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DIPLOMA IN ELECTRICAL & ELECTRONIC ENGINEERING PROGRAMME (DEEI)

DIPLOMA IN MECHANICAL ENGINEERING PROGRAMME (DMEN)
EGM1182/1184: STRUCTURES AND PROPERTIES OF MATERIAL
FINAL EXAMINATION: AUGUST 2019 SESSION

Instructions: This paper consists of SIX (6) questions. Attempt any FOUR (4) questions in the
answer booklet provided. All questions carry equal marks.

Question 1
(a) Metallic bonds one of the primary bonds that can be formed between atoms.
)] Sketch a schematic of the metallic bond.
(3 marks)
(i)  Describe how a metallic bond is formed.
(5 marks)
(1)  Name the other types of primary bonds.
(2 marks)
(b) Copper 1s added to silver to create sterling silver, which is stronger and more durable.
The amount of copper added is 7.5 wt %. A sterling silver spoon has a mass of 100
grams. Calculate the number of copper and silver atoms in the spoon.
(6 marks)
(c)  What is the chemical formula of an intermetallic compound that consists of 37 wt % Ti
and 63 wt % Al?
(9 marks)
Question 2
(a) Write the electron configuration of the following atoms and ions using spdf notation.
(i) Mo and Mo**
(4 marks)
(ii)  Se®* and Se*
(4 marks)
(b) A metallic element can have different crystal arrangements, like the face-centered cubic

(FCC). For an FCC unit cell,

(1) How many atoms are inside the cell?

(2 marks)
(i1) What is the coordination number for the atoms?

(2 marks)
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(iii) ~ What is the relationship between the length of the side a and the radius of atoms
in the cell?

(4 marks)
(iv)  Calculate the atomic packing factor.
(4 marks)
(¢)  Draw in a unit cube a crystal plane that has Miller index of [321].
(5 marks)
Question 3
(a) The solidification of metals is a key process in producing engineering metals.
(1) Describe and sketch the there stage of this process.
(6 marks)
(1)  Explain how the degree of undercooling affects the critical size of the neucleus.
(2 marks)
(11) What is the difference between a nucleus and an embryo?
(2 marks)

(b)  Describe and sketch the following types of defects that can be present in a metal.

(1) Vacancy

(3 marks)
(i1)  Intersticialcy

(3 marks)

(¢)  Calculate the number of atom in a critically sized nucleus for the homogeneous
nucleation of pure iron. Iron forms a BCC structure with atomic radius of 9.72 nm.
(9 marks)
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Question 4

(a)  The temperature of 1 kg of the alloy shown in Figure Q4 (a) is lowered slowly until the
liquid-solution composition is 18 wt %B and the solid-solution composition is 66 wt% B.

Calculate the amount of each phase.

Temperature |

A Composition (wt % B) B

Figure Q4 (a)
(6 marks)



(b)

©
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For 1 kg of eutectoid steel at room temperature, calculate the amount of each phase (o

and FesC) presents. Refers to the diagram shown in Figure Q4 (b).
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Figure Q4 (b).
From Figure Q4 (c), determine:

(i)  the solubility of tin in solid lead (Pb) at 100°C.

(ii)  the maximum solubility of lead (Pb) in solid tin (Sn).

(iii) the amount of P that forms if a Pb - 10% Sn alloy is cooled to 0°C.

(iv) the masses of tin contained in the o and 3 phases.

(v) the mass of lead contained in the o and 3 phases.

(6 marks)

(2 marks)
(2 marks)
(3 marks)
(3 marks)

(3 marks)
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Temperaturee ("C)

Ol
Weight percent tin

Figure Q4 (c)

Question 5

(a) Distinguish between natural aging and artificial aging for a precipitation metal
hardening
(4 marks)

(b) If a particular type of polyethylene has a molecule mass of 150000 g/mol, what is its
degree of polymerization (DP) ?
(5 marks)

(c) Distinguish between a homopolymer and a copolymer.
(2 marks)

(d) Ilustrate the following types of copolymers by using filled and open circles for their
mers:

(1)  random,
(i)  alternating,
(ii1)) block, and
(iv) graft.

(8 marks)
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(e) List SIX (6) mechanical properties of ceramic materials?

Question 6

(6 marks)

()  Design an electrical transmission line 1500 m long that will carry a current of 50 A with
no more than 5 x 10° W loss in power. The electrical conductivity of several materials

is shown in Table Q6 (a).

(8 marks)

o (ohm™"-cm™") A (cm?) Diameter (cm)
Aluminum 3.77 x 10° 0.00199 0.050
Copper 598 x 10° 0.00125 0.040
Silver 6.80 x 10° 0.00110 0.037
Table Q6 (a)
(b)  Write equations for the
(1) macroscopic.
(3 marks)
(11) microscopic forms of Ohm’s law.
(3 marks)
Define the symbols in each of the equations and indicate their SI units.
(¢)  Assuming all of the valence electrons contribute to current flow :
(1) calculate the mobility of an electron in copper.
(3 marks)
(i1) calculate the average drift velocity for electrons in a 100 cm copper wire when
10 V are applied.

(2 marks)
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(d) Twenty-cm-long rod with a diameter of 0.250 cm is loaded with a 5000 N weight. If the
diameter decreases to 0.210 cm, determine:

(1) the engineering strain at this load and
(i) the modulus of elasticity.

(6 marks)

-THE END-
EGMI1182/1184(F)Aug2019/formatted
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