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ABSTRACT 
 
 A model has been developed for calculating the rates of general corrosion of carbon steel and 
13%Cr steel in aqueous systems containing carbon dioxide, hydrogen sulfide and other components. 
The model combines a comprehensive thermodynamic speciation module with electrochemical 
computations based on the mixed-potential theory. The electrochemical calculations recognize the 
effects of various partial cathodic and anodic processes and incorporate a model for the active-passive 
transition and the effect of solution species on passivity. The model has been verified by comparing 
calculated corrosion rates with experimental data over substantial ranges of temperature, pressure and 
solution composition. In particular, the effects of salinity, hydrogen sulfide and acetic acid on CO2 
corrosion can be simulated. Very good agreement with experimental data has been obtained. The 
model has been implemented in a program that makes it possible to analyze the effects of various 
environmental variables on the rates of general corrosion. 
 
KEY WORDS: Modeling, thermodynamics, electrochemical kinetics, carbon steel, 13%Cr steel, 

CO2/H2S corrosion 
 

INTRODUCTION 
 

 Corrosion of metals by carbon dioxide with or without other corrosive agents such as hydrogen 
sulfide is of significant interest in the oil and gas industry. The corrosion phenomena depend on a 
multitude of factors including the characteristics of metals, temperature, composition of aqueous 
streams, partial pressures of CO2 and H2S, flow conditions, etc. In view of the large number of 
independent variables, it is worthwhile do develop computational models that could summarize the 
available body of experimental information and, at the same time, make it possible to predict the 



corrosion behavior at conditions for which corrosion rates have not been experimentally investigated. 
For CO2 corrosion of carbon steels, several models have been reported in the literature.1-14

 These 
models have the form of semi-empirical correlations, expert systems or are based on electrochemical 
theory. No models have been published for 13%Cr steels.  
 
 In previous studies,15,16 we developed a model for general corrosion of carbon steels that 
combines a comprehensive thermodynamic module for speciation calculations with an electrochemical 
module for simulating the rates of corrosion processes at the metal/aqueous solution interface. The 
thermodynamic module predicts the activities of solution species and phase equilibria in the bulk 
solution whereas the electrochemical module considers partial cathodic and anodic reactions that 
determine the magnitude of corrosion rates. This approach made it possible to include systems with 
corrosive agents other than CO2, such as hydrogen sulfide or acetic acid. In separate studies, this 
model was applied to other systems including concentrated brines17 and industrial water systems with 
inorganic inhibitors.18 

 
In this study, we extend the applicability of this model to 13%Cr stainless steels. Then, we 

validate the model against experimental data and compare the performance of the model for carbon 
steel and 13%Cr steels. 
 
 

THERMODYNAMIC CALCULATIONS 
 
 The starting point for the analysis of corrosion is the computation of speciation in the 
investigated system. For this purpose, a realistic thermodynamic model of electrolyte systems is used. 
This model combines information about standard-state properties of all species that may exist in the 
system with a formulation for the excess Gibbs energy, which accounts for solution nonideality. The 
model has been described in detail by Zemaitis et al.19 and Rafal et al.20 The main elements of the 
model have also been summarized in our previous studies of CO2/H2S corrosion.15,16 

 
 The thermodynamic model provides answers to the following questions: 
 

(1) What are the individual chemical species that exist in the system? 
(2) What are the phase equilibria in the system, i.e., how do the components partition between the 

aqueous, vapor and, possibly, solid and nonaqueous liquid phases? 
(3) What are the activities of individual species? 

 
The activities of individual species are further used for electrochemical calculations. Since the 

rates of electrochemical processes depend on the activities of species such as H+, OH-, CO2(aq), Cl-, 
HS-, etc., their values must be accurately known as functions of temperature, pressure and overall 
mixture composition. In addition to thermodynamic properties, the thermodynamic module returns 
diffusion coefficients of individual species and viscosity of the solution. 
 
 

ELECTROCHEMICAL CALCULATIONS 
 
 The electrochemical model takes into account various reactions on the surface of the metal and 
evaluates the current density versus potential relationships for each significant reaction. Then, the 



model combines the partial processes to compute corrosion rates in the framework of the mixed-
potential theory. 
 
Partial electrochemical reactions 
 

In previous papers,15,16 expressions were developed for the computation of current density 
versus potential relationships for partial electrochemical reactions that are responsible for the 
corrosion of iron and carbon steel in the active state. The cathodic reactions that are considered for 
CO2/H2S systems include: 

 
(1) Reduction of protons 
(2) Reduction of water molecules 
(3) Reduction of carbonic acid, which is preceded by a homogeneous reaction of hydration of 

dissolved carbon dioxide 
(4) Reduction of hydrogen sulfide  

 
The anodic reaction of active dissolution includes: 
 

(1) The general mechanism of dissolution, which is mediated by the adsorption of hydroxide ions 
(2) Additional contributions due to the adsorption of active species such as bisulfide ions 

 
The model also includes the effects of the formation of FeCO3 and FeS scales on the partial processes. 
Detailed expressions for the current density versus potential relationships for these processes were 
given in previous papers15,16 and, therefore, will not be repeated here. 
 

For the 13%Cr steels, it has been assumed that the expressions for the partial electrochemical 
processes in the active state, which were originally developed for carbon steels,15,16 can be used in the 
same mathematical form, but with different numerical values of characteristic parameters. It should be 
noted here that the expressions for partial electrode processes on the surface of carbon steel were 
shown to be in agreement with various mechanistic studies of the dissolution of iron in acidic, CO2 
and H2S-containing media (cf. Anderko and Young,15,17 Anderko16 and references cited therein). In the 
case of 13%Cr steels, there is a dearth of comparable mechanistic studies. In the absence of 
mechanistic information, the use of the same expressions for the active dissolution of both classes of 
metals can be justified on the basis of the agreement of the obtained results with experimental data. 
This will be demonstrated in the Results section.  
 
 
Modeling the active-passive transition 
 
 The primary difference in the corrosion behavior between carbon steels and 13%Cr steels is 
due to the formation of a protective passive film. Under favorable conditions, the 13%Cr steels remain 
passive and the corrosion rate remains low. However, passivity is affected by the presence of 
aggressive species in the solution such as chloride ions. Therefore, it is important to incorporate the 
active-passive transition in the model and, in particular, to relate the active-passive transition to the 
solution chemistry. For example, it is necessary to develop a relationship between the passive current 
density and the activities of aggressive species in the solution. In this way, the model will be capable 
of simulating rates of corrosion in either the passive or active state. 
 



 In a previous study,17 a simple model for the active-passive transition was proposed and 
applied to carbon steels in brine solutions with or without inhibitors. In this study, we extend this 
model to 13%Cr steels. 
 

As originally proposed by Ebersbach et al.,21 the active-passive transition can be modeled by 
considering the current that leads to the formation of a passive layer in addition to the current that 
leads to active dissolution. At any instant, a certain fraction of the surface θP is assumed to be covered 
by the passive layer. The change of the passive layer coverage fraction with time can be expressed as 
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where i2 is the current density that contributes to the formation of a passive layer. The second term on 
the right-hand side of eq. (1) represents the rate of dissolution of the passive layer, which is 
proportional to the coverage fraction. The parameters c and K are proportionality constants. The total 
current density is expressed as 
 
 )1)('( 2, PFeTOTFe iii θ−+=     (2) 
 
where Fei'  is the current density for active dissolution of iron. The total anodic current may be 
obtained by solving eqs. (1-2). In the stationary state (t  ∞), the result is 
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In eq. (3), the ratio c/K is equivalent to the passive current density. The current density i2 can 

be represented by the usual expression for processes under activation control, i.e., 
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Thus, the model of the active-passive transition is characterized by three parameters, i.e., ip, i2

0 
and α2. The ip parameter is equal to the observable passive current density and the remaining two 
parameters are determined based on characteristics of the active-passive transition, i.e., the Flade 
potential and the critical current density. 
 

The above formalism is useful for practical calculations once the parameters are coupled with 
solution chemistry. For example, chloride and other active ions cause the breakdown of passive films, 
which manifests itself in an increase in the passive current in addition to a possible onset of localized 
corrosion.  On the other hand, some other ions may reinforce the passive behavior. In this study, we 
are not concerned with localized corrosion and examine only the effect of solution species on the 
dissolution rate in the passive state. 

 
In the absence of active ions, the passive current density of many metals depends primarily on 

the pH of the solution.22 As shown by Vetter,22 the pH dependence of the corrosion current density in 



the passive state is determined by a reaction between O2- ions in the passive oxide layer and protons 
from the solution. In acidic solution, this dissolution reaction can be written as 

 
 ≡MeOa(OH)b + sH+   =  Me(OH)g

t+    (5) 
 
where the symbol “≡” denotes the solid substrate and the formula ≡MeOa(OH)b represents the 
stoichiometry of a hydrated metal oxide in the passive layer. In general, the hydrated oxide is subject 
to compositional variations and the stoichiometry of reaction (5) may vary. Reaction (5) leads to a 
linear dependence of the passive current density on pH. For neutral and alkaline solutions, reaction (5) 
can be modified as 
 
 ≡MeOa(OH)b + uH2O = Me(OH)3

0    (6) 
 

It should be noted here that reactions (5) and (6) could be, in principle, written for each 
constituent metal oxide in the alloy (e.g., for Fe and Cr). Then, the subsequent derivations could be 
made for individual alloy components. Such treatment, although detailed, would not be practical here 
because the dearth of quantitative experimental studies of the dissolution of 13%Cr steels precludes 
the evaluation of meaningful parameters. Therefore, it is more practical to treat ≡MeOa(OH)b in eqs. 
(5) and (6) as a general formula of a mixed oxide and neglect compositional variations as the oxide 
dissolves. With this assumption, our objective is to relate the rate of dissolution of the mixed oxide to 
the activities of solution species so that the dependence of the passive current density on solution 
chemistry can be reproduced in a semi-empirical manner. This assumption prevents us from 
considering the dissolution of individual alloy components. However, it allows us to develop a 
phenomenological treatment of the overall, averaged, dissolution process.  

 
With the assumption discussed above, reactions (5) and (6) lead to an expression for the 

passive current density as a function of proton and water activities, i.e.,  
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Eq. (7) predicts a linear pH dependence of ip in acidic solutions and a pH-independent value 

for nearly neutral solutions. As discussed in previous papers, this behavior is in good agreement with 
experimental results for the dissolution of iron.22-24 Analysis of polarization curves from various 
sources25-30 indicates that this result is also reasonable for 13%Cr steels. 

 
To analyze the effect of active ions on the passive current density, we consider surface 

reactions between the passive oxide layer and the i-th ion from the solution, i.e., 
 

 ≡MeOaOHb + ciXi  =   ≡MeOdi(OH)fiXci + eiOH-     (8) 
 

In eq. (31), the stoichiometry is usually difficult to define because of the dynamic nature of the 
system and may be, in general, fractional. In analogy with the theories of the dissolution of oxides in 
the bulk phase,31 it is reasonable to assume that eq. (8) is in quasi-equilibrium. Therefore, it may be 
characterized by an equilibrium constant, i.e., 
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where the subscript i pertains to the i-th active ion, Ni is the number of sites per surface unit that are 
occupied by complexes containing the i-th active ion and N0 is the total number of sites per surface 
area. Eq. (9) describes a system of equations that represent surface reactions involving any number of 
active species. This system may be solved with respect to Ni, i.e.,  
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The surface reaction (8) is followed by a dissolution reaction. Accordingly, the surface species 

that forms as a result of reaction (8) may undergo dissolution reactions that are analogous to reactions 
(5) or (6), i.e., 

 
 ≡MeOdi(OH)fiXci + sH+  Me(OH)g

f+ + ciXi    (11) 
 
and 
 
 ≡MeOdi(OH)fiXci + uH2O  Me(OH)3

0 + ciXi    (12) 
 

On the right-hand side of eqs. (11) or (12), the active anions may further form aqueous 
complexes with the hydrolyzed iron cations.  

 
In acidic solutions, the dissolution rate for the sites occupied by complexes with active ions is 

given, according to eq. (11), by 
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whereas the dissolution rate for the free sites is 
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The total current density in the passive state is given by the sum of eqs. (13) and (14), i.e.,  
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Analogous expressions can be written for the active species-assisted dissolution in neutral and 
alkaline solutions (eq. 12). Assuming that the surface reactions (eq. 8) are characterized by the same 
parameters over the whole pH range, the total passive current density can be expressed as 
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where li is a composite parameter that contains both the forward dissolution rate constant (ki) and the 
quasi-equilibrium constant Ki. In eq. (16), the kH and kH2O parameters are determined using data for 
passive film dissolution in the absence of active ions. Then, the parameters li and Ki are determined by 
considering the effect of active species (e.g., chloride ions) on the passive current density.  
 

The passive current density depends on temperature. Therefore, the parameters kH and kH2O are 
assumed to be temperature-dependent by introducing a non-zero enthalpy of activation, i.e., 
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where, for simplicity, the same enthalpy of activation is used for both parameters. The parameters li 
and Ki can be assumed to be temperature-independent. 
 
Implementation of the model 
  

To compute corrosion rates using the above model, the individual processes are combined and 
the corrosion potential is calculated by applying the mixed-potential theory. For this purpose, the 
conservation-of-charge equation is solved, i.e., 
 

∑∑ = jaic ii ,,            (18) 
 
where ic,i and ia,j denote the i-th cathodic and j-th anodic process. Eq. (18) is solved to obtain the 
corrosion potential, which is then used to calculate the corrosion rate. Additionally, the program 
incorporates a facility to plot the current density versus potential relationships for each individual 
anodic and cathodic process and for the overall process. Such plots facilitate the analysis of the 
relative importance of the partial processes. 
 
 Application of the model requires the regression of parameters that determine the numerical 
values of the current densities for all partial processes as a function of the potential. These parameters 
include the exchange current densities, energies of activation and reaction orders for partial anodic and 
cathodic processes and parameters of eqs. (4) and (16), which define the active-passive transition and 



the dissolution in the passive state as a function of solution chemistry. The determination of these 
parameters for carbon steels was described in previous papers.15,16 For 13%Cr steels, the parameters 
have been determined by utilizing corrosion rate and polarization curve data in selected systems. Data 
for aqueous acids, bases and salt solutions32-34 were used to determine the parameters of the model in 
the absence of CO2 and H2S. Then, data for CO2 systems25-27, 35-42 were used to evaluate the 
parameters of partial processes that are specific to CO2 corrosion (i.e. the exchange current density 
and activation energy for carbonic acid reduction). Finally, parameters for partial processes that are 
influenced by H2S were evaluated using data for mixed H2S/CO2 systems.36,40, 43-44 

 
 

RESULTS AND DISCUSSION 
 

The model has been applied to simulate the rates of general corrosion of carbon steel and 
13%Cr stainless steels in CO2-containing aqueous systems, which may include various concentrations 
of chlorides, hydrogen sulfide and acetic acid. The results for carbon steel were extensively discussed 
in previous papers.15,16 In this study, we focus on the corrosion rates of 13%Cr steels. When 
appropriate, we compare the calculated corrosion rates for 13%Cr steels with those for carbon steels. 

 
Figure 1 shows the effect of temperature on the corrosion rate of carbon steel (upper diagram) 

and 13%Cr steel (lower diagram) in moderately saline systems with a partial pressure of CO2 equal to 
30 bar. In the case of carbon steel, the observed maximum is a result of the temperature dependence of 
the protectiveness of the FeCO3 surface layer. At low and moderate temperatures, the model predicts a 
low effective FeCO3 coverage fraction. Then, the corrosion rate increases because the rates of the 
partial cathodic and anodic processes increase with temperature. However, the coverage fraction 
rapidly increases with temperature with most of the change occurring between approximately 50 and 
120 °C. As discussed in a previous study,16 the protectiveness of the FeCO3 layer can be related to the 
temperature dependence of the solubility of FeCO3. Therefore, the corrosion rate reaches a maximum 
and then declines. In the case of the 13%Cr steel, the temperature dependence of the corrosion rate 
follows a completely different pattern in which a maximum is not observed. Instead, the rate generally 
increases with temperature although it somewhat levels off above 200 °C. This indicates that the 
protectiveness of FeCO3 is not the determining factor for 13%Cr steels. The increase in the corrosion 
rate is primarily due to the increase in the passive current density with temperature (eqs. 17-18). 
Although experimental data from various data sets show some scattering, they are in agreement with 
the model results. 

 
Since the corrosion rate of the 13%Cr steel is determined by the protectiveness of the passive 

film, the concentration of chloride ions has a significant effect on the rate. This is shown in Figure 2 
for solutions with varying NaCl concentrations, in which the partial pressure of CO2 is maintained at 
30 bar and the temperature is 150 °C. In this case, a significant increase in the rate is observed as a 
function of chloride concentration. The increase is in agreement with experimental data.  

 
It is worthwhile to examine the predicted current density versus potential relationships, which 

illustrate how the model reproduces the Cl- ion effect. For this purpose, two sample i-E diagrams are 
shown in Figure 3. As shown in the figure, the anodic process of metal dissolution (denoted by the 
dotted line marked with “4”) shows an active-passive transition. The diagrams include three cathodic 
processes, i.e., the reduction of protons (marked by “1”), reduction of water (marked by “2”) and 
reduction of carbonic acid (marked by “3”). In view of the high partial pressure of CO2, the reduction 
of carbonic acid is by far the dominant cathodic process. In a Cl--free solution (upper diagram in 



Figure 3), the metal is predicted to be in the passive state. In a 4.3 m NaCl solution (lower diagram), 
the passive current density is markedly increased and the metal dissolves in the active state. The 
change in the passive current density is modeled in accordance with eq. (16). It should be noted that 
the current version of the model is limited to general corrosion and, therefore, does not include the 
breakdown potential. Therefore, the passivity range in the lower diagram of Figure 3 extends to higher 
potentials than it would in reality.42 However, this limitation does not affect the computation of the 
rates of general corrosion.  
 

Figures 4 and 5 show the dependence of the corrosion rate on the partial pressure of CO2 for 
carbon steel and 13%Cr steel, respectively. In the case of carbon steel, the logarithm of the corrosion 
rate is proportional to the logarithm of CO2 partial pressure at low and moderate temperatures. This 
regularity has been well established in the literature1 and is reproduced by the model. In view of the 
model, this dependence is due to the cathodic process of carbonic acid reduction. The rate of carbonic 
acid reduction is proportional to the concentration of carbonic acid, which is roughly proportional to 
the partial pressure of CO2. In the case of 13%Cr steel in solutions with high concentrations of 
chloride ions, a somewhat similar proportionality is also observed, although the slope of the log(rate)-
log(PCO2) relationship is smaller. This is shown in Figure 5 for a 5.05 m chloride solution. The 
dependence of the corrosion rate on the CO2 partial pressure is consistent with the predicted current 
density vs. potential relationship in the lower diagram of Figure 3. For highly saline solutions, the 
model predicts that the metal corrodes in the active state. Then, the corrosion rate depends on the rate 
of the reduction of carbonic acid (denoted by the dotted line marked with “3” in Figure 3). Since the 
rate of carbonic acid reduction is proportional to the partial pressure of CO2, the corrosion rate should 
depend on PCO2 as shown in Figure 5. On the other hand, corrosion in the passive state is predicted for 
systems with low concentrations of chloride ions (cf. the upper diagram in Figure 3). In this case, the 
corrosion rate is predicted to be only weakly dependent on the CO2 partial pressure because the 
reaction of carbonic acid reduction is no longer a controlling process. This is consistent with 
experimental data, which are fairly scattered in chloride-free solutions and do not show an increase 
with the CO2 partial pressure.39 

 
 It is of particular interest to examine the performance of the model for systems containing both 
CO2 and H2S. Results of calculations for both iron and 13%Cr steel in a 0.9m NaCl solution in the 
presence of 30 bar CO2 and varying amounts of H2S are shown in Figure 6. As discussed in previous 
papers,15-16 the effect of hydrogen sulfide on carbon steels can be modeled by considering (1) the 
formation of FeS scales, (2) an additional cathodic process of H2S reduction and (3) an additional 
contribution to the anodic dissolution of iron, which is mediated by the adsorption of HS- ions. These 
three effects account for the dependence of the corrosion rate of iron on temperature and partial 
pressure of H2S, which is shown in the upper diagram of Figure 6. Without H2S, the corrosion rate 
shows a maximum that is characteristic of the effect of FeCO3 scaling. With a low concentration of 
H2S (i.e., 3.3 ppm), the maximum remains, but the peak becomes somewhat wider. With a higher 
concentration of H2S (i.e., 330 ppm), the maximum essentially disappears and the corrosion rate 
becomes weakly dependent on temperature. At intermediate temperatures, the rate is substantially 
lower than in the presence of only CO2. This is due to the fact that FeS becomes the predominant 
species on the surface of the metal and the temperature dependence of the FeS scale formation is much 
weaker than that of FeCO3 formation. The disappearance of the maximum is consistent with 
experimental data,36 although the predicted rates are somewhat lower than the data in the low 
temperature range. However, this difference is acceptable in view of the differences between various 
sets of experimental data.36,45 

 



In the case of the13%Cr steel, the effect of H2S is qualitatively different as shown in the lower 
diagram of Figure 6. The presence of H2S consistently increases the corrosion rate at lower and 
moderate temperatures and the effect of H2S diminishes as the temperature increases. There is no 
reduction in the corrosion rate that could be related to the formation of FeS layers. This is analogous 
to the lack of the effect of FeCO3 scale formation on the corrosion rate in CO2-only systems (cf. 
Figure 1). On the other hand, the substantial increase in the rate at low and moderate temperatures is 
due to a combination of the cathodic process of H2S reduction and the additional contribution to 
anodic dissolution, which is mediated by the adsorption of HS- ions. As shown in Figure 6, the model 
reproduces the observed corrosion rate pattern with good accuracy. 

 
Finally, the model has been applied to systems that contain acetic acid in addition to carbon 

dioxide. Acetic acid contributes to the cathodic process since it can act as a donor of protons. At the 
same time, it can enter into surface reactions with the passive film (cf. eq. 16), which can increase the 
passive current density. Figure 7 shows the predicted concentration dependence of the corrosion rate 
of 13%Cr steel in boiling acetic acid solutions. Figure 8 shows the effect of 0.5 wt.% of acetic acid on 
the corrosion rate in a 0.9m NaCl solution with a CO2 partial pressure of 30 bar. As shown in the 
figure, even a small amount of acetic acid appreciably increases the corrosion rate of 13%Cr steel. The 
results of model calculations agree with experimental data within the limit of data scattering. 
 
 

CONCLUSIONS 
 
 A comprehensive model has been developed for simulating the effect of environmental 
variables on the rates of general corrosion of carbon steel and 13%Cr stainless steel. The model 
combines thermodynamic speciation calculations with electrochemical computations based on the 
mixed-potential theory. The electrochemical calculations recognize the effects of various partial 
cathodic and anodic processes and incorporate a model for active-passive transition. The model has 
been verified by comparing calculated corrosion rates with experimental data over substantial ranges 
of temperature, pressure and solution composition. In particular, the effects of salinity, hydrogen 
sulfide and acetic acid on CO2 corrosion can be simulated. Very good agreement with experimental 
data has been obtained. Thus, the model can be used as a predictive tool for multicomponent systems 
for which experimental data are not available. 
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Figure 1. Effect of temperature on the corrosion rate of carbon steel (upper diagram) and 13% Cr 

stainless steel (lower diagram) in systems with a CO2 partial pressure of 30 bar. The results in 
the upper and lower diagrams have been obtained for simulated seawater and 0.9 m NaCl 
solution, respectively. The symbols denote the experimental data of Ikeda et al.25, 38 and Ueda 
and Takabe.37
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Figure 2. Effect of NaCl concentration on the corrosion rate of 13% Cr steel in a system with a CO2 

partial pressure equal to 30 bar at 150 °C.  The symbols denote the experimental data of 
Ikeda et al.38 and the line has been obtained from the model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Predicted current density-potential relationships for 13% Cr steel in systems with a CO2 

partial pressure of 30 bar at 150 °C. The upper diagram has been generated for an NaCl-free 
solution and the lower diagram for a 4.3 m NaCl solution. 
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Figure 4. Effect of the partial pressure of CO2 on the corrosion rate of carbon steel in a 0.1% NaCl 

solution at various temperatures. The symbols represent experimental data1 and the lines 
have been obtained from the model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Effect of the partial pressure of CO2 on the corrosion rate of 13% Cr steel in a 15.2% 

(5.05m) chloride solution at two temperatures. The symbols represent experimental data39 
and the lines have been obtained from the model.

0.1

1

10

100

0.1 1 10

P CO2

ra
te

 (m
py

) 65 C, calc
65 C, exp
175 C, calc
175 C, exp



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Effect of H2S concentration on the corrosion rate of iron (upper diagram) and 13% Cr 

stainless steel (lower diagram) as a function of temperature in a 0.9 m NaCl solution with a 
partial pressure of CO2 equal to 30 bar. The lines have been calculated using the model and 
the symbols denote the data of Ikeda et al.36 
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Figure 7. Corrosion rate of 13% Cr stainless steel in boiling acetic acid as a function of acid 

concentration. The symbols represent experimental data 40,41 and the lines have been obtained 
from the model. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8. Effect of acetic acid on the corrosion rate of 13% Cr stainless steel as a function of 

temperature in a 0.9 m NaCl solution with a partial pressure of CO2 equal to 30 bar. The 
symbols denote the experimental data of Ueda and Takabe37 for systems without and with 
0.5% (0.088 m) acetic acid and the lines represent the results of calculations. 
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