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1. Pleaseread 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 paper éonsists of FIVE (5) questions. Answer FOUR {4) questions only.

6. Answer all questions in English.
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INSTRUCTION: Answer FOUR (4) questions only.

Please the answer booklet provided.

Question 1

(a) Give THREE (3) types of iron ore and their percentage of iron and iron compounds

respectively.
(9 marks)

(b) Steelmaking from scrap metal involves melting scrap metal, removing impurities and
“casting into a desired shape. This process does not require the three step refinement
as needed to produce steel from ore. Sketch and describe the furnace process in the

presence of pure oxygen.
(10 marks)

L

(c) * Explain the function of limestone in pig iron processing and describe the processing of
pig iron.

A : (6 marks)

»

Question 2

(a) Show that the atomic packing factor for body centered tetragonal is 0.704. Assume

c=1.25a.
(10 marks)

(b) Molding and mounting is one of the important techniques in metallographic method.
(i) Explain the purpose of molding and mounting in metallographic method.
(5 marks)

(i) Describe the purpose and the process of etching.
(10 marks)
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Qu‘estion 3

(a) Describe hypoeutectoid alloy.
' (4 marks)

(b) For a 99.55 wt% Fe-0.45 wt% C alloy at a temperature just below the eutectoid,
determine the following. Refer figure 1.
a. The fractions of total ferrite and cementite phases.
b. The fractions of the proeutectoid ferrite and pearlite.
c. The fraction of eutectoid ferrite.
(15 marks)

(c) Sketch the microstructure at A, B and C points in Figure 1 of an iron-carbon alloy of
hypereutectoid composition C4 (containing between 0.76 and 2.14 wt% C), as it is
cooled from VNithin the austenite phase region to below the eutectoid temperature.

* Refer figure 1.
(6 marks)
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Ternpesature #C)

0 IVOT 20

Compasition (wi%% C)

Figure 1: Iron Carbon Diagram

Question 4

(a)

Draw a specimen for Izod impact test. Label its dimensions clearly.

(3 marks)

Describe the differences between 3-point bend test and 4-point bend test.

(4 marks)

For a bronze alloy, the stress at which plastic deformation begins is 275 MPa, and
the modulus of elasticity is 115 GPa.

(i) What is the maximum load that may be applied to a specimen with a

FTB 12102 FUNDAMENTAL METALLURGY 3
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cross-sectional area of 325 mm? without plastic deformation?

(4 marks)

(i) If the original length is 115mm, what is the maximum length to which it
may be stretched without causing plastic deformation?
(4 marks)

(d) A steel bar of rectangular cross-section, 5 cm by 2 cm, carries an axial load of 70 kN.
Estimate the average tensile stress over a normal cross section of the bar.

(5 marks)

"(e) _ Calculate the Vickers hardness number (VHN) for a material where a diagonal length
of 0.42 mm was produced using a 10 kg loads. Sketch the top view of the indentation.
’ (5 marks)

Question 5
(a) Uranium has an orthorhombic unit cell, with a, b, and c lattice parameters of 0.286,
0.587 and 0.495 nm, respectively. Given: the density: 1905 gcm™, atomic weight:
v 238.03 gmoIT, and atomic radius: 0.1385 nm. Based on this information, calculate

the atomic packmg factor (APF) and compare that APF quantitatively with that of a

BCC metal.
i (6 marks)
(b) A\Vickers hardness measurement using a square base diamond indenter and 50 kg

load, produces an indentation of 0.45 mm on welded joint area. The maximum
Vickers Hardness Number can be accepted for use in sea environment is VHN 350.
Determine the Vickers Hardness Number (VHN) for the welded joint area and give
your comment on the welded joint after comparing the result obtained with standard
value.

(3 marks)

-(c) A part of metal has been heated to a high temperature and then has been cooled.
Suggest and explain the most suitable cooling process to prodﬁce the softest part of
metal.

(7 marks)
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(d) (i) Identify the types of corrosion failure for the sample in Figure 2.

Steel
\

\ N
!

Aluminum Corrosion

Figure 2: Failure
(1 marks)

(i) Suggest the prevention method to the corrosion.
¢ ; (8 marks)

END OF QUESTION
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