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==================================================== 

 
Instructions: 

• Use the appendices provided at the end of the question paper to answer some of 

the questions 

• Scientific Calculator 

• Answer all the questions 

 

 



Question 1: (13 marks) 

 

1.1 Define physical metallurgy                                                                                           (2) 

1.2 Describe the enabling material property for each of the following and give reasons why. 

a) Aluminium for automobile bodies                                                                               (2) 

b) Titanium alloys for hip replacements                                                                           (2) 

c) Polyethylene terephthalate (PET) for water bottles                                                      (2) 

1.3 Explain how processing affects the mechanical properties of a material.                    (5)   

 

Question 2: (24marks) 

 

2.1 The figure below shows the first five peaks of the x-ray diffraction pattern for tungsten 

(W), which has a BCC crystal structure; monochromatic x-radiation having a wavelength of 

0.1542 nm was used. For the labelled peaks,  

a) Determine the interplanar spacing for each of the peaks.                                            (6) 

b) For each peak, determine the atomic radius                                                                 (6) 

                                               

2.2 Tabulate the main differences between a SEM and TEM.                                            (6) 

2.3  If the effective area of the raster of an electron microscope specimen, supplying 

information to the CRT of an electron microscope, has a 5nm diameter and the semicone 

angle, α, of the electron beam is 0.01 rad.: 



a) What would be the maximum usable magnification of the microscope if a digital spot 

on the screen of the CRT has a 100 μm diameter?                                                        (2) 

b) What would be the depth of field at this magnification?                                             (2) 

c) What would be the depth of field if this microscope were to be operated at a magnification 

of 2000X?                                                                                                                      (2) 

 

Question 3: (33 marks) 

   

3.1 Define diffusion and discuss factors affection diffusion.                                                         (5) 

3.2 The diffusion coefficients for nickel in iron are given at two temperatures: At 1200ºC = 2.2 × 

10-15 m2/s and at 1400ºC = 4.8 × 10-14 m2/s 

 a) Determine the values of Do and the activation energy Qd.                                                       (8) 

 b) What is the magnitude of D at 1300ºC                                                                                      (5) 

3.3 The wear resistance of a steel shaft is to be improved by hardening its surface by increasing the 

nitrogen content within an outer surface layer as a result of nitrogen diffusion into the steel; the 

nitrogen is to be supplied from an external nitrogen-rich atmosphere at an elevated and constant 

temperature. The initial nitrogen content of the steel is 0.0025 wt%, whereas the surface 

concentration is to be maintained at 0.45 wt%. For this treatment to be effective, a nitrogen 

content of 0.12 wt% must be established at a position 0.45 mm below the surface. Specify an 

appropriate heat treatment in terms of temperature and time for a temperature between 475°C 

and 625°C.                                                                                                                                                  (15) 

 

Question 4: (25 marks) 

 

4.1 For the solidification of Silver, calculate the critical radius r* if the nucleation is homogeneous. 

The values for the surface free energy is 0.126J/m2.                                                                        (5) 

4.2 Calculate the number of atoms found in a nucleus of critical size. Assume a lattice parameter 

of 4.0862 Å for solid silver at its melting temperature.                                                                    (5) 

4.3 Your company is currently producing a disk-shaped aluminium casting. 43.5 mm thick and 325 

mm in diameter. You believe that by making the cast solidify 15% slower can improve the 

mechanical properties of the casting and will allow the casting to be lighter. Design the casting to 

allow this. Assume the mould constant to be 3.014x106 s/m2 for this process and n=2.                                                                                                

(15) 



Question 5: (5 Marks) 

Define annealing and list the 3 stages of annealing of metallic materials                               (5) 

  

=============================END====================================== 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX 

 

 

 



 

Avogadro’s number = 6.022 x 1023 atoms/mol 

 

 

 





 


