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Answer any FIVE questions

All questions carry equal marks


---

1.a)
State ficks laws of diffusion.

b) Diffusion coefficient is strongly dependent on temperature-Prove.

c) What is vacancy diffusion? Explain.

2.a)
Discuss the properties and useful information that can be obtained from the plot up standard free energy Change of an oxide with temperature. 

b)  Estimate the standard Gibb’s free energy change and the equilibrium constant at 

        4000c and 0.1 Mpa for the synthesis of ammonia according to the reaction 

N2 (g)+3H2 (g)
[image: image1.wmf]®

  2NH3 (g).

3.a)
Define specific heat. Explain Einstein and Debye  models of lattice specific heat       of solids.

b) Calculate the Debye specific heat of copper at i) 10 k and ii) 300 k , given that the Debye characteristic frequency is 6.55x1012 /s.

4.a)
Explain the determination of partial molar quantities from molar quantities.

b) Assume that an alloy of nickel with 2 w% aluminum is cast and by metallographic examination, a den trite arm spacing of 50m is observed. It is also determined that the composition difference between the center of an arm and the midpoint between two arms is one percent. Estimate the time required for homogenization if the annealing temperature is to be 14000 c and the composition difference is to be reduced to one tenth of its original value.

5.a)      Derive Gibb’s phase rule.

b) Describe the reactions that should occur on cooling a crucible of Mg Ni2 very   slowly from 13000c to room temperature. Completely describe the constituents of 

         microstructure that should be obtained in an alloy of nickel with 30 percent 

         magnesium on slow cooling from the liquid state.

6.a)
Represent a concentration cell and explain the source of e . m . f in such a cell.

   b)
Explain the application of Gibbs’ Helmholtz   equation to galvanic cells.

c)   Calculate the e. m .f of a concentration cell at 250c consisting of two copper 

        electrodes immersed in solutions of copper ions of 0.1 molar and 0.001 molar

        concentrations.
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7.a)
Make two neat sketches to show the climbing up and climbing down of an edge dislocation. What happens to the vacancy concentration in the crystal during each process?

b)     Distinguish between the direction of the dislocation line, the Burgers vector and

          the direction of motion for both edge and screen dislocation, differentiation  

          between positive and negative types.

c)    During a grain growth process. The average grain diameter is initially 0.03mm.  

         Estimate the maximum possible decrease in the energy during grain growth. The 

         specific grain boundary energy is 0.5 Jm-2 .

8.  
     Write short notes on:

a) Diffusion along grain boundaries.

b) Stevert’s  law.

c) Surface imperfections.
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1.a)
State fixed law and second law of diffusion.

   b)
Derive Darken’s equation of diffusion.

   c)
What is intrinsic diffusion? How it can be determined.

2.a)
Discuss the standard free energy change for Pbo + Fe
[image: image2.wmf]®

Fe0+Pb at 10000 c, if the 

standard frequency changes for 2fe+02 
[image: image3.wmf]®

2fe0 and 2Pb+02 
[image: image4.wmf]®

2Pbo at 10000c are -364 kj/mole and –184 kJ/mole respectively. Comment on the reducibility of lead oxide by iron.

 b)
Derive expression for Equilibrium criterion for chemical reaction.

3.a)
Explain Umklapp or U- process to show the effect of temperature on thermal conductivity of solids.

  b)
Calculate the Debye temperature of aluminium given that lattice constant is  

            4.05A0 and velocity of sound in aluminum is 5x103  m/s.

4.a)
Derive the relation between the number of moles of each component in a three component solution and the derivatives of the partial mol free energy.

b)
A titanium –x zir conium-hafnium alloy contains 15 atomic percent titanium and 45 atomic percent hafnium. How many grams of zirconium there will be in 500 gms of their metal.

5.a)      State and derive Gibb’s phase rule.

   b)
With the aid of sketches repretenting the microstructure, describe the

             equlibrium freezing process in an alloy of iron condaining 3% Nickel. Carry

             the metal down into the gamma phase.

6.a)
What are the features of a standard cell? Describe the construction of a Weston               cadnium cell. Mention any two uses of the EMF series of metals.

  b)
What is a galvanic cell? What is the source of electrical energy in a galvanic cell? Explain with respect to the Dantel cell.

7.a)
What is crystal imperfection? What are the different types of crystal imperfections.

  b)

In a neat sketch, draw Burgers circuits and determine Burgers vectors at two

           different locations of the same curved dislocation line.

 c)
Calculate the dislocation energy per m3 of PCC copper with a dislocation    density of 1010m-2 . The shear module of copper is 45 GNm-2 and the lattice parameter is 3.61 Ao .

8.
Write short notes on:-

(a)
Self diffusion in pure metals 

(b)        Concentration cell. 


(c)
Edge and screen dislocations.
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1.a)
Explain the mechanisms of diffusion.

   b)
What is intrinsic diffusivity? Explain the determination of intrinsic diffusivity.

   c)
Explain the applications of diffusion. 

2.a)
What is the equilibrium constant of the reaction? 

   b)
Explain how equilibrium constants calculated from standard free energy changes . 

3.a)
For two dimensional lattice of identical atoms, show that the Debye specific heat varied at T2 low temperatures.

   b)
What is Thermoelectric effects?
   c)      Calculate the temperature if 15000 calories are introduced at 500 gms of a 

          metal at 250 which has a specific heat of 0.025 cal/g.k.

4.a)
Explain integration of Gibb’s – Duham equation.

b)   What is sievet’s law? Explain its validity for the solution of hydrogen in both  

         liquid and solid magnesium.

c)   What is Inverse segregation? Explain briefly.

5.a)
  Apply phase rule to a binary alloy of entectic composition at eutectic temperature. 

   b)     Sterling silver contains 7.5% copper. Make a sketch of what you would expect      to find in a metallographic specimen of the material if it were first annealed at 7810  c for a long time and then slowly cooled to 4000  c . Identify and give the amounts of the phases.

6.a)
Discuss the origin of electrode potential.

b) How is the potential of a electrode measured using a calomel electrode?

c) Calculate the electrode potential of copper electrode, which is in contact with a solution of 4.0x10-5 M-cu 2+ ions at 250c Cr = 8.314 joules k-1mol-1 F = 96,500 columbs, and the standard reduction potential electrode = 0.337 volts.

7.a)
How do you classify crystal imperfections? Explain various point defects with neat sketch

   b)
Does the Burgers vector change with the size of the Burgers circuit? Explain                                                                                                           

   c)   Calculate the ratio of the number of vacancies in equilibrium at 3000 k in    aluminium to that produced by rapid quenching from 8000 k.

8.
Write short notes on:

(a)      Anharmonicity.     (b)
  The Kirkendall effect.     (c)   Concentration cell.

(((*)))
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1.a)
What is diffusion? Explain the mechanisms of diffusion.

b) List out the applications of diffusion.

c) Calculate the average diffusion constant in the binary alloy. Auo g Nio.1 using fick’s law. The activation energy for the diffusion of an in Ni as well as in Au is 42 k. cal/mol while for Ni in Au, it is 65 k. cal/ mol.

2.a)
Derive the expression for effect of temperature on the equilibrium constant.

   b)
Calculate the standard Gibb’s free energy change and the equilibrium constant at 298.15 k and 0.1 Mpa for the reaction 

             N​2 (g) + 3H2 (g) 
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2NH3 (g).

c)
Explain the importance of monographic scale in Richardson’s diagram.

3.a)
What is Thomson coefficient? Derive the expression for Thomson coefficient.

b)  Estimate the figure of merit of copper constantan thermo couple. The see beck   coefficient is 4.5x10-5 v/ degrees. Thermal conductivities of copper and constantan are 0.910 and 0.060 cal/degree/cm/s respectively and the electrical restivities are 1.7x10-6  and 47.10-6 ohm –cm respectively.

4.a)
Explain Graphical determinations of partial-Molal free energies.

   b)
Calculate the atom fractions of copper and Zinc in a brass of 70 wt copper and balance Zinc, if atomic weights of copper and Zinc are 63.54 and 65.38 respectively.

5.a)
What is Miscibility gap? With the aid of gold and Nickel binary diagram explain the importance of miscibility gap.

b) Consider an alloy of copper with 65 wt% lead. Describe the freezing process of this alloy starting at a temperature of 11000c. Assume that the metal is cooled 

c) Slowly in a crucible without stirring and brought-down to room temperature. Draw sketches to illustrate your answers corresponding to 9560c, 9520 c and 3240c. In all the phases give the amounts of the phases.

6.a)
What is electrode potential ? What is its significance?

   b)
How does the potential of an electrode depend on concentration? How is the standard potential as well as the potential of electrode under a given set conditions used in constructing a cell?

c)

Calculate the electrode potential of copper electrode, which is in contact with a solution of 4.0x10-5 M cu2+ions at 250c CR = 8.314 Joules k-1mol-1, F = 96,500 columbs, and the standard reduction potential electrode. 0.337 volts.
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7.a)
What are frenkel and schottky defects in crystals? Explain.

   b)
Distinguish between the direction of the dislocation line, the Burgers vector and the direction of motion for both edge and screw dislocations, differentiating between positive and negative types.    
  
 c)
In an aluminum crystal, the number of vacancies triples it self, on increasing the temperature from 3000 k to 3120k. Calculate the enthalpy of formation of vacancies.

 8.
Write short notes on:

   a)
Galvanic cells

   b)
Integration of Gibb’s Duchem equation.

   c)
Use of oxygen nomograms in Ellingham diagram. 
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