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FINAL EXAMINATION

There are twenty (20) questions.  Please answer all questions.  Answers to questions must be supported by evidence, either in the form of calculations or reasoning and logic.  One word or single number answers will not be credited.

Each question is worth 10 points for a maximum of 200 points.

You are permitted to use your textbook and class notes only.  No other material may be used.

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.

Brass, a Cu-Zn alloy, is industrially very significant, and is used for a wide variety of applications.  The Cu-Zn phase diagram is provided.

1. When Cu and Zn are alloyed, what type of deviation from ideality is seen?

2. Draw an activity-composition diagram for this system at 1000oC.

3. Identify any intermetallic line compounds that are formed by Cu and Zn.

4. Identify a eutectic reaction that occurs.

5. Identify a peritectic reaction that occurs.

6. Would it be possible to formulate age-hardenable Cu-Zn alloys?

7. If a Cu-20wt% Zn alloy is made, what type of sites would you expect the Zn to occupy?

8. How would the electrical conductivity of the Cu-20 wt % Zn alloy compare with pure Cu?

9. How would the ultimate tensile strength of the Cu-20 wt % Zn alloy compare with pure Cu?

10. A piece of pure Cu and a piece of pure Zn are connected electrically.  Determine the electrical potential that would develop between the two.

11. If the couple in #11 above is immersed in a beaker containing dilute sulphuric acid, which will be the anode and which will be the cathode?  Write the appropriate anode and cathode reaction.

12. Cu is face-centered cubic.

a. What is the coordination number?

b. Which is the close packed plane?

c. Which is the close packed direction?

d. How many slip systems are available for this structure?

13. A piece of Cu and a piece of Zn are clamped together and placed in a furnace at high temperature so that they can diffuse into one another.  Would you expect the diffusivity of Cu in Zn to be the same as the diffusivity of Zn in Cu?

14. Cu can form two types of oxides:  CuO and Cu2O.  If some Cu2O is placed in an oxidizing environment, what type(s) of defects would result?

15. Cu melts at 1085oC.  Is this a first order or second order phase transformation?

16. Liquid Cu is placed in a crucible and slowly cooled until it solidifies.  The time-temperature profile is also measured.  Draw the time-temperature profile you would expect to see, and explain its important features.

17. Copper is used widely in the electronics industry to fabricate lead frames.  The leads then are connected with solder (a Pb-Sn alloy) to the printed circuit board.  This means that the solder must wet the Cu lead in order for connectivity to be establish.  Describe a test, or method of evaluation, that you can conduct to determine if the solder wets the Cu lead, and what criteria you would use to make that determination.

18. A Cu- 20 wt % Zn alloy is used to fabricate a part that calls for reducing its thickness by approximately 80 % (for example, from 5 mm thick down to 1 mm thick).  Specify an approximate working temperature for this process.

19.  Zinc has the hexagonal close-packed crystal structure.  Draw a sketch of the unit cell and show the location of the atoms.  Which “inter-atomic distance” in this unit cell corresponds to “ro”,   the equilibrium separation distance that was covered in the Potential Well Theory.

20. A 74 wt % Zn – Cu alloy is solidified such that the room temperature microstructure is lamellar, similar to Fig 18.6 in the text.  It is desired to increase the ductility of this alloy.  Specify a process that will yield the desired result, and explain why you think the process you specify will work.

