1. An iron-carbon steal containing 0.5 percent carbon has a

microstructure consisting of 85 percent pearlite and 15 percent fermrite.
(a) Are these the amounts of the constituents that one would expect
to find in the steel if it had been slowly cooled from the austenite
region?
(b) In a slowly cooled microstructure, pearlite normally has a 7 to 1
_ ratio of the widths of the ferrite and cementite lamellae. What

 would this ratio be in the present case?
(10%)

. Determme the mean time uf gtay of an oxygen atomn in an interstitial
gite in niobium at 300 k.. The lattice parameter, a, for niobium is
equal t0 03301 nm.  The diffusion equation for oxygen in niobium
iS |

D=731x 107 g 1000
| R_=.S.314'-_l Yk mole (10%)

. The dendrite arm spacing (DAS) is dependent on the cooling rate, &,
by an equation of the form DAS=ke™ Suppose for Al-4.9%Cx,
DAS was measured as 100 and 10 pm at the cooling rates 0.1 and 60
k/s respectively.

(8) Determinekandn for the alloy.

{b) What cooling rate ia necessary to reduce the arm spacing to
1.0 pum?

(¢c) Melt spinning and powder atomization are two techniques which
are commonly used to achieve rapid cooling rates. Briefly
describe what these techniques are.

| (10%)




. Skeich stress strain curves and indicate the various work hardening

stages for single crystals of the following:

(a) FCC crystal at low temperature {no cross slip)

(b) FCC crystal at high temperature (cross slip may occur)

(¢) BCC crystal

(d) HCP crystal oriented for basal slip.

Explain the mechanisms of the various work hardening stages.
(20%¢)

. 'There are several important methods to increase the strength of HSLA
steels. Discuss these methods with the proper mechanisms in detail.
What are the characteristics of the dual phase steel? What would
you suggest a heat treaftnent to get the dual phase structure?

(20%6)

. Consider the Bragg equation with respect to first order reflection from
{100} plane of a bee metat by how much of a wavelength do the
reflected pathlengths differ for two adjacent parallel (100) planes, if
the interplanar spacing, d, is taken as, a, instead of , 2/27 Does this
explain why the {100} plane is not a reflecting bee plane?  Explain.
(10%6)

. {(a) Draw a diagram to show the energy barrier associated with the
growth of a precipitate during a solid stafe phase change in a
polymorphic pure metal.

(b) Based on the thermodynamic and kinetic considerations, derive
the growth equation

v = Ave 48/ () _ pm2e™ '
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where Ag, : the energy barrier between ot & B
Agh? : the difference in free energy of @ & B

vV : an atom vibration frequency
A : the atom average jump distance.

(c) Find the simplified equation of the growth velocity with the
- condition of a small supercooling and a larger supercooling.
(d) Draw a diagram to show the variation of growth velocity with
temperature for the growth of a precipitate.
{20%)
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