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PCMT 4301
Fifth Semester Examination — 2011

METALLURGICAL AND MATERIALS ENGINEERING
(Phase Transformations And Heat Treatment)

Full Marks - 70

Time : 3-Hours

Answer Question No. 1 which is compulsory and any five from the rest.

The figures in the right-hand margin indicate marks.

1. Answer the following questions : 2x10

(a)

(b)

For a single component system, why do the allotropes stable at

high temperatures have higher entropies than allotropes stable at low

temperatures. e.g. H (v-Fe) > H (o, -Fe) ?

During the precipitation of second phase B from the parent phase ¢,

show through suitable sketches and also give the expression for the

driving force for the first precipitate to nucleate. Also show the total

decrease in free energy when precipitation is complete and equilibrium

has reached.

Draw the free energy — composition curves for a binary eutectic system

(i) ata temperature below the melting points of A and B but above the
eutectic temperature

(ii) at the eutectic temperature and

(iii) at a temperature below the eutectic.

Briefly explain why there is no bainite transformation region on the

continuous cooling transformation diagram for an iron—carbon alloy of

eutectoid composition.

P.T.O.
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(e) Rank the following iron—carbon alloys and associated microstructures
from the hardest to the softest : :
(a) 0.25 wt% C with coarse pearlite
(b) 0.80 wt% C with spheroidite
(c) 0.25 wt% C with spheroidite and
(d) 0.80 wt% C with fine pearlite
Justify this ranking.

(f) What are the differences and the similarities between massive
transformation and martensitic transformation ?

(g) What influence does the presence of alloying elements (other than
carbon) have on the shape of a hardenability curve ? Briefly explain this
effect. )

(h) How would you expect a decrease in the austenite grain size to affect
the hardenability of a steel alloy ? Why ?

(i) Explain the pinning action of a precipitate particle on migrating grain
boundary.

() Between substitutional diffusion and interstitial diffusion which is faster
and why ? Explain on the basis of the activation energy, Q for both these
mechanisms.

2. (a) Draw the Iron-Iron carbide phase diagram and label the important phase
fields, temperatures and compositions.Write the invariant reactions
occurring in the system. 5

(b) A slowly cooled steel shows a microstructure containing 50 percent

pearlite and 50 percent proeutectoid ferrite. Estimate the carbon conten*—

of this steel. Draw and describe the microstructure that would be

obtained (at equilibrium) if this steel is heated to 730°C. 5
3. (a) Drawthe T-T-T diagram for a 0.6% carbon steel and label the phase
fields. 4

(b) On the isothermal transformation diagram for an iron—carbon alloy of
eutectoid composition sketch and label the time—temperature paths to
produce the following microstructures : 6
(i) 100% coarse pearlite.

(i)  50% martensite and 50% austenite.
(iii) 50% coarse pearlite, 25% bainite, and 25% martensite.
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4. (a) Explain through suitable sketches the free energy change accompanying
the formation of a spherical new phase particle for homogeneous
nucleation. Show and explain the critical values of the free energy
of nucleation, AG* and of the particle radius, r* for homogeneous
nucleation. 4

(b) Derive the expression for determining the rate of homogeneous
nucleation, 1. 3

(c) If ice homogeneously nucleates at —40°C, calculate the critical radius,
r* and the critical free energy of nucleation, AG* if the values for the
latent heat of fusion is —3.1x108 J/m®and the surface free energy is
25x 1073 J/m?. 3

5. (a) Draw the three dimensional view of a ternary eutectic phase diagram
formed by three components and with four phase equilibrium involving
a liquid and three terminal solid solutions o, B, and Y. Label the phase
fields. e

(b) Draw the isothermal sections of the above ternary diagram 3

(i) atatemperature below the three binary eutectics and above the
ternary eutectic and :

(i) at a temperature below the ternary eutectic.

(c) In a binary system of A and B the melting point of pure A is 1800°C
and the melting point of pure B is 1200°C. At 1000°C, the a solid solution
(containing 30 wt.% B), the B solid solution (containing 80 wt.% B) and
liquid (containing 50 wt.% B) are in three phase equilibrium. At room
temperature, the maximum solubility of B in the o is 20 wt.% and
maximum solubility of A in the B is 10 wt.%. Sketch the phase diagram
of A and B, showing the phases in each area. State the reaction that
takes place at 1000°C. 4

6. (a) Whatis Tempering ? And why is tempering done ? Explain the different
stages of tempering giving the temperature ranges and the changes in
structure and properties associated with each stage. 6

(b) What is the effect of alloying elements on tempering ? And explain the
phenomena of secondary hardening. 4
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7. (a) Explain the edgewise growth of pearlite from austenite through suitable
sketches and derive and describe the expression for diffusion controlled
growth of pearlite using the Hultgren’s extrapolation. 5

(b) What is the effect of alloying elements on the growth rate of pearlite ?
And how does this affect the T-T-T diagram ? 3

(c) How is the Bainitic transformation different from pearlitic and martensitic
transformations ? 2

8. (a) Describe the full annealing and normalizing heat treatment procedures
for steels and, for each, the intended final microstructure and properties.
4

(b) A thin sheet of iron is in contact with a carburizing gas on one side and

a decarburizing gas on the other at temperature of 1000°C.

(i) Sketch the resultant carbon concentration profile when a steady
state has been reached assuming the surface concentrations are
maintained at 0.15 and 1.4wt%C. 3

(i) If Deincreases from 2.5 x107""m?s™ at 0.15%C to 7.7x107"'m?s™
at 1.4% C, what will be the quantitative relationship between the
concentration gradients at the surfaces ? 3
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