Phase Transformation: Quiz #3

Dec. 12, 2008
1. (15%) Two steel bars were joined and placed in a furnace for diffusion. The bar on the left side bar has C1 and one on the right has C2 wt. % of carbon and the diffusivity of carbon is D. Develop an equation for the carbon concentration of the bar on the right side as a function of time and distance. 
2. (15%) Using Gibbs-Duhem equation, show that 
                              Di= MRT 
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3. (15%) (a) Show that the angle term, S(), is equal to (2 + cos)(1 – cos)2/4 in the heterogeneous nucleation in a liquid melt and (b) calculate the critical volume, V*, of nucleus when the contact angle,  is 30o 

4. (15%) Derive, during dendritic growth in pure metal liquid, a relationship between the growth velocity of a dendrite and supercooling in front of the dendrite. Find the max. growth velocity of dendrites as a function of critical radius of the dendrite for nucleation.

5. (30%) For steady state solidification of a binary A-B alloy, the following equation holds when the system experiences a limited liquid diffusion with no diffusion in solid.

XL=XO
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XL and XO are the liquid and initial compositions while k, x, D, and v stand for the partition coefficient, distance from the solid-liquid interface, diffusivity of solute, and growth rate, respectively. (a) (5%) Explain the constitutional supercooling with a critical cooling rate at the solidification front of an alloy, (b) (15%) calculate the critical temperature gradient and (c) (10%) if the diffusion above is unlimited in liquid, find out the liquid composition when the weight fraction of liquid, fL, reaches 0.5 in the solidification. Note: the alloy contains 8 mole % of B in A and the partition coefficient is 0.5.
6. (15%) (a) List the terms which determine the driving force for the nucleation in solid and (b) show that the critical radii of nuclei are the same for homogeneous and heterogeneous nucleation.

7. (15%) Show the relationship, graphically and mathematically, between temperature and growth velocity for the diffusion-controlled growth of an incoherent precipitate,  of C   in  matrix of Co. Assume the precipitate is in the form of slab and the equilibrium composition at the interface is Ce. Hint: first, show the relationship between the velocity and compositions.
8. (15%) (a) Derive the free energy change in spinodal decomposition when the compositional fluctuation starts by X from Xo and (b) show the nucleation-growth and coherency spinodal regions in the phase diagram. Draw the region boundaries based on the free energy diagram.
9. (15%) (a) Explain the main cause of massive transformation in Cu-38 at.% Zn system and (b) list the kinds of order-disorder transformation and explain in terms of G, H and Cp.
Answer the following question.

I missed (        ) classes during 11/10/08 – 12/10/08
Have a Merry Christmas!
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