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Semester Regular Examination 2016-17 

SCIENCE AND ENGINEERING OF MATERIALS 
BRANCH(S): METTA, MME 

Time: 3 Hours 

Max Marks: 100 
Q.CODE:Y504 

Answer Part-A which is compulsory and any four from Part-B. 
The figures in the right hand margin indicate marks. 

  
Part – A (Answer all the questions) 

Q1  Answer the following questions: (2 x 10) 
 a) A  0.2  wt. % plain carbon  steel  sheet  is heated  and equilibrated  in the 

inter-critical  region  followed  by  instant  water  quenching.  The 
microstructure of the quenched steel sheet consists of  
(A) Fully martensite (B) proeutectoid ferrite + martensite (C) martensite 
+ pearlite (D) martensite + austenite. 

 

 b) The atomic packing fraction of diamond cubic structure is _________  
 c) A  unit  cell  of  an  element  has  maximum  linear  density  along  the  

[110]  direction.    The  packing  density of its (100) plane is   
(A) 0.68 (B) 0.74 (C) 0.79 (D) 0.91 

 

 d) Which one of the following is an equilibrium defect? 
(A)Vacancies(B)Dislocations(C) Stacking faults (D) Grain boundaries 

 

 e) If the radius of an atom in a simple cubic crystal is r, the body diagonal 
of the unit cell is  
(A) r√3 (B) 2r√3 (C) 4r/√3 (D) 3r/4 

 

 f) The number of members in the family <123> in a cubic crystal are 
(A) 8 (B) 12 (C) 24 (D) 48 

 

 g) The packing efficiency of a simple cubic crystal with an interstitial atom 
exactly fitting at the body centre is  
(A) 0.52 (B) 0.68 (C) 0.73 (D) 0.91 

 

 h) The number of tetrahedral voids in HCP unit cell is 
(A) 4 (B) 6 (C) 8 (D) 12 

 

 i) If  the  vacancy  concentration  in  a  crystal  doubles  itself  between  25
0
C 

and 310C, the enthalpy of formation of vacancies (kJ/mole) is 
(A) 138 (B) 87 (C) 51 (D) 0.7 

 

 j) The fraction of pearlite in a 0.55% steel is 
(A) 0.55 (B) 0.31 (C) 0.69 (D) 0 

 

    
Q2  Answer the following questions:  (2 x 10) 

 a) Distinguish between homogeneous and heterogeneous nucleation.  
 b) How much proeutectoid ferrite is there in a slowly cooled 0.6% C steel? 

How much eutectoid ferrite is there in the same steel? 
 

 c) Explain the phenomenon of diffusion with the help of a diffusion couple.  
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 d) What is Kirkendall effect?  
 e) Explain the Snoek effect in interstitial diffusion.  

 f) Give the stacking sequence in HCP and FCC structures and also give 
the different types of stacking faults that occur in FCC structures. 

 

 g) Calculate the number of atoms in 100g of aluminium. Atomic weight of 
aluminium is 26.98 g/mol and Avogadro’s number is 6.023 x 1023 mol

-1
 

 

 h) Draw a (111) plane and a (222) plane  in the unit cell of a cubic lattice 
with lattice parameter a. Determine their distances from a parallel plane 
through the origin. 

 

 i) In  the  Pb-Sn system, determine the fraction of β phase in an alloy of 
80% Sn at 1840C and 1820C. 

 

 j) What  is solid  solution? Write  the  different  types  of  solid  solutions  with 
examples. 

 

    
  Part – B (Answer any four questions)  

Q3 a) 0.20  wt.  %  C  and  1.0  wt.  %  steels  are  cooled  slowly  from  austenite 
region to room temperature. (i) Draw cooling curves for the two steels. 
(ii)  Draw  schematic  microstructures  and  identify  different  phases  that 
occur at room temperature. 
What is the difference between the eutectic and the eutectoid reaction? 
Give  examples  for  each  reaction.  How  can  we  modify  the  mechanical 
properties of materials having these structures? 
A binary alloy of the eutectic composition 70 wt % B solidifies into α and 
β phases of compositions  - α of 10 wt% B and β of 85 wt% B, 
respectively.  Determine  the  relative amounts of α and β phases just 
below the eutectic temperature, Te, at equilibrium. 

(10) 

 b) What  are  dual  phase  steels?  How  are  these  produced?  And  in  what 
way are they superior to conventional low carbon steels? 

(5) 

    
Q4 a) Sketch  the following  planes  and  directions  within  each  cubic  unit  cell: 

(101),(012),(211), (31 2 ),[111],[012],[11 2 ],[101] 
Determine  the  number  of  vacancies  needed  for  a  BCC  iron  lattice  to 
have a density of 7.87 g/cm3. The lattice parameter of the iron is 2.866 
x 10-8 cm. 

(10) 

 b) What  is  homogeneous  nucleation?  Derive  the expression  for  the  free 
energy  change  accompanying  the formation of  a  spherical  new  phase 
particle. 

(5) 

    
Q5 a) Draw  the  Iron-cementite  phase  diagram.  Label  the  important  phase 

fields,  temperatures  and  compositions.  Give  the  important  invariant 
reactions occurring in the system.  
A  0.2  wt.  %  steel  is  cooled  slowly  from  austenitic  region  to  room 
temperature. Calculate the proportions  of the  different  phases  at room 
temperature and draw the microstructure.  

(10) 

 b) Compare  the  mechanical  properties  of  low carbon,  microalloyed,  and 
dual phase steels with the help of engineering stress – strain curves. 

(5) 

    
Q6 a) Consider  one  alloy  that  initially  has  a  uniform  carbon  concentrationof 

0.25 wt% and is to be treated at 9500 C (17500 F). If the concentration 
of carbon at the surface is suddenly brought to and maintained at 1.20 
wt%, how long will it take to achieve a carbon content of 0.80 wt% at a 

(10) 
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position 0.5 mm below the surface? The diffusion coefficient for carbon 
in  iron  at  this  temperature  is  1.6  x  10

-11
  m

2
/s;  assume  that  the  steel 

piece is semi-infinite. 
 b) The  diffusion coefficients  for  nickel  in iron are given  at  two 

temperatures: 

T(K)  D(m
2
/s) 

1473 2.2 x 10-15 

1673 4.8 x 10-14 

Determine  the  values  ofD0  and  the  activation  energy  Qd.  What  is  the 
magnitude of D at 13000C (1573 K)? 

(5) 

    
Q7 a) Give  the  schematic  plot  of  the  variation  of  the  nucleation  rate  with 

temperature  and  explain  the  shape  of  the  curve.Estimate  the  (i) 

magnitude of critical radius, r*, (ii) critical free energy of nucleation, f* 
and  (iii)  the  number  of  atoms  in  the  critical  embryo  of  solid  silver  in 

super cooled liquid silver at 735 C. For silver H (fusion) = 12 kJ/mole. 

Tm  =  960.8 C. Density of solid silver, ρ = 10.6 g/cm3.  The  interfacial 

surface  free  energy  between  solid  and  liquid  silver, s/L  =  126  x  10
-7

 
J/cm2. Atomic  weight of  silver =  107.87 Avogadro’s  number  =  6.023  x 
10

23
 mol

-1
. 

(10) 

 b) Explain the dendritic growth in pure metals with suitable diagrams. (5) 
    

Q8 a) Melting  point  of  an  element  A  is  1500 C  while  that  of  element  B  is 

1800 C. The α solid solution containing 30 wt.% B, the β solid solution 
containing  80  wt.%  B  and  the  liquid  containing  50  wt.%  B  are  in 

equilibrium at 1200 C. At room temperature, the maximum solubility of 
B in the α phase is 20 wt.% and the maximum solubility of A in the β 
phase is 10 wt.%. 
Sketch the phase diagram and label different regions.    
What  are  the  weight  fractions  of  phases  present  in  the  A-70wt.  %B 
alloy  

(i) at a temperature just above 1200 C 

(ii) at a temperature just below 1200 C 
(iii) at room temperature  

(10) 

 b) What is the difference between the eutectic and the eutectoid reaction? 
Give  examples  of  each  reaction.  How  can  we  modify  the  mechanical 
properties of materials having these structures? 

(5) 

    
Q9 a) Name  the  seven  crystal  systems.  And  give  the  geometrical 

relationships  of  the  edge  lengths  and  the  interaxial  angles  of  the  unit 
cells of the seven crystal systems with neat sketches. What is a Bravais 
space lattice? Name and draw the fourteen Bravais space lattices with 
spatial  arrangement  of  the  atom  positions  in  the  unit  cells.  Find  the 
Miller indices of a plane that makes an intercept of 1 on a-axis and 2 on 
b-axis and is parallel to c-axis. 

(10) 

 b) State  the  Hume-Rothery  conditions  that  govern  the  formation  of 
substitutional  solid  solutions  having  unlimited  solubility.Draw  the 
cooling  curves  of  a  pure  metal  with  and  without  undercooling,  an 
isomorphous alloy, a eutectic alloy, and a hypoeutectic alloy and  label 
them. 

(5) 
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