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DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEED
EGM 1182: STRUCTURES AND PROPERTIES OF MATERIALS
FINAL EXAMINATION : APRIL 2017 SESSION

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

Question 1

(a) Briefly cite the main differences between ionic, covalent, and metallic bonding.
(6 marks)

(b) A monel alloy consists 70 wt % Ni and 30 wt % Cu. What are the atom percentages of Ni
and Cu in this alloy.
(10 marks)

(c)  Write down the electron configuration for Se, Se®* and Se? by using the spdf notation.
(4 marks)

(d)  The melting temperature of Li (180°C) is significantly lower than the melting temperature
of its neighbor Be (1287°C). Please explain this in terms of the differences in electronic
structure?

(5 marks)
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Question 2

(a)

(b)

©

Consider a BCC crystal structure where the central atom is swrrounded by eight nearest
neighbours -

(i) What is the total number of complete atom in the unit cell of BCC?
(1 mark)

(il)  Derive the relation between the length of the side a of the BCC unit cell and the

radius of its atom.
(2 marks)

(iii)  Calculate its atomic packing factor (APF).
(4 marks)

(iv})  Iron at 20°C is BCC with atoms of atomic radius 0.124 nm. Calculate the lattice

constant a for the cube edges of the iron unit cell,
(5 marks)

Copper has an atomic radius of 0.128 nm, an FCC crystal structure, and an atomic weight
of 63.5 g/mol. Assuming the atoms to be hard spheres that touch each other along the face
diagonals of the FCC unit cell, calculate the density of copper in glem?®.

{4 marks)

Draw the following direction vectors in cubic unit cells.

@  [100]
) - [110]
(i)  [321]
(9 marks)
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Question 3

(®)

(b)

©

@

(©

Describe and illustrate the following imperfections that can exist in crystal lattices:
(i)  Frenkel imperfection and

(ii)  Schottky imperfection.

(5 marks)
What factors affect the diffusion rate in solid metal crystals?
(5 marks)
Describe and illustrate the solidification process of a pure metal.
(5 marks)

When a cold-worked metal is heaied into the temperature range where recrystallization
take place, how are the following factors affected:

® internal residual stresses
(ii)  strength
(iii)  ductility
(iv)  hardness
(4 marks)

An undeformed specimen of some alloy has an average grain diameter of 0.045 mm. You
are asked to reduce its average grain diameter to 0.010 mm. Is this possible? If so, explain
the procedures you would use and name the processes involved. If it is not possible, explain
why?

(6 marks)
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Question 4

(a)

(b)

What is the difference between the states of phase equilibrium and metastability?

(4 marks)

The lead-tin phase diagram are given in Figure Q4.1 below. For a 40 wt% Sn-60 wt% Pb
alloy at 150C°C (300F). Determine

() What phase(s) is (are) present?
(1 mark)

(ii)  What is (are) the composition(s) of the phase(s)?

(2 marks)

(iii)  Calculate the relative amount of each phase present in terms of (a) mass fraction

and (b) volume fraction. At 150 °C take the densities of Pb.and Sn to be 11.23 and

7.24 g/em? respectively.
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(11 marks)
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(¢)  The iron-iron carbide diagram are given in the Figure Q4.2 below. For a 99.65 wt% Fe—
0.35 wt% C alloy at a temperature just below the eutectoid, determine the following:

(i) The fractions of total ferrite and cementite phases.

(3 marks)
(i)  The fractions of the pearlite and proeutectoid ferrite.

(3 marks)
(iii)  The fraction of eutectoid ferrite.

(1 mark}
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Question 5
{a)  Define and differentiate between polymers and elastomers.
(6 marks)
(b)  Define a composite material with respect to a materials system, and name three main types
of synthetic fibers used to produce fiber-reinforced-plastic composite materials.
(6 marks)
(c) A stress of 9.0 MPa is applied to an elastomeric materials at a constant stress at 20°C. After
25 days, the stress decreases to 6.0 MPa.
6] What 1s the relaxation time 7 for this material?
(i) ~ What will be the stress after 50 days?
(10 marks)
(d) A partially stabilized zirconia advanced ceramic has a strength of 352MPa and a fracture

toughness of 7.5 MPa.v/m . What is the largest-sized internal flaw (expressed in

micrometers) that this material can support? (U seY = \/E)
(3 marks)
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Question 6

()

(b)

In terms of electron energy band structure, discuss reasons for the difference in electrical
conductivity between metals, semiconductors, and insulators.
(5 marks)

At room temperature the electrical conductivity and the electron mobility for copper are
6.0 x 107 (Q.m)™ and 0.0030 m*/V.s, respectively.

(i) Compute the number of free clectrons per cubic meter for copper at room
temperature.

(i)  What is the number of free electrons per copper atom? Assume a density of 8.9
g/em?®,
(5 marks)

A specimen of magnesium having a rectangular cross section of dimension (3.2 mm x 20.2
mm) is deformed in tension. Using the load-clongation data tabulated as follows, answer
the following question:

Table 1

Load (N) Length (mm) | Load (N) Length (mm)
0 50.800 44860 52.832
55.7330 50.851 46200 53.848
15100 50.902 47300 54.864
23100 50.952 47500 55.880
30400 51.003 46100 56.896
34400 51.054 44800 57.658
38400 51.308 42600 58.420
41300 51.816 36400 59.182

(i)  Plot the data as engineering stress versus engineering strain in graph paper.
(ii)  Compute the modulus of elasticity.
(ili)  Determine the yield strength at strain offset of 0.002.
(15 marks)

-THE END-
EGMI1184 (F)/Apr201 Treformiatted
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APPENDIX A
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APPENDIX B: LIST OF FORMULA

volume of atoms in unit cell

1. Atomic packing factor, APF =

volume of unit cell

mass

2, Density, p =

veolume

initial thickness - final thickness 7
! x 100%

3, Cold work, % CW =

initial thickness

tensile force

4, Engineering stress, ¢ = -
cross sectional area

tensile force

5. True stress, g, = - ,
instatanious ared

. . . change in length
6. Engineering strain, £ = ———————— ! g
original length

.. stress
7. Modulus of Elasticity, £ = ——
strain
Wo—W Ws—W
8. Lever rule, x, = —— and x; = ——2
ws—Wy Ws—W)
, Avogadro’s constant X densit
9. Free electrons in atom, Ny = ——= Y

atomic weight of element X

electron conductivily

10. Free electrons in volume, n = —
electron charge % electron mobility

11.  Fracture toughness, Kj; = Yopvra

12.  Stress relaxation of polymers, ¢ = gze™%*




