is usually
preferred for research and development works.

Comparison of Hardness Tests:

Test Indenter Load Typical applications.

Brinell (HB) 1-10 mm diameter steel
or tungsten carbide ball

Up to 3000kg for steel
ball, depending upon
P/D2 ratio of material

Forged, rolled, cast
components in ferrous and
non-ferrous alloys.

Vickers (HV) Square based diamond
pyramid

1-120kg All metal alloys and
ceramics, needs surface
preparation

Rockwell B- 1/16 inch diameter steel 10 kg minor load Low-strength steels and
non-ferrous up to HV of
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Scale (HRB) ball 100 kg major load 240

Rockwell C-
Scale (HRC)

Diamond cone 10kg minor load

150 kg major load

All metals with a machined
surface finish or equivalent
High strength steels from
HV 240-1000

3.ii) Explain the procedure of tensile test for metals. (Nov 2016)

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 proportionally,
(ii) Yield point or 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).
Arrangement
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 The material to be tested, also known as a specimen, is machined to standardized
dimensions, as shown in Fig. 5.13. A typical specimen has a diameter of 12.5 mm and a
gauge length of 50mm.

The specimen is elongated by the moving cross head; load cell and extensometer measure the
magnitude of the applied load and the elongation respectively.

Testing Procedure

The specimen to be tested is fastened to the two end-jaws of the UTM. Now the load is
applied gradually on the specimen by means of the movable cross head, till the specimen
fractures.

During the test, the magnitude of the load is measured by the load measuring unit (load cell).
A strain gauge or extensometer is used to measure the elongation of the specimen between the
gauge marks when the load is applied.

Results of Tensile Test

(Calculation of Tensile Properties)

The various tensile properties are calculated, with the help of stress – strain curve, using the
following relations:

1. Elastic stress (or) Elastic Strength ( e )
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Where L0 and Lf represent the initial and final gauge lengths respectively.

4. With geometry and arrangement of impact test specimens explain Charpy and Izod test
with relative advantage and disadvantages. (Nov 2013) (May 2014) (May 2015)

Types of impact test

 The impact test is performed to study the behaviour of materials under dynamic load i.e.,
suddenly applied load.

 Impact strength defined: The capacity of a metal to withstand blows without fracture,
is known as impact strength or impact resistance.

 The impact test indicates 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 energy absorbed in breaking the specimen can be
measured from the scale provided on the impact testing machine.

Arrangement

The schematic arrangement of the impact testing machine is shown in fig.
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Types of Impact Tests:

Based on the types of specimen used on impact testing machine, the impact tests can be
classified into:

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 75mm x 10 mm x 10mm, as shown in Fig. (a) The V-
notch angle is 45 and the depth of the notch is 2mm.

2. Charpy Test:
 The Charpy tests uses a test specimen o size 55 mm x 10 mm x 10 mm, a shown in Fig (a).
The V-notch angle is 45 and the depth o the notch is 2 mm.STUCOR A
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 The Charpy specimen is placed in the vise as a simply supported beam, as shown in fig

Testing Procedure:

The general procedure to conduct an impact test is given below:

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 into kinetic energy just

before it strikes the specimen.
4. Now the pendulum strikes the speciment. 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 difference in two heights o pendulum.
7. Now the energy i.e., the notched impact strength, in foot-pounds or metre-kg, is measured

from the scale of the impact testing machine.
Calculation of Energy Relations:

Let W= Weight of the pendulum,

 = Angle through which the pendulum falls,

 = Angle through which the pendulum rises,

R = distance between the centre of gravity of the pendulum and the axis of rotation,

H= Height of fall of centre of gravity of pendulum, and

H= Height of rise of centre of gravity of pendulum after striking specimen.

Initial energy =W.h

= Potential energy
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= Kinetic energy of striking specimen

  
 
  



Re  energy after K>E. of carrying the pend ulum
      =

striking specimen to the lowest position

                                               =W.h

Energy delivered to the 

                 

maining

   
  

Im  value of energy in fracturing 

    specimen specimen

                                             =W.H - W.h= W (H-h)             ... ..

In terms of angles, the energy required to break a

pact

 

way the specimen

                                           =WR (cos -cos )

Factors Affecting Impact strength

The factors affecting the impact strength are:

1. Angle of notch,
2. Shape of notch,
3. Impact velocity,
4. Temperature of the specimen and,
5. Dimensions of notch specimen

5. Explain in brief the testing of materials to measure tension and compression with graph
and an example. (Nov 2013)
Tension Test

The tension test is the commonly used test for determining "static" (actually quasistatic)
properties of materials. Results of tension tests are tabulated in handbooks and, through the use
of failure theories, these data can be used to predict failure of parts subjected to more generalized
stress states. Theoretically, this is a good test because of the apparent simplicity with which it
can be performed and because the uniaxial loading condition results in a uniform stress
distribution across the cross section of the test specimen. In actuality, a direct tensile load is
difficult to achieve (because of misalignment of the specimen grips) and some bending usually
results.

This is not serious when testing ductile materials like copper in which local yielding can
redistribute the stress so uniformity exists; however, in brittle materials local yielding is not
possible and the resulting non uniform stress distribution will cause failure of the specimen at a
load considerably different from that expected if a uniformly distributed load were applied. The
typical stress-strain curve normally observed in textbooks with some of the common
nomenclature is shown in Fig. 5.3.

This is for a typical low-carbon steel specimen. Note that there are a number of
definitions of the transition from elastic to plastic behavior. A few of these definitions are shown
in Fig. 5.3. Oftentimes the yield point is not so well defined as for this typical steel specimen.
Another technique for defining the beginning of plastic behavior is to use an offset yield strength
defined as the stress resulting from the intersection of a line drawn parallel to the original straight
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portion of the stress strain curve, but offset from the origin of this curve by some defined amount
of strain, usually 0.1 percent ( e = 0.001) or 0.2 percent ( e = 0. 002) and the stress-strain curve
itself.

The total strain at any point along the curve in Fig. 5.3 is partly plastic after yielding
begins. The amount of elastic strain can be determined by unloading the specimen at some
deformation, as at point A. When the load is removed, the specimen shortens by an amount equal
to the stress divided by elastic modulus (a.k.a., Young's modulus). This is, in fact, the definition
of Young's modulus in the elastic region.

Engineering stress-strain diagram for hot-rolled carbon steel showing important properties (Note,
Units of stress are psi for US Customary and MPa for S.I. Units of strain are in/in for US
Customary and m/m for S.I. Other materials exhibit stress-strain curves considerably different
from carbon-steel although still highly nonlinear. In addition, the stress-strain curve for more
brittle materials, such as cast iron, fully hardened high-carbon steel, or fully work-hardened
copper show more linearity and much less nonlinearity of the ductile materials. Little ductility is
exhibited with these materials, and they fracture soon after reaching the elastic limit. Because of
this property, greater care must be used in designing with brittle materials. The effects of stress
concentration are more important, and there is no large amount of plastic deformation to assist in
distributing the loads.
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6. Sketch and describe the fatigue test. (May 2013)
Fatigue Test

 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 fatigue 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 this stress is repeated for a specified number
of cycles.

Arrangement:

The schematic arrangement of the most commonly used rotating beam fatigue testing is
shown in fig.

Testing Procedure:
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The step by step procedure for fatigue testing is given below:

(i) The test specimen is placed on the machine.
(ii) Now the specimen is rotated using an electric motor.
(iii) When the specimen I rotating, it can be noted that the upper surface of the specimen

is subjected to tension and its lower surface experiences compression, as shown in
fig.

(iv) As the specimen rotates, there is sinusoidal variation of stress between a state of
maximum tensile stress and a state of maximum compressive stress.

(v) The cycles of stress are applied until the specimen fractures. A reduction counter
records this number of stress cycles.

(vi) Now a number of specimen of the same material (at least size specimen) are tested in
the same manner under different stress levels and the results are plotted on S-N
graph.

(vii) The S-N graph is drawn on a semi logarithmic 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. The resulting curve in a S-N graph is called as S-N curve.

(viii) The fig shows the S-N curves obtained on testing different materials.

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 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 particular stress. From the S-N
curve , one can find the fatigue life (N) for the applied stress.

 Endurance ratio =  limit 0.5. The endurance or
 strength

Endurance
Tensile



Fatigue ratio allows us to estimate fatigue properties from the tensile test.

7. Draw the S-N curve for mild steel and aluminium and explain its features. Explain the
procedure used to obtain S-N diagram.( May 2014)

S-N Diagram

 The S-N diagram can be obtained by plotting the number of cycles of stress reversals (N)
required to cause fracture against the applied stress level (S), as shown in Fig.5.10.
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 It can be seen from the fig. that the fatigue strength is more for steels than for non-ferrous
metals (such as aluminium) and their alloys.

 Fatigue stress (or fatigue strength): The stress at which a metals fails by fatigue is
termed as fatigue strength.

 Fatigue limit (or endurance limit): It is defined as 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.

Prevention of Fatigue Failure

1. Use of good design to avoid stress concentration by eliminating sharp recesses and severe
stress raisers.

2. Control of the surface finish by avoiding damage to surface machining, punching, stamping,
shearing, etc.
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3. Reduction of corrosion environmental effects by surface heat treatments like polishings,
coatings, carburizing, nitriding, etc.

4. The material should have fine grain structure and also it should be free from residual stresses
and dislocations.

PART-C

1. Suggest a suitable material for gear used in gear box of an automobile. Since the surface
of the gear is subjected to constant wear, suggest and discuss any 3 methods to improve its
wear resistance property. (May 2017)

In our experience, at a simplified level, there are three factors that are most important
when selecting a gear material. They are strength, durability, and cost, which includes both the
cost of the material and the cost of manufacturing. While the importance of these factors may
vary from one project to another, the key to material selection is finding the right combination of
physical properties that satisfy the requirements of the project at the lowest cost.

Common Gear Materials
Gears can be made of all sorts of materials, including many types of steel, brass, bronze,

cast iron, ductile iron, aluminum, powdered metals, and plastics. Steel is the most common
material overall, although over the years, we’ve worked with all of the material types mentioned.
Steel is often most desirable because it offers a winning combination of high strength-to-weight
ratio, high resistance to wear, the ability to enhance the physical properties through heat
treatment, and competitive pricing.
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A variety of cast irons, powder-metallurgy materials, nonferrous alloys, and plastics are
used in gears, but steels, because of their high strength-to-weight ratio and relatively low cost,
are the most widely used gear materials for heavy duty, power transmission applications.
Consequently, steel gears receive primary consideration in this chapter. Among the through-
hardening steels in wide use are 1040, 1060, 4140, and 4340. These steels can also be effectively
case hardened by induction heating. Among the carburizing steels used in gears are 1018, 1524,
4026, 4118, 4320, 4620, 4820, 8620, and 9310 (AMS 6260).

Specific application areas for commonly used gear steels. Many high-performance gears
are carburized. Some special-purpose steel gears are case hardened by either carbonitriding or
nitriding. Other special-purpose gears, such as those used in chemical or food-processing
equipment, are made of stainless steels or nickel-base alloys because of their corrosion resistance,
their ability to satisfy sanitary standards, or both. Gears intended for operation at elevated
temperatures may be made of tool steels or elevatedtemperature alloys. Most gears are made of
carbon and low-alloy steels, including carburizing steels and the limited number of low-alloy
steels that respond favorably to nitriding.

In general, the steels selected for gear applications must satisfy two basic sets of
requirements that are not always compatible—those involving fabrication and processing and
those involving service. Fabrication and processing requirements include machinability,
forgeability, and response to heat treatment as it affects fabrication and processing. Service
requirements are related to the ability of the gear to perform satisfactorily under the conditions of
loading for which it was designed and thus encompass all mechanical-property requirements,
including fatigue strength and response to heat treatment.

Heat Treating

Heat treating is one of the most important steps in the manufacture of precision gearing.
Its contribution is vitally important for cost control, durability, and reliability. As shown in Fig.
24, heat treating represents about 30% of a typical gear manufacturing cost. If not properly
understood and controlled, it can have a signifi- cant impact on all aspects of the gear
manufacturing process. This section will briefly review the following heat treating processing
steps: prehardening processes, through hardening and case hardening processes, applied energy
hardening, and post-hardening processes.

These are essential to the manufacture of a quality gear. Annealing consists of heating to
and holding at a suitable temperature followed by cooling at an appropriate rate, primarily
intended to soften the part and improve its machinability. Supercritical or full annealing involves
heating a part above the upper critical temperature (Ac3), that is the temperature at which
austenite begins to transform to ferrite during cooling, and then slowly cooling in the furnace to
around 315 °C (600 °F). Intercritical annealing involves heating the part to a temperature above
the final transformation temperature (Ac1), the temperature at which austenite begins to form
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during heating. Subcritical annealing heats the part to just below the Ac1 point followed by a
slow cool in the furnace.

Normalizing involves heating the part above the upper critical temperature and then air
cooling outside the furnace to relieve residual stresses in a gear blank and for dimensional
stability. Normalizing is often considered from both a thermal and micro structural standpoint. In
the thermal sense, normalizing is austenitizing followed by cooling in still or slightly agitated air
or nitrogen. In a micro structural sense, normalizing produces a more homogenous structure. A
normalized part is very machinable but harder than an annealed part. Normalizing also plays a
significant role in the control of dimensional variation during carburizing.

Stress relieving involves heating to a temperature below the lower transformation
temperature, as in tempering, holding long enough to reduce residual stress and cooling slowly
enough, usually in air, to minimize the development of new residual stresses. Stress relief heat
treating is used to relieve internal stresses locked in the gear as a consequence of a
manufacturing step.

2. It is required to do turning operation of mild steel shaft on a lathe machine. Suggest and
discuss suitable material for the single point cutting tool for this purpose. (May 2017)

Basic properties that cutting must posses are:
 Tool material must be at least 30 to 50% harder than the work piece material.
 Tool material must have high hot hardness temperature.
 High toughness
 High wear resistance
 High thermal conductivity
 Lower coefficient of friction
 Easiness in fabrication and cheap.

High speed steel (H.S.S)
General use of HSS is 18-4-1.
18- Tungsten is used to increase hot hardness and stability.
4 – Chromium is used to increase strength.
1- Vanadium is used to maintain keenness of cutting edge.
In addition to these 2.5% to 10% cobalt is used to increase red hot hardness.

 H.S.S is used for drills, milling cutters, single point cutting tools, dies, reamers etc.
 It looses hardness above 600°C.
 Some times tungsten is completely replaced by Molybdenum.
 Molybdenum based H.S.S is cheaper than Tungsten based H.S.S and also slightly

greater toughness but less water resistance.
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Cutting Speeds with HSS
As already mentioned, HSS can in no way compete with Carbide tools when it comes to cutting
speeds. Under equally suitable applications, a carbide tool can cut 4 to 12 times faster than HSS
(depending on work material and type of operation) and naturally, the productivity is
proportionally high.

Here are some generic data on the range of cutting speed in which HSS tools can work:

..............................................Cutting speed in m/min
Work Material ................Drilling ...........Tapping ............Milling/Hobbing
Free cutting steels ...........20-30 ..............9-12 ....................30-40

Mild steel ........................20-23 .............11-12 ....................25-40

Medium carbon steels ......14-20 ...............8-11 ................... 20-30
Alloy steels ......................18-22 .............10-12 ...................10-20

Stainless steels ...............12-15 ...............8-9 .....................15-20

Cast Iron ..........................20-23 ..............9-12 ...................20-30

Aluminium alloys ..............35-55 .............14-18 ..................60-100

Titanium alloys ........ ........12-15 ................8-9 ....................10-30

The basic composition of HSS is 18% W, 4% Cr, 1% V, 0.7% C and rest Fe. Such HSS
tool could machine (turn) mild steel jobs at speed only upto 20 ~ 30 m/min (which was
quite substantial those days)
However, HSS is still used as cutting tool material where;
• the tool geometry and mechanics of chip formation are complex, such as helical twist
drills, reamers, gear shaping cutters, hobs, form tools, broaches etc.
• brittle tools like carbides, ceramics etc. are not suitable under shock loading
• the small scale industries cannot afford costlier tools
• the old or low powered small machine tools cannot accept high speed and feed.
• The tool is to be used number of times by resharpening. With time the effectiveness and
efficiency of HSS (tools) and their application range were gradually enhanced by
improving its properties and surface condition through –
• Refinement of microstructure
• Addition of large amount of cobalt and Vanadium to increase hot hardness and wear
resistance respectively
• Manufacture by powder metallurgical process
• Surface coating with heat and wear resistive materials like TiC, TiN, etc by Chemical
Vapour Deposition (CVD) or Physical Vapour Deposition (PVD).
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