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MATERIALS SCIENCE & ENGINEERING 

 

PhD Qualifying Exam – Spring 2016 

 

DAY 1 

 

 

Closed Book/Notes Exam 

 

 

Thursday, February 4, 2016 

1:00-5:00 pm 

EMS E250 

 

 

Instructions 

1. This part is a closed book/notes only 
2. There are 6 problems in this part 
3. Answer 5 problems only on separate answer books 
4. Write the topic title on each answer book 
5. Smart phones (devices) and laptops are not allowed 

 

NOTE: NO ELECTRONIC SMART DEVICES ARE ALLOWED IN THE EXAMINATION ROOM  
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1. Properties of Solids  
 

• Provide a generalized equation for electrical conductivity in a solid.  Describe all terms in your 
equation completely. 

• Describe, in detail, how this equation would change (which parameters change, 
increase/decrease, etc.) as a function of composition for the case of a] the Cu-Ni system 
(isomorphous) and b] the Cu-Ag system (simple eutectic).  Provide sketches of conductivity 
versus composition for both cases as part of your response. 

• Describe, in detail, how this equation would change (which parameters change, 
increase/decrease, etc.) as a function of temperature for the case of a] a metal conductor (e.g. 
copper) and  b] an intrinsic semiconductor (e.g. silicon).  Provide sketches of conductivity versus 
temperature for both cases as part of your response. 
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2. Transport Phenomena 

Molten pure aluminum at 750°C flows over a flat plate of silicon (also at 750°C).  The free stream 
velocity is 0.2 m/s.  The silicon plate is 0.5 m × 0.25 m and Al flows parallel to the long side of the plate.   

Data: Properties of Al: density = 2350 kg
m3; dynamic viscosity = 1.5 × 10−3 Pa. s; diffusion coefficient of Si 

in liquid Al = 1 × 10−8  m
2

s
.  Equilibrium diagram for the Al-Si system is provided below.  Atomic weight 

of Si = 28 g/mol.  Sherwood number for flow over flat plate: 𝑆𝑆ℎ𝐿𝐿 = 0.664𝑅𝑅𝑅𝑅𝐿𝐿0.5𝑆𝑆𝑆𝑆0.333 with L as characteristic 
length. 

State all assumptions clearly. 

a. What is the solubility of Si in liquid Al at 750°C? 
b. What is the solubility of Al in silicon at 750°C? 
c. What is the composition of Si in the liquid alloy at the plate surface in wt%? 
d. Draw a sketch of how the steady-state composition varies in the boundary layer indicating values 

where possible. 
e. What is the concentration of Si in the liquid alloy at the plate surface in kg

m3?  Assume density of 
liquid alloy does not change with composition. 

f. Calculate the mass transfer coefficient for Si. 
Calculate the rate at which Si dissolves in Al from both sides of the plate in units of (i) g/s, (ii) mol/s, 
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3. Thermodynamics  

Calculate 0
600KH∆ , 0

600KS∆ , 0
600KG∆  (standard enthalpy change, entropy change, and Gibb’s free energy 

change, respectively) and the equilibrium constant K of the following reaction at 600 K. Assume Cp (molar 
heat capacity at constant pressure) values for Al(s), O2(g), and Al2O3(s) are all constants. 

2Al(s) + 3/2 O2(g) = Al2O3(s): 0
298H∆ = -1675.27 kJ 

 
 Al (s) O2 (g) Al2O3 (s) 

0
298S  (J mol-1 K-1) 28.322 205.307 50.936 

Cp (J mol-1 K-1) 26.36 30.92 99.37 
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4. Phase Equilibrium and Phase Diagrams 

Complete both Part 1 and Part 2 

Part 1: Construct the hypothetical phase diagram for metals A and B between temperatures of 600°C 
and 1000°C given the following information: 

• The melting temperature of metal A is 940°C. 

• The solubility of B in A is negligible at all temperatures. 

• The melting temperature of metal B is 830°C. 

• The maximum solubility of A in B is 12 wt% A, which occurs at 700°C. 

• At 600°C, the solubility of A in B is 8 wt% A. 

• One eutectic occurs at 700°C and 75 wt% B–25 wt% A. 

• A second eutectic occurs at 730°C and 60 wt% B–40 wt% A. 

• A third eutectic occurs at 755°C and 40 wt% B–60 wt% A. 

• One congruent melting point occurs at 780°C and 51 wt% B–49 wt% A. 

• A second congruent melting point occurs at 755°C and 67 wt% B–33 wt% A. 

• The intermetallic compound AB exists at 51 wt% B–49 wt% A. 

• The intermetallic compound AB2 exists at 67 wt% B–33 wt% A. 

 

Part 2: Using the diagram you constructed, describe the microstructure (qualitatively and quantitatively) 
of a hypothetical alloy composed of 20 wt% A and 80 wt% B after it is cooled slowly from a liquid to a 
temperature just below the eutectic temperature.   
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5. Kinetics 

From the attached phase stability diagram (PO2-PSO2) for a Me-S-O system, (a) What is the magnitude of 
the slopes for the lines that describe two phase coexistence? (b) Draw ternary phase diagrams at total 
pressures of 1 and 0.2 atmospheres.  What is the effect of the pressure variation of the phase stability? 
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6. Mechanical Properties 

A monocrystalline tensile sample of a FCC metal has its tensile axis oriented parallel to the [112] 
direction.  When the sample is plastically extended a few percent discuss the slip processes that occur 
and describe what happens to the orientation of the tensile axis.  Use stereographic projection to 
indicate the deformation process that is exhibited by the tensile sample. 

 

 

 

 

 

 

 

 

 

 

 

 


