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. {a) Define the term “stiffness” of a material. (3%)

(b) Compare the stiffness of Al and Al;03. Which one is expected to have the higher
stiffness? Why. (4%)

(c) Compare the stiffness of Al and Fe. Which one is expected to have the higher
stiffness? Why. (4%)

. Titanium has the hexagonal close-packed crystal structure. If the ¢/a ratio is 1.588, atomic
radius is 0.145 nm, and atomic mass is 47.87 g/mol. Determine
{a) the density for titanium. (6%)
(b) the planar packing fraction for the (1120) plane. (6%)
(Avogadro constant = 6.022x10* atom/mol)

If electroneutrality of each following structure is to be preserved, what kind of point
defects would you expect to form?

(a) MgO is added as an impurity to Al;03; (4%)

(b) Fe,03 is added as an impurity to Mg0; (4%)

. A 0.25wt% carbon steel is successfully performed a carburizing heat treatment at 950°C
in 8 hours. The surface concentration is to be maintained at 1.2 wt% carbon and achieve
a carbon content of 0.8 wt% at a position 0.5 mm below the surface. How long will it take
to obtain the same diffusion result if we decide to increase the carburizing temperature
to 1100°C. Assuming activation energy Q = 137,700 J/mol, Dg = 2.3 x 10° m?%/s, and R =
8.314 J/mol-K. {12%}




(a) Sketch a curve showing the total free energy (including surface and volume free
energies} change as a function of the radius of the solid particle for a solid-liquid
system during solidification. And explain the meaning of this curve. (8%)

(b) Explain the terms of embryo and nuclei. {(6%)

. A steel contains 93% pearlite and 7% primary cementite {6.67 wt% C) at room
temperature. Assuming carbon content at eutectic point is 0.77 wt%.

{a) Estimate the carbon content of the steel. (6%)

(b) Estimate the amount of ferrite phase present at room temperature. (6%)

{a) What is meant by the term creep? (3%)

{b) Sketch a typical creep curve of a material obtained by a creep test,
Explain in detail. (6%)

(c) How does the test temperature affect the creep curve? (4%)

We would like to produce an extrinsic p-type semiconductor based on silicon, which
provides a constant electrical conductivity of 1500 ohm™ - cm™ over a range of

- temperatures. Determine the amount of aluminum (at%) required to make the p-type
semiconductor. The lattice constant of Si is 5.4307x 10°® ¢m, and Si has a diamond cubic
structure. The mobility of hole for Si is 480 cm?/V-s. (10%)

Ferrite (Fe304) is a ferrimagnetic ceramic material, which has a spinel crystal structure.
Please describe the magnetic behavior of the ferrimagnetic material in terms of magnetic
moments of Fe ions. (8%)




