Materials Selection and Design Problems
1. Cartridge brass is an alloy of two metals: 70 wt % copper and 30 wt % zinc. Discuss the nature of the bonds between copper and zinc in this alloy.

2. Pure aluminum is a ductile metal with low tensile strength and hardness. Its oxide (alumina) is extremely strong, hard, and brittle. Can you explain this difference from an atomic bonding point of view?

3. Graphite and diamond are both made from carbon atoms. (a) List some of the physical characteristics of each. (b) Give one application for graphite and one for diamond. (c) If both materials are made of carbon, why does such a difference in properties exist?

4. Silicon is extensively used in the manufacture of integrated circuit devices such as transistors and light-emitting diodes. It is often necessary to develop a thin oxide layer on silicon wafers. (a) What are the differences in properties between the silicon substrate and the oxide layer? (b) Design a process that produces the oxide

layer on a silicon wafer. (c) Design a process that forms the oxide layer only in certain desired areas.

5. In the manufacturing of a light bulb, the bulb is evacuated of air and then filled with argon gas. What is the purpose of this?

6. Stainless steel is a corrosion-resistant metal because it contains large amounts of chromium. How does chromium protect the metal from corrosion?

7. Robots are used in auto industries to weld two components at specific locations. Clearly, the end position of the arm must be determined accurately in order to weld the components at the precise position. (a) In selecting the material for the arm of such robots, what factors must be considered? (b) Select a proper material for this

application.

8. (a) Explain why contact between a hard and soft metal is not suitable for applications where “abrasive wear” is of great concern. (b) How would you protect a steel cutting tool from premature wear? (c) Design a process for your solution.

9. A certain application requires a material that must be very hard and corrosion resistant at room temperature and atmosphere. It would be beneficial, but not necessary, if the material were also impact resistant. (a) If you only consider the major requirements, which classes of materials would you search for this selection? (b) If you consider both major and minor requirements, which classes would you search? (c) Suggest a material.
10. A certain application requires a material that is lightweight, an electrical insulator, and has some flexibility. (a) Which class of materials would you search for this selection? (b) Explain your answer from a bonding point of view.

11. A certain application requires a material that is electrically nonconductive (insulator), extremely stiff, and lightweight. Which classes of materials would you search for this selection? (b) Explain your answer from a bonding point of view.
