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FINAL EXAMINATION

There are twenty five (25) questions.  Please answer all questions.  Answers to questions must be supported by evidence, either in the form of calculations or reasoning and logic.  One world or single number answers will not be credited.

Each question is worth 10 points, for a total of 250 points.  There are two Bonus Questions, each worth five points.  The maximum score for this examination is 260 points.

You may work your answers for each question separately;  however, when submitting your answers, please make sure that they are arranged sequentially, starting from No. 1.  Answers that are included out of sequence will not be graded.

Answers to each question must be developed and presented in a logical sequence, with an unmistakable answer to the question posed.

This examination is Open Book and Open Notes.  You may bring in with you your class notes and handouts, homework and midterm solutions from this semester, the class textbook and the MatE 025 textbook.  No other materials will be permitted.

Information:  Titanium is hexagonal closed packed for all temperatures below 882oC, and is called α-Ti.  Its lattice parameters are a = 0.295 nm, c = 0.468 nm.  Above 882oC it is body-centered cubic, and is called β-Ti, with a lattice parameter of a = 0.331 nm.

1. Is the transformation between α-T and β-Ti an enantiotropic or monotropic transformation? √
2. Would the transformation between α-T and β-Ti be displasive or reconstructive? √
3. Would this transformation have a high or low activation energy barrier? √
4. Sketch the (100) plane for each of these structures, showing the location of atoms on the plane. √
5. Which are the close packed planes for each of these structures? √
6. Are the α-T and β-Ti polymorphs or polytypes? √
7. What is the stacking sequence for each of these structures? √
8. The most common oxide of Ti is TiO2.  If  TiO2 has a small amount of FeO as a contaminant, what type(s) of defect(s) would you expect to see in the TiO2? √
9. Would the defect(s) thus generated aid, hinder, or make no difference, to the diffusion of O2- through the TiO2? √
10. A pure Ti component, having the shape shown,

with a rectangular opening in the middle, is 

heated to 950oC, and then quenched in water.

Would you expect to see quench cracks, and

if so, where? √

Information:  You are required to strengthen Ti by adding Cu to it.

11. How much of Cu would you add? √
12. What would the strengthening mechanism be? √
13. If you are required to strengthen the Ti alloy by solid solution strengthening, which one of the following potential additives would you select:  Al, Cu, Fe or Sn? √
14. For the Al-Ti system, identify the eutectic reaction, composition and temperature. √
15. 100 g of pure Ti is placed in a crucible and heated to 1800oC.  It is then cooled slowly to room temperature, and the time-temperature profile recorded.  Draw the time-temperature profile you would expect to see, and identify its important features. √
16. A piece of Al and a piece of Ti are clamped together and placed in a furnace at high temperature so that they can diffuse into one another.  Draw the concentration profile at time = 0 sec, and for time = 48 hours. √
Information:  BaTiO3 is an important ferroelectric ceramic.  At room temperature it has a tetragonal structure with a = 0.398 nm and c = 0.403 nm. (You may assume that the arrangement of the ions is the same as in the idealized perovskite structure.) 
17. Draw a sketch of the (110) plane and show the location of the ions on your sketch. √
18. What is the coordination number for the Ti4+ ions;  which ions are its nearest neighbors? √
19. At 120oC the structure of BaTiO3 changes to cubic, and becomes nonmagnetic.  Is this a lst order or 2nd order phase transformation? √
20. A researcher cools a piece of β-Ti to 882oC (the transformation temperature) and holds it at this exact temperature until the transformation to α-Ti is complete.  Estimate the length of time required for this transformation to be complete. √
21. Metallic titanium is being considered for energy storage applications, namely the storage of hydrogen.  This process is carried out at high temperature, say about 1000oC.  50% of all the interstitial sites in the titanium are filled with hydrogen atoms at the end of the process.  How many atoms of hydrogen are stored in the structure, for every titanium atom present? √
22. In the Al-Ti system a near-stoichiometric intermetallic compound, TiAl3, is formed.  What type of interatomic bonds are formed between the Ti and Al in TiAl3? √
23.  Commercially pure titanium alloys are frequently used in marine environments due to their superior resistance to attack by seawater.  If there were to be any attack (corrosion) of the alloy by the seawater, which part of the microstructure would you expect to be affected first? √
24. A titanium sheet failed in service.  You are the engineer investigating this failure, and you determine that the principal stress (tensile stress) on the component was less than one third of the fracture strength of titanium.  What conclusion can you arrive at regarding the nature of the flaw, or defect, at which the fracture originated? √
25. You are considering using either TiO2 or SiO2 as an electrical insulator.  What would your choice be? √
Bonus Questions:

a.  What is the name of the President of SJSU?

b.  Name a scientist who has received the Nobel Prize two times.

