Code No: NR-311804

III B.Tech. I–Semester Supplementary Examinations, November-2004.

METALLURGICAL THERMODYNAMICS

(Metallurgy and Material Technology)

Time: 3 hours






        Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks






       ---

1.a)
Explain Fick’s laws of diffusion.

   b)
Describe diffusion along grain boundaries.

   c)
Explain imperfections other than point defects.

2.a)
Describe Kirkendall effect.

b)
An Al-4.1 cm alloy is heated to 550oC and quenched to room temperature.  Immediately the diffusion rate of Cu was found to be 107 times faster than what would be expected.  What fraction of vacancies in equilibrium at 550oC is retained at room temperature by rapid quenching.  The enthalpy of motion of vacancy in this alloy is 50 kJ mol-1.

3.a)
Compare galvanic cells with concentration cells.

b)
The e.m.f. of the cell Mo, Mo O2|(ZrO2)0.85(Cao)0.15|Ni, Ni O at 900oC has been found to be 284.7 mV.  Calculate the standard fuel energy of formation of MoO2 at 900oC, if the standard free energy of formation of NiO is given by
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4.a)
What is fugality?  Explain interpretation of two or more free energy change Vs temperature.

b)
In a copper converter, the following reaction is believed to occur in the latter stages.
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Calculate equilibrium partial pressure of SO2 at 1250oC.  Assume that both Cu2S and Cu2O exist as pure melts.

5.a)
Describe classical model of the lattice and explain thermal expansion.

b)
Calculate: (i) the enthalpy of NiO at 1707oC  (ii) the heat required to raise the temperature of mole of NiO from 25oC to 1707oC.
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6.a)
What is an ideal solution?  Derive Gibb’s-Duhem equation.  Explain Sievert’s law.

   b)
The enthalpies of mixing of Cd-5n alloys at 500oC are given below:


Xd

:
0
0.1
    0.3
    0.5
    0.7
    0.9
    1.0


(HM, Cal/mole:
0
298.2
  652.4
    800
   6205
   251.5     0

Calculate the values of partial molar enthalpies of mixing of Cd and Sn in a cd-Sn alloy containing 60 atomic % Cd.

7.a)
Explain integration of Gibb’s-Duhem equation what is a regular solution.

  b)
The activities of Cu in Al-Cu alloys at 1100oC are given below:


XAl
:
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8


acu
:
0.86
0.61
0.34
0.18
0.08
0.045
0.02
0.01

8.a)
Explain the criteria for equilibrium between two phases in a binary system.

   b)
Illustrate determination of solidus and liquidus lines for ideal solutions.

   c)
Explain Gibb’s free energy for formation of solutions.

- - -

Code No: NR- 311804


III B.Tech. I–Semester Supplementary Examinations, November-2004.

METALLURGICAL THERMODYNAMICS

(Metallurgy and Material Technology)

Time: 3 hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks






       ---

1.a)
Explain applications of Fick’s laws of diffusion.

   b)
Explain self diffusion in pure metals.

   c)
Describe defects other than point defects.

2.a)
Explain determination of intrinsic diffusivities.

b)
The ratio of diffusion rate of silver in silicon at 1350oC to that at 1100oC was found to be 8 in a doping process.  Calculate the activation energy Q for silver diffusion in silicon.

3.a)
Explain concentration cells and standard electrode potentials.

b)
The reversible e.m.f. between pure Mg and Mg-2n alloy containing 63.5 atom -10 Mg in a fused Kcl – Licl – Mgcl2 electrolyte may be represented by



E = 16.08 ( 10-3 + 1.02 ( 10-5 T

Where E and T are in V and K respectively.  Calculate the activity co-efficient and excess partial molar free energy of mixing of Mg in the above alloy at 727oC.

4.a)
What is activity?  Explain derivation of oxygen nomographic scale in Richardsons diagrams.

b)
Calculate the equilibrium partial pressure of Zn vapour and C O at 1200oC according to the following reaction


<ZnO> + <C> = (Zn) + (Co)


(Go = 88,720 + 10.35 T log T -103.33 T cal.

5.a)
Describe Einstein model of lattice and explain anharmonicity.

b)
Calculate the heat of reaction of the Hall-Heroult process Viz                                        Al2O3 + 3C = 3 CO + 2 Al at 25oC from the following data 

2 Al +
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6.a)
What is Raoult’s law and explain determination of partial molar quantities for molar quantities?

b)
The activities of Al at different concentrations in Al-Cu solutions at 1100oC are given below:


XAl
:
0.9
0.75
0.63
0.53
0.45
0.3
0.2
0.1


aAl
:
0.89
0.69
0.5
0.31
0.2
0.03
0.005
0.008


Calculate the activity co-efficient of Al in a solution containing 49 atom % Al.

7.a)
Explain applications of Gibb’s-Duhem equation what is a regular solution?

b)
Calculate the partial molar heat of mixing of Zn in a solid Cd-Zn alloy containing Zo atomic % Zn at 530oC from the following data:


Xcd

:  1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
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8.a)
Derive Gibb’s phase rule and explain concept of chemical potential.

   b)
Explain Gibb’s free energy and thermodynamic activity.

   c)
Illustrate determination of solidus and liquidus lines for ideal solutions.
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1.a)
Explain solution to 2nd law of diffusion.

   b)
Describe self diffusion in pure metals.

   c)
Explain types of point defects.

2.a)
Describe Matano method.

b)
The diffusion rate of A in B was studied at 500oC and 850oC.  It was found that, for the same diffusion time, the depths of penetration x1 and x2 in the two experiments were in the ratio of 1:4.  Calculate the activation energy for diffusion of A in B.

3.a)
Explain application of Gibbs-Helmholtz equation to galvanic cells.

   b)
The e.m.f. of the reversible cell


Zn (l, pure)|Kcl-Nacl-Licl-ZnCl2|Zn(in cd-10.3 atom% Zn alloy)

has been found to be 85.80 ( 10-3 V at 800oC.  Calculate: (i) the activity of Zn in the alloy.  (ii) the values of partial molar free energy, entropy and enthalpy of mixing of zinc in the alloy, assuming that the temperature co-efficient of emf is 0.111 ( 10-3 V/deg.

4.a)
What is fugacity?  Describe Ellingham diagrams in detail.

   b)
Derive Van’t Hoff equation.

   c)
Calculate the equilibrium constant for the reaction: <NiO> + (H2) = < Ni> + (H2O) at 750oC from the following data:


<Ni> + 
[image: image8.wmf]2

1

(O2) = <NiO>; (Go = -58,450 + 23.55 T cal


(H2) +
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1

(O2) = (H2O); (Go = -58,900 + 13.1 T cal.

5.a)
Explain thermal conductivity of solids and describe Debyees’ model of the lattice.

b)
Calculate the standard heat of formation of pbo from pb and O2 at 227oC from the following data:
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6.a)
What is Henry’s law and explain Sievert’s law?

   b)
Derive Gibb’s-Duhem equation.

   c)
Calculate the partial molar heats of mixing of Zn and of cd in a Zn-cd alloy, containing 0.6 atom fraction Zn from the following data at 700oC.


Xzn

:
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9


Integral heat 

of mixing, Cal/mole:
180
317
413
468
491
478
424
329
188

7.a)
What is a regular solution.  Explain determination of one partial molar quantity from other partial molar quantity.

   b)
Al-Zn alloys exhibit the following relation at 477oC.



RT lu Yzn = 1750 (1-Xzn)2
where R and T are expressed in Cal/deg/mole and K respectively.  Calculate the activity of Al oct 477oC in Al-zn alloy with 40 atom% Zn.

8.a)
Explain equality of chemical potentials in equilibrated phases.

   b)
Illustrate determination of liquids line for eutectic system.

   c)
Explain Gibb’s free energy and thermodynamic activity.
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1.a)
Derive 2nd Fick’s law of diffusion.

   b)
Describe diffusion along surfaces.

   c)
Explain types of point imperfections.

2.a)
Derive Darken’s equations.

b)
Determine the ratio of Cross-sectional area available for diffusion along the surface and through the lattice, when the two diffusion rates are equal at room temperature.  Assume Do to be the same for both the processes.


Qsurface = 100 kJ/mol and Qlattice = 150 kJ/mol.

3.a)
Compare electro-chemical cells with galvanic cells.

b)
The reaction for electro chemical cell, oxygen dissolved in liquid                                  Cu/(ZrO2)0.85 (Cao)0.15|Ni, NiO may be represented as



NiO = Ni + [O]cu, liquid

The e.m.f is 138 mv at 1200oC, the standard free energy of formation of NiO at 1200oC is -23.76 k Cal/mole.  Calculate the activity of oxygen in liquid copper at 1200oC with reference to a reference state of oxygen as pure gas at 1 atm.

4.a)
What is activity?  Describe Ellingham diagrams in detail.

   b)
Calculate the equilibrium constant and partial pressure of O2 for the reaction.



ZrO2 = Zr + O2 


(Go = 259.940 + 4.33 T log T -59.12 T Cal at 1727oC.

5.a)
Explain thermo-electric effects and describe Einstein and Debyees’ model of the lattice.

b)
Calculate the standard heat of formation of solid WO3 from solid W and O2 gas at 25oC and at 1 atm pressure from the following data at 25oC and 1 atm pressure


<W> +(O2) = <WO2>; (
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6.a)
Explain non-ideal solutions.  Prove that if solute Obey’s Henry’s law, solvent follows Raoult’s law.

   b)
The integral free energies of mixing (GM of Cr-Ti alloys at 1380o are as follows:


Xcr

:
0.09
0.19
0.27
0.37
0.47
0.62
0.78
0.89


(GM, cal/mole:
-811
-1238
-1432
-1569
-1650
-1632
-1417
-970

Calculate the partial molar free energies of mixing of Cr and of Ti in a solution containing 0.47 mole fraction of Cr at 1380oC.

7.a)
What are excess thermodynamic quantities?  Explain determination of one partial molar quantity from other partial molar quantity.

b)
The excess partial molar free energy of Zn in liquid Cu-Zn alloys at 1027oC can be represented as
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Calculate the activity of Cu at 1027oC in an equiatomic solution.

8.a)
Explain the concept of chemical potential.  Derive Gibb’s phase rule.

   b)
Explain Gibb’s frequency of formation of solutions.

   c)
Illustrate determination of liquidus line for eutectic systems.
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