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ABSTRACT 

Nickel-based alloys, such as Alloy 600 and C-276, exhibit superior localized corrosion resistance 
compared to iron-based alloys, such as stainless steel. Nickel-based alloys can be susceptible to 
localized corrosion in the .form of crevice corrosion when the corrosion potential is greater than the 
repassivation potential in a given environment. The severity of Iocalized-corrosion-induced damage on 
the metal surface is dependent on the evolution of the crevice region chemical environment. In this 
paper, we present a physico-chemical model to estimate the chemical environment inside a crevice. 
The model is developed bsy imposing the mass balance for reacting and non-reacting chemical species, 
and by imposing charge conservation. The model is solved using a novel iterative method in which the 
governing equations for p,otential and chemical species distributions are solved independently. 
The model is implemented for nickel-based alloys. Model results are presented for different 
homogeneous and heterogeneous chemical reactions and considering various electrochemical 
and chemical conditions. 

Keywords: crevice corrosion, localized corrosion, repassivation potential, charge conservation, 
potential distribution 

INTRODUCTION 

Nickel-based alloys, such as Alloy 600 and C-276, exhibit superior localized corrosion resistance 
compared to iron-based alloys, such as stainless steel. Nickel-based alloys can be susceptible to 
localized corrosion in the form of crevice corrosion when the corrosion potential is greater than the 
repassivation potential in a given environment. The severity of localized-corrosion-induced damage on 
the metal surface is dependent on the evolution of the crevice region chemical environment. Several 
experimental studies have been conducted to determine the metal dissolution rate in the crevice 
region.’-4 However, the experimental studies do not provide a description of the chemical environment 
that would develop inside a crlevice because of the restricted geometry of the crevices. Furthermore, 
the experimental studies provide only limited term propagation rate data of the localized corrosion front. 
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-
4 However, the experimental studies do not provide a description of the chemical environment 

that would develop inside a crevice because of the restricted geometry of the crevices. Furthermore, 
the experimental studies provide only limited term propagation rate data of the localized corrosion front. 
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Therefore, the life prediction of nickel-based alloy components and structures in which crevice cracks 
can initiate and propagate remains a major challenge. 

Few studies have been conducted to determine the evolution of chemical environment inside a crevice 
of nickel and nickel-based alloys. Harb and Alkire5 developed a process model to simulate the 
dissolution of a hemispherical corrosion pit on nickel in 0.5M NaCI. The model accounted for 
multiple species in solution, reaction equilibria, migration, and surface kinetics. In particular, the Harb 
and Alkire model accounted for complexation of nickel with chloride. The model results indicated the 
build up of nickel and chloride ions inside the pit. Hoffmeister' determined the distribution of dissolved 
oxygen concentration, chloride concentration, and pH of the in-crevice solution. However, 
Hoffmeister's work was basecl upon empirical correlations developed from experimental studies. 
Watson and Postlethwaite' developed a physico-chemical process model to determine the chemical 
environment inside a crevice lor lnconel 625 in chloride-containing solutions. Evitts et aI.* simulated 
the Watson and Postlethwaite model3 for lnconel 625 at high temperature to determine the effect of 
corrosion on the initiation of crevice corrosion. 

In this paper, we present ;a physico-chemical model to determine the chemical environment inside a 
crevice. The model considers' the transport of two non-reacting anionic species into a crevice and also 
accounts for metal dissolution, water dissociation, and metal hydroxide formation reactions inside the 
crevice. To the authors' best knowledge, this model has not been presented elsewhere. The model is 
solved using a novel iterative method in which the governing equations for potential and chemical 
species distributions are solved independently. The model is implemented for nickel-based alloys. 
Model results are presented for different homogeneous and heterogeneous chemical reactions and 
considering various electrochemical and chemical conditions. The description of the model is provided 
in the next section and the method is described in the subsequent section. 

MODEL 

The physico-chemical process model is developed for a rectangular crevice of length L and width a. 
A schematic diagram of the crevice is presented in Figure 1. A nickel-based alloy is assumed to be 
immersed in a solution containing chloride, nitrate, and sodium ions. It is assumed that the primary 
metal dissolution reaction in the crevice is the dissolution of nickel, represented by the following 
chemical equation 

Ni + Ni2' + 2e- (1) 

and the corrosion current associated with the dissolution of the nickel is given by the following equation 

iNiZ+ = i e x p l o p  - o)] 
where 

- corrosion current density associated with the dissolution of nickel (Ncm2) 
- eq u i I i b r i u m c:u r re n t density (Ncm ,) 
- inverse of Tafel slope (V-') 
- metal potential ('d) 

IN?+ 

i 
P 
V 
< D -  solution potential (V) 

- 

The dissolved nickel ion hydrolyzes to form nickel hydroxide and hydrogen ions according to the 
following reversible chemical reaction 

Ni2' + H,O a NiOH' + H' 
2 

(3) 
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and the corrosion current associated with the dissolution of the nickel is given by the following equation 

where 

i Ni2 + corrosion current density associated with the dissolution of nickel (Ncm 2
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fJ inverse of Tafel slope (V-1
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V metal potential (V) 
<!> solution potemtial (V) 
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following reversible chemical reaction 
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The equilibrium constant ,for the Eq. (3) is represented by the following equation 

where 

Keq.N, - equilibrium coristant (mol/cm3) 
- concentration of NiOH' ions (mol/cm3) 

- concentration of H' ions (mol/cm3) 
CNioH+ 

CH' 

CNi2+ - concentration of Ni2' ions (mol/cm3) 

The hydrogen ions, produced by Eq. (3), equilibrate with the hydroxyl ion according to the following 
water dissociation reaction 

H20 e H' +OH- (5) 

The equilibrium constant for the water dissociation reaction is by the following equation 

- equilibrium coristant for the water dissociation reaction (moI2/cm6) 

- hydroxyl ion concentration (mol/cm3) 
KH,O 

COH- 

The ionic species present in tlhe crevice region are sodium, chloride, nitrate, nickel, nickel hydroxide, 
hydrogen, and hydroxyl ions. The steady-state concentration distribution of these ionic species in the 
crevice is represented by the following equation 

- 

where 
V - N k + R k = O  (7) 

R k  - rate of generation of ionic species k (mo~sec-cm~) 
N~ - flux of ionic species k (mol/sec-cm') 

The flux of an ionic species, iVk , in the solution is represented by the following Nernst-Plank equation 

Nk = -zkukFCkV@ - DkVCk 
where 

z k  - charge number Iof species k 
' k  - mobility of species k (cm2/sec-volt) 
F - Faraday constant = 96,486 C/mol 
@ - electrolyte potential (volts) 
Dk - diffusion coefficient of species k (cm2/sec) 
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C
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<l> electrolyte potential (volts) 
Dk diffusion cOE~fficient of species k (cm 2/sec) 
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It is assumed that the concentrations of various species inside the crevice are low enough to invoke the 
dilute solution approximation. As a result, the diffusion coefficient and mobility of a chemical species k 
are related according to the fclllowing equation 

Dk = ukRT 
where 

R - universal gas constant = 8.3145 J/K/mol 
T - temperature of the system (K) 

It is further assumed that the crevice solution is electrically neutral. 

C Z k C k  = 0 
k 

(9) 

The concentrations of sodium, chloride, nitrate, nickel, nickel hydroxide, hydrogen, and hydroxyl ions at 
the mouth of crevice are assumed to be equal to the bulk solution concentration. 

At the end of the crevice, the flux of the nickel ion concentration is given by the following equation 

where f i  is the outward norma,l vector. The flux of all other species at the end of the crevice is zero. In 
this model, it is assumed ,that no cathodic reaction occurs inside the crevice and the oxygen reduction 
reaction is the cathodic reaction which occurs outside the crevice as depicted in Figure 1. 

SOLUTION METHOD 

Because the width of a crevice is negligibly small compared to the length of a crevice, it is assumed 
that concentration gradients across the width of the crevice are also negligible compared to along the 
length of the crevice. This assumption is consistent with the approach Alkire and Siittarig adapted to 
model potential and concentration distributions inside a pit where pit radius was one third of the pit’s 
depth. Under this assumption, the governing equation for concentration distribution Eq. (8) can be 
rewritten as 

Nsk 

v .  Nk = Rk +a 
where 

a - width of the crevice (cm) 
- flux of the species k at the metal-solution interface 

N.yk 

(13) 

(moI/sec-cm2) 

d 

LZX 
Note that the operator V is equal to -- where x is the distance down the crevice. The flux of the 

nickel ions at the metal-solution interface in the crevice region is given by the following equation 
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where n' is the outward normal vector. The flux of all other species at the metal-solution interface 
is zero. 

The diffusion and migration of the ionic species in the crevice region generates current. The total 
current density is defined by 

N 

i = F C ~ , N ,  
k=l 

and the divergence of the current is given by 

Insertion of Eqs. (8) and (13) in Eq. (14) yields 

where 

N lNi2+ v * (d@) + F C  z,v . (QVC,) = -- 
k=l 2Fa 

Rearrangement of Eq. (1 7) yields 

Based upon the stoichiometry of homogeneous chemical reactions given by chemical Eqs. (3) and (5), 
it is recognized that 

Equation (20) ensures that there is instantaneous equilibrium between nickel and nickel hydroxide ions. 
Furthermore 

Equation (21) ensures that the hydrogen ions are in equilibrium with nickel and hydroxyl ions at 
all instances. 

The divergence of flux of nick'el and nickel hydroxide ions can be combined to yield 
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where Ii is the outward normal vector. The flux of all other species at the metal-solution interface 
is zero. 

The diffusion and migrati()n of the ionic species in the crevice region generates current. The total 
current density is defined by 

N 

i = FLzkNk 
k=l 

and the divergence of the current is given by 

Insertion of Eqs. (8) and (13) in Eq. (14) yields 

where 

Rearrangement of Eq. (H) yit~lds 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

Based upon the stoichiometry of homogeneous chemical reactions given by chemical Eqs. (3) and (5), 
it is recognized that 

(20) 

Equation (20) ensures that thf~re is instantaneous equilibrium between nickel and nickel hydroxide ions. 
Furthermore 

Equation (21) ensures that thf~ hydrogen ions are in equilibrium with nickel and hydroxyl ions at 
all instances. 

The divergence of flux of nickel and nickel hydroxide ions can be combined to yield 
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INi2+ 

)= 2Fa v .  (NNi2+ + NNiOH+ 

and the divergence of flux of nickel, hydrogen, and hydroxyl ions can be combined to yield 

lNi2f v .  (NNi2+ + NH+ - No,- ) = - 
2Fa 

The concentration of nickel hydroxide in Eq. (20) is substituted with nickel and hydrogen ion 
concentration using Eq. (4). Similarly, the concentration of hydroxyl ion concentration in Eq. (21) is 
substituted with hydrogen ion concentration using Eq. (6). 

The non-reacting species are chloride, nitratt and sodium ions. The divergence of flux of chloride and 
nitrate ions are given by 

V N,, = 0 (24) 

and 
V . NNoi = 0 (25) 

The concentration boundary conditions for these governing equations at the mouth of the crevice are 
given by Eq. (1 1). The ekctrolyte potential at the mouth of the crevice is assumed to be zero; that is 

@ = O  (26) 

and at the end of the crevice is 

k=l  

Using Eq. (12), the boundary conditions for Eqs. (22) and (23) at the end of the crevice are 

(NNi2+ + NNi0,+). n' = $ 
and 

- 'Ni2+ 
(NNi2+ + N,, - NOH-). n = l- 2F 

The flux boundary conditions at the end of the crevice for chloride and nitrate ions are 

and 
NNoi * i = 0 

An iterative procedure is developed to solve Eqs. (19), (22), (23), (24), and (25) and the 
electroneutrality condition given by Eq. (IO), subjected to boundary conditions given by Eq. (11) and 
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(24) 

and 

(25) 

The concentration boundary conditions for these governing equations at the mouth of the crevice are 
given by Eq. (11). The el,ectrolyte potential at the mouth of the crevice is assumed to be zero; that is 

and at the end of the crevice is 

<I> = 0 

N 

KV<l> + FL>kDk VCk = iNi2+ 

k=l 

Using Eq. (12), the boundary conditions for Eqs. (22) and (23) at the end of the crevice are 

and 

The flux boundary conditions at the end of the crevice for chloride and nitrate ions are 

and 

(26) 

(27) 

(28) 

(29) 

(30) 

(31) 

An iterative procedure is developed to solve Eqs. (19), (22), (23), (24), and (25) and the 
electroneutrality condition giv'3n by Eq .. (10), subjected to boundary conditions given by Eq. (11) and 
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Eqs. (26)-(31). The governing equations are second order ordinary differential equations with fixed 
boundary values at the mouth and at the end of the crevice. The equations were solved using the 
two-point boundary values solver function in MATLAB@." 

In the initial iteration, first. Eq. (19) is solved for potential distribution inside the crevice subjected to 
boundary conditions given by Eq. (26) and (27). The concentration distribution of various species 
inside the crevice is assuimed to be equal to the bulk concentration. The solution of Eq. (19) provides 
distribution of 0, V@ , and F72@ inside the crevice. Second, the distributions of concentrations of 
chloride and nitrate ions are obtained by solving Eqs. (23) and (24) subjected to the boundary 
conditions given by Eq. (11 1) and Eqs. (30) and (31). The solution of Eq. (23) and (24) also provides the 
values of VC,,- , VC,,; , V2C,;,- , and V2CNoi along the length of the crevice. Third, the distributions of 

concentrations of nickel and hydrogen ion concentrations are obtained by solving Eqs. (22) and (23) 
subjected to boundary conditions given by Eq. (1 1) and Eqs. (28) and (29). The solution of Eq. (22) 
and (23) also provides the values of VC,,,, , VC,, , V2CN11+ , and V2C',,+ along the length of the crevice. 
Fourth, the distribution of concentrations of nickel hydroxide and hydroxyl ions and 
VC,~OH+ VCOH- 7 v2CN,0H+ 1 and V2CoH. are obtained using Eqs. (4) and (6). Fifth, the electroneutrality 
condition given by Eq. (IO) is used to obtain the sodium ion concentration distribution, VC,,, and 

V2CN,+ inside the crevice 

In the subsequent iterations, f'irst, Eq. (19) is solved for potential distribution inside the crevice 
subjected to boundary conditions given by Eqs. (26) and (27). The calculated values of concentration 
distribution from previous iteration of various species are used to calculate   in Eq. (19). Similarly, the 
calculated values of VC, and V2Ck from the previous iteration are used to calculate VK and second 
term on right hand side of Eq. (19). The second, third, fourth, and fifth steps are repeated to obtain the 
concentration distributions and VC, andV2Ck using the calculated values of CD, V@ , and V2@ in the 
first step. The calculated values of the potentials and concentrations are compared with the previous 
iteration values. If the absohte difference in potential and concentrations is less than a specified 
tolerance limit, the iterative procedure is terminated. 

RESULTS 

The model is executed for the free corroding condition. Under the free corroding condition, the metal 
potential, denoted by V, is equal to zero in Eq. (2). The value of the equilibrium current density (i), the 
inverse of the Tafel slope (p> iin Eq. (2), and equilibrium constants ( K+, , K , , ~ )  in Eqs. (4) and (6) are 
provided in Table 1. The value of the equilibrium current density is obtained from experimental data 
collected for Alloy 22 in 1 0 M NaCl solution. A cyclic polarization curve was obtained for Alloy 22 in the 
solution according to ASTM G61 at 95 "C [203 OF]. The polarization curve is presented in Figure 2. 
As seen in the figure, the measured current density is independent of potential in the forward scan; 
however, current density is a strong function of potential in the reverse scan. The data suggested that 
the metal surface is covered with a passive film while the Alloy 22 sample was anodically polarized in 
the forward scan. The current density in the reverse scan is a strong function of potential in the reverse 
scan. This is due to the fact that the original film is no longer in the passive state to protect the metal 
surface from corrosion. As seen in the figure, the equilibrium current density is approximately equal 
to 2 XI 0-6 Ncm2 at an electrode potential equal to zero and the calculated value of the inverse of the 
Tafel slope is 0.06 V-l. The values of equilibration constants are adopted from Malki et a1.12 The 
values of diffusion coefficients of different species are calculated using a chemical thermodynamic 
s im~la tor '~  and are provided in Table 2. The bulk concentrations of various chemical species are also 
provided in Table 2. 
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provided in Table 1. The value of the equilibrium current density is obtained from experimental data 
collected for Alloy 22 in 1,0 M NaCI solution. A cyclic polarization curve was obtained for Alloy 22 in the 
solution according to ASTM G61 11 at 95°C [203 OF]. The polarization curve is presented in Figure 2. 
As seen in the figure, the measured current density is independent of potential in the forward scan; 
however, current density is a strong function of potential in the reverse scan. The data suggested that 
the metal surface is covered with a passive film while the Alloy 22 sample was anodically polarized in 
the forward scan. The current density in the reverse scan is a strong function of potential in the reverse 
scan. This is due to the tact that the original film is no longer in the passive state to protect the metal 
surface from corrosion. As seen in the figure, the equilibrium current density is approximately equal 
to 2 x 10-6 Ncm 2 at an electrode potential equal to zero and the calculated value of the inverse of the 
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. The values of equilibration constants are adopted from Malki et al. 12 The 
values of diffusion coefficients of different species are calculated using a chemical thermodynamic 
simulator13 and are provided in Table 2. The bulk concentrations of various chemical species are also 
provided in Table 2. 

7 



The model is simulated folr a 5-cm [ I  .97-in]-long and 0.5-mm [197-mils]-high crevice. The calculated 
values of electrode potential ( V  - <D ) are presented in Figure 3. As seen in the figure, the electrode 
potential becomes more cathodic with increasing distance. The electrode potential at the tip of the 
crevice is 14 mV more cathodic than the mouth of the crevice. The calculated values of the 
non-reacting chemical species (chloride, nitrate, and sodium) are presented in Figure 4. As seen in the 
figure, the chloride, nitrate, and sodium ion concentrations increase with distance from the crevice 
mouth. Note that the ratio of nitrate to chloride ions remains constant throughout the crevice. This 
observation can be explained by analyzing the governing equations for concentration distribution of 
chloride and nitrate inside the crevice. Because the divergence of flux of nitrate and chloride ions is 
zero through the crevice, the steady-state flux of nitrate and chloride ions is constant throughout the 
crevice, and the transport properties such as mobility and the diffusion coefficient of nitrate and chloride 
ions have no impact on thle steady-state concentration distribution inside the crevice. In fact, the 
concentration distribution of nitrate and chloride ions is only dependent on the gradient of potential 
distribution, V@ , inside the crevice. 

The concentration of nickel arid nickel hydroxide ions as a function of distance is presented in Figure 5. 
As seen in the figure, the nickel ion concentration increases with distance from the crevice mouth, 
whereas the nickel hydroxide ion concentration first increases with distance up to 1 .O cm [0.4 in] and 
then decreases with distance. The nickel ions are generated in the crevice as the potential becomes 
more cathodic. However, the nickel hydroxide ion concentration is determined by the equilibrium 
between the nickel, nickell hyclroxide, and hydrogen ions. 

The concentration of hydrogen and hydroxyl ions as a function of distance is presented in Figure 6. As 
seen in the figure, the hydrogen ion concentration increases with distance from the crevice mouth, 
whereas the hydroxyl ion concentration decreases with distance from the crevice mouth. The hydrogen 
ions are generated as nickel ions react with water to produce nickel hydroxide and hydrogen ions. An 
increased concentration iii nickel ion corresponds to an increase in hydrogen ion concentration. 
Because the product of hydrogen and hydroxyl ion concentration is constant, the hydroxyl ion 
concentration decreases with distance from the crevice mouth. This result also indicates that the 
crevice solution is more acidic: than the bulk solution because of generation of hydrogen ions. 

SUMMARY AND DISCUSSION 

We have presented a physico-chemical process model for a steady-state chemical environment inside 
a crevice for nickel-based alloys. The model accounts for one heterogeneous and two homogeneous 
chemical reactions. The heterogeneous chemical reaction is the dissolution of nickel metal, and 
homogeneous chemical reactions are the formation of nickel hydroxide and hydrogen and the 
dissociation of water. The concentration and potential variations along the crevice width are assumed 
to be negligibly small corripared to the crevice length. The governing steady-state equations for the 
potential and concentration distributions of various species are algebraically simplified and then solved 
using a novel iterative procedure. The model is simulated for the parameter values listed in Table 1 
and 2. 

The calculated results are presented in the form of potential and concentration distribution of various 
species as a function of distance from the crevice mouth. The model results indicate that electrode 
potential becomes more cathodic along the crevice depth. The calculated potential distribution inside 
the crevice is consistent with ithe results presented by Song and Sridhari4 and Allahari5, who showed 
that the potential becomes more cathodic inside a crevice. 

The calculated results also shiow that the concentrations of non-reacting anionic species (chloride and 
nitrate) increase with distance from crevice mouth. Note that the ratio of concentration of nitrate to 
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chloride ions remains constant throughout the crevice length. This result is consistent with the fact that 
the concentration distributions; of nitrate and chloride ions are solely dependent upon the gradient of 
potential inside the crevicle and are independent of the diffusion coefficient and mobility of the ions. 

The concentrations of nickel and hydrogen ions increase with distance from the crevice mouth. The 
nickel hydroxide ion concentration increases with distance from the crevice mouth up to 1 .O cm [0.4 in] 
and then decreases thereaftey. The hydroxyl ion concentration decreases with distance from the 
crevice mouth. The concentration profile of nickel ion is consistent with the fact that nickel ions are 
generated by the dissolutiion of metal throughout the crevice, and nickel ions are transported along the 
crevice depth to balance the ionic charge accumulated because of increased concentration of chloride 
and nitrate ions. The increase of hydrogen ion concentration is consistent with the fact that the nickel 
ions react with water molecules to produce hydrogen ions. Therefore, a high concentration of nickel 
ions corresponds to a higlh concentration of hydrogen ions. The concentration of nickel hydroxide ions 
is determined by the interplay between the equilibrium constant for the reversible reaction between 
nickel ions and water molecuks, and nickel and hydrogen ion concentrations. The concentration of 
hydroxyl ions decrease throughout the crevice because the dissociation constant for the water is 
constant throughout the crevice and the hydrogen ion concentration increases with distance from the 
crevice mouth. 

The physico-chemical prclces:; model presented in this paper is preliminary. The model does not 
account for several heterogeneous reactions such as nitrate and hydrogen ion reduction, and 
dissolution of other chemical species present in a nickel-based alloy. The model also does not account 
for homogeneous reactions such as complexation between nickel and chloride ions. In addition, the 
model is simulated for a constant equilibrium current density. It is expected that the equilibrium current 
density will change as a functiion of position inside the crevice because of change in the chemical 
environment and the polarization state. Nonetheless, the model results provide insight into distributions 
of potential and concentrations inside the crevice. 
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TABLE 1 
VALIJES OF PARAMETERS IN EQS. (2), (4), and (6). 

Parameter Values 
2 x 

Species Diffusion coefficient 
(cm*/sec) at 95 "C 

17.0 
11.9 
3.95 1 0 ' ~  
5.45  IO-^ 

NO:; 4.86 

NiOti' 2.15 
2.18 1 0 ' ~  

Concentration 
(mollL) 

1 o-8 
1 o-6 

Estimated using Eq. (IO) 
0.5 
0.1 
1 o-6 
1 o-6 

11 

VAll 

i (J 
fJ( 

TABLE 1 
JES OF PARAMETERS IN EQS. (2), (4), and (6). 

Parameter Values 
Vcm2

) 2 x 10-6 

V- 1) 0.06 

N (mol/cm 3
) 1.38 x 10-13 

I 

) (moI2/cm 6
) 10-2U 

TABLE 2 
DIFFUSION COEFFICIENTS AND BULK CONCENTRATIONS OF 

VARIOUS SPECIES IN THE MODEL. 
Speci es Diffusion coefficient Concentration 

(cm2/sec) at 95°C (moIlL) 
H+ 17.0 x 10-5 10-8 

OH + 11.9 X 10-5 10-6 

Na· 3.95 X 10-5 Estimated using Eq. (10) 
CI- 5.45 x 10-5 0.5 

NO,I 4.86 x 10-5 0.1 
NiL· 2.18 x 10-5 10-6 

NiO~ 2.15 X 10-5 10-6 
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Crevice Region 
(anodic reaction) 

Cathodic region lh\ Crevice Former 

FIGURE 1 - Schematic Dliagram of the Crevice Corrosion Process for a Nickel-Based Alloy. 
The Anodic Reaction in the Crevice Region is the Nickel Dissolution, Whereas Cathodic 

Reaction1 in the Cathodic Region is the Oxygen Reduction. 

12 

Crevice Region 

(anodic reaction) 

Crevice Former Cathodic region 

FIGURE 1 - Schematic Diagram of the Crevice Corrosion Process for a Nickel-Based Alloy. 
The Anodic Reactioln in the Crevice Region is the Nickel Dissolution, Whereas Cathodic 

Reaction in the Cathodic Region is the Oxygen Reduction. 
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