




6.4 Corrosion 



 





 




Some 


 


metals have a strong tendency to form ions 


. T


h


eir


 


group is called "active
 




metals" 


. M


etals with a low tendency are called "noble met 


als". 



 




This ability to form metal ions can be measured in volts relative to a neutral
 




hydrogen electrode. 



 




The following list shows the potential values of several metals: 



 




Metals with an electronegative potential tend, if conditions permit, to oxidize and
 




th


erefore corrode in aqueous media. This tendency is  


clearly  


stronger as the
 




potential is more electronegative.  
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Electromotive series of metals 
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The galvanic series of metals and alloys 
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Zinc plate 


Tin coating
 




Calcium plate
 




Aluminium alloy 


Copper and alloys 


Nickel and alloys 


Chromium plate
 




Titanium and alloys 
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Carbon and alloy steels 
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Carbon and alloy steels 
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Copper and alloys 



 




 


 


 


 


 


 


 


 


 


 


 



 




Nickel and alloys 



 




 


 


 


 


 


 


 


 


 


 


 



 




Titanium and alloys 



 




 


 


 


 


 


 


 


 


 


 


 



 




Chromium plate 



 




 


 


 


 


 


 


 


 


 


 


 



 




Corrosion resisting steel 



 




 


 


 


 


 


 


 


 


 


 


 



 




Magnesium alloys 
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Dissimilar metal contacts  


(green areas)  


will result in electrolytic corrosion. 



 





 




The standard potential of aluminium is very electronegative and equal to  


-


1660
 




mV, so aluminium should be a metal that is not very  


stable in the presence of
 




moisture. In fact, experience shows that this is not the case, because aluminium
 




is covered with a natural oxide film that changes its behaviour from what is
 




expected 


:


aluminium is a passive metal. 



 




On the other hand, metals with a 


 


positive potential have little tendency to oxidize;
 




this is the case for the metals at the bottom of the table: gold 


 


(gold is found in its
 




native state) 


 


and


 


platinum. These are called "noble metals". 



 




The standard potential only indicates whether or not such a reaction is possible.
 




It does not predict the speed at which this reaction will occur.  


The  


reaction speed
 




might be zero  


and therefore  


would  


not occur at all. A good example of this is the
 




metal pa 


ssivation experiment. 
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The relative position of two metals in the scale of potentials makes it possible to
 




predict, in the event of coupling of these two metals, which 


 


one  


will be the anode,
 




i.e. the one which will dissolve in the event of operation of the  


battery  


created in
 




this way, 


 


and is always the metal whose potential is the most electronegative. 



 





 




6.4.1.3 


 


Electrochemical reactions 



 





 




When a metal (e.g. iron) is immersed in an acid that does not contain dissolved
 




oxygen, a reaction occurs between the iron and 


 


the H+ ions in the acid solution.
 




In general, this reaction can be written as follows: 
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Here, an iron atom gives up its two valence electrons to two hydrogen ions and
 




goes into solution as a Fe 


2+


 


ion; this reaction is accompanied by the release of
 




hydrogen gas. 



 




The reaction in which an iron atom of the metal lattice passes into solution as
 




ferrous Fe 


2+


 


ions with the loss of two electrons is an oxidation  


or


 


anodic reaction. 



 




On the other hand, the r 


eaction where two H 


+


 


hydrogen ions react with the
 




electrons left in the metal is a reduction  


o


r cathodic reaction. 



 





 




All the anodic reactions are  


of the 


 


form:  



 




M
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Depending on the medium in which corrosion occurs, i.e.  


depending on the type
 




of electrolyte (its concentration of H 


+


 


ions, its dissolved oxygen content, several
 




cath 


odic reactions may take place. T 


he ma 


in ones  


are given below: 
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6.4 Corrosion

The relative position of two metals in the scale of potentials makes it possible to
predict, in the event of coupling of these two metals, which one will be the anode,
i.e. the one which will dissolve in the event of operation of the battery created in

this way, and is always the metal whose potential is the most electronegative.

6.4.13  Electrochemical reactions

When a metal (e.g. iron) is immersed in an acid that does not contain dissolved
oxygen, a reaction occurs between the iron and the H+ ions in the acid solution.

In general, this reaction can be written as follows:

Fe —> Fe’'+2e
2H"+2e H?

Here, an iron atom gives up its two valence electrons to two hydrogen ions and
goes into solution as a Fe?* ion; this reaction is accompanied by the release of
hydrogen gas.

The reaction in which an iron atom of the metal lattice passes into solution as
ferrous Fe?* ions with the loss of two electrons is an oxidation or anodic reaction.

On the other hand, the reaction where two H* hydrogen ions react with the

electrons left in the metal is a reduction or cathodic reaction.

All the anodic reactions are of the form:
M —> Mn+ + ne (1)

Depending on the medium in which corrosion occurs, i.e. depending on the type
of electrolyte (its concentration of H* ions, its dissolved oxygen content, several
cathodic reactions may take place. The main ones are given below:
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Fig. 6 Dissimilar metal contacts (green areas) will result in electrolytic corrosion.

The standard potential of aluminium is very electronegative and equal to -1660
mV, so aluminium should be a metal that is not very stable in the presence of
moisture. In fact, experience shows that this is not the case, because aluminium
is covered with a natural oxide film that changes its behaviour from what is
expected: alut

m is a passive metal.

On the other hand, metals with a positive potential have little tendency to oxidize;
this is the case for the metals at the bottom of the table: gold (gold is found in its
native state) and platinum. These are called "noble metals".

The standard potential only indicates whether or not such a reaction is possible.
It does not predict the speed at which this reaction will occur. The reaction speed
might be zero and therefore would not occur at all. A good example of this is the
metal passivation experiment.
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6.4 Corrosion

Some metals have a strong tendency to form ions. Their group is called "active

metals". Metals with a low tendency are called "noble metals"

This ability to form metal ions can be measured in volts relative to a neutral
hydrogen electrode.

The following list shows the potential values of several metals:

Metals with an electronegative potential tend, if conditions permit, to oxidize and
therefore corrode in aqueous media. This tendency is clearly stronger as the
potential is more electronegative.
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Fig. 5 The galvanic series of metals and alloys
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