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Summary 

During the last years we have been discussing in detail many different forms and cases of corrosion in 
ammonia and urea. To really understand the background and fundamentals of these corrosion 
problems it is necessary to introduce to you the modern electrochemical theory of aqueous corrosion. 
Although the presentation is necessarily simplified and brief we think this theory will contribute to a 
better understanding of corrosion phenomena. In the first paper about this subject we did discuss the 
thermodynamic principles (August 15, 2010). In the second  paper we did discuss the electrode 
kinetics (April 15, 2011), the third paper is part 1 of the discussion of  the application of 
electrochemical corrosion theory on corrosion reactions in general and in carbamate solutions specific. 
And this paper discusses the phenomena of Passivity in detail. 
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2.4.5 Passivity

Passivity is an unusual phenomenon observed during the corrosion of certain
metals and alloys. Simply, it can be defined as a loss of chemical reactivity
under certain environmental conditions. The nature of passivation was
already illustrated in the 19th century by Faraday by means of experiments
with iron in nitric acid. This series of experiments is shown in figure 2.4.5.1.
If a small piece of iron is immersed in concentrated nitric acid of about 70%
(or above) at room temperature, no reaction is observed. The corrosion rate of
the iron is very low. If water is added, diluting the nitric acid approximately 1
to 1, no change occurs. The corrosion rate of the iron sample is still low.
However if the iron is scratched with a rod, a violent reaction occurs, the iron
rapidly corroding, and NOX gases are released. A similar effect will be
observed if the iron is directly immersed in diluted nitric acid.
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This experiment demonstrates important points concerning passivity:

• In the passive state, the corrosion rate of a metal is very low. Frequently
the reduction in corrosion rate accompanying the transition from active to
passive state will be of the order of 104 to 106.

• The passive state is often relatively unstable and subject to damage as
shown by the affect of scratching in the before mentioned experiments.

• From an engineering point of view passivity offers a unique possibility
for reducing corrosion but it must be used with caution because of the
possibility of a transition from passive to active state.

The experiment indicates that passivity is the result of a surface film. It is
estimated that the film is only approximately 30 angstroms or less in
thickness.
The nature of the passive film and consequently the basic nature of passivity
is still not completely understood but in most cases stable oxides are formed
above a critical potential. If this oxide forms an adsorbed, impermeable and
coherent surface film, the corrosion current will fall to a low value.
Iron, chromium, nickel, titanium and alloys containing major amounts of
these elements demonstrate active-passive transitions.

Figure 2.4.5.1
Schematic illustration of Faraday's passivity
experiment with iron.

(Mars G. Fontana)
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Figure 2.4.5.2. shows a typical anodic polarization curve for a metal
undergoing an active-passive transition.
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Starting from the equilibrium potential of the Me/Men+, the metal initially
demonstrates behaviour similar to non-passivating metals.
That is, as electrode potential is made more positive, the metal follows
typical Tafel behaviour and dissolution rate increases exponentially. This is
the active region. At more noble potentials Ep, the dissolution rate decreases
to a very small value and remains essentially independent of potential over a
considerable potential region. This is  termed the passive region. Finally at
very noble potentials, dissolution rate again increases with increasing
potential in the transpassive region.
At this high potential a new anodic reaction occurs, namely oxidation of
water: 2H2O → O2 + 4H+ 4e
Important characteristics are:
• Ep: (primary) passivating potential
• Icrit: critical anodic current density
• Ef: Flade potential, close to the passivating potential, indicates the

transition from passive to active behaviour at a decrease of the electrode
potential.

Figure 2.4.5.2 shows beside the anodic polarization curve 3 different cathodic
polarization curves with different consequences on the corrosion behaviour of
the metal. In case A there is only one stable intersection point which is in the
passive region. For such a system, the metal or alloy will spontaneously
passivate and remain passive with a very low corrosion rate. This system
cannot be made active and always demonstrates a low corrosion rate. This
system is typical of e.g. stainless steels in acid solutions containing oxidizers.
Case B is particularly interesting since there are three possible intersection
points at which the total rate of oxidation and total rate of reduction are equal.
Although all three of these points meet the basic requirements of the mixed-
potential theory, the point in between Ef and Ep is electrically unstable and, as
a consequence, the system cannot exist at this point. Hence both other points

Figure 2.4.5.2
Polarization curve of a metal with active-
passive behaviour.
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are stable, one point in the active region corresponding to a high corrosion
rate and the other point in the passive region with a low corrosion rate. This
system may exist in either the active or passive state. Stainless steels in
(oxygen containing) carbamate solutions are typical for this behaviour.
In case C there is only one stable intersection point which is in the active
region, and a high corrosion rate will occur. This case is characteristic for
stainless steels in air-free carbamate solutions.
From a corrosion point of view it is obvious that case A is most desirable.
With an external rectifier the electrode potential of a passivating metal can be
brought at the wished positive value and maintaining on this value. Another
possibility is the application of a redox-system. To obtain a stable passive
situation this redox system has to meet the following requirements:
• the equilibrium potential of the redox-system must be more positive than

the Flade-potential of the metal which must be passivated: Eeq, redox > Ef,
• the cathodic current density of the redox system must have a higher

value than the critical current density of the metal:
critEpredox,c ii >

Provided that the potential can be maintained in the passive area of the anodic
polarization curve, the current required to maintain passivity is very small.
This current, Ipass, is the current just necessary to plug the "weak spots" where
passivity has broken down.
There are several processes which lead to break-down of passivity:
• Self activation by local cathodic reduction of oxide.
• Adsorption of chloride.
• Oxidative dissolution (in transpassive reaction)
• Chemical breakdown: dissolution of oxide.
• Undermining: rapid attack of substrate at breaks in the film.

• Mechanical: applied stresses will cause brittle films to fail. Active
dissolution then occurs at breaks in the film until repassivation occurs.

The presence of chlorides has a deleterious effect on the passivation process.
A number of mechanisms may be operative:

• Chloride is strongly adsorbed at the metal surface and forms strong
soluble complexes with most metals thus favouring active dissolution.

• Chloride can "dope" existing oxide scales leading to a defective oxide
with increased conductivity.

• The presence of chlorides favours conditioning for pitting.
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The relationship between an Evans diagram and a Pourbaix diagram is shown
in figure 2.4.5.3. The Evans diagram in figure 2.4.5.3 corresponds to a pH of
5. The two diagrams drawn together help to emphasize the relationships
between the zones marked on the Pourbaix diagram.
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Figure 2.4.5.3
Schematic illustration of Pourbaix and
Evans diagram to illustrate their
relationship.
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Giel has written the Corrosion Engineering Guide, a valuable asset 
for any engineer working in a urea plant. 

 
This guide is available via: 
http://www.stainless-steel-world. com/  
Please find the Table of Content of this Corrosion Engineering 
Guide herebelow. 
 
 
 
 
 
 
 
About Giel Notten 
Giel is a true materials and corrosion expert who, 
before his retirement in 2004, spent thirtyeight 
years working with DSM in The Netherlands. After 
gaining his Engineering degree at the Higher 
Technical School of Heerlen, The Netherlands, he 
joined DSM’s central laboratory. 
He was to remain with the company for the rest of 
his career and held several positions as a 
materials and corrosion expert there. For the last 
twenty years before he retired, Giel worked in the 
Corrosion Department as Managing Senior 
Corrosion Engineer. He has further participated in numerous conferences spreading the word about his 
broad experiences as a corrosion and materials specialist in chemical process plants. 
For Stamicarbon, a subsidiary company of DSM, and licensing DSM’s know-how, he set up 
programmes for lifetime extension studies in urea and ammonia plants and supervised them. 
He was also involved in the development of Safurex®, the super-duplex stainless steel grade 
(developed by Sandvik in cooperation with Stamicarbon) for application in Stamicarbon urea plants. 
Giel has always enjoyed teaching so, after only five years working in the field at DSM, he already 
began to develop a Corrosion Engineering course. Since then he has taught many young engineers 
from both inside and outside DSM about the ins and outs of corrosion control in chemical plants. He 
was also a board member of NACE Benelux and a member of the Contact Group Corrosion of the 
Dutch Chemical Process Industry and the Studiekern Corrosion of the Dutch Corrosion Society (NCC). 
Since his retirement from DSM, Giel Notten has remained active as a corrosion engineering consultant. 
He has devoted much of his time to passing on his extensive knowledge and experience on the 
complicated topic of corrosion engineering to a new generation of engineers. 
He has done this in the form of numerous corrosion courses and workshops. 
Alongside his professional career, Giel has been very active in local societies and has been a Rabobank 
board member for about thirty-five years, twenty-five years of which as Chairman of the Board. 
Furthermore, he is an active cyclist. Together with his wife, Lianne, he has made trips up to 2500 km 
by bicycle to Santiago de Compostela, Spain and Rome, Italy. 
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