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. Please read the instructions given in the question paper CAREFULLY.
. This question paper is printed on both sides of the paper.

. This question paper consists of TWO (2) sections.

4. Answer ALL questions in Section A. Choose THREE (3} questions in section B.

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

6. Table and formula are enclosed as reference.

7. Please answer all questions in English only.

THERE ARE 8 PAGES OF QUESTIONS EXCLUDING THiS PAGE.
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SECTION A (Total: 25 marks)

INSTRUCTION: Answer ALL questions

Please use the answer booklet provided

1. The object of 'normalising’ a steel specimen is
A. To reduce hardness
B To relieve stresses
C. To refine structure
D To improve ductility.

2, The melting point of steel increases with
A. Reduced carbon content
B. Increased carbon content
C. None of these.
3. Repeatable entity of a crystal structure is known as
A Crystal
B Lattice
C. Unit cell
D Miller indices
4, The ability of a material to absorb energy in the plastic range is called
A. Resilience
B Creep
C. Fatigue strength
D Toughness
5. Closed packed hexagonal space lattice is found in
A. Zinc, magnesium, cobalt, cadmium, antimony and bismuth
B. Gamma-iron, aluminium, copper, lead, silver and nickel
C. Alpha-iron, tungsten, chromium and molybdenum
D. None of the above
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6. The hardness and tensile strength in austenitic stainless steel can be increased by
A Hardening and cold working
B. Normalising
C. Martempering
D. Full annealing
7. Aluminium alloys find use in aircraft industry because of
A. High strength
B. Low sp. Gravity
C. Good corrosion resistance
D. Good weldability.
8. The unit cells;
A Contain the smallest number of atoms which when taken together have ali the
properties of the crystals of the particular metal
B. Have the same orientation and their similar faces are parallel
C. May be defined as the smallest parallelopiped which could be transposed in
three coordinate directions to build up the space lattice
D. Ali of the above
9. Atomic packing factor is
A Distance between two adjacent atoms
B. Projected area fraction of atoms on a plane
C. Volume fraction of atoms in cell
D None

10. The alloying element which increases residual magnetism and coercive magnetic

force in steel for magnets is

A

B.
C.
D

Chromium
Nickel
Vanadium
Cobalt

11.  The heat treatment process used for softening hardened steel is

A
B.

C.

Carburising
Normalising

Annealing
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D. Tempering

12.  The hardness of steel increases if it contains
A Pearlite
B Ferrite
C. Cementite
D Martensite

13.  The lower critical temperature

A. Decreases as the carbon content in steel increases
B. Increases as the carbon content in steel increases
C. Is same for all steels

D. Depends upon the rate of heating

14. The property of a material due to which it breaks with little permanent distortion, is

called

A. Brittleness
B Ductility

C. Malleability
D Plasticity

15.  What type of bonding makes up ceramic materials?

Covalent bonds
London dispersion forces
metallic bonds

D0 w>

lonic bonds

16. The maximum attainable stress for a metat is called:
A Yield stress
B Fracture stress
C. Maximum stress
D

Ultimate tensile stress
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17. All are attributes of ceramics, except:
A. Covalent bonded
B. Low melting point
C. High stiffness
D. High hardness

18. Al are not attributes of metals, except:
A. Etectrical insulators
B Thermal insulators
C. High meiting points
D Ductile

19.  The hardness and tensile strength in austenitic stainiess steel can be increased by
A Hardening and cold working
B. Martempering
C. Normalising
D. Full annealing

20. Due to which of the following reasons aluminium does not corrode in atmosphere?

A Aluminum is a noble metal
B. Atmospheric oxygen can only diffuse very slowly through the oxide layer
C. No reaction with oxygen occurs at any of above

21. The covalent bond is formed by

A Transfer of electrons between atoms

B. Sharing of electrons between atoms

C. Sharing of variable number of electrons by a variable number of atoms
D. None of the above

22 The conductivity of a conductor can be increased by

A Decreasing its temperature
B. Increasing its temperature
C. Decreasing its vibration

D. Increasing its vibration
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is a negatively charged particle present in an atom
Proton
Neutron
Electron
None of the above

24, The co-ordination number of a simple cubic structure is

A

B.
C.
D

2

4
6
8

25. A perfect conductor has

A.

B.
C.
D

Zero conductivity
Unity conductivity
Infinite conductivity
None of the above
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SECTION B (Total: 75 marks)
INSTRUCTION: Choose THREE (3) questions only

Please use the answer booklet provided

Question 1

Atomic bonding is determined partly by how the valences associated with each atom
interact. Types of bonds include metallic, covalent, ionic and van der Waals.

(a) Based on your understanding, list FIVE (5) properties of materials that exhibit
covalency in their structure.

(10 marks)
(b) Draw the bonding structure of:
i.  Calcium Bromide, CaBra:
ii. Boron trifluoride, BF3:
(6 marks)

(c) Explain the reasons of moduius of elasticity for thermoplastic polymers, is expected to
be very low compared with metals and ceramics.
(6 marks)

{d) Would you expect Aluminum Oxide (Al:O3z) or Aluminum (Al} material have higher
coefficient of thermal expansion? Explain.

(3 marks)
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Question 2

Automobile and aircraft manufacturing are typical examples of major industries in which the
substitution of material is ongoing activity. As example, in automobile industry certain
components of metal body nowadays are replaced with plastic and reinforced-plastic parts.

(@) Estimate FIVE (5) possible reasons for substituting materials in existing products.
(5 marks)

(b) In selecting materials for a product, it is essential to have a clear understanding of
the functional requirements for each of its individual components. Identify the factors
that are involved in the material design and selection of products. Explain the
importance of each factor.

(10 marks)

{c) Based on material design and selection of products knowledge, analyze FIVE (5)

material design consideration and requirement need for the fabrication of a car
bumper.

(10 marks)

Question 3

Diffusion is one of the fundamental processes by atom moves. It is thus important in biology
and medicine, chemistry and geology, engineering and physics, and in just about every
aspect of our lives.

(a) Explain the concept of “interdiffusion” and “selfdiffusion” mechanism.
(8 marks)

(b) Distinguish between ‘"vacancy diffusion mechanism” and ‘interstitial diffusion
mechanism”.

(8 marks)

(c) Give ONE (1) example application of diffusion concept in material processing. Justify
your answer.

(2 marks)
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Question 4

Annealing is a heat treatment process used to eliminate some or all of the effects of cold
working by restoring the ductility of a workpiece and thus allows the workpiece to be worked
further without breaking.

(a) Explain the procedure and the purpose of annealing process.
(5 marks)

(b) There are THREE (3) possible stages in annealing process. Discuss each of stage
involved.

(9 marks)

(c) Discuss the process of “normalizing”, “full annealing” and “spheroidizing” in Annealing
(5 marks)

(d) Describe the correlation between the manufacturing process, structure and
mechanical properties of material. Give ONE (1) example of a product to support
your answer.

(6 marks)

END OF EXAMINATION PAPER
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