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Time Allowed: 2h October 22, 2008.

1. Answer ALL questions.
2. One formula sheet is allowed but must be turned in with your answer script(s).

Question 1 - 25 points Points

a. What do you understand by the term dislocation? List 2 sources of dislocation in metallic alloys 3
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b. How are strength and dislocation motion in metals related? 3
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c. Briefly explain slip systems and state how the mechanical property of a metal is determined by 3
the number of slip systems in its crystal structure. A She s lovn 1S Clowposed
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d. A zinc single crystal is being pulled in tension with the normal to its slip plane (OU01) inclined 4
at 60 ° to the tensile axis and with the slip direction [1120]inclined at 40° to the tensile axis.

i.  What is the resolved shear stress, T acting along the slip direction when a tensile stress of

0.5 MPa is applied?
ii. What tensile stress is necessary to reach the critical resolved shear stress (tcrss) of

0.90 MPa?
iii. What happens When the resolved shear stress along the slip direction in the single crystal
becomes greater than the critical resolved shear stress?
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e. Briefly explain why pure metals are usually weaker than their alloys 3
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f.  Give one reasons why it is more difficult for dislocation to move across grain boundaries than 3
to move within the irams How i is 4 this effect used in strengthening metallic materials?
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g. How is the strength of a metallic material affected by plastic deformation at a temperature
below its recrystallization temperature? Give reason for your answer
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h. What is recrystallization? Can recrystallization occur in a ceramic material? Give reason for /3
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Buestion 2 (25 Points) Points
a. Distinguish between iron and steel making processes

3
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b. State two functions of limestone in blast furnace reduction of iron ore 2
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c. State two differences between blast furnace reduction and direct reduction of iron ore. Which of the 4
two iron making process will produce pig iron? Why is pig iron considered unsuitable for structural
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d. In terms of carbon content distinguish between steel and cast iron 1
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Use the Fe-Fe;C equilibrium phase diagram in Fig. 1 to answer questions 2e —2h
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Fig. 1: Fe — Fe;C equilibrium diagram
e. Name the equilibrium reactions that occur at point A and at point B in Figure 1. Write the equations 3
for these reactions indicating the composmons of the phases involved in the reactions.
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7‘ f. Under what cooling condition can proeutecotoid ferrite be obtained in a Fe-C alloy containing 0.85 2

wt. % carbon?
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