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ABSTRACT 

To be written at the end  

The effects of erosion-enhanced corrosion of low-alloys carbon steel have been studied 

experimentally by measuring polarization curves in an impinging jet configuration and a 

multiphysics algorithm has been develop to describe the erosion-corrosion interactions. The aims 

of the research are to improve the longevity of transporation processes for Copper mining in 

Chiles. In this study an electrode of API 5L X65 steel was exposed to electrolyte jet of different 

chloride content (0.005, 0.05 or 0.5 M NaCa) containing silica particles (250-350 m). The 

simulated polarization curves were obtained by adopting a coupled electrochemical-transport-

reaction model. The effect of erosion on the reactions was found to be well described as a 

proportionality factor of the electrochemical reaction’ kinetics determined for the cases with, and 

without, the erodent. It is thought that the presence of chloride contributes mostly through 

increased conductivity of the electrolyte. 
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Highlights 

• A numerical simulation is conducted of of the  impinging jet experiment in erosion-corrosion 

• The erosion-enhanced corrosion is described as acceleration of reaction under impingement 

• It is found that the effect of particle impingement is more significant for the  the anodic 

reaction  

• The influence of chloride concentration results mainly in an increase in the conductivity of the 

electrolyte 

  



1. Introduction 

The wastage of metallic alloys by a flowing mineral slurry involves a combination of abrasion, 

erosion, and corrosion. Despite the engineering definitions of abrasion and erosion [1], the two 

terms are sometimes used interchangeably in reference to pipeline flow and slurry, but the 

totality of the mechanism is most frequently termed  erosion-corrosion, encompassing the sum of 

mass  losses attributed to corrosion alone, erosion alone, and the synergy caused by interaction 

between the two. Low-alloy carbon steel, as it is  often the material of choice for construction of 

long range slurry pipelines in for example Copper mining, is inevitably subject to erosion–

corrosion and this is the motivation on  the  mechanistice studies below. 

Whereas corrosion and erosion are relatively well understood as separate processes, the synergy 

term is a multifactorial problem [2–6] that requires taking into account: 1) properties of the alloy 

target [7–15]: its hardness, modulus of elasticity, toughness, chemical composition and 

microstructure, 2) characteristics of the dispersed phase [16–26]: its density, hardness, size, 

angularity and concentration of the slurry particle are the most relevant, as well as 3) properties 

and conditions of the flow medium in which the particles are suspended [27–37]: its velocity, 

impact angle, viscosity, pH, pressure and chemical composition. 

The erosion-corrosion synergy [38] is customarily separated into erosion-enhanced corrosion and 

corrosion-enhanced erosion, e.g. [39–43]. In case of passive alloys, a critical flow velocity is 

often defined as marking the transition from a passivation-dominant to erosion-dominant 

mechanism of degradation [33,44]. Determining the fraction of total weight loss attributed to 

corrosion, both straightforward and erosion-enhanced, is crucial for the design of a possible 

mitigation strategy. In a corrosion dominated system, addition of a corrosion inhibitor might be 

effective [45–47], whereas no such effect should be expected in erosion dominated systems 

operated under critical flow velocity [48].  

The research phase on identifying the mechanisms of E-C synergy is an on-going challenge [49], 

because of the high number of individual processes. These processes can be summarized by a 

semi-empirical model [50–52] that would relate the previously cited parameters with one or 

more of the following mechanisms: damage of the passive film by the erodent [53,54], strain 

hardening of the target [55–58], surface deformation due to erosion-induced pitting [59], the 

effect of erosion increasing the mass transfer coefficient hence erosion–corrosion rate erosion 



[60,61], enhancement of wear due to micro-galvanic corrosion between metallic phases [10] or 

local anodic/cathodic sites [58], influence of corrosion on the mechanical properties of the target 

material [36,62], the enhancement of wear by oxide layer formation [63,64], enhancement of 

wear due to intergranular corrosion [65,66], weakening of eroded metallic flakes/lips on the 

metal surface due to localized corrosion [57]. However, quantification of all these individual 

mechanisms for a given alloy/slurry system presents some challenges in practice, and hence, a 

method for predicting erosion-corrosion performance of an alloy employed in a slurry pipeline 

based on laboratory data remains to be solved [67]. This paper focuses on the special case of 

flow-accelerated corrosion [68] that produces erosion-enhanced corrosion in low-alloyed carbon 

steel, API 5L X65, erosion-corrosion of which has been extensively studied due to its common 

use as a construction material [3,11,34,35,69–71]. Hence, we concentrate mainly here on the 

effect on erosion on the corrosion rate and use electrochemical data on current to estimate mass 

change.  For simplicity, we thus assume that the effect of corrosion on the erosion rate is 

negligible in our model. 

The amount of weight loss attributed to corrosion, both straightforward and erosion-enhanced, is 

determined using impinging slurry jet and employing numerical modeling to simulate the flow 

conditions along with the electrochemical reactions. The approach of linking experimental 

laboratory data with computational fluid dynamics (CFD) modeling relies on constructing a so-

called wear map in function of parameters that are most position sensitive, e.g. local velocity and 

impact angle, and using the map for predicting erosion-corrosion of a complex geometry for 

which the local parameters are determined by CFD [72–75]. Whereas modeling the two-phase 

flow is a challenge on its own due to high turbulence and particle-particle interactions, especially 

at the high concentrations unavoidable in a slurry [75–80], implementation of the contribution of 

corrosion poses an independent problem. One solution is to determine corrosion rate based on 

the rate of mass transfer of corrosion species resulting from the CFD simulation, e.g. [81–83], 

another is to introduce inflow and consumption of the relevant species determined from an 

electrochemical measurement, e.g. [84]. 

In this paper, we study the polarization diagrams measured on carbon steel in exposure to 

erosion-corrosion produced by an impinging slurry jet. The steady-state distribution of all the 

involved species and electric potential is determined by the method of finite elements allowing 

for numerical simulation of the polarization diagrams. This approach, known as coupled 



electrochemical-transport-reaction model (CETR) [85,86] or multi-ion transport and reaction 

model (MITReM) [87,88], allows coupling partial differential equations describing diffusion, 

convection, electromigration and homogeneous reactions with boundary conditions given by the 

heterogeneous reactions of reduction and oxidation [89]. The specific hypothesis being tested is 

that the effect of erosion on corrosion can be described by a proportionality factor over the 

kinetics of the electrochemical reactions and that this description holds valid at different 

concentrations of NaCl, and thus, different conductivities of the flowing medium. 

2 Materials and Method 

The slurry impingement tester used in this study is depicted schematically in Figure 1. The rig 

was built and calibrated according to Ref [90] to project a jet of 3 m/s onto the surface of test 

specimen at normal angle (upper detail of Figure 1). The test coupons were cut from a 

decommissioned slurry pipeline made of API 5L X65 steel, of chemical composition as 

determined by GDOES bulk analysis (Spectruma GDA 750 HR): C 0.06%, Si 0.21%, Mn 1.53%, 

P 0.01%, S 0.001%, V 0.03% and Fe balance. Test surface of the specimen was covered with a 

duct tape, exposing a circular surface area of 1 cm diameter, aligned with the center of the jet 

impact. The erodent was silica particles crushed and sieved to contain articles sizes between 250 

and 350 m. Concentration of the silica particles was kept constant for all experiments by setting 

the position of suction valve and rotation frequency of the stirrer to produce a slurry jet of about 

5 %vol of the silica particles. 

Electrochemical measurements were completed by a three electrode set-up, using the test 

specimen, saturated calomel electrode (SCE) and Pt-mesh as the working, reference and 

auxiliary electrodes, respectively; all connected to an ACM Gill AC potentiostat. Prior each 

experiment OCP was recorded until stabilization of 1 mV (about 5 min) and the polarization 

curves were measured by polarizing in the anodic direction starting from –0.8 to +0.9 V vs OCP 

at the scan rate of 2.5 mV/s. After completing the measurements, test specimen was removed 

from the rig, cleaned by acetone and weighed with precision of 0,1 mg. The experimental value 

of corrosion current was estimated by Tafel extrapolation of both anodic and cathodic branched 

to the value of corrosion potential. 



 

 

Figure 1. Schematic presentation of the experimental set-up. The diagram of erosion–corrosion test rig has been 

adapted from Ref. [91]. The upper detail shows the exit nozzle set to project the jet onto the test surface (here the 

slurry is not running). The bottom detail of silica erodent corresponds with a SEM micrograph. Need scale marker 

for apparatus  

 

3 Theory and Calculation 

The model employed in this study is based on multiphysics approach of the finite element 

method (FEM), combining description of the processes of fluid flow with those of heterogeneous 

electrochemical and homogeneous chemical reactions. General geometry of the modeled domain 

is shown in Figure 2a. It represents the jet of electrolyte between outlet of the nozzle (bottom 



boundary) and the metal electrode (top boundary). Due to axial symmetry of the jet, the problem 

is reduced to two dimensions and only half the jet’s cross-section is considered as computational 

domain.  

 

 

Figure 2. Definition of the axisymmetric model and the boundary conditions of flow. The anodic and cathodic 

reaactions are indicated at the electrode. 

 

Governing equations.— In order to determine the value of corrosion current, Nernst-Planck 

equation (Eq. 1) is employed for each of the species involved in chemical or electrochemical 

reactions: 
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where nc , nD , nz , n , and nR  are the concentration, diffusion coefficient, charge number, 

electromobility and homogeneous reaction constant of species n, respectively. Further, t, V , F  

and u are time, Faraday constant, electric potential, and velocity field, respectively. In order to 

implement the flow condition of the jet, the velocity field used in Eq. 1 is determined by the 

equation of Navier-Stokes: 
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where  and μ  are the density and dynamic viscosity of the electrolyte, respectively; I – identity 

matrix, and F – volume force vector.  

In order to solve all the variables of Eq. 1, the condition of electroneutrality (Eq. 3) is imposed in 

addition: 

0z 
n

nnc       (Eq. 3) 

Although this condition is rigorously valid only for diluted species [92], which is not entirely 

true in real systems, its use in this model is justified by the existence of steady state solution [93]. 

Also, concentrations of all the considered species remain under the upper limit of 10−3 mol/l and 

no negative concentrations have been obtained in the calculated results.  

Boundary conditions.— At the steel boundary, oxidation of the metal takes place. The steel is 

considered low alloy; thus the effect of alloying elements is neglected and the displacement 

reaction of iron is considered irreversible:  

-2 e2Fe  Fe  
      (Eq. 4) 

At the same electrode surface, oxygen reduction reaction (ORR) takes place: 

--

22 4OH e2O2H O       (Eq. 5) 

This reaction is assumed to be the predominant irreversible reduction due to initial neutrality of 

the electrolyte. The kinetics of ORR has many mechanistic alternatives, depending on the actual 

pH, and the number and type of individual steps taken into account. In this paper, no pH 

dependence is considered because there is no kinetic data available that would allow accurate 

modeling of Eq. 5, and also, the approximation has been successfully used by other authors [85]. 

The electrochemical reactions given by Eqs. 4-5 are implemented into the model by means of the 

Butler-Volmer expressions imposed on the electrode’s surface: 
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where nk is the kinetic constant of species n, o

nE and na  are the standard reduction potential and 

Tafel coefficient, respectively. The values of Tafel coefficients and kinetics constants were fit 



parameters obtained by a procedure similar to that described by Thebault et al. [94] with the 

additional restriction of providing good fit of all the data with the same set of Tafel constants. 

The last assumption is motivated by the relatively high flow velocity as compared with the effect 

of chlorine on the reaction kinetics of the anodic and cathodic reactions (Eq. 4 and 5). It should 

be noted that the variable V in Eqs. 1 and 6 (electric potential) corresponds with potential 

difference between the surface of metal (
mV ) and the electrolyte ( solV ):  

solm  VVV         (Eq. 7) 

The molecular fluxes N of the species Fe2+, O2 and OH− resulting from Eqs. 4-5 are determined 

by Eq. 8:  
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where n  is a vector normal to the electrode’s surface.  

Boundary conditions for the problem of flow (Eq. 2) include a constant inflow velocity inv  at the 

outlet of the nozzle and no flow condition at the surface of the electrode. The outer boundary of 

the flowing jet is considered to move with invv   in the direction of the jet, whereas the outflow 

boundary is conditioned by atmospheric pressure of 1 atm. 

Finally, the effect of erosion on the current is implemented as modification Eq. 6: 

j
n,E-C

=kE-Cjn     (Eq. 9) 

where CEk  is a constant describing the enhancement of either anodic or cathodic current density 

attributed to erosion. The quantity of current is determined as the integral value of the current 

distribution over the working electrode. The value of CEk  is determined from the corrosion 

current, i.e., the value of anodic current at steady-state in which its quantity is equal to the 

cathodic current. More details on the method and its precision can be found in Ref. [95].  

Chemical reactions in the domain.— In the bulk of the electrolyte dissociation of water is 

taken into account with both forward and backward kinetics: 



OHOHH 2

OHb,

OHf,

2

2

k

k
         (Eq. 10) 

Mesh and calculation.— The entire model has been implemented in COMSOL 5.1. The values 

of the parameters are summarized in Table 1. The electrolytes domain was meshed using free 

triangular elements with increased density of the elements at boundaries where strong 

concentration or velocity gradients are expected. In particular, a so-called boundary layer was 

added at the boundary of Fe as shown in Fig. 1b. The time of solving the problem was about 10 

min per set of variables using a notebook quipped with Intel Core i7-3517U CPU 2.40 GHz, and 

4 GB RAM. 

The conservation of mass has been verified by calculating the balance of in and out fluxes. The 

value of OCP is estimated by identifying the value of V (Eq. 7) for which the sum of anodic and 

cathodic currents at steady-state is null. 

 

Table 1. Values of parameters used for the simulation 

Parameter Description Value Source 

Na
D

 
Diffusion coefficient of Na+ 1.3·10-9 m2s-1 Ref [96] 

H
D

 
Diffusion coefficient of H+ 9.3·10-9 m2s-1 Ref [96] 

OH
D

 
Diffusion coefficient of OH- 5.3·10-9 m2s-1 Ref [96]  

Cl
D

 
Diffusion coefficient of Cl- 2.0·10-9 m2s-1 Ref [96] 

2OD
 

Diffusion coefficient of O2 2.4·10-9 m2s-1 Ref [96] 

0

FeE  
Standard potential –0.44 V Ref [86] 

0

2OE
 

Standard potential 0.4 V Ref [86] 

2Ok
 

kinetic constant for Eq. 5 10-5 ms-1 Adjusted 

Fek  kinetic constant for Eq. 4 1.45·10-6 mol m-2s-1 Adjusted 

2Oa
 

cathodic Tafel coefficient 0.05 V Measurement 

Fea  anodic Tafel coefficient 0.154 V Measurement 

2,Obc
 

Initial oxygen concentration 0.26 mol m-3 Imposed 

OHf, 2
k  forward kinetic constant for Eq. 9 1 10-8 mol m-3s-1 Ref [97] 

OHb, 2
k  backward kinetic constant for Eq. 9 1 mol-1 m3s-1 Ref [97] 



inv  nominal jet flow velocity 2.9 ms-1 Experimental condition 

    

 

 

4 Results  

Experimental results 

Visual appearance of the test coupons immediately after testing is shown in Figure 3a. Inthe 

absence of erodent, red rust is observed only for the higher chloride concentration. Whereas, all 

the samples eroded with particles were covered with red rust. The experimental polarization 

curves measured during exposure to the jet are shown in Figure 3(b-d). The general shape of the 

curves is similar in each case, with low slopes of both anodic and cathodic branches. The density 

of current is systematically higher when erodent particles are present in the jet. The increment is 

higher for the increasing content of chloride in the electrolyte. The position of the corrosion 

potential is systematically shifted towards cathodic values when erodent particles are present in 

the jet. The values of OCP, corrosion potential and corrosion current determined from the 

experimental data are summarized in Table 2. 

 



 

 

Figure 3. Experimental testing of erosion-enhanced corrosion: a) Visual appearance of the samples immediately 

after the test.(Need scale markers on the micrographs) The diameter of the eroded/corroded spot is 1 cm;  b–d) 

Polarization curves recorded under impingement of electrolyte with varying concentration of NaCl in the presence 

and absence of erodent.  

 

Table 2. Experimental data: The values of OCP measured prior polarization, corrosion potential and corrosion 

current determined from the polarization curves. 

Parameter 
0.005 M NaCl 0.05 M NaCl 0.5 M NaCl 

No particles With particles No particles With particles No particles With particles 

EOCP (mV) -174 -195 -168 -215 -214 -237 

Ecorr (mV) -115 -163 -150 -181 -178 -244 

jcorr (mA/cm2) 10-1.67 10-1.17 10-1.20 10-0.62 10-0.69 100.14 



 

Numerical results 

The general distribution of flow velocity and the resulting pressures are shown in Figure 4a. At 

the surface of the working electrode, the electrochemical reactions and homogeneous reactions 

result in distribution of the reactants different from non-flow conditions. An example of a steady-

state distribution of pH at the electrode polarized to 0.2 V vs OCP is shown in Figure 4b. The 

distribution of other species is similar to that of pH even though the potential is applied 

homogenously on the electrode.  

 

 

Figure 4. Visualization of selected quantities in the flowing electrolyte determined simulation at steady-state by 

numerical: a) Velocity field (arrows) and pressure (colo map), b) Distribution of pH when working electrode is 

polarized to 0.2 V vs OCP (anodic polarization). 

The polarization curves simulated for the different chloride concentrations and exposure 

conditions are shown in Figure 5, whereas the corresponding values of kE-C are summarized in 

Table 3. For both cathodic and anodic reactions, the higher content of chloride results in higher 

values of kE-C. However, the cathodic and anodic reactions are not sensitive to chloride in the 

same way. Within the range of chloride concentrations studied here, the cathodic reaction is 

more accelerated as compared to the anodic one.  

 



a) b)  

Figure 5. Summary of the simulated polarization curves (color). The experimental data (grey) is the same as that 

shown in in Figure 3. 

 

Table 3. The values of kE-C determined numerically for the anodic and cathodic reactions. 

Reaction 0.005 M NaCl 0.05 M NaCl 0.5 M NaCl 

Anodic (Eq. 4) 3.63 4.07 7.24 

Cathodic (Eq. 5) 2.14 4.86 9.51 

 

5 Discussion 

Validity of the experimental data 

The presence of “red rut” on samples following  testing is indicative of higher availability of iron 

ions released during exposure to the jet. This qualitative observation is consistent with the rust 

layer being continually removed and formed during the erosion-corrosion process. was 

instantaneously removed . This interpretation is supported by the shape of the polarization 

curves. Both the anodic and cathodic branches are clearly dominated by mass transport and, in 

particular, there is no evidence of corrosion products being accumulated at the electrode.  

The values of experimental OCP are similar to those measured by Orazem et al. [98], but the 

values of corrosion potential determined from polarization curves are systematically more anodic 

than OCP (Table 2). Supposing a steady-state condition under flow, this shift might explained by 



the differential effect that the flow-enhanced mass transfer has over the anodic and cathodic 

reactions [59]. A prolonged stabilization of OCP under impinging conditions might also play a 

role [99][52], but the shape of our polarization curves is indicative of steady-state as assessed by 

the cathodic end of the cathodic branch. A rise of current at this end, such as that reported by Li 

et al. for carbon steel N80 exposed to saline quartz in slurry pot [100], would indicate that the 

scan-rate of polarization may be too fast to allow for stabilization, as explained by Fisher et al. 

[95]. 

The presence of erodent in the jet results in corrosion potentials shifted towards cathodic values. 

A similar result was reported by Naz et al. [101] who reported a shift of about 340 mV when 

particle size increased from 45 to 150 m, associating this effect by stability of the externally 

formed layer of corrosion products. The particles impinging from the jet, also increase the 

amount of current under both anodic and cathodic polarization, resulting in higher values of 

corrosion current. Although the value estimated by Tafel extrapolation do not allow for exact 

quantification because the conditions of applicability are not met [102], the effect is apparent. 

This result is consistent with the finding that that distribution of corrosion rate correlates with 

locally increased flow velocity and shear stress measured by an array of electrodes inside a pipe 

elbow [99]. Also, the rate of diffusion-controlled corrosion can be affected modulation of the 

thickness of diffusion layer due to damping turbulence near surface as discussed by Amin et al. 

[103] on the example of pulp fibers. 

The effect of chloride concentration is observed on both corrosion potential and corrosion 

current with no apparent effect on the shape of the polarization curve. Considering that low-

carbon steel is not expected to be passive under our exposure conditions, the addition of chloride 

is explained by affecting the general mass and charge transfer rather than promoting additional 

reactions. The effect of chloride is stronger in the presence of erodent particles, which becomes 

apparent when rearranging the polarization curves (see Figure 5). 

 

Validity of the numerical results 

The simulation can be understood as determining the distribution of all the involved species at all 

the times and conditions of flow and polarization. The general flow field determined from the 



simulation is similar to that visualized experimentally by particle image velocimentry [104]. 

However, it should be considered a reasonable approximation rather the correct representation 

because our model does not feature turbulence, which is likely to be established at the out-flow 

region. The build-up of turbulence caused by a rapidly turning flow was shown by Nešić to result 

in greater degree of  erosion-corrosion degradation [105].  

The general shape and quantity of current are well described by the numerical simulation. In 

particular, the cathodic and anodic ends do not correspond to the Tafel slope as the amount of 

current is strongly affected by the flow condition. This results in different from that reported by 

Guo et al. [52] who found no significant effect of velocity over the polarization curves measured 

on low-carbo steel and little effect of the presence of sand particles. However, the set-up of Guo 

et al. was a rotating cylinder electrode particles may slide on the surface rather than impinge it. 

Our polarization curves are more similar to those reported by Barik et al. [55] for cast nickel-

aluminum bronze in exposure to 3.5% NaCl solution containing SiO2 erodent. The apparent 

Tafel slopes derived from the data for carbon steel (S355ML) under flow conditions similar to 

those reported above and by Choe et al. [104], are also of a very high value (y comparison to ref) 

and explained by the effect of flow. Since the simulated polarization curves feature both the 

contributions of both flow and polarization to the total current, the value of Tafel slope 

associated with activation control is not consistent with the apparent slope resulting in the curve. 

It should be kept in mind that for determining the value of kE-C it is crucial to use the same value 

of Tafel slope because the method proposed here for quantifying the acceleration of corrosion by 

erosion relies on the assumption that the additional current observed under particle impingement 

is caused by faster mass transport rather than change in the mechanism of the electrochemical 

reactions. It is however not necessarily the case when increasing content of chloride, as 

formation of intermediate FeCl may change the kinetcics of the mass transfer process. 

Increase of slope in presence of chloride for different microstructures of rebar steel [106] 

Although the role of chlorides in initiation of pitting corrosion has long been known [107,108], 

only recently, the mechanism is shown to be more complex and also affecting carbon steels 

through induction of localized defects [109], competition of chloride with other reactants [110], 

and formation of intermediate chloride-containing complexes of iron oxide [111]. However, 

none of these mechanisms was considered in our model and yet the presence of chloride is well 



captured in reproducing the polarization curves by numerical simulation. Because of the 

continuous removal of non-adherent corrosion products by the flow, the effect of chloride can be 

explained principally by the higher electrolyte conductivity allowing for faster charge exchange, 

generating more current. To a lesser degree, the effect of chloride is represented by slightly 

different slopes of polarization curves.  

Erosion-accelerated corrosion 

The stronger effect that impact of particles has on the anodic and cathodic branches is consistent 

with the experimental demonstration of Xu and Tan [112] who showed that impinging particles 

increase the current of local anodic sites stronger than that of the cathodic ones. A possible 

mechanism is the localized plastic deformation induced by the particles, changing the properties 

of the subsubstrate [58], whereas the cathodic reaction is affected only though modulated 

transport of the reactants and products near the electrode.  

It should be kept in mind that in this work we describe the augment of corrosion in terms of 

electrochemical quantities, which are indicative of mass loss but do not account for the non-

Faradaic effects described for an erosive system by Guo et al. [113]. These non-Faradaic effects 

are mostly associated with generation of debris, a process that does not contribute directly to the 

corrosion current that is used for determining mass loss, and thus is not a part of erosion-

enhanced corrosion.  

Finally, this study was implemented assuming a laminar flow regime, which is a simplification 

that does not allow direct incorporation of the particle effect. However, the components exposed 

to slurry flow is engineering applications are generally subject to turbulent flows, which add a 

level complexity  not considered to date This will be the subject of future work. 

6 Conclusions 

In this work, the erosion-corrosion was tested by means of slurry jet and numerical simulation to 

quantify the fraction of the E-C synergy attributable to erosion-enhanced corrosion. It was shown 

that this fraction can be described by means of a proportionality factor of the kinetics coefficient 

of principal electrochemical reactions. In this sense, both anodic and cathodic reactions are 

affected by erosion and the anodic reaction is systematically more accelerated by the impinging 



particles. This effect is explained by modification of the steels subsurface. Whereas, the effect of 

chloride ions is explained by the increased conductivity of the medium and, to a lesser extent, by 

the interference with the electrochemical reactions without formation of stable corrosion 

products. However, in order to extend this work for predicting rate of mass loss in real structures, 

turbulence of the flow and non-Faradaic mass losses must be taken into account.   
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