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Instructions: This paper consists of FOUR (4) questions. Answer all FOUR (4) questions.

Question 1
a) State the type(s) of bonding would be expected for each of the following materials:

I.  Brass (copper-zinc alloy),
ii.  Rubber,
iii.  Barium sulfide (BaS),
iv.  Solid xenon.
(4 marks)

b) lodine has an orthorhombic unit cell for which a, b, and c lattice parameters are 0.481nm,
0.720 nm, and 0.981 nm, respectively.

I. If the atomic packing factor and atomic radius are 0.547 nm and 0.177 nm,
respectively, find the number of atoms in each unit cell. (a simple orthorhombic
structure shown in Figure 1(b).

a@ _____________ a®

Figure 1(b)
(5 marks)

ii.  The atomic weight of iodine is 126.91 g/mol; compute its theoretical density.
(4 marks)

¢) Find the composition, in atomic percentage of an alloy that contains 218 kg titanium, 15
kg of aluminum, and 10 kg of vanadium.
(6 marks)
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d) Describe and illustrate with sketches the solidification process of a pure metal in terms of
the nucleation and growth of crystals.

(6 marks)
Question 2
a) Draw the following. Clearly label the axes of interception in a cubic unit cells.
i. (020)
i, [212]
iii.  (321)
(9 marks)

b) Define the difference between crystalline material and amorphous materials. Give one
example for each type of the materials.
(4 marks)

c) Consider a HCP crystal structure where the atoms in the crystal structure are packed as
close together as possible.

Q) State is the total number of complete atom in the unit cell of HCP
(1 mark)

(i) Find the volume of pure zinc unit cell that has the HCP crystal structure, with lattice
constant a = 0.2665 nm and ¢ = 0.4947 nm. Show the derivation required to
calculate the volume.

(6 marks)

(iii)  Find its atomic packing factor (APF)

(5 marks)

Question 3

a) The lead-tin phase diagram are given in Figure Q3(a) below. For a 40 wt% Sn—60 wt% Pb
alloy at 150 °C (300 °F).

Q) State down the phase(s) is (are) present.
(1 mark)

(i) Find the composition(s) of the phase(s).
(2 marks)
(iii)  Indicate the relative amount of each phase present in terms of mass fraction and
volume fraction. At 150 °C take the densities of Pb and Sn to be 11.23 and 7.24

g/cm® respectively.
(9 marks)
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Figure Q3(a)

b) (i) The transformation process of 0.4 wt% C hypoeutectoid plain-carbon steel with slow
cooling are shown in sequence from a to d in the Figure Q3b below. Explain the process
that takes place at point b and d.

(4 marks)

(i) A 0.40 wt% C hypoeutectoid plain-carbon steel is slowly cooled from 940 °C to a
temperature just slightly below 723°C . Find;

l. The weight percent proeutectoid ferrite in the steel.
(1 mark)

Il. The weight percent eutectoid ferrite and weight percent eutectoid cementite
present in the steel.

(4 marks)
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Figure Q3b: Hypoeutectoid plain-carbon steel phase diagram

c) Define the process of annealing and normalizing of Plain-Carbon steels
(4 marks)

Question 4

a) State the difference between thermoplastic and thermoset.
(4 marks)

b) The average density of a carbon fibre-epoxy composite is 1.615 g/cm?. The density of the
epoxy resin is 1.21 g/cm?and that of the carbon fibres is 1.74 g/cm*®

Q) Indicate the volume percentage of carbon fibres in the composite?
(6 marks)

(i) Indicate the weight percentage of epoxy resin and carbon fibres in the composite?
(4 marks)
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c) A wire whose diameter is 3.5 mm must carry a 40A, current. The maximum power
dissipation along the wire is 0.05 kW/m (kilowatts per meter). Find the minimum allowable
conductivity of the wire in (€ m)™* for this application.

(7 marks)
d) Describe some properties common to most ceramic materials.

(4 marks)

~THE END~
EGM1182/EGM1184/EGM1185 (F)/ August 2020 Session/ formatted
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