IET 307: Materials Science 

HW 10 (based on chapter 17), Due by 11.55 PM, Sunday, December 12’Th, 2010 

100 points 

1. Draw a schematic of the iron – copper electrochemical cell and explain the electrochemical considerations here. (10 points). 

2. What is the Galvanic series? (5 points)

The galvanic series determines the nobility of metals and semi-metals. When two metals are submerged in an electrolyte, while electrically connected, the less noble (base) will experience galvanic corrosion. The rate of corrosion is determined by the electrolyte and the difference in nobility. The difference can be measured as a difference in voltage potential. Galvanic reaction is the principle upon which batteries are based. 

http://en.wikipedia.org/wiki/Galvanic_series 

3. Explain Polarization and the difference between Activation polarization and Concentration polarization (10 points)

Polarization is the displacement of an electrode potential from its equilibrium value as a result of current flow. Activation polarization is the condition wherein the reaction rate is controlled by the one step in the series that occurs at the slowest rate. Concentration polarization exists when the reaction rate is limited by the diffusion in the solution.

4. Salt (NaCl) was stored in an aluminum container. The container is used repeatedly in high humidity region. (a) Is there a possibility of a cathodic and anodic reaction taking place? (b) If yes, identify the reason. (10 points) 

5. Explain corrosion of metals and all the various types of corrosion. Explain each one of them in detail. (10 points)

· Uniform Attack: form of electrochemical corrosion that occurs with equivalent intensity over the entire exposed surface and often leaves behind a scale or deposit.

· Galvanic Corrosion: occurs when two metals or alloys having different compositions are electrically coupled while exposed to an electrolyte.

· Crevice Corrosion: occurs in crevices and recesses or under deposits of dirt or corrosion products where the solution becomes stagnant and there is localized depletion of dissolved oxygen.

· Pitting: form of very localized corrosion attack in which small pits or holes form.

· Intergranular Corrosion: occurs along grain boundaries for some alloys and in specific environments.

· Selective Leaching: found in solid solution alloys and occurs when one element or constituent is preferentially removed as a consequence of corrosion processes.

· Erosion-Corrosion: comes from the combined action of chemical attack and mechanical abrasion or wear as a consequence of fluid motion.

· Stress Corrosion: results from the combined action of an applied tensile stress and a corrosive environment.

· Hydrogen Embrittlement: when various metals alloys experience a significant reduction in ductility and tensile strength when atomic hydrogen penetrates into the material.

6. Erosion corrosion occurs in pipes (around sharp elbow regions) carrying water in some regions of the country. What type of protection can you offer to reduce the erosion corrosion in pipes? (10 points) 

7. Explain ‘oxidation’ with scale types and its kinetics. (10 points) 

8. Investigate what metals are used in the structure of the Statue of Liberty. Why is the statue green and what kind of corrosion is it? (5 points)

Copper was used to make the Statue. It is green because the water is corroding it.

9. A gray cast Iron pipe is used in the natural gas distribution system for a city. The pipe fails and leaks, even though no corrosion noticeable to the naked eye has occurred. Offer an explanation for why the pipe failed and explain the procedure. (10 points) 

10. The leaf springs for an automobile are formed from a type of high-carbon steel. For best corrosion resistance, should the springs be formed by hot working or cold working? Explain. Would corrosion still occur even if you use the most desirable forming process? Explain. (10 points) 

11. Explain corrosion of ceramic materials and degradation of polymers. (5 points) 

12. Brass plates are to be fastened together using bolts and used in marine environment. Would you select bolts made of steel or bolts made of nickel? Why? (5 points) 

