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SECTION A 

l (a) Calculate the atomic packing factor (APF) for the BCC crystal structure. [4] 

(b) What is annealing and what effects does it have on the properties vf metals? [4] 

(c) Derive the planar packing density expression for the FCC (110) plane in tenns of [4] 

atomic radius R. 

(d) Explain why polycrystal line aluminum (Al) has a higher tensile strength than single 

crystal! ine (A 1). Supp01t your answer with an appropriate sketch. 

(e) Suggest the criteria for the two metals to form a perfect substitutional alloy (that 

is, these two will fo rm the same crystal phase at all potential concentration of each 

[4] 

species)? [4] 

(f) Describe how one can detern1 ine or control the strength of ceramics and glasses? [2] 

(g) Materials such as silicon carbide (SiC) and silicon nitride (Si 3 N4 ) are used for 

gri nding and pol ish ing applications. Rational izc the choice of these materials for [ 4] 

thi s appl ication. 

(h) A binary alloy consist of 30 wtcYo Sn and 70 wt% Pb. Given that the aton1ic masses 

for Sn and Pb are 118.7 g/mol and 207.2 g/mol respectively, convert thi s 

composition into aton1ic percent. [ 4] 

(i) What is a diffusion couple? [2] 

(j) DeriveSchtnid'slavv. [4] 

(k) Explain why dislocations play an important role in the defonnation of metals. [ 4] 
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SECTION B 

2(a) Why are ceramics usually much stronger in compression than in tension? [6] 
(usc annotated sketches in your answer) 

(b) What is a composite material? Give two examples of composites. [ 4] 

(c) What n1easures are available to protect n1etals fr01n electrochen1ical corrosion? [2] 

(d) Briefly explain four n1ethods of n1etal defon11ation. [X] 

3(a) Differentiate between age hardening, strain hardening and precipitation hardening. [9] 

(b) Explai n the differences between soderberg line and Goodman line. [6] 

(c) What is a Eutectic system? Explain copper/silver and lead/tin eutecti cs [5] 

4(a) State the Hume-Rothery rules that ravour extensive subst itutional solid solubi lity. [4] 

(b) Sketch binary phase diagrams for two component (i.e two metals) systctns that 

exhibit: 

(i) Complete solid solubil ity 

(i i) Partial solid solubil ity 

(iii) Zero solid solubility 

(c) For a system that cxhibi ts partial solid sol ubi I ity select a composition that has two 

di ffcrcnt phase regions in the so lid state, make sketches of the microstructure fo r 

all different phase regions. Annotate your sketches. 

(d) State three applications for composites and explain why they are u-;ed for that 

application. 
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5(a) Explain what is meant by fracture toughness. [2] 

(b) Explain why BCC and HCP metal alloys n1ay experience a ductile-to-brittle 
transition with decreasing temperature, whereas FCC alloys do no· .. experience such [ 4] 
a transition. 

(c) Derive linear density expressions for the BCC[ I 00] and [ II 0] directions in terms of [ 6] 
the aton1ic radius R. 

(d) For an FCC single crysta l, would you expect the surface energy for a (I 00) plane to [ 4] 
be greater or less than that for a ( J 11) plane? Why? 

(e) What are conducting polyn1ers and conducting ceratnics? [4] 

6(a) Explain the difference between the thermoplastic and thermosetting plastics. [ 4] 

(b) Discuss the factors that dctcrn1inc the mechanical properties of polyn1ers. [ 4] 

(c) Describe one surface treatment method by which you can strengthen a borate glass. [ 4] 

(d) In the context of atnoqJhous inorganic compounds, name two glass network 

formers and two glass network modifiers. 

(e) Sketch the variation of molar volume with temperature for pure siliea(Si04 ). Show 

glass fonnation at two different cooling rates, labelling the tnclting point or the 

glass trans ition temperature on each cooling curve. 

END OF EXAMINATION PAPER 
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