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3
rd 

Semester Regular Examination 2016-17 

METALLURGICAL THERMODYNAMICS AND KINETICS 
BRANCH(S): METTA, MME 

Time: 3 Hours 

Max Marks: 100 
Q.CODE: Y546 

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) In an Ellingham diagram, the standard free energy change ΔG0 for the 

oxidation reaction of a metal M given by: xM(s) + O2 =MxO2(S), is plotted 
as a function of temperature. The slope of this line is positive because 
(A) ΔS0  is  positive  (B) ΔS0 is negative (C) ΔH0  is  positive  (D) ΔH0  is 

negative 

 

 b) The entropy becomes zero at 00C for a  
(A) Pure element (B) perfect crystal (C) random solid solution (D) none 

of these 

 

 c) The  slope  of  the  Gibbs  energy  G  versus  T  curve  at  0K  and  constant 
pressure is 
(A) 0 (B) H0 (C) S0 (D) - H 

 

 d) Which one of the following is NOTan intensive property? 
(A) Temperature(B) Pressure(C) Volume(D) Refractive index 

 

 e) The specific heat (Cp) of pure iron expressed in J/(mol.K) as a function 
of temperature T (in K) is given as: 
Cp= 17.49 + 24.77 × 10-3 T  
What is the change in the enthalpy of pure iron (in J/mol) when it is 
heated from 25°C to 700°C? …………. 
 

 

 f) If two  systems P  and Q are in  thermal  equilibrium  with  a third system 
M,  then  P  and  Q  will  also  be  in  thermal  equilibrium  with  each  other. 
This is  following  
(A) First law of Thermodynamics (C) Third law of Thermodynamics (B) 
Second law of Thermodynamics (D) Zeroeth law of Thermodynamics 

 

 g) A heat engine takes in 900 J of heat from a high temperature reservoir 
and produces 300 J of work in each cycle. What is its efficiency?.......... 

 

 h) Entropy change for a reversible process is ……….  
 i) Enthalpy change during a constant-pressure process is equal to ………  
 j) The value of activity coefficient for ideal Raoultian behaviour is ………..  
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Q2  Answer the following questions:  (2 x 10) 
 a) Define Henry’s law.  
 b) Draw the curve showing variation of (i) Cp~T, (ii) H~T(iii) G~T.  
 c) Define activity of a component.  
 d) What is Helmholtz free energy?  

 e) Draw the schematic of a heat engine.  
 f) What is spontaneous process?  
 g) Define second law of thermodynamics in terms of entropy.  
 h) Define  thermal  analysis?  What  are  the  different  techniques of  thermal 

analysis? 
 

 i) A  first-order  reaction  proceeds  until  75%  of  reactant  A  is  consumed 
within 10 min. Determine the rate constant. 

 

 j) What is the significance of Johnson-Mehl equation?  
    
  Part – B (Answer any four questions)  

Q3 a) Ten litres of  a  monatomic  ideal  gas  at  250C and  10  atm  pressure  are 
expanded  to  a  final  pressure  of  1atm.  The molar  heat  capacity  of  the 
gas at constant volume, Cv is 3/2R and is independent of temperature. 
Calculate the work done, the heat absorbed and the change in U and in 
H  for  the  gas  if  the  process  is  carried  out  (1)  isothermally  and 
reversibly,  and (2)  adiabatically and reversibly.  Having determined  the 
final state of the gas after reversible adiabatic expansion, verify that the 
change in U for the process is independent of the path taken between 
the initial  and  final  states  by considering  the process to be carried  out 
as 

i. An  isothermal  process  followed  by  a  constant  volume 
process 

ii. A  constant  volume  process  followed  by  an  isothermal 
process 

iii. An  isothermal  process  followed  by  a  constant  pressure 
process 

iv. An constant volume process followed by a constant pressure 
process 

v. A  constant pressure  process  followed by a  constant volume 
process 

(10) 

 b) Draw the phase diagram for a one component system and explain the 
various regions in the curve 

(5) 

    
Q4 a) Ten  moles  of  ideal gas,  in  the  initial  state  P1=  10atm,  T1=  300K  are 

taken round the following cycle: 
i. A reversible change of state along a straight line path on the 

P-V diagram to the state P=1atm, T=300K, 
ii. A reversible isobaric compression to V=24.6 liters 
iii. A reversible constant volume process to P=10atm. 

How much work is  done on or  by  the system  during the cycle?  Is this 
work done on the system or by the system?  

(10) 

 b) Two moles of a monoatomic ideal gas are at contained at a pressure of 
1atm and a temperature of 300K. 34,166 joules of heat are transferred 
to the gas, as a result of which the gas expands and does 1216 joules 
of  work  against  its  surroundings.  The  process  is  reversible.  Calculate 
the final temperature of the gas. 

(5) 
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Q5 a) Five  moles  of  an  ideal  gas  are  contained  adiabatically  at  50atm 
pressure  and  300K. The pressure is suddenly  released  to  10atm, and 
the  gas  undergoes  an  irreversible  expansion  during  which  it  performs 
4000  joules  of  work.  Shoe  that  the  final  temperature  of  gas  after  the 
irreversible expansion is greater than that which the gas would attain if 
the  expansion  from  50  to  10  atm  has  been  conducted  reversibly. 
Calculate  the  entropy  produced  as  a  result  of  the  irreversible 
expansion. 
The constant volume molar heat capacity  of  the  gas Cv has  the value 
1.5R. 

(10) 

 b) The initial state of one mole of a monoatomic ideal gas is P=10 atm and 
T=  300K.  Calculate  the  change  in  entropy  of  the  gas  for  (a)  an 
isothermal decrease in the pressure to 5atm, (b) a reversible adiabatic 
expansion to a pressure of 5atm, (c) a constant volume decrease in the 
pressure to 5 atm. 

(5) 

    
Q6 a) Calculatetheheatofreactionofchlorinationofzirconiumoxideat25°C 

(298K)and777°C(1050K),accordingtothefollowingreaction: 
ZrO2+2Cl2+C=ZrCl4+CO2. 
Given:For ZrCl4:ΔH°298=-234.7kcal/mole(-931.98kJ/mol) 
Cp= 133.55-12.18X 10

5
T

-2
J/K/mol). 

For CO2:ΔH°298=-94.05kcal/mole(-393.50kJ/mol) 
Cp= 44.14+9.04X10

-3
T-8.58X10

5
T

-2
J/K/mol). 

ForZrO2: ΔH°298=-259.5kcal/mole (-1,085.75kJ/mol). 
Cp= 69.62+7.53X10-3T-14.06xl05T-2J/K/mol) 
ForCl2:Cp= 36.90-0.25x10-3T-2.85x 105τ-2J/K/mol). 
ForC:Cp= 17.15+4.27x10-3T-8.79x105Τ-2J/K/mol 

(10) 

 b) Calculate the entropy change of the Universe in isothermal freezing of 
1g-mole of super cooled liquid gold at 1250  K, from the following data 
for gold. 
Tm= 1336K, ΔHm

0 (at 1336K)= 12.36 x 103 J/mol 
Cp(S)= 23.68 + 5.19 x 10

-3
 T J/mol/K 

Cp(S)= 29.29 J/mol/K 

(5) 

Q7 a) Al2O3 which  melts  at  2324K,  and  Cr2O3,  which  melts  at  2538K  form 
complete ranges of solid and liquid solutions. Assuming that ΔSm

0
Cr2O3= 

ΔSm
0Al2O3

,  and  that  the  solid  and  liquid  solution  in  the  system  Al2O3-
Cr2O3 behave ideally, calculate 

i. The  temperature  at  which  equilibrium  melting  begins  when 
an alloy of XAl2O3=0.5 is heated 

ii. The composition of the melt which first forms 
iii. The temperature at which equilibrium melting is complete 
iv. The composition of last formed solid. 

(10) 

 b) The isotropic composition of lead in atomic percent is 
Atomic weight Atomic percent 

204 1.5 
206 23.6 

207 22.6 

208 52.3 
Calculate the molar configurational entropy of lead. 

(5) 
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Q8 a) At  700K,  the  activity  of  Ga  in  a  liquid  Ga-Cd  solution  of  composition 

XGa=0.5 has the value 0.79. On the assumptions that liquid solutions of 
Ga  and  Cd  exhibit  regular  solution  behaviour,  estimate  the  energy  of 
the Ga-Cd bond in the solution. The molar enthalpies of evaporation of 
liquid Ga and liquid Cd at their melting temperatures are, respectively, 
270000 and 100000J. 

(10) 

 b) At 1300K, the Emf of the following cell is 0.60 V. 
Pb(pure liquid)/ Liquid(PbO-SiO2)/Pt(s), O2(g)(PO2= 1atm) 
Given: ΔG0

 = - 88,800J mol
-1

 at 1300K for the reaction 
Pb(l) + ½ O2(g) = (PbO) 
Calculate the activity and the activity coefficient of PbO in the PbO-SiO2 
electrolyte. 

(5) 

    
Q9 a) With the help of a PV diagram of a Carnot cycle derive the efficiency of 

Carnot cycle taking ideal gas as the working substance. With the help 
of the efficiency derive the definition of second law of 
thermodynamics.You  are  now  operating  a  Carnot  engine  at  40% 
efficiency, which exhausts heat into a heat sink at 298 K. If you want to 
increase the efficiency of the engine to 65%, to what temperature would 
you have to raise the heat reservoir? 

(10) 

 b) Derive the Maxwell relations. (5) 
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