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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 paper consists of FIVE (5) questions. Answer FOUR (4) questions only.
6. Answer all questions in English.

7. Graph paper is appended.

THERE ARE 6 PAGES OF QUESTIONS AND 2 PAGES OF APPENDIX, EXCLUDING THIS PAGE.
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INSTRUCTION: Answer FOUR (4) questions only.

LS

~

Question 1.

(a)

(c)

(d)

List THREE (3) raw materials that melted in a blast furnace to produce pig iron.
(3 marks)

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 process involved in the
presence of oxygen in the electric arc furnace.
’ (10 marks)

An important part of steel making is the formation of slag. Define the role of slag in
steel making furnace.

Question 2

(a)

(b)

()

- (5 marks)
Describe the processing of iron ore.
(7 marks)
Name the SAE number for the steel with the following components:
(ii) 1.75% manganese, 0.4% carbon
(iii) 5.0% Nickel, 0.6% Carbon
(4 marks)

Rhodium has an atomic radius of 0.1345 nm and a density of 12.41 gcm™. Verify
whether it has a face centered cubic (FCC) or body centered cubic (BCC) crystal
structure. Aton‘ﬁic\ weight of Rhodium is 102.9 gmol™ and Avogadro’s number is 6.023
x 10% atomsmol™.

(8 marks)

Describe the effect of oxygen in steel.
(2 marks)
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(d) Describe the advantages and disadvantages of cast iron in industrial application.
* (4 marks)

(e) Despite of grey cast iron graphite in malleable cast iron separates out much more
slowly and has time to form spheroidal particles rather than flakes. Sketch its

microstructure and describe the advantages and disadvantages in industrial

. application.
(7 marks)
Question 3
(a) Describe hypereutectoid alloy.
(4 marks)

(b) Sketch the microstructure at A, B and C points shown in Figure 1 of an iron-carbon
alloy of hypereutectoid composition C; (containing between 0.76 and 2.14 wt% C), as

- itis cooled from yvithin the austenite phase region to below the eutectoid temperature.
(6 marks)

Y
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Figure 1: lron Carbon Diagram

(c) For a 99.65 wt% Fe—0.35 wt% C alloy at a temperature just below the eutectoid,
determine the following. Refer figure 1. o
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)

Question 4

(a) Draw a specimen for Charpy impact test. Label its dimensions clearly.
(3 marks)

-
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(b)  State the effect of carbon percentage increment in steel composition.
(4 marks)
(@) - A cylindrical specimen of a titanium alloy having an elastic modulus of 107 GPa and
an original diameter of 3.8 mm will experience only elastic deformation when a
tensile load of 12000 N is applied. Compute the maximum length of the specimen
before deformation if the maximum allowable elongation is 0.42 mm.
| (8 marks)

(b) ' A 10 mm diameter bar of 1040 carbon steel is subjected to a tensile load of 50,000 N,
taking it beyond its yield point. Calculate the elastic recovery that would occur upon

removal of the tensile load.
(5 marks)

(c) A Brinell hardness measurement is made on a ductile iron (100-70-03, air-quenched)
using a 10 mm diameter sphere of tungsten carbide. A load of 3,000 kg produces a
3.91 mm diameter impression in the iron surface. Calculate the BHN of this alloy.

- (5 marks)
Question 5

(a) The followiné data (Table 1) were collected from a tensile test on a cylindrical
specimen of aluminum that having a diameter of 12.5 mm and original gauge length

is 50.5mm.

I. Plot Stress Strain curve.
II. Determine the yield strength by 0.2% offset
Ill. Determine the tensiie strength for the aluminum sample.
(10 marks)

Y
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- Strain (mm/mm) Stress (MPa)

0.0000 0
0.0010 67
0.0020 127.3
0.0030 189.5

\ 0.0040 246.2
0.0050 277.3
0.0100 308.4
0.0200 330.9
0.0400 358.1
0.0600 369
0.0800 3775
0.1000 379
0.1200 368.2
0.1350 358.1
0.1500 341
0.1650 292.8

P Fracture
Table 1

(b) 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 produce the softest part of

metal.
(7 marks)
(d) Describe the type of corrosion failure shown in Figure 2 below.
.‘k\ ’ N W
Narrow. Deep Eliptical Wide. Shallow
Figure 2: Failure
(3 marks)
FTB 12102 FUNDAMENTAL METALLURGY 5
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(e) Suggest the prevention method to this corrosion.
(5 marks)

END OF QUESTION

FTB 12102 FUNDAMENTAL METALLURGY 6




JANUARY 2010 CONFIDENTIAL

™,
0 7] ] fas) = ==
R [ — 2 ,
28 (3o} - - A - -
> clew 280 282 5 J|e & 2fe @ e o U s 38 =0
- S| 2 — L e X qlw T Y R B o
&5 > 2 o3 - ol
. ‘o < & & — —
-
; (=} (] . =t o
e s = =T s wy b =% (a7} o ~ 2 lea
- ~ —'anu_@'"‘_ﬁ"ﬂ"‘cq""‘—td“"“r- L Sle 8%
= = , ¥ 3 =
= w |7 mmm":\"m @< a R 2a
. ™ e - —
=} ~t @ < - o« -
o w = © i = = o W
5 0 Sl @ Dley @ o+ o D= Lla = 0
w O 9 v < e 2 B ~les & ™ V- R R R VY
R @ = i o U 'Ee uyr = ~N @GOG & D — o= = e
- 3¢} — —
S -t ol [Ty '(ZJO @O p—
o oa - ' _ o —~ &
\ i S | o [ W oo 0 e = T SO | = e
\ ) - Z bl B Q. = | off Tolan o | ] <o ol |’.C~ T
— & =~ — &1 —
— g > Pl n Daeld
. = b i )
ey O | Slow v Wl o Ty oo T = Q g v
R i & o EERVIRR B FoV) I~ o -+ |& w
ol @l < o (EEIN] (O a Ry = =
— & - & —
has o ® =
) o M I =
| oo il 8le =3 sy
= < @ @ a0 &
— od T <4
- 3 -
m'r—{‘zd‘—#QD’Jw’ " T e 1
= O o e TGO 3 - 2
=" Nt OMe TR 2] oom 3
o = B
% . ;o o~
[ r~ w
-+ b L o
@ Ol == Al e rJ:p;‘o- s 3T -+ :‘- w £ 5
A £ < S i ] Py Al I %
> B § = |~ O }-3 -t - ol €& ; st o o
z T —— =
7 IO
C = E = o o ._.
2 C T <o P = o 5 e = Q
. ] = - = I -~ :;‘_;: oy :‘: T ef. oy
. = = - - — "“
o —
== e | N — o8 B ae=
b . ) I — .‘:-;, (=0 fr_; P
= —
= - -
‘ T s 8 - E o oo
| Pl R b L ) el o Z o1
. T L\ [Ty, =
T
= o ol -t o
= . B s
= Yl 2 G o Ter @ @ 2= N, — =
= =l =9 = & o & b Sl R
= - . = p 4 e
) u - LN ]
=
{_r;] - “ -+ wi .
&= ] o <o )
<1 T = G od & T . o Tlle— @ T
.‘L ; o = = | = oo w OO O | Co ';'&
' 4 : o =8 <0 e
{' ‘( uy - =
& r
3 } ’1 - ] = Vs o~ <t
e 3w Qe w3l 290 ol w e Tlo =9
v I = fed - et 2o o [ el L S
D¥u) 9 L/ @ -+ Il. A
B : — (&N}
_ = o~ = o
Wil — Je o ocufay o= ~ @ 2la o
o= |ea = = N Z|—- I © uy 1 0o <L
g 5 i =
< og) 4
= = = e t W
v ) o &la 3 & e 2SS % A a Y
: SRASB 385588 2 %
. -t <0 “ “ 2 b
= @B
o o <o el < — £ =
4 = - Lar) ) —
Q@ e ™ @O @ Qlay - @ < ‘|l < =
__’*’aj(’;f-E'r-mudmm.»;-ucngcca:f\‘} ?J &
h o =+ =0 — et 5 T,
(5
o =) ] —
) & S bov] x ) -
& b —_— M- T Il = O Ty o e o T
Z|— I 2|~ Tl = VNE X Tl & o5 O oo oo
"~ «© o~ [ajl 20 Ly} 2Pl
™ [aN ] [ael —

FTB 12102 FUNDAMENTAL METALLURGY 7




JANUARY 2010

-

4o’ 1
APF = (n)( X—=)
3 a
. . nA
'D .VCNA
N - NAp
4 5

"

_4r
afcc ——ﬁ
P
bee \/’é‘
a,=2r
o~
D =D, ex
i
my—m,
m, phase = ——— xTotal Mass
: My —m,

m, —m
m ; phase = ———=xTotal Mass

mﬂ —-m, "

o 0
m_ % —m_ %

m,phase% = x100
yr ¥ m Yo—m
0/ _ ) O
m, phase% = M-E’LL—*/E)CIOO
m. % —m,,,
5= . 100
. CA(a) 4 CB(a)
oy Ps
5, = 100
! CA(ﬂ) +C8(ﬁ)
P Ps

Y

FTB 12102 FUNDAMENTAL METALLURGY

CONFIDENTIAL

Ya
y, =L
ma +ﬂ
pa pﬂ
"y
v = pﬂm
ma+-_£
pa pﬂ
F
o =—
AO
Al
E=—
lO
ol
o

Y%elongation = —;‘—lxIOO%

o

% area reduction = %A;xlOO%

o

BHN = D £
7(D—\/D2 ~d?)
VEIN = 1.85F
d2




