

          Corrosion on the bow of an oil tanker

Teacher Background Information:
The most familiar and costly example of corrosion is the formation of rust on iron.  Iron and steel structures are highly susceptible to corrosion and their protection costs billions of dollars annually.  The chemistry of corrosion under atmospheric conditions is extremely complex and is catalyzed by hydrogen ions, H+(aq), explaining why increased acid precipitation causes increased rates of corrosion.  Oxygen gas and water must also be present for iron to rust. 

Corrosion is an electrochemical process, and acidic and salty conditions favour the establishment of electrochemical cells on the metal, which cause it to be corroded. Other examples of corrosion include the green deposit that forms on copper and bronze, called verdigris, a basic copper carbonate, and the tarnish on silver, which is a corrosion product - a film of black silver sulfide. 

Depending on the type of metal and the reaction conditions, the corrosion reactions will differ.  As an example, the redox process of the corrosion of an iron nail is described below:

When water is added to iron, an electrochemical cell is created that has a distinct anode and cathode. If an iron nail is placed in agar or gel in which ferric cyanide ions (Fe(CN)3) and phenolphthalein indicator have been placed, the ends of the nail turn blue and the middle of the nail turns pink. The blue colour is caused by ferricyanide indicator reaction with the iron ions, and the pink colour is due to reaction between hydroxide ions and phenolphthalein. 
How are these ions produced?
· At one spot on the nail (the anodic site of our electrochemical cell) iron loses electrons (is oxidized) to form iron (II) ions. 

Fe (s) ( Fe2+ (aq) + 2e- 

· At another spot on the nail the oxygen in the air combines with water and forms hydroxide ions. 

½O2 (g) + H2O (l) + 2e- ( 2OH- (aq) 

· In the presence of oxygen the iron further oxidizes at the anode (loses electrons) to become iron (III) ions. 

Fe 2+ (aq) ( Fe3+ (aq) + e- 

· The iron (III) ions and the hydroxide combine to form rust. 

2Fe 3+ (aq) + 6OH- (aq) ( Fe2O3 (s) + 3 H2O (l) 

· Notice that water is required for the reaction at the cathode but produced in the overall reaction. It therefore is acting like a homogeneous catalyst, to speed up the rusting of iron. In essence the water and oxygen make it easier for iron to rust. 

· As with all electrochemical cells the electrons flow from the anode to the cathode. 

An Iron Nail



Anodic Site



Cathodic Site



Anodic Site


Again, the rate of corrosion is increased when the metal is in contact with another metal, or when salt is present.
Below:  An experimental image of the nail, including one of a bent nail.  Notice the ferric cyanide ions present at the stressed site where the nail is bent (as indicated by the blue color).

[image: image1.jpg]



Rusting may be prevented by:
· Preventing oxygen and water from contacting the metal.  This can be accomplished using paint, grease, plastic or other methods of covering the metal.

· Sacrificial (cathodic) protection using a more reactive metal.  This involves adding pieces of a more reactive metal (such as zinc or magnesium) to the surface of iron. Both zinc and magnesium are oxidized more readily than iron, which results in those metals being oxidized thus sparing and protecting the iron.  Propeller shafts of speedboats are often protected this way.  Anode rods in water heaters work this way as well (they are often called "sacrificial anodes").   Galvanized nails - nails coated with the more reactive zinc - provide yet another example.  The zinc gets preferentially oxidized, forming a nice coating of zinc oxide on its surface, which prevents further oxidation of the zinc. 

· Metal alloys (a mixture of metals), or a mixture of a non-metal with a metal. An alloy such as stainless steel (chromium is added to steel - a mixture of iron and other elements such as carbon - to make stainless steel) is highly resistant to corrosion but can be prohibitively expensive. 

In this activity, students (in groups of four) will design an investigation into corrosion or corrosion prevention.  Following one week of data collection and results, students will present their findings to the class.  All information regarding corrosion and corrosion prevention will then be summarized for the class.  

Introduction:
· Why does corrosion occur?

· What can be done to prevent corrosion?

Humans have been trying to understand and control corrosion for as long as they have been using metal objects.  Corrosion occurs by oxidation-reduction reactions.  In some areas, salt is spread on the roads to melt ice and snow.  Although accidents are prevented, the salt accelerates the formation of rust on car bodies, bridges, and other steel structures.  Near the ocean, the salt suspended in the air assists in corroding metal objects.  In each of these cases, the oxidation of the metal to its oxide is central to the corrosion process.

In this activity, you will organize yourselves into in groups of four and design an investigation into corrosion or corrosion prevention.  Following one week of data collection and results, you will present your findings to the class.  Then, as a class, you will compile all information regarding corrosion and corrosion prevention.  
Part One:  Corrosion Investigation
Work in groups of four to design an investigation into corrosion. 

Some ideas:

· Determine which types of substances will undergo corrosion.  
· Investigate which factors cause a particular substance to corrode.  

· Investigate which factors can reduce or stop corrosion.

Prepare a report according to the following components and rubric:

1) State your objective of the investigation.  (What is the question you want to answer?) 

2) Include a hypothesis statement.    
3) Determine and list the equipment that you will require. 

4) Include a method to describe how you are going to carry out the investigation.  

5) Carry out the investigation for one week, recording observations and results (pictures would be helpful to have during your presentation). 

6) Discuss your experimental design.  What about the investigation could be added or improved?

7) Write a conclusion.  

Sample Report Rubric

	Criteria
	Score


	Objective of Investigation


	/1

	Hypothesis Statement


	/2

	Materials

	/2

	Method

	/3

	Observations and Results

	/3

	Conclusion

	/1

	
Discussion of Experimental Design

	/3

	Total

	/15


Part Two:  Presentation

Prepare a short oral presentation (2-4 minutes) about some aspects of your investigation into corrosion.

Each member of the group must present some information. 

Your presentation must include: 

1) What factor about corrosion did you investigate and why you chose this factor. 

2) What did you think would happen in your experiment? 

3) What observations did you record? How did you record them?  

4) What conclusion did you draw from your observations? 

5) Were there any problems associated with your experimental design. How do you think that you could overcome these problems? 

6) State some further factors about corrosion that you would like to investigate. 

7) Comment on the importance of being able to reduce corrosion of substances. 
Sample Presentation Rubric 
	Criteria
	Score


	Factor Investigated

	/2

	Predictions

	/2

	Observations

	/3

	Conclusion

	/1

	Assessment of Practical Design

	/3

	Further Investigations

	/2

	Importance of Corrosion Protection

	/2

	Total

	/15


After the presentations, compile and summarize the results to include all factors investigated and the corresponding results. 

Extension Activities:
1. List some items in your home that can undergo corrosion.  

2. Research and describe the different ways to prevent the corrosion of iron.  Explain how each method prevents the corrosion of the iron. 
3. Research answers to the following questions regarding the Statue of Liberty.

a) What is the material used to cover the Statue of Liberty?

b) Why was this material used?

c) Why is the statue green in color?

d) What is meant by “patina”?

e) In the 1980’s, the statue had to be fixed to prevent its eventual destruction.  What had to be done and why?



Note: A Standard Reduction Potential Chart is included below to compare the reactivity of metals.
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Student Activity:
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Why Airplanes Don’t Rust


Did you ever wonder why airplanes never seem to rust, despite their constant exposure to rain, sleet and snow? 


The quick answer is that most aircraft are made of aluminum -- a chemical element that seems to resist corrosion even when exposed to air and water. 


But the fact is that pure aluminum reacts so readily with water that, according to the laws of chemistry, the aluminum shell of an airplane should actually dissolve in the rain. 


Fortunately for the airline industry, when aluminum metal is placed in the atmosphere, a thin layer, known as aluminum oxide, forms on the metal's surface and acts like a protective, rust-resistant shield. 


Scientists have long known that aluminum oxide does not corrode rapidly in water, but they have been unable to fully explain why. 


Now, for the first time, researchers have shown that liquid H2O has a surprisingly potent effect when it comes in contact with the surface of a metal oxide, a finding that has industrial and environmental implications. 


"Water actually changes the structure of the solid surface," says Gordon Brown, Jr., the Dorrell William Kirby Professor of Earth Sciences. 


Writing in the May 12 issue of the journal Science, Brown, graduate student Thomas P. Trainor and collaborators from the University of Chicago and Lawrence Berkeley National Lab present the first atomic-level model of what happens when water and aluminum oxide meet. 


Shifting atoms 


Aluminum oxide consists of atoms of aluminum and oxygen bonded together. 


But Brown and Trainor discovered that, when water molecules come in contact with aluminum oxide, the aluminum and oxygen atoms on the surface move apart -- in some cases separating by more than 50 percent compared to their normal molecular positions. 


As a result, when the outer layer of aluminum oxide gets hydrated or wet, its structure changes just enough to become chemically inert and thus unable to react rapidly with additional water molecules or atmospheric oxygen. This change in molecular structure is why aluminum oxide metal resists corrosion. 


�HYPERLINK "http://news-service.stanford.edu/pr/00/aluminum511.html"�http://news-service.stanford.edu/pr/00/aluminum511.html�














Useful Websites:





Corrosion Doctor’s Website:


�HYPERLINK "http://corrosion-doctors.org/index.htm"�http://corrosion-doctors.org/index.htm�








The eight forms of corrosion:


�HYPERLINK "http://corrosion-doctors.org/Corrosion-History/Eight.htm"�http://corrosion-doctors.org/Corrosion-History/Eight.htm�








Electrochemical Corrosion Protection:


�HYPERLINK "http://corrosion-doctors.org/Corrosion-History/Electrochemical.htm"�http://corrosion-doctors.org/Corrosion-History/Electrochemical.htm�





Corrosion in History:


�HYPERLINK "http://corrosion-doctors.org/Corrosion-History/Introduction.htm"�http://corrosion-doctors.org/Corrosion-History/Introduction.htm�





Historical Theories on Corrosion:


�HYPERLINK "http://corrosion-doctors.org/Corrosion-History/Theories.htm"�http://corrosion-doctors.org/Corrosion-History/Theories.htm�








Corrosion Story:  A Costly Lesson About Corrosion  by Mike Busch�
�
�
�



�HYPERLINK "http://www.cessnapilotsassociationofaustralia.org.au/tech1article.html"�http://www.cessnapilotsassociationofaustralia.org.au/tech1article.html�





Rare Earth Metal Air Exposure Test:





�HYPERLINK "http://www.elementsales.com/re_exp/index.htm"�http://www.elementsales.com/re_exp/index.htm�




















