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ABSTRACT 
 

In this work, a new approach is introduced to determine the kinetic constants of the elementary 
steps involved in the overall reaction of iron anodic dissolution. A procedure based on transient analysis 
is established, for the first time, that enables the estimation of a series of kinetic parameters that can be 
used for modeling the anodic potentiodynamics over a wide range of environmental conditions. The 
findings of the present research enhance the ability of explaining how different environmental factors 
(CO2 presence, pH, temperature, steel type, etc.) mechanistically affect the kinetics of iron dissolution. 

INTRODUCTION 

 
Although extensive research has been carried out on modeling the cathodic potentiodynamic 

sweep during the corrosion of iron/steel, previous studies have not been able to layout a systematic 
approach to mechanistically describe the kinetics and model anodic dissolution. This study offers some 
insights into the mechanistic modeling of electrochemical anodic reactions at different experimental 
conditions. For iron dissolution, there are two well-known mechanisms valid for strong acid solutions (pH 
≤ 4) in the literature; namely, the “catalytic mechanism” proposed by Heusler et al.,1 and the “consecutive 
mechanism” proposed by Bockris et al.2 In 1981 and 1986, Keddam, et al.,4-7 reported that multiple 
dissolution paths exist as several time constants were observed during EIS measurements under well 
controlled experimental conditions. They claimed that more than one single intermediate and three 
dissolution paths can be occurring in parallel during iron dissolution under certain experimental 
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conditions. Hence, Keddam, et al., combined both consecutive and catalytic mechanisms into a single 
multipath scheme (Figure 1) to define a plausible explanation for such observations.4 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The multipath iron dissolution mechanism, adapted from Keddam et al.4 

 
In this scheme (Figure 1), the first and the second elementary steps (Path (1)) approximate the  

Bockris’ mechanism (non-catalytic path).2 In our previous research,8 thirty-eight different pathways were 
investigated for the mechanism of iron dissolution in strong acid and it was found that the experimental 
observations in the active range of dissolution were explainable only by relying on Bockris’ mechanism.2  

Figure 2 shows an anodic sweep for a pure iron rotating disk electrode (RDE) sample in 0.5 M 
Na2SO4 electrolyte at pH 5 (25 oC). In Figure 2, at low anodic overpotentials, active dissolution takes 
place, while a decrease in current density can be observed at more positive overpotentials in the transition 
range. This behavior is described as the “S-shape” segment of the anodic sweep. At more positive 
overpotentials beyond the transition region, there is an increase in current which is defined as the pre-
passivation dissolution range, followed by the passive state and a marked drop in the current density.  
These transformations in the anodic sweep cannot be explained by assuming only a single dissolution 
path (or a single adsorbed intermediate) as hypothesized by Bockris.2 

 

 
Figure 2. Anodic sweep for pure iron RDE sample in 0.5M Na2SO4 at pH 5 (25 oC), scan 

rate: 6.6 mV/s, rotation rate: 4140 rpm.3 
 
At more positive overpotentials, paths (2) and (3) are written following Heusler’s catalytic iron 

dissolution mechanism.1 The reason they are called catalytic is because of the formation of an 
intermediate (those compounds marked by a star) that can react more readily with another reactant to 
proceed with the dissolution reaction much faster. These intermediates are neither consumed nor 
produced.  

Although it seems comprehensive, Keddam’s multipath scheme4 is very complex. Seven 
elementary steps with 20 kinetic constants make it almost impossible to determine independent values 
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for each of them using a methodical approach. Keddam et al.4 used trial and error to determine the 
various kinetic constants in order to model the entire potentiodynamic sweep range as well as EIS data. 
In contrast, a different approach is developed in the present study to estimate the kinetic parameters 
using a simplified theory. In order to do that, the scheme developed by Keddam et al.4 needed to be 
abridged to have fewer degrees of freedom, enabling the introduction of a deterministic method for 
estimating the parameters and subsequently modeling the anodic sweeps. 

A two-path scheme, shown in Figure 3, is proposed in this study. In this scheme, the non-catalytic 
path is in parallel with only one catalytic path. Indeed, this idea combines two fundamental theories into 
a single one without any further complications. In this work, it has been proposed that using this scheme 
can reasonably model the anodic potentiodynamic and capture the nonlinearity of the anodic sweep over 
the potential ranges slightly above the transition region as shown in Figure 4. This simplified scheme is 
more pragmatic since it provides a platform based on which one can more easily model the steady-state 
kinetics. In addition, this platform enhances the capability of describing the influence of different 
environmental/metallurgical factors on anodic dissolution.   

 
      

 
   
 
 
 
 

Figure 3. The theoretical scheme introduced in this study. 

 

 

Figure 4. The range of interest for the current corrosion studies. 

 

A few assumptions have been made in this study. First, it has been assumed that no corrosion 
product is produced. Although the applicability of the present work for corrosion modeling is promising, 
the formation of corrosion film adds further complexities beyond the scope of the present work. It is also 
assumed that the reaction rate for each elementary step (i) follows an exponential function of potential 
as described by Eq. 1 (Tafel law): 

 

𝑘𝑖 = 𝑘𝑖,0 exp (2.3𝐸
𝑏𝑖

⁄ )                                                                                  (1) 

 
where k0,i is ki at the reference potential of zero vs. SHE reference electrode. bi is the Tafel value 

or the magnitude of the polarization that is needed to initiate that specific elementary step. ki is a function 
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of potential. The kinetic parameters k0,i, and bi are independent of potential but are influenced by 
environmental parameters such as pH, temperature, electrolyte, etc. bi is different from the conventional 
known Tafel slope, as the latter one is defined for only the overall reaction containing a single rate-
determining step (rds). Considering the new scheme shown in Figure 3, there are five potential-
dependant ki and each one contains two potential-independent variables (k0,i, and bi). Therefore, ten 
kinetic parameters need to be estimated in this study for every experimental condition 
(𝑘0,1,     𝑘0,2,     𝑘0,3,     𝑘0,−3,     𝑘0,4, 𝑏1,     𝑏2,     𝑏3,     𝑏−3,     𝑏4; where bi is in V/dec. and k0,i is in mol.m-2.s-1). 

 

EXPERIMENTAL METHOD 

 
A 2-liter glass cell with a rotating cylinder electrode (RCE) as a working electrode (WE) was used. 

A ring-shaped platinum-coated titanium mesh counter electrode (CE) was used for completing the circuit 
to allow the charge to flow, and an Ag/AgCl reference electrode (RE) was used with respect to which all 
potentials were measured. The ring-shaped counter electrode was used to provide a more symmetric 
current distribution around the rotating WE. An overview of the experimental setup and test matrix are 
shown in Figure 5.   
 

  Parameter Conditions 

pH (±0.02) 4 - 6 

Environment 
Strong acid: 0.97 bar N2 sparged 
Weak acid: 0.97 bar CO2 sparged 

Electrolyte 
2.5 – 2.9 wt.% NaCl 

(Rs ~ 0.78±0.08 Ω for all 
measurements) 

rpm 100, 1000 

Temp. (±0.5) oC 25 - 45 

Test set-up 2L glass cell, RCE 

Motor rotation 
speed 2000 rpm 

Materials Pure Fe, X65, 2% Cr steel 
 

 

Figure 5. Overview of the RCE experimental setup and test matrix. 

 
Potentiodynamic and potentiostatic transient measurements with a high sampling rate (~3 

microseconds per data point) were conducted using a Gamry potentiostat Reference 600. Each test was 
repeated at least four times to reduce the statistical uncertainty. Uncertainty for all measurements is 
reported in this study. All RCE specimens were polished up to 1200-grit, rinsed with DI water and 
isopropanol alcohol, and dried with nitrogen gas before every experiment. High-purity N2 or CO2 gas was 
sparged continuously through the test solution to de-oxygenate the electrolyte during all measurements. 
Diluted NaOH and HCl were used to adjust the pH. It was important to make sure that the solution 
resistance for all measurements was the same. Before each measurement, EIS was recorded to assure 
that the solution resistance was consistent for all measurements and always within the range of 0.78 
±0.08 Ω. 
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RESULTS & DISCUSSION 

 
Summary of the Proposed Approach  

 
Steady-state and transient measurements were used in parallel to determine the kinetic constants 

of the elementary steps. The main challenge was exploring a mechanistic approach using transient 
analysis based on a simplified theory, to calculate the kinetic constants (Figure 3) for iron anodic 
dissolution. As mentioned above, there are 10 kinetic parameters for each environmental condition that 
needed to be obtained. Steady-state and transient measurements were used in parallel to determine the 
constants. Figure 6 represents the general steps and the range of data points that were used to calculate 
a particular kinetic parameter(s). The first step was to collect repeatable anodic potentiodynamic sweeps 
and specify the appropriate potential range of active, transition, or pre-passivation domains to be used in  
subsequent potential perturbations. The blue highlighted areas in Figure 6 (b) through (f) illustrate the 
range of data used to approximate k1, k2, k3, k4, and k-3, respectively at a given fixed potential.  

 
  

    

Figure 6. (a) Specifying the appropriate range for potential perturbation, and the range of 
data points used to calculate the kinetic parameters (b) k1, (c) k2, (d) k3, (e) k4, and (f) k-3.  

Table 1 summarizes the electrochemical technique, methodology and the mathematical correlation used 
to estimate the corresponding constant. The brief theory behind these mathematical expressions and 
methodology to obtain ki values will be explained.  

 

 

 

 

(a) (b) (c) 

(d) (e) (f) 
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Table 1. Summary of the proposed approach to estimate kinetic parameters of each 
elementary step 

Parameter Technique Methodology 
Approach for 

estimation 

k1 Potentiostatic A set of transients in 
active domain 

𝑖𝑡=0+ ≈ 𝐹𝑘1 

k2 Potentiostatic A set of transients in 
active domain 

 
𝑑𝑖

𝑑𝑡
|

𝑡=0+
:  𝑘2 

k3 Potentiostatic A set of transients in 
transition domain 

𝑖𝑡=0+ ≈ 2𝐹𝑘3
∗ 

k4 
Sampled steady-

state 
A set of transients in 

transition domain 
𝑖𝑠𝑡.𝑠𝑡  ≈ 2𝐹𝑘4 

k-3 Potentiodynamic 
A set of data points 

from anodic 
polarization 

𝑘−3(𝐸) = 𝐴 + 𝐵𝑘4 

 

k1 Estimation: At OCP, the iron surface is almost entirely covered with hydrogen. With a positive 
perturbation in the potential of the iron surface, hydrogen desorption is achievable, but only at high 
overpotentials (> 60 mV vs. OCP).4 In the active domain, the non-catalytic path (Figure 3) is the dominant 
reaction pathway. By applying a positive potential perturbation, the electrons are “pulled out” of the WE 
leading to a quick “pile-up” of Fe(I)ads according to the first step. Let’s assume that θ1 is the fraction of the 
surface that is covered with chemisorbed non-catalytic Fe(I)ads. intermediate. Similarly, θ2 is the fraction 
of the surface that is occupied by a chemisorbed catalytic Fe(II)ads

* intermediate. θi is a function of time 
and potential, but at a fixed potential it’s only a function of time (θi(t)). Writing the charge balance equation, 
“1−θ1” fraction of the surface is available for step 1 and “θ1” fraction of the surface is available for step 2, 
hence the total current is given by: 

𝑖(𝑡)

𝐹
= 𝑘1(1 − 𝜃1(𝑡))+𝑘2𝜃1(𝑡)                                                                       (2) 

Before applying potential perturbation. the surface is completely covered by hydrogen and the surface 
coverage due to Fe(I)ads is almost negligible,4, therefore, the initial coverage θ1(t = 0) ≈ 0. Therefore, 
according to Eq. 2, the current response right after the potential perturbation at time t = 0+ (~ at 6 
microseconds) is approximately equal to Fk1: 

𝑖(0+)𝑎𝑐𝑡𝑖𝑣𝑒

𝐹
≈ 𝑘1                                                   (3) 

 
By plotting the natural logarithm of k1 versus potential, the kinetic parameters for the first elementary (k0,1 

and b1) were obtained.  

k2 Estimation: k2 can be derived by writing a mass balance expression (Eq. 4) to describe the 
variation of θ1 as a function of time. Fe(I)ads is produced in the first step and is consumed in the second 
step, thus: 

𝛽
𝑑𝜃1

𝑑𝑡
= 𝑘1(1 − 𝜃1) − 𝑘2𝜃1                                                   (4) 

 
 where β is a constant, linking the fraction of the surface coverage, θ1, and the surface concentration of 
the chemisorbed species. By solving the first order differential Eq. 4, θ1(t) can be expressed according 
to: 
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𝜃1(𝑡) = (
𝑘1

𝑘1+𝑘2
) × {1 − 𝑒

− (
𝑘1+𝑘2

𝛽
)𝑡

}                                                            (5) 

 
From Eqs. 4 and 5 one obtains: 
 
𝑑(𝑖(𝑡))

𝑑𝑡
=

𝐹𝑑𝜃1

𝑑𝑡
(𝑘2 − 𝑘1)                                                                                   (6) 

 
𝑑𝜃1(𝑡)

𝑑𝑡
= (

𝑘1

𝛽
) × 𝑒

− (
𝑘1+𝑘2

𝛽
)𝑡

                                                 (7) 

 
Substituting Eq. 5 into Eq. 7, and taking the natural logarithm of both sides, one obtains: 

 

𝑙𝑛 (
𝑑𝑖(𝑡)

𝑑𝑡
) = 𝑙𝑛 (

𝐹𝑘1(𝑘2−𝑘1)

𝛽
) − (

𝑘1+𝑘2

𝛽
) 𝑡                                                           (8) 

Therefore, by plotting 𝑙𝑛 (
𝑑𝑖(𝑡)

𝑑𝑡
) as a function of time (for the time interval slightly after t = 0+ and before 

the peak current) at a fixed potential and given that k1 was already determined, k2 can be calculated at a 
constant potential. The dependence of k2 on potential was defined according to an exponential function, 
thus b2 and k0,2 can be attained by plotting the natural logarithm of k2 versus potential.  

k3 Estimation: In the transition range of a potential perturbation, the current is not only coming 
from the non-catalytic pathway but also from the catalytic path as shown in Figure 3. Therefore, when 
writing a charge balance equation for the transition range, both θ1 and θ2 are involved in the production 
of current according to: 

       
𝑖(𝑡)

𝐹
= 2𝑘3

∗(1 − 𝜃2) − 2𝑘−3
∗ 𝜃2 + 2𝑘4𝜃2 +𝑘2𝜃1                                                                                      (9) 

 
The net current in the potential ranges of the transition domain results from both step 1 and step 3. In 
this regard, the overall kinetics are under the control of steps 1 and 3. Therefore, the net rate is coming 
from these two steps 1 and 3. k3

* is introduced as the harmonic average of both steps 1 and 3 and can 
be expressed as: 

𝑘3
∗ =(

1

𝑘1
+

1

𝑘3
)−1                                                                                                                                      (10) 

 
Before applying potential perturbation, the surface is completely covered by hydrogen and the surface 
coverage due to Fe(I)ads and Fe(II)ads

* are almost negligible, therefore the initial coverage θ1 and θ2 at t = 
0 is almost zero. Thus, according to Eq. 9, the current response right after the potential perturbation at 
time t = 0+ (~ at 6 microseconds) is approximately equal to 2Fk3

*: 
 

 
𝑖(0+)𝑡𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛

𝐹
≈ 2𝑘3

∗                                                                                                                            (11) 

 
Having a set of transients at different potentials in the range of the transition domain, one can obtain k3

* 

as a function of potential. Having k3
* and given that k0,1 and b1 are already calculated, Eq. 12 can be used 

to obtain k3 at different potentials: 

𝑘3= (
1

𝑘3
∗ −

1

𝑘1
)−1                                                                                                                                      (12) 

By plotting the natural logarithm of k3 versus potential, the kinetic parameters for step 3 (k0,3 and b3) can 
be estimated.  
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k4 Estimation: k4 was estimated using sampled steady-state data points which is the current 
response when the transients reach a plateau. Writing the charge balance equation from the scheme 
shown in Figure 3 we have: 

 
𝑖(𝑡)

𝐹
= 𝑘1(1 − 𝜃1 − 𝜃2) +(𝑘2 + 𝑘3)𝜃1 + (2𝑘4 − 𝑘−3)𝜃2                                                                            (13) 

 
From mass balance equation for the chemisorbed entities Fe(I)ads and Fe(II)ads

*, the time-dependence of 
θ1 and θ2 can be obtained through the following differential equations: 
 

𝛽
𝑑𝜃1

𝑑𝑡
= 𝑘1(1 − 𝜃1 − 𝜃2) − (𝑘2 + 𝑘3)𝜃1+ 𝑘−3𝜃2                                                                                       (14) 

 𝛽
𝑑𝜃2

𝑑𝑡
= 𝑘3𝜃1 − 𝑘−3𝜃2                                                                                                                          (15) 

 
 where at steady-state (st.st) the constant values for the surface coverages (θ1 and θ2) vs. time make the 
first derivative of θi vs. time equal to zero: 
 
𝑑𝜃1

𝑑𝑡
= 0   ⇒   𝜃1,𝑠𝑡.𝑠𝑡 =

𝑘1𝑘−3

𝑘1𝑘3+𝑘1𝑘−3+𝑘2𝑘−3
                                                                                                   (16) 

𝑑𝜃2

𝑑𝑡
= 0   ⇒ 𝜃2,𝑠𝑡.𝑠𝑡 =

𝑘1𝑘3

𝑘1𝑘3+𝑘1𝑘−3+𝑘2𝑘−3
                                                                                                    (17) 

 
Putting 𝜃𝑖,𝑠𝑡.𝑠𝑡  into the Eq. 13, one can obtain the steady-state current density as: 
 

𝑖𝑠𝑎𝑚𝑝𝑙𝑒𝑑 𝑠𝑡.𝑠𝑡 =
2𝐹𝑘1(𝑘2𝑘−3+𝑘4𝑘3)

𝑘1𝑘3+𝑘−3(𝑘1+𝑘2)
= 2𝐹𝑘2𝜃1,𝑠𝑡𝑠𝑡 + 2𝐹𝑘4𝜃2,𝑠𝑡𝑠𝑡                                                                    (18) 

 
By assuming that 𝑘−3 ≪ 𝑘4, Eq. 18 can be simplified to: 
 

 𝑖𝑠𝑎𝑚𝑝𝑙𝑒𝑑 𝑠𝑡.𝑠𝑡 ≈ 2𝐹𝑘4                                                                                                                              (19) 

 
Thus, having a set of transients at different potentials in the range of the transition domain, one can obtain 
k4

 using sampled steady-state data. By plotting the natural logarithm of k3 versus potential, the kinetic 
parameters for step 3 (k0,3 and b3) can be estimated.  

k-3 Estimation: k-3 in the active range of potentials near transition, tends to push step 3 in the 
backward direction, resisting the imposed perturbation and reducing the net current. While, in the 
transition range, the current decreases at higher overpotentials. Therefore, the value of b-3 should be 
negative in the active domain and positive in the transition range of potential perturbation. An analytical 
approach was used to obtain k-3 using a set of data points taken from anodic potentiodynamics. From the 
steady-state equation, k-3 can be written as a function of k4: 

𝑘−3(𝐸) = 𝐵𝑘4 + 𝐴                                                                                                                                 (20) 

 where A and B are a function of potential and by rearranging Eq. 18, they can be expressed as: 

𝐴(𝐸) =
𝑖𝑠𝑡.𝑠𝑡𝑘1𝑘3

2𝐹𝑘1𝑘2−𝑖𝑠𝑡.𝑠𝑡(𝑘1+𝑘2)
                                                                                                                       (21) 

𝐵(𝐸) =
−2𝐹𝑘1𝑘3

2𝐹𝑘1𝑘2−𝑖𝑠𝑡.𝑠𝑡(𝑘1+𝑘2)
                                                                                                                       (22) 
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Using Eqs. (20-22), k-3 can be determined at different potentials. k-3 was presumably an exponential 
function of potential, k0,-3, and b-3 can be computed in the active and transition domains, separately using 
regression lines on a semi-logarithmic scale. For calculating k-3 in the transition region, similar steps were 
followed, and the net k-3 was estimated by superposing k-3,active + k-3,transition. Table 2 summarizes the 
calculated kinetic parameters using the abovementioned transient approach for different experimental 
conditions. In this study, every measurement was repeated at least four times. Several kinetic 
parameters, ki, are derived from experimental transients and applying the average value, k,i,avg (Table 2), 
in the model could reproduce the experimental potentiodynamics. Different algorithms were used to 
estimate the uncertainty associated with each computed parameter. It is essential to know the largest 
possible range of error so that in case of not having the best match, the range in which a particular 
parameter can be “tuned” would be known. Parameters that are marked with a star (*) were slightly tuned 
within the range of uncertainty for a better fit. The anodic potentiodynamics were modeled in this study 
by inserting these parameters into the equations above. In Table 2, bi is presented in V/dec. and k0,i is in 
mol.m-2.s-1. 

Table 2. Summary of the rate constants at different test conditions derived using the proposed 
transient methodology in this study 

Condition k0,1 b1 k0,2 b2 k0,3 b3 k0,-3,act. b-3,act. k0,-3,trams. b-3,trans. k0,4 b4 

Fe, 25oC, pH4, N2 4.9 ×10-2* 0.12±0.02 1.57 ×10-1 0.26±0.09 1.03 ×10-3 0.34±0.1 1.3 ×10-20 * -0.028* 1.63 ×109 0.021 3.3 ×10-2 0.19±0.02 

Fe, 25oC, pH5, N2 5.3 ×10-2* 0.11±0.03* 1.57 ×10-1 0.26±0.09 2.10 ×10-3 0.33±0.03 4.1 ×10-17 * -0.051* 1.30 ×105 0.035 3.1 ×10-2 0.19±0.04 

Fe, 25oC, pH6, N2 8.5 ×10-2 0.12±0.06* 1.57 ×10-1 0.26±0.09 9.26 ×10-3 0.33±0.1 5.1 ×10-9 -0.058* 1.84 ×102 0.023* 1.5 ×10-4* 0.19±0.03 

Fe, 25oC, pH4, 
CO2 

5.5 ×10-2 0.13±0.02 1.63 ×10-1 0.26±0.09 1.29 ×10-3 0.31±0.1 1.3 ×10-12 -0.064 1.37 ×105 0.028 1.95 ×10-2 0.24±0.02* 

Fe, 25oC, pH5, 
CO2 

2.5 ×10-1* 0.12±0.03* 1.63 ×10-1 0.26±0.09 6.30 ×10-3 0.32±0.2 1.1 ×10-11 * -0.075* 1.06×109* 0.027* 1.9 ×10-2* 0.28±0.01* 

Fe, 25oC, pH6, 
CO2 

4.1 ×100* 0.12±0.02* 1.63 ×10-1 0.14±0.09* 2.50×101* 0.35±0.2 5.5 ×10-6 * -0.076* 1.55×1014* 0.030 1.7 ×10-2* 0.29±0.01* 

Fe, 35oC, pH4, N2 1.3 ×10-1 0.12±0.02 1.4 ×101 0.11±0.08 9.9 ×10-4 0.39±0.1 1.2 ×10-20 -0.029 1.65 ×109 0.022 2.56 ×10-2 0.25±0.02* 

Fe, 45oC, pH4, N2 5.9 ×10-1* 0.11±0.02* 3.8 ×102* 0.11±0.1 8.9 ×10-4 0.47±0.1 7.6 ×10-14 -0.056 6.75 ×103 0.042 7.2 ×10-1* 0.25±0.02* 

Fe, 35oC, pH4, 
CO2 

1.4 ×10-1* 0.12±0.02* 6.5 ×10-1 0.18±0.1 9.3 ×10-4 0.44±0.1 1.2 ×10-12 -0.066 3.34 ×105 0.030 2.6 ×10-2 0.27±0.02* 

Fe, 45oC, pH4, 
CO2 

7.2 ×10-1* 0.10±0.02* 2.5 ×100 0.15±0.09 8.3 ×10-4 0.49±0.2 1.0 ×10-12 * -0.059 6.79 ×101 0.061 7.5 ×10-1* 0.24±0.03* 

X65, 25oC, pH4, 
N2 

9.0 ×10-2* 0.12±0.01 8 ×10-2 * 0.26±0.3* 5.82 ×10-3 0.17±0.07 1.5 ×10-12 -0.064 4.74 ×107 0.024 7.1 ×10-2 0.16±0.02* 

2% Cr steel, 25oC, 
pH4, N2 

1.4 ×10-1* 0.11±0.01 1.7 ×10-1 0.26±0.3 3.92 ×10-4 0.39±0.1 6.4 ×10-15 -0.045 2.32 ×102 0.038 3.8 ×10-2 0.17±0.01* 

X65, 25oC, pH4, 
CO2 

1.4 ×10-1* 0.11±0.02 9.8×10-2 * 0.27±0.7* 5.96 ×10-3 0.18±0.1 1.1 ×10-10 -0.104 1.75 ×109 0.021 6.7 ×10-2 0.16±0.02 

2% Cr steel, 25oC, 
pH4, CO2 

2.3 ×10-1* 0.10±0.03 1.9 ×10-1 0.25±0.8 5.83 ×10-4 0.34±0.2 2.6 ×10-11 -0.076 2.64 ×103 0.037 6.2 ×10-2 0.18±0.01* 

Verification of the Proposed Approach & Model 
To validate the introduced approach and the model developed for reproducing the anodic dissolution, 
Figure 7 compares the modeled sweeps with the experimental results. The grey curves represent the 
experimental data, and the black dashed lines show the model. There is good consistency between the 
experiment and the modeled sweeps in all three regions of active, transition, and pre-passivation for 
different experimental conditions. This validates the accuracy of the introduced methodology for 
calculating the kinetic parameters and subsequently modeling the sweeps.   
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Figure 7. Comparison of the model vs. experiments for different experimental conditions.  
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The mismatch at lower potentials is because the cathodic reactions were not included in the 
model. It can be seen from the data in Table 2 that as pH changed or when CO2 was introduced, the 
change of the kinetic parameters related to two steps (i.e., 1 and 3) was more significant than other 
elementary steps. In addition, as the temperature increased the increase of k2 and k4 was more noticeable 
than in other elementary steps. Comparing the data listed in Table 2 also indicates that the steel type 
impacts the catalytic pathway by mainly affecting step 3 (in both forward and backward directions). The 
exact correlation between ki and environmental factors will be discussed qualitatively and quantitatively 
in greater detail in our next paper.  

  

CONCLUSIONS 

 
A novel approach was established based on transient analysis, to obtain a set of kinetic constants 

during iron anodic dissolution. Applying these parameters to the most up-to-date theory presented herein, 
the experimental anodic sweeps were successfully modeled over a wide range of experimental 
conditions. This research can serve as a base for future studies about the exact impact of environmental 
factors such as pH, CO2 presence, temperature, anions, steel type, etc. on the mechanism of steady-
state dissolution of iron. 
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