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Crevice Corrosion 

Metal parts, due to geometric design, can provide a situation by which oxygen is consumed preferentially inside a “crevice” rather than in the bulk solution.  Negatively charged cations such as Cl- are attracted to the crevice and initiate local corrosion, or “crevice corrosion.”  The mechanism for crevice corrosion is very often described as consisting of four stages.  These stages are summarized in Figure 1.
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Figure 1

Stage 1 - Initiation by Differential Aeration

The oxygen inside the crevice is depleted due to its consumption in the cathodic reaction, such as the reaction using Cl- from the bulk solution. This phenomenon inside the crevice makes the surface area inside the crevice a small anode compared to the outside of the crevice.  This is essentially the formation of a differential aeration cell.  This cell accelerates the metal dissolution inside the crevice and exists through all the stages of crevice corrosion.  

Stage 2 - Propagation by Chloride Concentration

The presence of Fe2+ attracts more Cl- to the solution.  Hydrolysis of the cations originates from the anodic process.  The hydrolysis increases the chloride content and level of acidity in the crevice. The geometry of the crevice limits the exchange of solution between the solution in the crevice and in the bulk, creating a different local solution chemistry inside the crevice.  

Stage 3 – Breakdown of Film and Beginning of Corrosion                                                                                                                        

The local solution inside the crevice attains a critical value of pH that initiates the breakdown of the passive film.  It is at this point that corrosion begins in highly localized crevices. 

Stage 4 - Propagation                                                                                                                                

As more chloride is attracted to the crevice, it promotes further hydrolysis and consequent acidity.

Crevice corrosion not only occurs within a small volume of a crevice as a result of differential aeration.  It can also result “simply from retention of water of corrosive solutions within a crevice.”
  The strongly corrosive chlorine environment isn’t present, yet substantial damage can occur due to uniform or non-uniform corrosion.  Corrosion of steel under thermal insulation, filiform corrosion, atmospheric corrosion and denting in nuclear steam generators are some classic examples of other forms of crevice corrosion.

Corrosion Under Thermal Insulation

Insulation is used around steel pipes in many thermal processes. The purpose of insulation is to provide a place for water to collect in contact with the pipe. The corrosion of the pipes is in two forms.  Water coupled with the presence of oxygen provides a corrosive environment.  The most susceptible parts are horizontal metal shapes or places where the piping penetrates the insulation.
  The second cause of corrosion is thermal cycling.  Many pipes used in various processing and gas plants undergo thermal cycling.  The pipe in Figure 1 was a “blow down” line.  Hydrocarbons were vented down it making the line cold causing condensation of moisture.  After venting, the pipe warmed to ambient conditions where it remained until the next venting.
  This corrosion over eleven years slowly damaged the pipe to the severe condition seen.  The thermal insulation did not corrode the pipes, however it provided the environment in which water and oxygen were present to perform the corrosion. 
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Figures 2 & 3.  Both from Ashbaugh, W. G. Process Industries Corrosion, NACE, Houston, p. 759, 1986.


The corrosion rate of steel in water is dependent upon the temperature and the concentration of oxygen in the solution.
  Figure 2 illustrates the corrosion rate of in an open and a closed system.  As the temperature increases in an open system, the oxygen concentration decreases which lowers the overall corrosion rate.  The corrosion of pipes underneath insulation is a closed system.   

Because it is a closed system, the question of monitoring the corrosion arises.  A popular method of testing is to simply cut a “window” into the insulation to monitor the amount of corrosion.  As the mechanism is better understood certain areas should always be checked.  A list of places to be routinely checked includes:



-Surfaces exposed to thermal cycling



-Cold temperature equipment that emerges from the insulation



-Any hot to cold temperature area



-Horizontal piping



-Where insulation weather barriers are damaged



-Where insulation has changed shape, indicating rust build-up

Filiform Corrosion



Filiform corrosion is only cosmetic damage.  It is common under thin organic coatings on steel, food and beverage containers, packaging and airplanes.  The corrosion does not normally penetrate into the metal.
  The corrosion begins at scratches and continues with a “head” and a narrow “tail.”  The tail contains corrosion products such as Fe2O3 creating an orange-red color.  The head is a differential aeration cell and under goes active corrosion as shown in Figure 4. The corrosion reactants and products (i.e. oxygen, water and Fe2+) diffuse from the head to the tail.  
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Figure 4.  From Jones, Denny.  Principles and Prevention of Corrosion  Prentice Hall, New Jersey,  p. 226.
Atmospheric Corrosion
  Another form of crevice corrosion is atmospheric.  This variation of corrosion occurs when a crevice is exposed to a corrosive environment for a longer period than the rest of the material due to the retention of water or other solutions in the crevice.  One solution to this problem is the addition of small amounts of Cu, Cr, Ni, or Si to a metal alloy in order to increase the thickness of its protective oxide layer.

Nuclear and Steam Generators
Crevice corrosion is also known to occur between the Nickel alloy 600 heat-exchanger tubing and carbon-steel support plates in the steam generators of pressurized water nuclear reactors.  Denting occurs as corrosive products accumulate there.  Water impurities which lead to corrosion may originate from the condensers, resin beds, and/or additives used to control water chemistry.  Plants that use water that contain chloride are particularly susceptible to corrosion because ions are drawn to the corrosion products.  The use of a more corrosive resistant alloy for the support plates, and the addition of boric acid to the water in order to neutralize the chloride ions can help alleviate this problem.

General Prevention Methods  

The prevention of crevice corrosion can be broken down into four methods: 1) decrease the aggressiveness of the environment which the material is in, 2) increase the corrosive resistance of the material being used, 3) eliminate crevices by design, 4) use low resistant, replaceable parts that undergo predictable corrosion.  

There are many ways to decrease the corrosive aggressiveness of the environment.  Decreasing the chloride contents of a solution, as well as lowering a solution’s acidity and temperature will cause it to be less corrosive.  Regular surface cleaning, filtering of suspended solids, and uniform flow through a crevice also reduce corrosion by removing material deposits and eliminating stagnant areas where local pH fluctuations can occur.  The environment can also be altered by other methods such as altering the environment by the use of corrosive inhibitors and reducing half-cell reactions by cathodic protection.  The resistance of an alloy to corrosion can be dramatically improved by the addition of small amounts of certain elements.  For example, increasing the level of Cr, Ni, Md, or nitrogen in stainless steel greatly improves its resistance to corrosion.  It is also helpful to decrease the level of carbon and sulfur impurities as greatly as possible without sacrificing the mechanical integrity. Consideration of the galvanic character of crevice corrosion, and the localized effect of the crevice corrosion, it seems that is plausible to modify the surface of the metal inside the crevice so that it becomes less reactive than the surface of the metal outside the crevice. 

The elimination of crevice geometry during design or the use of replaceable parts can curtail crevice corrosion all together.  Joints and fastenings with clean and uninterrupted lines are best to avoid crevice corrosion.  Butt-welded joints are also much more favorable to rivets or bolts.  The elimination of crevices through welding, caulking, or the use of a non-porous gasketing material, will also reduce corrosion.  The physical size and shape of a crevice may also be altered to reduce the rate of corrosion to a minimal level.  Additionally, if one does not wish to deal with the unpredictable rates of crevice corrosion in certain alloys, a temporary replaceable part can be used.  Carbon/steel parts corrode predictably and can therefore by replaced periodically without the worry of possible mechanical failure. 

Experimental Testing
Remote crevice assemblies and compartmentalized cells have been used to study both the initiation and propagation phases of crevice corrosion.  These methods make use of two specimen components consisting of physically separated but electrically connected anodes (crevice portion) and cathode members.  Accordingly, the corrosion potential and current data along with conventional mass loss and penetration data can be gathered.   Neither of these methods requires the application of current from an external source to begin the experiment.  Both initiation and propagation of crevice corrosion occur spontaneously without external manipulation.  The remote crevice assembly requires creation of a physical crevice to create the anode whereas the compartmentalized cell approach uses an non-occluded anode in a simulated crevice electrolyte.  With the compartmentalized cell, crevice electrolytes are simulated based on the predictions of a mathematical model of crevice corrosion.

In order to model crevice corrosion, many features of the test must be considered to create an accurate and realistic picture. Factors that affect both initiation and propagation need to be taken into account. Corrosion sensitivity to crevice geometry demands an accurately shaped testing device. A smaller crevice may induce breakdown sooner as well as effect the propagation of corrosion.  The crevice area is also important for consistent data.  The solution used also affects the test results.  A synthetic solution may not yield accurate corrosion replication.  As a result, test results need to be treated liberally.  Parts may corrode due to experimental conditions chosen to emulate a long span of time yet actually do not corrode in service.  Other parts that do not corrode in the laboratory may be subject to outside parameters not considered in testing.

The Oldfield and Sutton Model predicts the time required to deplete oxygen in the crevice, the pH and composition of solution at a specific time, and the time to break down the passive film in order to initiate corrosion. This mathematical model takes into account oxygen content of bulk solution, basic crevice geometry, passive current, bulk solution pH and chloride content, chemical hydrolysis equilibria, alloy composition, and critical crevice solution composition. It provides a basis with which crevice corrosion experiments can be designed and analyzed and yields data to minimize corrosion. 

Other Testing Methods

In immersion tests, crevice formers, attached generally with corrosion-resistant fasteners, sit on either side of the test panel. They can be of any shape; surface composition and roughness should be considered when crevice former shape is chosen. Their tightness is a function of initial torque, their material composition, and relaxation that may occur over the testing period.  

Spool specimen test racks, where tetrafluoroethylene fluorocarbon (TFE) sleeves and washers act as crevice formers, have been used in the paper industry to clarify corrosion in washers. 

Ferric chloride tests expose parts to an acid-chloride solution causing breakdown of 304 and 316 stainless steels.  These tests can shorten the time to failure than in other crevice corrosion experiments. 

Multiple-Crevice assemblies, usually composed of two serrated washers, sustain multiple contact sites.  A feature of this type of experiment is that they do not use outside chemical or electrochemical influence. They are appealing in that they provide rapid and inexpensive results and can provide a range of data to address the apparent randomness of crevice corrosion by providing information about initiation and propagation. Tests can be summarized by the number of sites initiated, maximum or average depth of attack, and test location. 


Electrochemical tests use an anodic electrode.  The potential is scanned while the resulting current is measured. Various solutions can be used although there are specific ASTM methods that require cells with compositions such as 3.5% NaCl and a specific scan.  Potentiostatic tests involve increasing temperature of solution under rates constant applied potential.  Potentiodynamic tests yield results across changing potential.  These results can be used to rank alloys by peak current density. Data from tests graph the pH vs. log(current) or the potential vs. log(current). Corrosion is highly sensitive to scan rate and are not necessarily realistic. Remote crevice assemblies involve physically separated anode and cathode in solution and are advantageous because they can separate the initiation and propagation phases. 
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Depletion of Oxygen in Crevice Solution





Increase in Acidity & Chloride Content of Crevice Solution





Breakdown of Passive Film and the Onset of Corrosion





Propagation of Crevice Corrosion
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