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1. True/False? {true: T: false: F) (10%)

( ) (a) Substitutional diffusion occurs when the diffusing atom is small enough to move
between the atoms in the lattice. This type of diffusion requires no vacancy defects in
order to operate.

( ) (b) The occurrence of heterogeneous nucleation is more difficult than that of
hemogeneous type.

( ) (c) A peritectic reaction is a reaction where a solid phase and liquid phase will together
form two different solid phases at a particular temperature and composition.

{ ) (d) Tetragonal crystals have a lattice parameter of a =4 # c and o= = y=90°

{ ) (e) The driving force for chemical diffusion is chemical potential gradient.

2. Describe the following nouns (35 a3l M ER & - A EHP) (30%)
(2) Recrystallization; (b) Skew dislocation; (c) Martenstic transformation; (d) Supercooling;
(e) Stacking fault; (f) Kirkendall effect. ﬁ,l\% 5% i

Cr S

3.(a)Derive Fick's second law via Fick's first law, J = - 2o Fig. 1
D{BCI3%) (Jis atomic flux; D is diffusivity). (10%) P N
(0)Use Fick's second law to determine which line/lines {3 ~
shown in Fig. 1 had already reached steady state. (5%) {4}; '\1\ B

(cyUse the Gibbs free energy and chemical potential
correlation to explain why "up-hill" diffusion occurred in
solids. (10%)

4. Gibbs phase rule describes the possible number of degrees of freedom F in a closed
system at equilibrium, in terms of the number of phases P and the number of chemical
constituents C in the system.

{a) Please derive the phase rule, F= C— P + 2. (5%)

(b) Find the Fvalue (=0, 1, 2, or 4) for a quaternary system at 273 K, 3 atm. (3%)

(¢) Show the F values (=0, 1, 2, 3, or 4) in the phase field O-@ of Fig. 2. (4%)

(d) Draw the microstructural evolutions in detail for the solidification of alloy 1 to 2 (see Fig.
2) from liquid to 100 °C (Hint: equilibrium coocling). (8%)

{1 atm}
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5. Provide detailed descriptions on the possible analytical methods to deten:mne
() Chemical compositions of phases (5%)

{b) Crystal structures of phases (5%)

{c) Crystallographic orientation/texture (5%6)
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