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INSTRUCTIONS TO CANDIDATES

1. Please read the instructions given in the question paper CAREFULLY.

2. This question paper is printed on both sides of the paper.

3. Please write your answers on the answer booklet provided.

4. Answer should be written in blue or black ink except for sketching, graphic and

illustration.

5. This question papér consists of SIX (6) questions. Answer FIVE (5) questions only.

6. Answer all questions in English.

THERE ARE 5 PAGES OF QUESTIONS, INCLUDING THIS PAGE AND 3 PAGES OF APPENDICES.
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INSTRUCTION: Answer FIVE (5) questions only.

Question 1

(a) List THREE (3) types of stainless steel
_ (3 marks)
(b) Brass and bronze are the examples of copper alloys that widely used in industries.
" Describe shortly these two types of alloys.
(4 marks)

(c) Explain briefly the TWO basic materials regarding its characteristic and applications.
(7 marks)

(d) Using the abbreviated quantum number notation (s, p, d, f), write the electronic
configurations of the following ions:
(i) S? (Atomic number for sulfur = 16)
(i) Ba®' (Atorﬁic number for barium = 56)
(ii#) Ge (Atomic number = 32)
(6 marks)

Question 2

(a) Calculate the volume of a face centered cubic (FCC) unit cell in terms of the atomic
radius, R.
(4 marks)

(b) In fiber reinforced composites materials, there are several groups of fiber phases that
usually used in industries. Describe briefly each of the fiber phases.
(6 marks)

(c) Indium has a tetragonal unit cell which the ‘a’ and ‘c’ lattice parameters are 0.459 and

0.495 nm, respectively.
(ii) If the atomic packing factor and atomic radius are 0.693 and 0.1625 nm,

respectively, determine the number of atoms in each unit cell.
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(iif)  The atomic weight of Indium 114.82 g/mol; compute its theoretical density.
(10 marks)
Question 3

(a) Sketch a respective diagram showing Self-interstitials and Substitution impurity defect.
(4 marks)

(b) Calculate the energy for vacancy formation in silver, given that the equilibrium number of
vacancies at 800°C is 3.6 x 10*® m™. The atomic weight is 107.9 gmol™ and its density is 9.5
gem™. Given k is 8.62 x 10° eVatom'K™.

(10 marks)

(c) A maximum concentration of solute atoms that may dissolve in solvent to form a solid
solution is called a solubility limit. Explain the three different solubility limits which are limited,
unlimited and no solubility.

= (6 marks)
Question 4
(a) A Copper - éilver (Cu - Ag) phase diagram is shown in the Figure 1. Consider a

48% Ag and 52% Cu alloy.

i) Name the line that labeled as A,B and C.

(3 marks)
ii) Name point D

(1 marks)
iii) Determine the percentage of the phases at 778°C in a + B phase

(8 marks)

iv) Upon crossing the eutectic isotherm, the liquid transforms to a and B phases. Give
the transformation equation to represent the reaction involved.

(2 marks)

v) Sketch the microstructure in a +L phase.
(2 marks)
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Figure 1: Cu-Ag Phase Diagram

(b) For a bronze alloy, the stress at which plastic deformation begins is 275 MPa, and the
modulus of elasticity is 115 GPa.
What is the maximum load that may be applied to a specimen with a cross-sectional
area of 325 mm? without plastic deformation?
(4 marks)

Question 5

(a) Discuss the advantages of metal matrix composites compared to the bulk metals and its
alloys.
(5 marks)

(b) A metal wire is 2.5 mm diameter and 2 m long. A force of 12 N is applied and it stretches to
0.3 mm. Assume the material is elastic. Determine the following.
a. the stress in the wire o

b. the strain in the wire €.
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(5 marks)

(c) Using the diagram in Figure 1, for an iron-carbon alloy of eutectoid composition, specify the
nature of the final microstructure (in terms of microconstituents present and approximate
percentages) of a small specimen that has been subjected to the following time-
temperature treatments. In each case, assume that the temperature of the specimen
begins at 760°C. Sketch the thermal history for all three cases in Figure 1 of Appendix 1.

(1) Rapidly cdoled to 350°C, hold for 10* s, and quench to room temperature.

(ii) Rapidly cooled to 250°C, hold for 100 s, and quench to room temperature.

(iii) Rapidly cool to 650°C, hold for 20 s, rapidly cool to 400°C, hold for 10° s, and quench to

room temperature.
(10 marks)

Question 6

(a) List FOUR (4) applications of ferrous metals that you encounter everyday.
N (6 marks)

(b) A Brinell hardness measurement, using a 10 mm diameter indenter and 500 kg load,
produced an indentation of 4.5 mm on an aluminum plate. Sketch the side view of the
indentation. Determine the Brinell hardness number (BHN) of the aluminum plate.

(6 marks)
(c) Describe the differences between Izod and Charpy Impact tests.
(8 marks)
END OF QUESTION
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Figure 1: TTT Diagram
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