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CREVICE CORROSION

Mariano Iannuzzi1, Edgar Hornus1, Mobin Salasi1

1Curtin Corrosion Centre, Curtin University, Perth, Australia,

INTRODUCTION

Crevice corrosion—defined in ASTM G193 as "the localized corrosion of a metal or alloy surface at, or 

immediately adjacent to, an area that is shielded from full exposure to the environment because of 

close proximity of the metal or alloy to the surface of another material or an adjacent surface of the 

same metal or alloy,"—affects most metals and alloys and is among the most damaging forms of 

corrosion.[1] Crevice geometries can be found on a wide-range of structures and components, e.g., 

flanges, threaded connections, lap joints, as well as under deposits and damaged coatings.[2] 

Metals and alloys that develop a passive film are prone to crevice corrosion. In contrast, those that do 

not form a surface film tend to corrode uniformly outside the occluded region due to the ready access to 

the oxidizing species that support the cathodic reactions.[3] Stainless steels, especially those with little 

to no molybdenum, some nickel-based alloys, and aluminum alloys are particularly susceptible to 

crevice corrosion.[4] Moreover, materials that have been shown highly resistant to pitting corrosion, 

such as titanium and Ti-based alloys, suffer crevice corrosion in specific environments. [5, 6] 

As will be discussed below, there are many similarities between pitting and crevice corrosion 

mechanisms. Researchers have argued that for many material-environment combinations, the same 

mechanism is at play.[7] While some authors suggest that crevice corrosion is a particular form of pitting 

corrosion, others maintain that all pits are crevice corrosion as “pits cannot be stable until a crevice-like 

cavity develops.”[8] It is important to emphasize that crevice corrosion resistance is not a property of a 

material. In this regard, the response of a particular alloy system to a given environment determines the 

crevice corrosion susceptibility. For example, iron and carbon steels do not suffer crevice corrosion in 

strong acids since they do not develop a passive film but become susceptible in alkaline environments 

free of aggressive species where a passive film is thermodynamically stable.[9]

Crevice Geometry

A crevice is formed when two surfaces, at least one being metallic, are in close proximity and immersed 

in a corrosive electrolyte. Examples of materials that can cause crevice corrosion include metals, wood, 

plastics, ceramics, rubbers, glasses, concrete, asbestos, waxes, sand deposits, marine growth, coatings, 
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etc.[3, 10-12] FIG. 1 illustrates an idealized crevice. As seen in FIG. 1, the crevice geometry is described 

by the opening or gap (g) and the length (L), measured as the distance from the crevice mouth.[3] The 

gap has to be wide enough to allow the ingress of the solution, but sufficiently tight to promote the 

formation of an occluded environment within the cavity. Openings between 0.1 and 100 μm have been 

typically found to cause crevice corrosion.[2] Crevice corrosion rarely occurs in wide (e.g., >3mm) 

grooves or slots. The crevice is, thus, divided into two regions. The external surface that is freely 

exposed to the environment and the shielded or creviced area exposed to a stagnant solution.

The gap in a real crevice is not a fixed value. Indeed, at the microscale the two mating surfaces have a 

series of ridges and asperities as shown by the surface profiles in the call-out in FIG. 1. The surface 

profiles seen in FIG. 1 correspond to an ASTM A480 surface finish no. 1 [13] with a peak-to-peak 

distance of approximately 15 μm. As a result, a real crevice has a complex and distributed geometry that 

cannot be defined rigorously, resulting in “a wide range of crevice gaps, including areas of direct 

intimate contact.”[2]

Objectives

Today, there is a large number of accepted tests to study crevice corrosion phenomena. The different 

methodologies can be used for comparing and ranking alloys, quality control, assessing the effects of 

changes in manufacturing routes and alloy composition on crevice corrosion resistance, as well as in 

evaluations to determine critical temperatures and potentials and induction times. 

The goal of the chapter is to describe the various standard test methods available to the corrosion 

specialist as well as adaptations to study specific crevice corrosion parameters. The focus is on test 

methods developed by the ASTM Committee G-1 on corrosion of metals, but other procedures are also 

included. While the test principles have been applied to many alloy systems, the scope of the chapter is 

on stainless steels and nickel-based alloys. 

CREVICE CORROSION MECHANISMS

Differential aeration and chloride concentration

It was realized early on that the metals and alloys that were easily passivated were also those that 

appeared more susceptible to crevice corrosion. [14] Mears and Evans [10] and Uhlig [15] were the first 

to propose that oxygen depletion within the crevice was the main driving force leading to the 

destabilization of the passive film inside the cavity. However, a mechanism solely based on 

concentration cells failed to explain many experimental observations.[16] 
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In the 1950s, Rosenfeld and Marshakov [17] pioneered crevice corrosion experimental methods. The 

authors suggested that crevice corrosion occurred through a combination of (i) depletion in oxygen (or a 

corrosion inhibitor) in the crevice, (ii) local acidification, and (iii) shift in the potential to more negative 

values, where active dissolution would take place. Many of the modern crevice corrosion principles are 

based on the findings by Rosenfeld and Marshakov.

It is now well established that the mechanisms that drive a growing crevice are identical to those 

promoting a growing pit.[8] In this regard, when a passive metal or alloy, e.g., an austenitic stainless 

steel such as UNS S30400, partially covered by a non-metallic surface is exposed to aerated seawater 

(pH = 8.0), the electrochemical reactions are the dissolution of the metal and the reduction of dissolved 

oxygen, Eq. 1 and Eq. 2.[3] 

Me→Me𝑧 + + 𝑧𝑒 ― (Eq. 1)

O2 + 2H2O + 4e - →4OH - (Eq. 2)

Initially, these reactions occur inside and outside the crevice. After a given time, oxygen is depleted 

inside the cavity due to restrictions imposed by convection within the occluded surface. The dissolution 

of the metal continues within the crevice, resulting in excess of metal cations (e.g., Fe2+, Cr3+, Al3+, etc). 

As the corrosion process continues, the concentrated metal cations within the stagnant cavity hydrolyze 

according to Eq 3, which results in the formation of H+.[18-20] The excess of metal cations is necessarily 

balanced by the migration of anions such as chloride ions (Cl-) from the bulk into the cavity, which 

ensures charge neutrality. As a result, the concentration of metal chlorides increases inside the crevice. 

𝑀𝑒𝑧 + + H2O→Me𝑂𝐻(𝑧 ― 1) + + H + (Eq. 3)

The formation of a local acidic environment increases the metal dissolution rate in the crevice, 

producing more protons, and increasing the Cl- concentration further. This process is often referred to 

as autocatalytic. Concurrently, the oxygen reduction reaction accelerates on the outer surface to 

counteract the increased metal dissolution rate within the cavity, cathodically protecting the external 

surface. [3] Active metal dissolution occurs when the crevice solution concurrently has a sufficiently (i) 

low pH and a (ii) high concentration of Cl-.[21] The pH at which the passive-to-active transition takes 

place is referred to as depassivation pH (pHd).[21] Oldfield and coworkers named the solution that leads 

to the depassivation of the alloy within the crevice gap “critical crevice solution” (CCS). [22] The 

formation of the CCS represents the transition from the initiation to the propagation stage. Although 
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this model phenomenologically explained most experimental observations, it failed to rationalize the 

existence of a critical potential, above which crevice corrosion develops.[9]

The critical acidification model

It were Galvele [18] and later Oldfield and Sutton [21, 23] that first considered the transport of species 

in and out of pits and crevices. These models have since then been improved and expanded to provide, 

in some instances, not just conceptual observations but also numerical solutions.[20, 24, 25] Galvele 

proposed that since crevice corrosion is believed to be due to localized acidification, crevice corrosion 

could be described by the critical "x·i" parameter (referred to as pitting or crevice stability product) used 

in his mathematical framework.[9] In the pitting or crevice stability product, x represents the diffusion 

path and i the current density of a pit or crevice, FIG. 3. [18] Localized corrosion propagates stably above 

a critical x·i value, which is constant for a given material in a specific electrolyte. According to Galvele 

and later Newman,[8] pitting and crevice corrosion are similar from an electrochemical point of view; 

the only difference being the geometric characteristics of the sample, i.e., a different diffusion path. 

Accordingly, the critical potential for stable crevice propagation (ECrit) can be described as:

𝐸Crit = 𝐸 ∗
Corr + 𝜂 + Φ + 𝐸inh (Eq. 4)

In Eq. 4,  is the corrosion potential in a simulated crevice electrolyte, η the polarization needed to E ∗
Corr

reach the critical x·i value, Φ the electrical potential induced by the migration of the aggressive anions to 

the crevice (or the bottom of a pit), and Einh the contribution of the presence of inhibitors in the 

solution.[16] The validity of Eq. 4 has been first confirmed by Newman et al. [26] and studied in 

numerous investigations.[27-33] The different parameters in Eq. 4 can be measured experimentally by 

conducting anodic polarization experiments in crevice-like solutions.[29-31, 34] The effects of alloying 

elements on the crevice corrosion resistance are reflected in changes in  and η.[31, 33] Eq. 4 also E ∗
Corr

explains why certain metals and alloys are susceptible to crevice corrosion but not to pitting. Indeed, η 

can be used as a measure of the crevice corrosion resistance of an alloy. [27-31] In this regard, the larger 

the value of η, the broader the range of potentials where crevice corrosion would be exclusively 

observed. For stainless steels and nickel alloys the values of η range from +470 to +1000 mV, which 

explains why crevice corrosion occurs much more readily than pitting.[31]

As discussed by Galvele, Wood et al. provided a clear experimental demonstration of the correlation 

between pitting and crevice corrosion.[35] In their pioneer work, the authors conducted potentiostatic 

experiments on freely exposed and creviced UNS S30400 stainless steels samples. The crevice was 
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formed using glass microscope covers, leading to g values between 50 and 150 μm. The samples were 

exposed to 5 wt.% NaCl (pH = 8.0) at room temperature. Wood et al. found that at +600 mVSCE pitting 

corrosion initiated not only on the outer surface but also inside the crevice. In contrast, when new 

samples were polarized at +400 mVSCE, the attack occurred exclusively inside the crevice. Crevice 

corrosion started as individual pits that spread laterally as the attack progressed, leading the authors to 

the idea that crevice corrosion is “lateral pitting” within the crevice gap. 

Today, it is accepted that the accelerated attack within the crevice can manifest as uniform dissolution, 

pitting, or both. [23] FIG. 2 illustrates three common forms of corrosion attack occurring inside a crevice 

on different stainless steels. Stockert and Boehni [36], and later, Laycock et al.[8] suggested that pit 

nucleation within crevices occurs even at small applied potentials, resulting in measurable current noise. 

The current and, hence, the dissolution rate increase sharply above the ECrit and stable pit propagation 

takes place and leads to the formation of metal-chloride salts.

Ohmic potential drop

The passage of current from the external surface to the crevice through a solution of finite conductivity 

results in an ohmic potential drop and, thus, the potential inside the crevice will be lower (i.e., more 

negative) than at the surface. In systems that exhibit an active-passive behavior in the bulk electrolyte, 

the ohmic potential drop in the crevice can stabilize pit growth by decreasing the local potential into the 

active range.[37] However, this mechanism, proposed by Pickering, does not apply to system where an 

active-to-passive transition does not occur. Indeed, in systems that show spontaneous passive behavior, 

a decrease in potential has a negative effect in crevice corrosion stability. 

Stages of crevice corrosion

The crevice corrosion process can be, then, summarized in four stages, namely, (i) oxygen consumption 

within the crevice, (ii) increase in H+ and Cl- in the crevice, (iii) stabilization of a critical H+ concentration 

above a threshold x·i value, and (iv) propagation. Given the similarities between pitting and crevice 

corrosion discussed above, it is reasonable to conceptually adapt the Li-Scully-Frankel (LSF) framework 

to describe crevice corrosion.[38-41] Thus, the state of a crevice can be fully described in terms of a 

critical potential (ECrit), a critical temperature (TCrit), and an induction time. The existence of ECrit was 

discussed above. Temperature has a strong influence on localized corrosion phenomena.[42] 

Experimentally, pitting and crevice corrosion are observed only above specific temperatures (referred to 

as critical pitting or crevice temperature, CCP and CCT, respectively) that are usually defined within a 
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narrow 1-2 °C range. [43-45] The length of time required to develop a critical crevice solution with a 

particular crevice geometry, i.e., a given "x" in the x·i stability product, is referred to as induction time. 

In this regard, the induction time can be seen as a measure of the effective crevice corrosion resistance 

of an alloy. Crevice corrosion occurs at lower temperatures and in less time (a shorter induction period) 

than pitting corrosion.[42, 46]

A detailed discussion of the different crevice corrosion mechanisms is outside the scope of this chapter. 

More information on localized corrosion models and mechanisms can be found in the excellent reviews 

by Betts and Boulton, Pickering, Frankel, Newman, and a recent Faraday Discussions on Localized 

Corrosion.[3, 47-50].

TEST METHODS TO ASSESS CREVICE CORROSION RESISTANCE

Different classification schemes could be used to group crevice corrosion test methods. Herein, the tests 

are primarily divided into two groups: (i) immersion or non-electrochemical and (ii) electrochemical 

testing. Electrochemical methods are, in turn, further classified as tests with and without external 

polarization. Likewise, methods that use an external polarization are subdivided into potentiostatic and 

potentiokinetic. Table 1 to Table 4 summarize the most common standard and custom crevice corrosion 

techniques. The tables were organized based on the categories described above. Table 1 to 4 illustrate 

the uses, exposure conditions, the type of crevice assembly, the duration, the procedure, and the 

recommended assessment among other experimental considerations. For more details, the reader is 

advised to consider some of the excellent works cited in this chapter. [21-23, 51-54]

The Crevice Former

Before describing the various crevice corrosion test methods, it is necessary to discuss the use of crevice 

formers, in particular, the multiple-crevice assembly (MCA) as a means to rank and evaluate crevice 

corrosion resistance. Described by Anderson in the late 1970s, MCAs were first introduced to study 

crevice corrosion of stainless steels in seawater.[55] Today, MCAs are used not only on stainless steels, 

but also nickel, titanium, and aluminum alloys in virtually any process environment.[53, 56, 57] 

An MCA is composed of several grooves and plateaus—typically between 12 and 20 slots—with a depth 

of approximately 0.5 mm. The purpose of the serrations is to create several crevice initiation sites within 

a single specimen, which should allow for statistical analysis with a few replicate tests. [53] MCAs are 

commonly made of polytetrafluoroethylene (PTFE), polychlorotrifluoroethylene (PCTFE), polyvinylidene 

difluoride (PVDF), ceramic, and PTFE tape-covered ceramic. The contact area of each crevice contact and 
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the total contact area are important variables that need to be reported. FIG. 4a illustrates the various 

parts of a typical MCA that complies with ASTM G48. [58] In FIG. 4a, the bolts and nuts are made of 

highly corrosion resistant materials, typically titanium Grade 2 (UNS R50400) or a nickel-based alloy such 

as UNS N10276 or UNS N06022. The bolts and nuts are electrically insulated from the test specimen 

using, e.g., PTFE tape or a polymer insert.[59]

It has long been recognized that the tightness of a crevice former has a profound effect on the crevice 

corrosion severity, which in the laboratory is usually controlled by the applied torque. Akashi et al. 

studied, among other variables the effect of torque on the crevice repassivation potential (ER, Crev).[60] 

The authors found that if the torque was "too low" (i.e., below 0.98N·m) ER,Crev moved towards higher 

potentials, indicating a less severe crevice. However, for torque values between 0.98 and 3.9 N·m, ER,Crev 

became stable and reproducible. Presently, the ASTM G48 standard recommends a torque of 0.28 and 

1.54 N·m for nickel-alloys and stainless steels, respectively. However, researchers have used torque 

values from 0.28 to 9.5 N·m with varying degrees of success. [30, 61]

Shan and co-workers investigated the effect of the crevice former material, i.e., polymer versus ceramic, 

as well as the influence of the surface finish of the MCA.[61] The authors used potentiokinetic and 

potentiostatic test methods and evaluated PTFE, PCTFE, ceramic, and PTFE tape-covered ceramic crevice 

formers on UNS N06022 (Alloy C22). Results showed that PTFE tape-covered MCAs produced systematic 

and reproducible crevice corrosion of Alloy C22 in all tests. In contrast, as-fabricated ceramic crevice 

formers were not sufficiently severe. The severity increased as the MCA was polished to 1200 US-grit 

before assembly. Polymeric PTFE and PCTFE MCA were also less severe than the PTFE tape-covered 

formers, possibly due to the relaxation of the polymers by creep at the elevated temperature range of 

the tests. FIG. 4b illustrates a typical PTFE tape-covered MCA on an Alloy C22 sample. 

In Europe, research was undertaken as part of the CREVCORR project—funded by the European 

Community between the years 2000 and 2003 under the "Competitive and Sustainable Growth" 

Programme—to develop a crevice corrosion qualification test for stainless steels used in marine 

environments.[62] The outcome of the CREVCORR project is presented in detail in the European 

Federation of Corrosion (EFC) Publication No 60 “Methodology of crevice corrosion testing for stainless 

steels in natural and treated seawaters.”[63] Regarding the type of crevice former, the CREVCORR 

project concluded that a spring-loaded crevice assembly, referred to as disc spring multiple crevice 

assembly (DSMCA), was the most suitable artificial crevice former.[64] The DSMCA uses a flat PVDC 

crevice former and employs disc springs to maintain a constant force instead of constant torque during 
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testing, which is especially critical in long-term immersion tests at elevated temperatures.[65] FIG. 4c 

details the CREVCORR crevice configuration. The CREVCORR project also adapted the DSMCA 

configuration to evaluate stainless steel pipes. Finite-element modeling (FEM) was employed to quantify 

the clamping force distribution and the uniformity of the crevice condition within the crevice former. 

[66]

There are many other methods that have been used by researchers to create artificial crevices for 

different purposes. For a more in depth explanation the reader could consult the work by Oldfield [22] 

and Kain [57]. 

NON-ELECTROCHEMICAL TEST METHODS

Non-electrochemical immersion tests involve immersing a creviced specimen for different lengths of 

time in solutions that often contain anions that promote crevice corrosion such as chlorides and, in 

some instances, an oxidizing agent that facilitates the initiation of crevice corrosion (e.g., ferric, Fe3+ 

cations). The crevice corrosion resistance is, then, determined based on mass loss and visual 

observations. Visual characterizations include crevice depth, number of crevice sites, location of the 

crevice attack within the cavity, and the corrosion morphology. 

ASTM G48 is the most commonly used standard to assess pitting and crevice corrosion resistance of 

stainless steels and nickel-based alloys and to provide a quantitative ranking of crevice corrosion 

resistance. There are six test methods in the present version of the ASTM G48 standard (2011, re-

approved in 2015). While Methods A, C, and E cover pitting corrosion resistance, Methods B, D, and F 

describe different techniques to assess crevice corrosion susceptibility. Additionally, ASTM G78 details 

guidelines to evaluate the crevice corrosion resistance of iron- and nickel-based alloys in seawater and 

other chloride environments.

Although ASTM G48 Methods B, D, and F and ASTM G78 are discussed in detail below, the reader should 

consult the latest version of the standards for a comprehensive description. 

ASTM G48 Method B – The Rubber Band Test

The ASTM G48 Method B is used to assess the pitting and crevice corrosion resistance of stainless steels 

and nickel-based alloys to chloride-containing environments. The procedure involves immersing a 

creviced specimen in a 6 wt% FeCl3 (equivalent to 10 wt% FeCl3·6H2O) solution (unadjusted pH = 1.0 to 

2.0) [67], designed to produce localized corrosion of UNS S30400 (type 304) stainless steel at room 
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temperature. The relative performance of alloys in 6 wt% FeCl3 correlated well with their performance 

in natural seawater at ambient temperature [68] and strongly oxidizing, low pH, chloride containing 

environments [22]; however, exceptions have also been reported. [11, 22, 69, 70]

The standard recommends 22 ± 2 and 50 ± 2°C for the evaluation, but other values could be used 

depending on the expected corrosion resistance of the alloy. The artificial crevice is formed using two 

TFE-fluorocarbon blocks, 12.7 mm in diameter and 12.7 mm in height, secured by fluorinated O-rings or 

rubber bands that should be low in sulfur (i.e., < 0.02%). The surface roughness of the crevice formers is 

not specified. A test specimen 25 by 55 mm is recommended as standard size, but other dimensions are 

allowed. According to the standard, both the surface finish and the thickness of the coupons can 

influence the results. The standard also recommends storing the samples in air for 24-h after grinding or 

pickling and before testing to restore the naturally occurring passive film. FIG. 5a illustrates a typical test 

specimen before exposure.

After assembling the crevice formers, the coupons are immersed in the electrolyte for 72-h, but other 

exposure times are also permitted. The standard, likewise, allows for sample removal and inspection; 

nevertheless, care should be exercised since sample withdrawals could lead to variations in the rate of 

attack. After the predetermined exposure duration, the samples are removed from the solution, visually 

inspected, and weighted with a minimum accuracy of 0.001 g. ASTM G46 can be used as a guide for 

characterizing the extent of the attack. 

The rubber-band method is inexpensive, easy, fast to assemble, and produces useful comparative 

results in a short time. However, the ASTM G48 Method B technique has a few disadvantages and 

limitations. For example, as seen in FIG. 5b, in certain alloys, particularly the less alloyed materials such 

as type 304 stainless steel, crevice can initiate at the contact point between the rubber bands and the 

specimen. Indeed, similar approaches were used in classical corrosion lectures to demonstrate that 

stainless steels could be “cut in half” with a rubber band. [16] Likewise, the test is invalid if either rubber 

band or O-ring breaks during testing, and the compressive pressure exerted by the rubber band onto the 

crevice formers is not uniform and can be difficult to replicate. Moreover, DeForce has recently shown 

that the type of rubber band used affects the results. [71] According the authors, "specifying the rubber 

band elasticity (or rubber content) can improve the repeatability of ASTM G48 Method B." Lastly, while 

the mass loss is recorded after testing, there is currently no acceptance criterion. Criteria such as a 

maximum of 0.038 mm crevice depth and 0.2 mg/cm2 mass loss have been commercially accepted by 
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producers and end-users. In all cases, the pass or fail criteria shall be agreed between the user and the 

vendor. 

ASTM G48 Methods D and F — Crevice Corrosion Temperature

Methods D (nickel- and chromium-bearing alloys) and F (stainless steels) overcome some of the 

limitations of the rubber band technique and allow the determination of the critical crevice temperature 

(CCT) of a material. In the standard, the CCT is defined as the minimum temperature, in °C, to produce 

crevice attack at least 0.025-mm deep on the bold surface of a specimen beneath the crevice former, 

ignoring edge attack. The methods can also be used to rank alloy performance, aid in materials selection 

and in the design new materials.[51, 72-75]

Methods D and F involve immersing creviced samples in acidified 6 wt% FeCl3 + 1 wt% HCl (pH adjusted 

to pH = 1.0) for a period of time. Both methods use TFE-fluorocarbon MCA, and various geometries and 

construction materials are allowed. Method D recommends a torque of 0.28 N·m, whereas Method F 

suggests 1.58 N·m for stainless steel. However, authors have reported that applied torque values 

between 2 and 8 N·m were required to produce the most reproducible crevice corrosion results when 

evaluating highly corrosion-resistant nickel alloys. [76] The recommended duration of the immersion is 

72-h (Method D) and 24-h (Method F). The length of the tests was evaluated by interlaboratory testing.

The initial temperature of the test solution may be estimated using the empirical expressions shown in 

Eq. 5 and 6. The minimum temperature is 0 °C and the maximum 85 °C due to the thermal degradation 

of the ferric chloride electrolyte. 

Method D: (1.5 × %Cr) + (1.9 × Mo) + (4.9 × %Nb) + (8.6 × %W) ―36.2 Eq. 5

Method F: (3.2 × %Cr) + (7.5 × Mo) + (10.5 × %N) + (8.6 × %W) ―81.0 Eq. 6

A chief limitation of Eq. 5 and 6 is that the empirical expressions consider the effects of bulk 

composition alone, without taking into account the influence of alloy microstructure. For example, 

sensitized and properly annealed stainless steels will have identical CCT values according to Eq 5, yet the 

actual CCT will be drastically lower in the sensitized samples given the local depletion of chromium and 

molybdenum adjacent to, e.g., chromium carbides.[77, 78] Likewise, the expressions fail to capture the 

complex and intricate effects of alloying elements. Moreover, the equations were obtained by 

regression analysis using a limited set of alloys.[78] Interestingly, alloy C-276, which has a nominal 

composition of 15.5 wt% Cr, 16 wt% Mo, and 4 wt% W, would have a predicted CCT = 51.85 °C, whereas 
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the more corrosion resistant alloy C22 (22 wt% Cr, 13% Mo, and 3wt%W) should have a CCT of 

approximately 47°C. 

Testing shall begin at the nearest increment of 5 °C, estimated based on Eq. 5 or Eq. 6. The temperature 

shall be recorded and maintained within ±1 °C during testing. Only one specimen is permitted per test 

vessel. The samples are removed at the end of the exposure, rinsed with deionized water, and scrubbed 

with a nylon brush under running water to remove loosely adhered corrosion products, and dried using 

compressed air or nitrogen gas.

The specimens are, then, visually inspected after cleaning and the weight loss measured with a precision 

of 0.001g. The recommendations of ASTM G46 can be followed to quantify the crevice attack. During 

the visual examination, the location of the crevice attack shall be determined, as well as the number of 

MCA sites showing signs of crevice corrosion. A full characterization includes the determination of the 

greatest depth of attack. As per ASTM G48, crevice corrosion is considered to be present if the local 

attack is 25 μm or higher in depth, but no weight-loss acceptance criteria is given in the standard. 

The CCT obtained by the ASTM G48 standard must be interpreted with caution. Although CCT values are 

well defined within a narrow range of temperatures, the CCT is not a property of a material, but a 

function of the experimental methodology. The test technique, the composition of the environment, the 

resulting corrosion potential in the solution, and the presence of inhibiting species all influence CCT 

results. Indeed, high chloride concentrations, and corrosion potentials, and long exposure times tend to 

result in lower CCT. [79]

Researchers have shown that the critical pitting temperature (CPT) and the CCT follow a similar trend 

with alloy composition,[79] which has been traditionally captured in the Pitting Resistant Equivalent 

(PRE) expression. Different expressions have been proposed to define the PRE of stainless steels and 

nickel alloys, and a detailed discussion is outside the scope of the current chapter. For more 

information, the work of Lorentz and Medawar [80], Malik et al.,[79] and Jargelius-Pettersson [81] can 

be consulted. Presently, various international standards such as NORSOK M-001[82] and ISO 21457[83], 

respectively, define PRE as:

PRE =  %Cr +  3.3 ×  %Mo +  16 × N Eq. 7

PRE =  %Cr +  3.3 × (%Mo +  0.5 × W) +  16 × N Eq. 8
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In Eq. 7 and 8 the concentrations are in weight per cent. Qualitatively, the higher the PRE, the better the 

localized corrosion resistance of an alloy. Garner showed that both the CPT and the CCT of various 

stainless steels and nickel alloys correlated well with their respective PRE, i.e., CCT increased with the 

degree of alloying, especially their molybdenum content.[68] CCT values were also lower than CPT. In 

this regard, the difference between CCT and CPT was about 20 °C for the low PRE alloys (i.e., PRE = 24) 

and increased to approximately 50 °C for UNS S31254, which has a PRE of about 43. A conclusion that 

can be drawn from Garner's work is that the more highly alloyed corrosion resistant alloys (CRAs) can be 

susceptible to crevice corrosion while maintaining an excellent pitting corrosion resistance as discussed 

previously in this chapter. Recently, Klapper et al., produced a comprehensive compilation of CPT and 

CCT values for a broad range of nickel alloys with PRE values ranging from 25 to approximately 70.[84] 

Klapper et al. results agree well with the work by Garner, with CCT values for alloys with a PRE of 25 

being 40 °C lower than CPT. The difference between CPT and CCT increased to more than 80 °C for alloys 

with a PRE between 68 and 70. Likewise, the crevice corrosion induction time is typically shorter than 

that of pitting corrosion.[23, 85] Consequently, the duration of pitting tests is longer than a crevice test 

in the same environment. Lastly, CPT values are more reproducible than CCT (i.e., 2.5 vs. 10 °C).[42, 65, 

86]

Precision and bias in critical temperature tests

As detailed in ASTM G48, the precision of Methods D and F for measuring the pitting and crevice 

corrosion resistance was determined in an interlaboratory test program where seven laboratories 

carried out triplicate tests on four materials. The results of these tests are given in Table 5. Results were 

consistent among laboratories and there were no statistically significant variations between the 

materials in either repeatability or reproducibility. [87]

ASTM G78 — Crevice corrosion susceptibility in seawater

ASTM G78 is used to determine crevice corrosion susceptibility in seawater and other chloride 

environments. The scope of the standard is on iron- and nickel-based alloys, but it can be applied to 

other alloy systems. The standard suggests a multitude of different crevice former geometries, including 

MCA of various designs, O-rings, gaskets, strips, and coatings if testing complex geometries. Specimens 

could be flat, cylindrical, or have intricate shapes and be made of different polymers—including 

transparent acrylics—ceramics, glass, metals, wood, rubbers, etc. Specimens shall maintain a constant 

bodily exposed to shielded area ratio to ensure reproducible results that are not restricted by the 

cathode area. 
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The exposure temperature is user-defined, and it shall be maintained within 2 °C and recorded during 

testing. As with ASTM G48, tests at different temperatures can be used to determine the CCT. The 

recommended immersion time is 30 days. Sampling at different time intervals is permitted. A test 

program can be designed to quantify the crevice induction time by carefully planning frequent 

extraction intervals. 

After immersion, the specimens are visually inspected to determine the maximum crevice depth—

measured to the nearest 0.01 mm—and the affected area. When using MCA, the number of segments 

showing crevice corrosion should also be reported. In addition, samples shall be weighted after 

exposure to determine weight loss.

Natural versus synthetic seawater

It is common to use either a 3.5 wt% NaCl solution or the ASTM D1141 [88] artificial seawater 

composition to simulate natural seawater in the laboratory. While these methods reproduce the 

chemical concentration of natural seawater, they do not take into account the influence of 

microorganisms and biofilm formation that takes place in natural environments. The establishment of 

biofilms has been shown to increase the corrosivity of seawater drastically.[89-91] Indeed, the corrosion 

potential increases to about +300 mVSCE upon the development of a biofilm.[92] This increase in 

potential is often enough to polarize stainless steels above the critical pitting or crevice potential, 

depending on the PRE of the alloy. [92, 93]

A second objective of the CREVCORR program discussed above was to develop an alternative synthetic 

seawater chemistry that would better simulate the effect of biofilms during testing in the 

laboratory.[94] Based on comprehensive electrochemical measurements, the CREVCORR project 

proposed two possible synthetic seawater compositions. The so-called Chemical Method uses 3.5 wt% 

NaCl with the addition of 1mM H2O2 and 1mM gluconic acid (C6H12O7). The Biochemical Method involves 

adding glucose oxidase (GOD) (100 U/L) and 20 mmol/L glucose to either 3.5 wt% NaCl or a simplified 

version of the ASTM D1141 composition (i.e., NaCl 24.53 g·L−1, MgCl2 5.20 g·L−1, Na2SO4 4.09 g·L−1, CaCl2 

1.16 g·L−1, KCl 0.695 g·L−1, NaHCO3 0.201 g·L−1) referred to as simplified ASTM Type seawater.[94] 

Appendix D of the EFC Publication No 60 details a proposal for an ISO standard specification for 

synthetic biochemical ocean or seawater. Nevertheless, the standard has yet to be published.[95]
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ELECTROCHEMICAL TEST METHODS

Electrochemical methods are powerful tools to obtain not only a comparative ranking of localized 

corrosion performance but also quantitative information regarding pitting and crevice mechanisms. 

Tests can be conducted without an external polarization at the so-called corrosion potential (ECorr) or 

under different polarization profiles. ECorr is the potential of a corroding surface in a given electrolyte 

measured under open-circuit conditions versus a reference electrode.[1] At ECorr, the rate of the sum of 

the anodic reactions equals that of the cathodic reactions and, thus, the net current is zero. Other 

experiments with no applied polarization employ a zero-resistance ammeter to measure the current 

flow between two working electrodes, which can be identical or dissimilar.

Tests conducted under an applied current or potential can be used to quantify critical potentials. Critical 

potentials include the pitting and crevice potentials (EP or ECrev, respectively) as well as critical 

repassivation potentials (ER or ER,Crev depending on whether the experiments are performed using 

artificial crevices). Potentiostatic tests, i.e., experiments under a fixed potential, can also provide 

information regarding the induction time, τ. Additionally, the critical pitting or crevice temperatures can 

be obtained when multiple electrochemical tests—either at ECorr or employing an external polarization—

are performed at different temperatures.

This section describes conventional approaches that have been implemented by researches to quantify 

localized corrosion resistance, rank alloy families based on performance, and study localized corrosion 

mechanisms. 

Electrochemical test methods with no external polarization

Corrosion Potential Measurements

Oldfield and Sutton showed that the initiation of crevice corrosion of stainless steels is accompanied by 

a sudden decline in ECorr from values within the passive region to low values around the critical potential 

(i.e., ECrev). The authors showed that the initial drop was associated with the formation of micro-pitting 

within the crevice gap, followed by pit coalescence and spreading into a well-developed crevice attack. 

[23] Haugan et al., for example, recently used ECorr to determine induction times of different super 

duplex stainless steels (SDSS) as a function of temperature when exposed to natural seawater. [65] Since 

they are non-destructive, ECorr measurements could also be used to assess the risk of localized corrosion 

of immersed structures in real-time during field monitoring and, as suggested by Dunn and co-workers, 

to model the long-term performance of corrosion-resistant alloys.[96] 
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Standard test methods such as ASTM G48 and G78 can be adapted to include ECorr monitoring to indicate 

the initiation of localized corrosion.[97] FIG. 6 shows the ECorr of UNS S32750 immersed in 6 wt% FeCl3 

(pH = 1.10) as a function of time during a stepwise increase in temperature. The temperature was 

increased in 5 °C increments every 24-h if the ECorr remained within typical passive potentials, i.e., 

approximately 0.68 VSSE. The sudden drop in potential at 75 °C marked the initiation of localized 

corrosion, which was confirmed visually after testing. In this example, the CPT was, thus, defined as 

75°C. Others have suggested the use of ECorr monitoring during G48 testing, as an additional pass/fail 

criteria, which may be especially relevant in quality control test methods such as ASTM A923,[98] and to 

detect sensitized microstructures.[99]

The Remote Crevice Assembly

First used by Lee,[100] the remote crevice assembly implies coupling a creviced specimen to a crevice-

free coupon, both made of the same material. The galvanic current flow between specimens is, then, 

recorded using a zero-resistance ammeter. The coupled potential is monitored concurrently with the net 

galvanic current as a function of time. The area of the non-creviced sample should be larger than that of 

the creviced coupon to ensure the cathodic reactions are primarily sustained on the crevice-free side. 

The choice of area ratio depends on the intended application and experiments can be done with 

different anode-cathode ratios to study possible effects of the cathode area. For instance, in a low 

conductivity solution such is the case of condensed water films, the area ratio is expected to be small 

(e.g., 2:1) whereas in  full-immersion tests in seawater the ratio can be quite high (e.g., 300:1).[92] 

The remote crevice assembly simulates a real crevice where the crevice-free sample acts as a net 

cathode and the crevice sample as the net anode. As with any test method based on zero-resistance 

amperometry (ZRA), both the magnitude and the direction of the current flow carry information about 

the corrosion process. For this reason, it is crucial to define a sign convention. In this regard, it is 

common to connect the two working electrodes so that a positive current represents the flow of 

electrons from the creviced to the crevice-free specimen.[101] 

The remote crevice assembly is sensitive to the early stages of crevice corrosion and it has been used to 

quantify crevice corrosion initiation and propagation, [102] modeling crevice corrosion of UNS 

N06625,[103] as well as to determine the effect of biofilms on crevice corrosion of corrosion-resistant 

alloys. [104] More recently, Martin et al. adapted the remote crevice assembly technique to study the 

crevice corrosion resistance of Ni-Cr-Mo alloys exposed to seawater. [105] 
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Visual inspection after exposure is paramount to correlate the observed current trends with the degree 

of crevice corrosion. Likewise, while there is no international standard regulating the methodology and 

no consensus on a critical current value to define the initiation of crevice corrosion, the ASTM G71 

standard can be used as a guide. [106]

Zero Resistance Amperometry and Electrochemical Noise

Salinas-Bravo and Newman [107] and Garfias [108-111] popularized the use of ZRA to determine critical 

pitting temperatures of stainless steels. Later, others have employed electrochemical noise (EN) analysis 

to investigate the crevice corrosion resistance of stainless steels under simulated high-pressure high-

temperature oil and gas environments. [101] 

As with the remote crevice assembly, ZRA and EN measure the current flow between two working 

electrodes. Unlike the remote crevice assembly, ZRA and EN require two identical creviced specimens. 

During ZRA and EN testing, the start of crevice corrosion leads to an increase in current—which can be 

either positive or negative depending on the electrode that developed crevice attack first—and a drop in 

coupled potential. A change in sign indicates a reversal in the net anodic or cathodic behavior versus the 

defined sign convention. FIG. 7a shows the coupled current and potential of creviced UNS S32760 

specimens in 6 wt% FeCl3 (pH = 1.10) as a function of temperature during ZRA testing. In this case, the 

temperature was increased at 0.2 °C/min. The initiation of crevice corrosion was defined as a sustained 

current above 5 μA after Salinas-Bravo and Newman.[107] In this case, the critical crevice temperature, 

TCrev, was 41.8 °C. Herein, the nomenclature TCrev is used instead of CCT to indicate the critical 

temperature was determined using electrochemical means rather than as per ASTM G48.

Unlike ZRA, EN requires a more sophisticated analysis of the results. In this regard, the data can be 

analyzed in the time domain (i.e., as recorded) or transported to the frequency domain using, e.g., a fast 

Fourier transformation (FFT) algorithm or the maximum entropy method (MEM). Once transformed to 

the frequency domain, Power Spectral Density (PSD) plots can be constructed to analyze EN current and 

potentials as well as to obtain the EN impedance. For a detailed overview of the EN analysis, the work by 

Cottis [112] as well as the ASTM G199 standard [113] can be consulted.  

As with the remote crevice assembly technique, visual inspection after exposure is required to correlate 

the observed current trends with the degree of crevice corrosion, FIG. 7b. The ASTM G199 standard can 

be used as a guide. 
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Electrochemical methods employing an applied polarization 

The techniques for evaluating crevice corrosion that employ an applied polarization involve holding or 

incrementally changing, either in steps or at a fixed scan rate, the potential or current. Some of the 

more common tests methods, as defined in the ASTM G193 standard, are:

Potentiostatic polarization—a technique for maintaining a constant electrode potential. The current 

response is measured as a function of time. Different samples can be exposed at different applied 

potentials (EApp).

Galvanostatic technique—a technique wherein an electrode is maintained at a constant current in an 

electrolyte. The resulting electrode potential is recorded as a function of time. Different samples can be 

exposed at different applied currents or current densities (IApp or iApp, respectively).

Potentiostaircase or potentiostep technique—a potentiostep technique for polarizing an electrode in a 

series of constant potential steps wherein the time duration and potential increments or decrements 

are equal for each step. Nevertheless, when studying crevice corrosion, the duration of each step can be 

varied.

Galvanostaircase or galvanostep technique—a galvanostep technique for polarizing an electrode in a 

series of constant current steps wherein the time duration and current increments or decrements are 

equal for each step.

Potentiodynamic or potentiokinetic polarization—a technique wherein the potential of an electrode 

with respect to a reference electrode is varied at a selected rate (e.g., 0.6 V/h) by the application of a 

current through the electrolyte. When the potential is scanned in a direction so that EApp ≥ ECorr, the 

result is an anodic polarization curve (i.e., an E-i diagram). Anodic polarization diagrams are used to 

determine, e.g., EP and ECrev. The ASTM G5 standard describes a method to conduct a potentiokinetic 

anodic polarization measurements on stainless steels and nickel alloys, which can also be applied to 

other alloy families. [114]

Cyclic potentiodynamic polarization—a technique where the applied potential is scanned forward from 

some low value, typically ECorr, to a high value until reaching a predefined current density (e.g., 5 

mA/cm2) or potential and, then, scanned backwards to a predetermined potential or current value. The 

reverse scan continues until the hysteresis loop closes or until a new corrosion potential is reached. The 

method is described in ASTM G61.
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These techniques are often used alone or combined with varying other environmental factors such as 

temperature, pH, chloride concentration, etc. As discussed previously. it is important to emphasize that, 

for a given environment, critical potentials and temperatures are not a property of the metal or alloy, as 

they are influence by experimental parameters such as potential and temperature scan rate [14, 115, 

116] and the selected current at scan reversal.[117] These and other methods are also described in 

more detail below.  

Potentiostatic electrochemical test methods

Chronoamperometry

Chronoamperometry involves applying either a constant potential or a series of potential steps and 

recording the resulting current or current density as a function of time. Tests can be performed using 

creviced and crevice-free specimens. Chronoamperometry is primarily used to estimate induction 

times.[118, 119] Nevertheless, chronoamperometry can be used to determine critical temperatures (i.e., 

TPit or TCrev) when done as a function of temperature. Repassivation temperatures can also be obtained if 

the temperature is reduced after pitting or crevice corrosion initiation. 

FIG. 8 shows current density as a function of time of a creviced UNS S39274, i.e., a high-W SDSS, 

immersed in natural seawater during a stepwise increase in temperature followed by a stepped 

decrease in temperature. The applied potential was +300 mVSSE to simulate the effect of naturally 

occurring biofilms.[92] During the forward ramp, the temperature was held for 15 days at each step. If 

no increase in current was observed, the temperature was increased by 5 °C. The ramping continued 

until an apparent increase in current was observed. The critical crevice temperature, TCrev, was adapted 

after Steinsmo et al.,[93] as the temperature step where the current density exceeded 25 μA/cm2 for at 

least 4 h. This value was chosen as it corresponded to a marked deviation from the passive current 

density. Once the current density was reached, the temperature was, then, decreased in a 7-day period 

at 2.5 °C steps, until a stable passive behavior was observed. The repassivation temperature was 

arbitrarily defined as the temperature at which the current density dropped below the 25 μA/cm2 

threshold, and stable passive current density values were observed. 

FIG. 8 and the work of Steinsmo et al.[93] illustrate well the hysteresis that exists between the 

temperature at which crevice corrosion starts and repassivates. In their earlier work, Steinsmo and 

coworkers applied a +600 mVSCE potential to simulate chlorinated seawater and a temperature scan rate 

of 4 °C/24h, a technique often referred to as cyclic thermammetry. [120] In the case of UNS N08367, the 
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authors observed an approximately 50 °C difference between TCrev and TR, Crev. The difference between 

TCrev and TR,Crev shown in FIG. 8 was about 8 °C, much lower than the values reported by Steinsmo and 

coworkers for other corrosion-resistant alloys. [93] The difference in the case of UNS S39274 was 

attributed to the influence of tungsten. 

ASTM F746 Pitting or Crevice Corrosion of Metallic Surgical Implant Materials

The ASTM F746 standard is used to assess the pitting and crevice corrosion resistance of surgical implant 

materials.[121-123] The localized corrosion resistance is determined based on the critical potential, ECrit, 

to initiate pitting, crevice corrosion, or both. The primary purpose of the specification is to perform a 

laboratory screening of materials. Tests are conducted in phosphate-buffered saline (PBS) solution—8.0 

g·L-1 NaCl, 0.2 g·L-1 KCl, 1.44 g·L-1 Na2HPO4, and 0.24 g·L-1 KH2PO4—with a pH between 7.3 and 7.5. The 

temperature of the electrolyte is set to 37 ± 1 °C to simulate the temperature of the human body. The 

standard employs cylindrical specimens that are 6.35 mm in diameter and 20 mm in length. The crevice 

assembly consists of an inert tapered PTFE collar, 3.18 mm in width. The collar is force-fit into the 

specimen from the base of the cylinder.

The procedure can be divided into three steps. Step 1 involves the measurement of a stable corrosion 

potential for 1-h, referred to as E1. Step 2 is the stimulation step, which is similar to the electrochemical 

scratch technique. [124-126] The purpose of the stimulation step is to initiate localized corrosion. The 

applied potential is set at EApp = +800 mVSCE, while the duration depends on the current response. If the 

current density instantly increases above +500 μA/cm2, the potential is immediately decreased to E1. If 

the current generally increases but i < +500 μA/cm2, the potential is reduced to E1 after 20s. If after 15 

minutes there is no sharp increase in current density, the test is terminated. 

The last step, Step 3, is called the repassivation step. In Step 3, the applied potential is decreased to EApp 

= E1. If no repassivation is observed, i.e., the current remains above the passive current density, ECrit is 

defined as ECrit = E1. If repassivation occurs, the process is repeated. The new applied potential in Step 3, 

after the new stimulation step, is set as EApp= E1 + 50 mV. The sequence is continued until no 

repassivation occurs in Step 3. The assessment entails the quantification of ECrit and a visual confirmation 

after testing. 

Modified ASTM G150 – Potential-independent critical temperature

The ASTM G150 standard is used to determine the so-called potential-independent critical pitting 

temperature. The tests can be modified to determine the potential-independent critical crevice 
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temperature by employing creviced specimens as described in ASTM G48 or G78 (FIG. 4). ASTM G150 

can also be used to predict the conditions that would result in stable crevice propagation. The test 

method applies to stainless steels from UNS 31600 to S31254, but it could be extended to other alloy 

families. Tests are performed in deaerated 1M NaCl (unadjusted pH). The technique implies applying a 

fixed potential and measure the current response as a function of time. The recommended potential is 

+700 mVSCE, but other values can be used. A test at +600 or +800 mVSCE can be performed to determine 

changes in the critical temperature. During testing, the temperature is ramped at 1 °C/min. The 

potential-independent CPT or CCT is defined as the temperature at which i > 100 μA/cm-2 for 60s. Visual 

confirmation is required at the end of the test to verify the presence of pitting and crevice corrosion. 

FIG. 9 illustrates a modified ASTM G150 test using a PTFE MCA on UNS S32750. The applied potential 

was +700 mVSCE, and the CCT varied between 61 and 65 °C.

Potentiokinetic electrochemical test methods

Modified ASTM G61 – Cyclic potentiodynamic polarization

The ASTM G61 standard is arguably the most common electrochemical technique used to determine the 

relative susceptibility to localized corrosion, namely, pitting or crevice, of stainless steels, cobalt- and 

some nickel-based alloys. ASTM G61 focuses on crevice-free specimens, but the standard can be 

modified to study creviced samples. The crevice former is often an MCA that complies with, e.g., ASTM 

G48. The analysis of the E-i diagrams provides information about the critical crevice and crevice 

repassivation potentials, ECrev and ER,Crev (EP and ER if using crevice-free samples). Likewise, the critical 

crevice temperature and critical repassivation temperature (TCrev and TR,Crev, respectively) can be 

obtained when multiple experiments are performed at different temperatures. When done on crevice-

free specimens, the standard can be used to check one's experimental technique and instrumentation. 

As per ASTM G61, experiments are performed in deaerated 3.56 wt% NaCl (neutral pH) at 25 ± 1 °C, but 

other environments and temperatures can be used. The test is divided into two steps. First, the working 

electrode is exposed at the corrosion potential for 1-h until a stable ECorr is obtained. The 

potentiodynamic polarization commences immediately after the 1-h stabilization step. The potential is 

scanned at 0.6 V/h (0.168 mV/s) in the forward direction until reaching a current density threshold of 5 

mA/cm2. Once the current density threshold is met, the direction of the scan is reversed until the 

hysteresis loop closes or once reaching a new ECorr. The data is plotted in an E-i diagram, where the 

current density i is presented in logarithmic scale. 
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There are different ways to determine pitting, crevice, and repassivation potentials from E-i diagrams. 

According to Sridhar and Cragnolino,[117] EP can be measured at the inflection point of the E-i plot, 

while ER is defined as the potential, in the backward scan, where the current density reaches 2 μA/cm2. 

A similar convention can be applied to tests using MCAs to determine ECrev and ER,Crev.[65] For creviced 

specimens, hysteresis, ΔE, is defined as:

𝛥𝐸 =  𝐸𝐶𝑟𝑒𝑣 ― 𝐸𝑅, 𝐶𝑟𝑒𝑣 Eq. 9

It is well known that alloys with large ΔE values are more susceptible to localized corrosion than those 

with small hysteresis loops.[14]

FIG. 10a and b show two potentiokinetic E-i curves of UNS S32750 in 3.56 wt% NaCl at two different 

temperatures. Each diagram presents two repetitions to illustrate the test-to-test variability. The E-i 

curves shown in FIG. 10a and 10b were obtained at 30 and 60 °C, respectively. In FIG. 10a, the sharp 

increase in current was associated with the transpassive region and, thus, the potential was labeled 

ETrans. The transpassive region represents the "region of an anodic polarization curve, more positive than 

the passive potential range, in which there is a significant increase in current density (increased metal 

oxidation) as the potential becomes more positive." [1] In contrast, a large hysteresis loop was obtained 

at 60 °C, FIG. 10b. The forward scan in FIG. 10b also reached high positive values, but crevice corrosion 

occurred upon scan reversal as confirmed visually. The high ΔE value suggested that the driving force for 

crevice corrosion was large.[41] FIG. 10c presents an E vs. temperature plot, constructed from a series of 

cyclic anodic polarization curves performed at different temperatures. The critical crevice repassivation 

temperature, TR,Crev, was 56 °C. FIG. 10c also illustrates that the critical temperature has a well-defined 

value as suggested by Brigham and Tozer,[42, 43] which in this case was within 5 °C and limited by 

temperature interval chosen for the tests. 

Precision and bias in ASTM G61 testing

The ASTM G61 standard shows the precision of the test method based on interlaboratory testing. An 

investigator’s data should fall within the range of ±2 standard deviations since this includes 95 % of all 

data provided random variations are the only source of error. No information is available on the 

repeatability when one laboratory conducts several identical tests. Crevice corrosion under gaskets may 

lead to erroneous results. Researchers have also found that the scatter in EP and ECrev is much larger than 
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the scatter in ER and ER, Crev. [96, 127, 128] For example, the limited experimental data suggest a scatter 

in ER,Crev for type 316L stainless steel and UNS N09925 of about 100 mV. [96]

ASTM G192 – Tsujikawa-Hisamatsu Electrochemical (THE) technique

The ASTM G192 standard [129] is a complex technique that involves potentiodynamic, galvanostatic, 

and potentiostatic steps, developed after the work of Tsujikawa and Hisamatsu.[130] The test has been 

used to study the crevice [76, 131, 132] and pitting [133] corrosion susceptibility of highly-alloyed nickel 

alloys. The ASTM G192 technique is used to determine the ER,Crev of corrosion-resistant alloys. It is 

understood that an alloy will not develop crevice corrosion below ER,Crev under the tested conditions (i.e., 

electrolyte composition, pH, and temperature). Although the method was developed for alloy C22, it is 

applicable to any corrosion-resistant alloy. The standard suggests the use of a PFTE tape-covered 

ceramic MCA and a torque of 3.4 N·m. The test can be modified to measure the critical crevice 

repassivation temperature, TR,Crev if done at various temperatures. 

The tests can be done in any electrolyte, albeit the method was developed using a deaerated 1M NaCl. 

The recommended test temperature for alloy C22 is 90 °C, but lower temperatures can be chosen for 

less corrosion-resistant metals and alloys. The procedure can be divided into three steps, as follows. The 

potentiodynamic (PD) step commences after a 1-h ECorr stabilization period. During the PD step, the 

potential is scanned in the forward anodic direction at 0.6 V/h (0.168 mV/s) until a pre-set current is 

reached (e.g., 2 μA/cm2 for alloy C22). The galvanostatic (GS) step starts after reaching the current 

density threshold. In the GS period, the pre-set current is kept constant for 2-h, while the potential is 

recorded as a function of time. The goal of the GS step is to develop and grow crevice attack if any 

develops. After the 2-h GS period, the potential is decreased at 10 mV intervals. The duration of each 

step is 2-h and the current recorded versus time. The ER,Crev is defined as the highest potential for which 

the current does not increase with time. The presence and extent of crevice corrosion are verified using 

visual inspection after testing. 

Precision and bias in ASTM G192

Under some testing conditions, results from this method may be comparable to results from ASTM G61. 

The current Tsujikawa and Hisamatsu electrochemical test method is meant to be a complement to 

ASTM G61. The THE test method may produce crevice corrosion in conditions where cyclic 

potentiodynamic polarizations have limitations caused by transpassive dissolution. 
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Results of an interlaboratory program showed that the overall crevice repassivation potential for alloy 

C22 in 1 M NaCl at 90°C was -107 mVSSE and the standard deviation was 10.0 mV. This low standard 

deviation suggests that the measurement of the repassivation potential using the PD-GS-PS test method 

is highly reproducible. For more details ASTM G192 should be consulted.

Potentiodynamic-Galvanostatic-Potentiodynamic technique

Although the Tsujikawa-Hisamatsu electrochemical technique circumvents the limitations of the ASTM 

G61 method for highly-corrosion resistant alloys that would otherwise present transpassive dissolution 

before crevice corrosion, the method is time-consuming and challenging to automate. [131, 134] For 

this reason, Mishra and Frankel developed a simplified version of the ASTM G192 standard that replaces 

the PS step by a PD polarization.[132] In the so-called PD-GS-PD technique, the potential is first scanned 

at 0.6 V/h (0.168 mV/s) until the predefined current density threshold. The threshold current density is, 

then, applied for 2-h to promote the initiation and propagation of crevice corrosion. After the 2-h GS 

step, the potential is reverted at a scan rate of 0.6 V/h (0.168 mV/s) until the hysteresis loop closes. The 

ER,Crev is defined as a cross-over potential.

The PD-GS-PD method has been successfully used not only on nickel alloys,[59, 76, 134-137] but also 

stainless steels with varying degrees of corrosion resistance.[29, 30] FIG. 11 illustrates an E-i plot as well 

as the E vs time curve recorded during the GS step of UNS N06059 (alloy 5923) in 10 M Cl- at two 

different temperatures, as indicated. As seen in FIG. 11, crevice corrosion did not occur at 40 °C as 

suggested by the lack of a positive hysteresis loop, which was later confirmed visually (not shown). 

Crevice corrosion was evident at 90 °C, and the hysteresis loop was about ΔE = 200 mV. FIG. 11c shows 

the extent of the crevice attack after the PD-GS-PD test.

Crevice corrosion repassivation by cooling

Hornus and coworkers have recently adapted the PD-GS-PD technique to study crevice repassivation by 

cooling. The authors named the technique PD-GS-PD-(PS + Cooling), which was designed to determine 

TR,Crev values of nickel alloys. [27] First, the temperature of the electrolyte is set to 90 °C. After reaching 

the desired initial temperature, the procedure involves five steps. Step 1 (PD) consists of an anodic 

potentiodynamic polarization at 0.6 V/h (0.168 mV/s) until the anodic current density reaches 20 

μA/cm2. In Step 2 (GS), the applied current is set at 20 μA/cm2 for 4-h. Given that the current drops 

instantaneously upon removal of the GS, Step 3 involves a potentiodynamic polarization at 0.06V/h 

(0.0168 mV/s) until the current density reaches ≥ 20 μA/cm2. In Step 4 (PS), the last potential of Step 3 is 
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applied for at least 2-h to produce sufficient crevice corrosion to obtain a conservative TR,Crev value. 

Likewise, Step 4 was designed to ensure a relatively low current density so that the drop in current 

during Step 5 can be attributed to the cooling effect exclusively. Lastly, the temperature is decreased 

while holding the PS polarization at a given cooling rate of, e.g., 3.33 or 33.3 °C/h, until the current 

reaches typical passive current density values. The TR,Crev is determined once i = 1 μA/cm2. FIG. 12 

illustrates Step 5 applied to UNS N06625 (alloy 625) and N10362 (alloy Hybrid B-C1) in 0.1M NaCl at two 

different cooling rates. In this example, the TR,Crev of alloy Hybrid B-C1 was approximately 60 °C while 

that of alloy 625 was approximately 35 °C. 

Although it might be excessively complicated to apply the PD-GS-PD-(PS + Cooling) technique to, e.g., 

stainless steels and nickel alloys with relatively low PRE (e.g., PRE < 40 [72]), the method offers the 

possibility of quantifying the critical crevice repassivation temperature of highly corrosion-resistant 

nickel-alloys, which cannot be done using other conventional tests methods. 

Depassivation pH and the critical crevice solution

As proposed by Oldfield and Sutton, the depassivation pH (pHd) is defined as the pH where a metal or 

alloy does not exhibit any passivity. [21, 23] The pHd value is associated with the critically acidic 

environment that develops inside a crevice as discussed above. In this regard, Oldfield and Sutton 

referred to the solution that causes the permanent breakdown of the passive film within a crevice and 

the rapid propagation of the attack as critical crevice solution (CCS).[21, 23] According to the authors, 

the CCS is defined in terms of pH (i.e., the pHd) and chloride concentration. The pHd and CCS can be 

obtained experimentally using polarization curves in crevice-like environments as a function of solution 

pH and chloride concentration. Malik et al. [79]  and Okayama et al. [138], e.g., determined the CCS of a 

considerable number of CRAs of increasing PRE. Polarization experiments can be performed adapting 

ASTM G5 and G61 or by monitoring the potential of a specimen under galvanostatic conditions, while 

simultaneously decreasing the pH by the addition of HCl. There are, however, no broadly accepted 

standard procedures to determine CCS. 
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TERMS AND DEFINITIONS

CCS Critical crevice solution.

CCT Critical crevice temperature as determined by ASTM G48

CPT Critical pitting temperature as determined by ASTM G48.

CRA Corrosion-resistant alloy.

DSMCA Disc spring multiple crevice assembly

EApp Applied potential.

ECrev Critical crevice potential (crevice initiation potential).

ECrit Critical potential as defined by the critical acidification model. 

ECorr Corrosion potential

E*
Corr Corrosion potential in a simulated crevice electrolyte.

Eihn Overpotential to reflect the contribution of the presence of inhibitors in the solution.

EP Critical pitting potential (pitting corrosion initiation)

ER Repassivation potential.

ER,Crev Crevice repassivation potential.

g Crevice gap

I or I Current or current density

IApp or iApp Applied current or current density, respectively. 

L crevice length measured as the distance from the crevice mouth.

MCA Multiple-crevice assembly

pHd Depassivation pH.

PCTFE Polychlorotrifluoroethylene

PRE Pitting Resistant Equivalent.

PTFE Polytetrafluoroethylene

PVDF Polyvinylidene difluoride

SCE Saturated Calomel Electrode.

SSE Silver/Silver Chloride Electrode.

TCrev Critical crevice temperature measured using electrochemical methods.

TCrit Critical temperature (either pitting or crevice).

TPit Critical pitting temperature measured using electrochemical methods.

TR,Crev Critical crevice repassivation temperature measured using electrochemical methods.

x Diffusion path

x·i Galvele’s pitting or crevice stability product. 

ZRA Zero resistance amperometry. 

η Polarization needed to reach the critical xi value
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Φ The electrical potential induced by the migration of the aggressive anions to the crevice.

τ Induction time.
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TABLES
TABLE 1 — Comparison of non-electrochemical test methods to evaluate crevice corrosion resistance.

Method Summary

Uses
 Pitting & Crevice Resistance in chloride environments.
 Rank alloy performance.
 Applicable to stainless steels and nickel-base alloys.

Exposure 
Conditions

o Electrolyte: 6 wt% FeCl3 (unadjusted pH approx. 1.0 – 2.0)
o Recommended test temperatures:

o 22 ± 2 °C
o 50 ± 2 °C
o Other values could be used.

Crevice Assembly  Cylindrical TFE-fluorocarbon blocks.
 Fluorinated O-rings or rubber bands (low S).

Test Duration
o 72-h (recommended).
o Variations are allowed, which depend on alloy composition.
o Periodic extractions are possible (could lead to variations in the rate of attack).

ASTM G48 
Method B 
(rubber band)

Assessment  Visual inspection (ASTM G46 suggested).
 Weight loss to 0.001g or better accuracy.

Uses

o Determine the critical crevice temperature (CCT).
o Nickel-base and chromium-bearing alloys: Method D.
o Stainless steels: Method F.
o It can be used to rank alloy performance. 

Exposure 
Conditions

 Electrolyte: 6 wt% FeCl3 + 1 wt% HCl (pH adjusted approx. 1.0).
 Start temperature (nearest 5 °C):

o Method D: (1.5 × %Cr) + (1.9 × %Mo) + (4.9 × %Nb) + (8.6 × %W) – 36.2.
o Method F: (3.2 × %Cr) + (7.6 × %Mo) + (10.5 × %N) – 81.0.

 Minimum Temperature: 0 °C & Maximum recommended temperature: 85 °C.

Crevice Assembly

o Multiple-crevice assembly (MCA)
 TFE-fluorocarbon segmented washers. 
 Different materials and geometries are allowed.

o Torque
 Method D: 0.28 Nm (40 in-oz).
 Method F: 1.58 Nm (14 in-lb).

Test Duration  Method D: 72-h.
 Method F: 24-h.

ASTM G48 
Methods D & F

Assessment 
o Visual assessment (could follow ASTM G46): Crevice corrosion is present if local 

attack > 0.025 mm (0.001 in) in depth.
o Weigh loss.

Uses  Determine the crevice corrosion susceptibility in seawater and other chloride 
environments.

 Applicable to iron- and nickel-base alloys.
 It can be used to assess the crevice induction time.
 It can be used to determine the critical crevice temperature.

Exposure 
conditions

o Seawater, natural waters, and chloride-containing aqueous electrolytes.
o Temperature: User-defined and maintained within 2 ± °C.

Crevice Assembly  Many different configurations are allowed, e.g., MCA (various geometries and 
materials), O-rings, gaskets, strips, coatings (for complex geometries).

Test Specimens o Flat, cylindrical, and complex geometries are allowed.
o Specimens should maintain a constant bodily exposed to shielded area ratio.  

Test Duration  30 days (recommended).
 Sampling at different time intervals is allowed.

ASTM G78

Assessment o Visual assessment:
o Maximum crevice depth.
o Affected area.
o If using MCA, number of segments showing crevice corrosion.

o Weight loss.
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TABLE 2 – Comparison of electrochemical test methods with no external polarization to assess crevice corrosion resistance.

Method Summary

Corrosion Potential Monitoring

 The initiation of pitting and crevice corrosion in stainless steels and nickel-
based alloys leads to a sharp decrease in the corrosion potential (ECorr).

 ECorr monitoring can be used to determine induction times.
 If done as a function of temperature, ECorr monitoring can be used to 

determine critical temperatures.
 Standards such as ASTM G48 and G78 can be modified to include OCP 

monitoring. ECorr measurements during ASTM G48 testing can provide a 
better pass/fail criterion than visual inspection alone.

 Because it is non-destructive, ECorr measurements provide a means for field 
monitoring.

Zero resistance amperometry (ZRA) –
Remote Crevice Assembly

o The remote crevice assembly consists of a creviced sample connected to a 
non-crevice specimen through a zero-resistance ammeter.

o The ZRA measures galvanic current and couple potential.
o It simulates a real crevice setting.
o The initiation of crevice corrosion is associated with a sharp increase in 

current.
o ASTM G71 can be used as a guide.
o There is no agreement on a critical current value to define crevice 

initiation.

ZRA – Electrochemical Noise

 Similar to the remote crevice assembly except that it uses two creviced 
coupons.

 Electrochemical current noise is recorded and analyzed over time.
 The start of crevice attack leads to an increase in current (it can be positive 

or negative depending on the specimen where the attack initiates).
 ASTM G199 can be used as guidance.
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TABLE 3 – Comparison of potentiostatic electrochemical test methods to assess crevice corrosion resistance.

Method Summary

Chronoamperometry

 Chronoamperometry consists in measuring current (or current density) as a function of time at 
a constant applied potential. 

 It can be performed using creviced or crevice-free specimens. 
 Chronoamperometry is primarily used to determine induction times. 
 When performed at different temperatures, it can be used to determine critical temperatures.
 It can also be used to determine the critical repassivation temperatures (TR, Crev) by reducing 

the temperature after crevice initiation.

Uses

o Assess the pitting or crevice corrosion resistance of metals and alloys for 
surgical implants.

o Determine the critical potential, ECrit, to initiate pitting, crevice, or both.
o Laboratory screening.

Exposure 
Conditions

 Electrolyte: Phosphate Buffered Saline (PBS) solution (7.3 < pH < 7.5).
 Temperature: 37 ± 1 °C

Test Specimen o Cylindrical coupons: 6.35 mm in diameter and 20 mm in length.
o Surface preparation: 600-grit SiC paper.

Crevice 
assembly

 Tapered PTFE collar (3.18 mm width).
 Force-fit to 10mm from the base of the cylinder

Procedure

o Step 1: measure corrosion potential for 1-h, referred to as E1.
o Step 2: stimulation 

o The purpose is to initiate localized corrosion.
o The applied potential, EApp, is set to +800 mVSCE.
o The Duration depends on the current response:

 If i instantly > 500 μA·cm-2 decrease potential to E1.
 If current generally increases but i < 500 μA·cm-2, 

decrease EApp to E1 after 20s.
 If after 15 min there is no sharp increase in current, 

terminate test.
o Step 3: repassivation

o Decrease EApp so that EApp = E1.
o If no repassivation, ECrit = E1.
o If Repassivation occurs:

 After stimulation the new EApp = E1 + 50 mV.
o Repeat until no repassivation after stimulation.

ASTM F746

Assessment  ECrit (pitting or crevice)
 Visual examination.

Uses

 Determine the potential independent pitting (or crevice) temperature.
 Predict the conditions resulting in stable crevice propagation.
 Applicable to stainless steels from UNS S31600 to S31254; but could be 

extended to other alloys.

Exposure 
Conditions & 
Procedure

o Electrolyte: Deaerated, 1M NaCl (unadjusted pH).
o Temperature: start at 0 °C, ramp at 1 °C/min.
o Potentiostatic polarization:

o +700 mVSCE (recommended).
o Other values are possible.
o A test at +800 (or+ 600) mVSCE can be performed to determine 

changes in CPT
Test Specimen  Modified to include creviced coupons.

Modified ASTM G150

Assessment o CCT (CPT) defined as the temperature at which i > 100 μA·cm-2 for 60s.
o Visual confirmation.

Page 37 of 74

https://mc04.manuscriptcentral.com/astm-books

ASTM-Books

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

38

TABLE 4 – Comparison of potentiokinetic electrochemical test methods to assess crevice corrosion resistance.

Method Summary

Uses

 Determine the relative susceptibility to localized corrosion (pitting and 
crevice corrosion).

 Determine critical potentials, e.g., ECrev and ER,Crev if using crevice formers.
 If done at different temperatures, determine the critical crevice 

temperature, often referred to as Electrochemical Critical Temperature.
 Check one’s experimental technique and instrumentation.
 Applicable to Iron, nickel, cobalt-base alloys, but it could be used for other 

passive alloys.
 It shall not be used to correlate with the rate of propagation.

Exposure 
conditions

o Electrolyte: deaerated 3.56 wt% NaCl (neutral pH), but other solutions can 
be used.

o Temperature: 25 ± 1 °C (recommended), but it can be done at different 
temperatures.

Test Specimens  Modified to include creviced specimens.

Procedure

o Step 1: 1-h corrosion potential stabilization.
o Step 2: potentiokinetic polarization

o Scan rate: 0.6 V/h (0.168 mV/s).
o Scan reversal at i = 5 mA·cm-2.
o Stop test once hysteresis loop closes or once reaching ECorr.

Modified ASTM G61

Assessment
 ECrev and ER,Crev (or EP & ERP w/o crevice former).
 Hysteresis, ΔE = ECrev – ER,Crev.
 Visual confirmation.

Uses

o Determine ER,Crev for corrosion resistant alloys.
o It is understood that an alloy will not develop crevice corrosion below ER,Crev 

under the tested conditions (i.e., electrolyte composition, pH, temperature, 
etc).

o It can be modified to determine the crevice repassivation temperature 
(TR,Crev).

o Applicable to any corrosion resistant alloy; but developed for UNS N06022.

Exposure 
conditions

 Electrolyte: 
o It can be used with any electrolyte.
o Developed using 1M NaCl (unadjusted pH).

 Temperature: 
o 90 °C (UNS N06022).
o Lower temperatures can be used for less resistant alloys.

Procedure

o Step 1 – Potentiodynamic polarization:
o 0.6V/h (0.168 mV/s).
o Until a preset current is reached (2 μA·cm-2 for UNS N06022)

o Step 2 – Galvanostatic period
o The preset current is kept constant for 2-h.
o E vs. t is recorded.
o The goal is to develop & grow crevice attack (if any develops).

o Step 3 – Potentiostatic polarization
o The potential is decreased in 10 mV internals.
o The duration of each step is 2-h
o I vs. t is recorded at each step.

o ER,Crev is defined as the highest potential for which the current does not 
increase as a function of time.

ASTM G192
Tsujikawa-Hisamatsu 
Electrochemical [THE] 
test or PD-GS-PS.

Assessment  ER,Crev and visual confirmation.

PD-GS-PD technique

o The PD-GS-PD technique is a simplification of the THE test.
o Step 3 is replaced by a potentiodynamic polarization step.
o ER,Crev is defined as a cross-over potential.
o It can be used to determine TR,Crev.
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TABLE 5–Results of the second interlaboratory test program.

Note 1—Minimum temperature (°C) to produce attack at least 0.025-mm (0.001-in.) deep on bold surface of specimen. Edge attack ignored.
Method E—CPT Critical Pitting Corrosion Temperature (°C) Method F—CCT Critical Crevice Corrosion Temperature (°C)

Alloy/Laboratory
UNS S31603 UNS S31803 UNS S44735 UNS N08367 UNS S31603 UNS S31803 UNS S44735 UNS N08367

1 15/15/A 30/30/30 85/85/85 75/A 0/0/0 15/A/A 30/A/A 30/30/30
2 10/A/A 25/25/A 80/80/80 75/75 0/0/0 15/15/15 30/30/30 25/25/25
3 0/0/0 25/25/A 80/80/80 70/70/A 0/0/0 20/20/20 35/35/35 30/30/A

4 15/15/A 30/30/30 75/A/A 75/75/A 0/0/0 20/20/20 20/20/20
5 15/15/15 20/A 80/80/80 70/70/70 0/0/0 20/20/20 35/35/35 30/30/30
6 40 75 0/0/0 15 35 25
7 15/15/15 35/35/35 >85/>85/>85 75/75/75 0/0/0 25/25/25 35/A/A 30/30/30

A Test run but no attack observed.
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FIGURES

FIG. 1—Geometry of crevice corrosion. In the sketch, the horizontal scale is arbitrary. 
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a

b

c
FIG. 2—Different crevice attack morphologies (a) pitting corrosion inside the crevice gap on UNS S30403 in 0.1M NaCl at 

60 °C, (b) pitting and general dissolution with the crevice gap on UNS S31600 in 0.1M NaCl at 30 °C, and (c) uniform 
crevice attack on UNS S31603 in 6 wt% FeCl3 at 20 °C.
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a

b

FIG. 3. Unidirectional pit (a) and crevice (b) model.
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a

b

c
FIG. 4 – Different types of MCAs (a) serrated MCA and Ti Gr. 2 bolts and nuts compliant with ASTM G48, (b) assembled 

PTFE tape-covered ceramic MCA, and (c) a CREVCORR DSMCA setup. 
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a b
FIG. 5 – ASTM G48 Method B (a) type 304 stainless steel creviced specimen before exposure and (b) crevice corrosion 

attack after immersion in 6 wt% FeCl3.

FIG. 6 – ECorr of UNS S32750 as a function of time during immersion in 6 wt% FeCl3 (pH = 1.0) and a stepwise increase in 
temperature. The duration of each step was 24-h. The sudden drop in ECorr marks the initiation of localized corrosion.
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FIG. 7 – ZRA testing of UNS S32760 in 6 wt% FeCl3 (pH = 1.0) (a) current and potential as a function of temperature and (b) 
crevice corrosion attack.
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a

b

FIG. 8 – (a) Current density and temperature as a function of immersion time of UNS S39274 in natural seawater at an 
applied potential of EApp = +300 mVSSE and (b) visual appearance after 110 days of exposure. 
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FIG. 9 — A i vs. temperature curve of UNS S32750 in 1M NaCl as per ASTM G150.
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a

b

c
FIG. 10 – Cyclic anodic polarizations of creviced UNS S32750 samples in 3.56 wt% NaCl at (a) 30 °C and (b) 60 °C. The 

critical crevice repassivation temperature is shown in the E vs T diagram in (C).
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a

b

c
FIG. 11 – PD-GS-PD test of UNS N06059 in 10 M Cl- solution at 40 and 90 °C (a) E vs I curve, (b) potential vs time during the 

GS step, and (c) crevice corrosion attack after testing at 90 °C. 
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b
FIG. 12 – PD-GS-PD-(PS + Cooling) Step 5 applied to UNS N06625 and N10362  applied potential and cooling rates as 

indicated. 
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Fig 2c 
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Fig 3a 
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Fig 3b 
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Fig 4a 
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Fig 4b 
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Fig 4c 
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Fig 5a 
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Fig 5b 
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Fig 6 
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Fig 7a 
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Fig 7b 
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Fig 8a 
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Fig 8b 
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Fig 9 
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Fig 10a 
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Fig 10b 
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Fig 10c 
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Fig 11a 
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Fig 11b 
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Fig 11c 
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