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Chemistry 12 Experiment: Corrosion of Iron

Introduction:


Iron is the fourth most abundant element by mass in the earth’s crust (after oxygen, silicon, and aluminum); therefore, the second most abundant metal.  However, it is much easier to obtain from its ores than aluminum.  Thus, iron is the most widely used structural metal.  Most of it is used in making steel, which is an alloy of iron with carbon, and, in some types of steels, with other elements as well.  The wide range of products made from steel includes all types of vehicles, machinery, pipelines, bridges, and reinforcing rods and girders for construction purposes, to name but a few.


Unfortunately, iron has one major drawback: under certain conditions it can corrode, or rust.  If rusting is allowed to continue unchecked, the iron can eventually corrode completely away.  Many millions of dollars are lost annually in replacing items (such as cars!) which have been destroyed by corrosion.  It is clearly very important to prevent waste of this magnitude by any available means.



The purpose of this experiment is to acquaint you with the process of corrosion and to demonstrate how it can be slowed or stopped.

Objectives:

1.  To expose pieces of iron to a wide variety of conditions involving access to air, water, acidity, and other materials.

2.  To deduce from the results the factors which hasten/speeds up the corrosion process.

3.  To deduce from the results the factors which retard or prevent the corrosion process from occurring. 

Materials:
	Apparatus
	Reagents

	10 test tubes
	9 iron nails (5 cm long)

	test tube rack
	Acetone

	10 - rubber stoppers
	galvanized iron nail

	Sand paper
	0.05 M NaCl

	1 – 250 mL beaker
	0.05 M HCl

	water soluble marker
	0.05 M NaOH

	small piece of scrap wood
	magnesium ribbon (5 cm long)

	lab apron
	copper wire (5 cm long)

	safety goggles
	


NOTE:  Be gentle with the test tubes.  Slide nails into the test tubes gently at an angle.

Procedure:

1.  Put on safety goggles.

2.  Obtain 9 iron nails and 1 galvanized nail.

3.  Clean the iron with steel wool and place the iron into the 250 mL beaker.
4.  Pour a small amount of acetone over the nails contained in the beaker to clean off any grease or oil 
     on the nails.  Pour the acetone into the REUSE container.  Try to handle the iron as little as possible.

5.  Label the test tubes 1 – 10 with the water soluble marker or with labeling stickers.  Place the labels close to the top/mouth of the test tubes.
6.  Place one iron piece into each test tube.  Place the galvanized nail into the final test tube.
7.  Carry out the following procedures to the corresponding test tube.  (Use enough water or solution to 
     cover each iron nail, unless otherwise specified and cover the test tube with a rubber stopper.)
	Test
tube #
	Procedure

	1
	Add water.

	2
	Cover half the nail with water.

	3
	Do not add anything.

	4
	Add 0.05 M NaCl solution.

	5
	Add 0.05 M HCl solution.

	6
	Add 0.05 M NaOH solution.

	7
	Wrap the nail with a piece of magnesium ribbon as tightly as possible and add water.

	8
	Wrap the nail with a piece of copper wire as tightly as possible and add water.

	9
	Cover half of the nail with a small amount of lubricating grease and add water.

	10
	Contains the galvanized iron nail and water.


8.  Before the end of the period, record any changes that have occurred in a labeled table.
9.  Label the beaker containing your 10 test tubes  with your name’s, date, and block.

10.  Place the beaker in the area designed by your teacher.

11.  Wash your hands with soap and water.

12.  Over a period of two weeks, check the test tubes every class and record you observations.
13.  On the final day, after recording your observations, remove the nail from test tube 7 & 8.  Observe the surface of the nail to see whether any corrosion has occurred and if so, where.
14.  If no rust has formed in test tube 4, add a small amount of potassium hexacyanoferrate (III) solution (K3Fe(CN)6) and record the results.
CLEAN-UP:

15.  Pour the solutions contained in the test – tubes down the sink.  Clean the pieces of iron with steel wool and place them in the spot stated by your teacher.
16.  Clean the test tubes with soap, water, and a test tube brush.   Dry the test tubes and place the dried test tubes into the container stated by your teacher.

Pre-Lab Questions: (Total: 7 marks)
1. You will be comparing the corrosion of a galvanized iron nail to other iron nails.  
      (Look up the meaning of “galvanization” from a reliable source,

                                                        e.g.: wikipeida http://en.wikipedia.org/wiki/Galvanization)

(a) What is the purpose of galvanization?  (1 mark)

__________________________________________________________________________________

(b) How does it work?  (2 marks)

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

(c) Which of the 10 test tubes should serve as a control to compare the process of corrosion?  Explain. (2 marks)

____________________________________________________________________________________
(d) Predict which one (or ones) of the 10 test tubes would have the slowest rate of corrosion? Explain your reasoning. (2 marks)

________________________________________________________________________________________________________________________________________________________________________

(e) Predict which (or ones) of the 10 test tubes would have the fastest rate of corrosion? Explain your reasoning. (2 marks)

________________________________________________________________________________________________________________________________________________________________________

Post lab discussion:
· Read Ch 5.12 “Corrosion of Metals:  Causes & Prevention” (Hebden pp. 233-236)

The corrosion of iron is a redox reaction in which iron initially oxidized to Fe2+:
Fe  Fe2+ + 2e-
The oxidizing agent is oxygen gas, which in the presence of hydrogen ions becomes reduced water:

O2 + 4H+ + 4e-  2H2O
The Fe2+ ion itself is unstable, and it can be oxidized to Fe3+ by the same half-reaction involving oxygen:

Fe2+  Fe3+ + e-

As you can see, the half – reaction involving oxygen uses up H+ ions; therefore, the solution becomes basic because OH- ions are left behind.  Both Fe(OH)2 and Fe(OH)3 are virtually insoluble, so precipitate forms.  What you see as rust in the test tube is mostly Fe(OH)3.  Rust that forms on objects exposed to the air may lose some water from Fe(OH)3 and is often assigned the formula Fe2O3 · xH2O, a hydrate, where the amount of water attached can vary with the conditions.

A precipitate may not have occurred in the test tube containing HCl, since with the larger amount of H+ present, the amount of H+ used up by the oxygen was not sufficient to make the solution basic.  Evidence for the fact that some iron had actually dissolved was obtainable by adding some K3Fe(CN)6 solution.  A blue colour would have indicated the presence of Fe2+ ions.

When iron is attached to another metal that can be oxidized more readily (that is, to a metal which is a stronger reducing agent than iron), the electrons given off by this metal travel to the iron and force it to act as a cathode in the process.  Since iron is forced to accept electrons, it cannot corrode, as corrosion involves giving off electrons.  This method of preventing corrosion is called cathodic protection.

Observations: (Total: 5 marks)
Record your observations in the chart provided.  In point form, give detailed descriptions about the changes you observed.

Corrosion of Iron Placed in Various Environmental Conditions Over 2 Weeks

	Test Tube #
	Test Tube

Contents
	1st Observation

Date: 
	2nd Observation

Date: 

	1


	
	
	

	2


	
	
	

	3


	
	
	

	4


	
	
	

	5


	
	
	

	6


	
	
	

	7


	
	
	

	8


	
	
	

	9


	
	
	

	10


	
	
	


Post-Lab Questions: Answer in complete sentences. (Total: 31 marks)
1.  (a) In which test tube(s) did the greatest amount of corrosion occur?  (1 mark)

    (b) In which did the least corrosion occur?  (1 mark)

    (c)  Based on these results, what substances are required for corrosion to occur. (2 marks)
2.  Compare the results observed in test tubes 4, 5 and 6.  
a) In which test tube(s) did the greatest amount of corrosion occur?  (1 mark)

b) In which did the least corrosion occur?  (1 mark)

c) Based on these results, what condition speeds up corrosion? (1 mark)
d) Based on these results, what condition slows down corrosion? (1 mark)

4. Using the table of reduction potentials, write the reduction half reaction, oxidation half reaction, and balanced redox reaction, and Eo redox for the following:  

a) Corrosion of Fe (s) in 1M H+ and oxygen. (4 marks)

Reduction: ___________________________________________________

Oxidation: ___________________________________________________

Redox: ______________________________________________________

Eo redox  ______________________________________________________

b) Corrosion of Fe (s) in neutral water and oxygen. (4 marks)

Reduction: ___________________________________________________

Oxidation: ___________________________________________________

Redox: ______________________________________________________

Eo redox  ______________________________________________________

5.  Write the net ionic equation for the reaction between Fe3+ and the OH- ions left in solution which  

      gives Fe(OH)3.  Include phase symbols.  (2 marks)
6.  Compare the results observed in test tubes 7 and 8.  
a) Which metal(s) seemed to slow the corrosion process? (1 mark)

b) Which metal(s) has little effect on the rate of corrosion? (1 mark)

c)  Explain how the results agree with the relative position of these three metals in the reduction 
     potential table. (2 marks)
8.  On the basis of your understanding of the factors involved in corrosion, explain the observed result in test tube 9 and how lubricating grease can be used to prevent corrosion.  (2 marks)
10.  Galvanized iron nails such as the one in test tube 10 are made by dipping the iron nail into molten 
        zinc.  Explain the results observed in this tube.  (2 marks)
11.  Corrosion can be prevented by keeping air and water away form iron.  Gardeners should protect their gardening tools form rusting when stored in an outside tool shed over the winter.  Suggest one method except for galvanization to protect gardening tools. Explain how this method works.  (2 marks)
Conclusion: (Total: 4 marks) 
List the 2 methods (isolation of metals and cathodic protection) that are commonly used to prevent or slow down the corrosion of metals.  (See Hebden p. 235 Method A & B) (4 marks)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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