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Corrosion rate of carbon steel under synergistic 
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temperature, and salinity in turbulent condition

Abstract: The variation of AISI 1045 carbon steel corrosion 
rate in seawater is investigated under the simultaneous 
effect of marine parameters in both stagnant and turbu-
lent conditions. The combined effect of salinity, velocity, 
pH, and temperature is studied using two-by-two graphi-
cal curves, while each parameter is applied at three levels. 
The possible influence of simultaneously acting factors 
on each considering parameter is experimentally studied 
and explained using theoretical basis. This paper offers 
an advantage of considering the simultaneous effect of 
parameters instead of individual ones, which simulate the 
experimental media close to the real in-site marine envi-
ronment where all the affecting factors act in a combined 
manner. The most innovation of this study is two-by-two 
investigation of combined action of effective parameters 
on corrosion rate, which is much more comprehensive 
and detailed compared to previous researches. Every 
parameter is considered at three ranges and all the possi-
ble interactions with other factors are taken into account. 
It is proven that the effect of considered parameters on the 
rate of corrosion is the function of other simultaneously 
acting factors. The role of fluid velocity condition and also 
the reaction polarization status is found to be pronounced.
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1  Introduction
Seawater is a complex chemical system affected by 
various environmental factors. The most important sea-
water parameters, from the corrosion standpoint, are 

salinity, pH, dissolved oxygen concentration, tempera-
ture, velocity, and types of biological species (Lee, Ray, & 
Lemieux, 2004; Moller, Boshoff, & Fronemen, 2006; Porte, 
1967). Carbon steels are the most widely used engineer-
ing materials, accounting for huge annual steel produc-
tion worldwide. Despite their relatively limited corrosion 
resistance, carbon steels are still the most versatile, least 
expensive, and widely used engineering material that 
has found extensive application in marine applications, 
nuclear power and fossil fuel power plants, transporta-
tion, chemical processing, petroleum production and 
refining, pipelines, mining, construction, and metal-
processing equipment (Wan Nik, Zulkifli, Rahman, & 
Rosliza, 2011). Carbon and low alloy steels are the basic 
materials of construction for marine structures and ships; 
however, corrosion causes many problems to arise in the 
related industries (CDA, 1986). Several prevention tech-
niques have been applied so far to improve the corrosion 
properties of these alloys such as coatings, inhibitors, 
and surface modifications (Toloei, 2011; Toloei & Atashin, 
2013; Toloei, Stoilov, & Northwood, 2013a,b). The rate 
of corrosion as an electrochemical is determined by the 
kinetics of the system. This means that the rate of the 
overall corrosion process is controlled by the slowest step, 
which in this case is the reduction reaction (Porte, 1967). 
In other words, the corrosion rate of these steels in marine 
environment is under the control of cathodic reaction and 
is directly affected by seawater parameters (Schumacher, 
1979). Salinity, velocity, temperature, and pH are reported 
to be the most effective and controlling factors on the cor-
rosion rate of these alloys. These parameters can affect 
the rate of cathodic reaction and the total rate of corro-
sion consequently. Salinity, velocity, and temperature can 
significantly influence the amount of dissolved oxygen, 
which determines the rate of cathodic reaction (Melch-
ers & Chernov, 2010; Schumacher, 1979). They also apply 
an effective role in controlling the rate of corrosion when 
the process is under the control of concentration polari-
zation (Bardal, 2004). Temperature affects the corrosion 
rate of metals through its effect on factors that control the 



136      A. Toloei et al.: Corrosion rate of carbon steel under synergistic effect of seawater parameters

diffusion rate of oxygen (Porte, 1967). pH can control the 
kinetics of corrosion reaction through the formation of 
calcareous surface layers (Bardal, 2004; Elbeik, Tseung, 
& Mackay, 1986; Hartt, Culberson, & Smith, 1984; Lin & 
Dexter, 1988). As a result of the importance of these param-
eters, several theoretical and experimental researches 
have been carried out to investigate the individual effect of 
these factors on the corrosion properties of carbon steel. In 
2002 and 2003, Melchers and Chernov studied the effect of 
dissolved oxygen and temperature on the corrosion rate of 
mild steel and reported that corrosion rate increases with 
increasing water temperature (Melchers, 2005; Melchers 
& Chernov, 2010). The effect of oxygen concentration on 
the corrosion rate of carbon steel in seawater is also clari-
fied in 1985 (Sefaja & Malina, 2002). Melchers and McNeill 
surveyed the influence of temperature on the marine cor-
rosion of carbon steel in separate studies (McNeill, 2000; 
Melchers, 2003). The influence of salinity and pH was 
also considered in different researches reported in 2005 
and 2008 (Melchers, 2006, 2008). In another study in 
2008, the corrosion rate of carbon steel in marine environ-
ment was considered and reported to be a direct function 
of pH and temperature (Cuiwei, Xiaogang, & Jin, 2008). 
In 2004, Melchers demonstrated the influence of water 
velocity on marine immersion corrosion of mild steel and 
indicated that seawater velocity causes an increase in the 
rate of general corrosion of mild steel (Melchers, 2004). 
The effect of seawater flow velocity was also considered in 
another research by Liu, Lin and Li (2008). In this study, 
the flow-induced corrosion mechanisms for carbon steel 
in high-velocity flowing seawater was studied and corro-
sive phenomena were explained. The effects of individual 
parameters on the rate of corrosion have been extensively 
studied by a large number of investigators. Although the 
studies involving the effects of individual marine factors 
have produced valuable information, comprehensive 
research on the combined effect of seawater factors is 
still lacking. It is really obvious that the effect of marine 
factors on the rate of metal’s corrosion cannot be inde-
pendent at all, and other simultaneously acting factors 
can affect and, in some cases, totally change the effect 
of the considered parameter. This phenomenon remarks 
the importance of simultaneously studying the effect of 
controlling factors versus individually. In this research, 
the effects of salinity, velocity, pH, and temperature have 
been investigated simultaneously on the corrosion rate of 
carbon steel AISI 1045 in seawater environment that per-
forms the advantage of studying marine parameters effect 
in a media, closer to the real seawater environment in 
which all the effective parameters act in a combined and 
simultaneous manner to control the rate of corrosion.

Table 1 Chemical composition of AISI 1045 samples (Fe matrix).

Element   C   Mn   Si   Ni

wt.%   0.46   0.65   0.4   0.4

2  Materials and methods
AISI 1045 carbon steel rods (12 mm diameter) were used 
for this study and the chemical composition of this steel 
is given in Table 1. Experiments were performed in ASTM 
D1145 artificial seawater (D1145, 1999). The surfaces of 
the samples were polished up to 1200 grit. The samples 
were then rinsed in distilled water and dried with ethanol 
to remove residual water. The experiments were con-
ducted under different conditions consisting of tempera-
ture (23°C, 40°C, and 65°C), velocity (0, 200, and 300 
rpm), salinity (20, 30, and 40), and pH (7.5, 9, and 10.5). 
A heater-stirrer HP-8400 was used to control temperature 
and velocity and pH control was done via the 1 N NaOH 
(Zamanzade, Shahrabi, & Yazdian, 2007). Salinity, which 
is defined as the total weight in grams of solid matter 
dissolved in 1000 g water (Roberge, 2000; Schumacher, 
1979), was adjusted by setting the chlorinity. Chlorinity 
was set by changing the amount of sodium chloride as 
a main constituent of artificial seawater, while all other 
spices were kept fixed according to the ASTM D1145 stand-
ard (Schumacher, 1979). Equation (1) represents the exact 
relationship between salinity and chlorinity (Roberge, 
2000).

	 salinity = 1.805 chlorinity+0.030.� (1)

A standard three-electrode electrochemical cell was 
employed with Pt gauze as counter electrode. Electro-
chemical experiments were performed using a μ Autolab 
type III/FRA2 electrochemical interface potentiostat-gal-
vanostats. All potentials quoted are with respect to the 
saturated calomel reference electrode (SCE). The polari-
zation curves were obtained by scanning the electrode 
potential  ± 100  mV around the corrosion potential at a 
scan rate of 0.05 mV/s. Corrosion rate results were cal-
culated in millimeters per year using Tafel extrapolation 
method via GPES version 4.9 software program (Yang, 
2008).

3  Results and discussion
The polarization curves of considered conditions are illus-
trated as Figure 1A–F. Although the effect of seawater elec-
trical resistance (IR drop effect) is reported to be ignorable 
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Figure 1 Polarization curves of samples under defined conditions (A–F).

(Roberge, 2005; Scribner & Taylor, 1990), to assure its 
negligibility, the IR drop compensated curve for one of 
the samples is presented as Figure 2. This figure approves 

the ignorable effect of IR drop on obtained polarization 
curves. Corrosion rate variation under the combined effect 
of two-by-two parameters is shown as Figures 3–8. In each 
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curve, corrosion rate variation under the combined effect 
of two factors is presented, while the other two parame-
ters are kept fixed.

3.1  �Simultaneous effect of temperature and 
velocity

Figure 3 illustrates simultaneous effect of temperature 
and velocity. As Figure 3 shows, at the stagnant condition, 
corrosion rate is increased by temperature increment up 
to 40°C.

This result is consistent with the previous achieve-
ments (Melchers, 2005; Melchers & Chernov, 2010). In 
this case, as there is no agitation in the solution, the mass 
transport of species to the corroding surface is rate con-
trolling and the corrosion rate is mostly under the control 
of concentration polarization. In the case of concentration 
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Figure 5 Simultaneous effect of velocity and pH at salinity 30 and 
temperature 23°C.
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V=0 rpm
V=200 rpm
V=300 rpm

2.0

1.5

1.0

0.5

0

15 25

C
or

ro
si

on
 r

at
e,

 C
R

 (
m

m
 y

ea
r-1

)

20 3530 4540
Salinity, S 

Figure 4 Simultaneous effect of velocity and salinity at pH 7.5 and 
temperature 23°C.

polarization controlled processes, the value of limiting 
current density (iL) can determine the rate of corrosion. 
Equation (2) illustrates the parameters affecting the mag-
nitude of limiting current density in a surface without dif-
fusion limiting deposits (Bardal, 2004).

	 2L O B / ,i D zFc δ=
�

(2)

where iL is limiting current density, 
2OD  is oxygen diffusion 

coefficient, z is solution viscosity, F is Faraday number, δ 
is thickness of diffusion boundary layer, and cB is oxygen 
concentration in solution.

Temperature can cause an increase on iL through 
affecting a couple of parameters 

2O( D  and δ). The effect 
of temperature on 

2OD  follows the Arrhenius expression 
and is described according to Equation (3) (Bardal, 2004).
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	 2O exp( - / ),D A Q RT= �
(3)

where A and Q are constant in water, R is universal gas 
constant, and T is temperature in Kelvin.

As Equation (3) shows, 
2OD  grows by temperature. On 

the contrary, as temperature is increased, a kind of molec-
ular and ionic agitation will be created in the solution that 
reduces the thickness of diffusion layer. Both increasing 

2OD  and decreasing δ that happen through the tempera-
ture growth results in the increment of iL based on Equa-
tion (2), which causes an increase in the rate of corrosion 
(Bardal, 2004).

This result is also in agreement with the achievements 
of two previous researches on the effect of temperature on 
the corrosion rate of carbon steels (Melchers, 2005; Melch-
ers & Chernov, 2010). As reported previously, corrosion rate 
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generally is increased by the increment of temperature. 
However, as the temperature increases more, a different 
effect of temperature on corrosion rate can be observed.

In stagnant condition, as the temperature is increased 
more than 40°C, corrosion rate is decreased, which seems 
to be different from previous research reports. The reason 
is because the increment of temperature up to the high 
level causes decrease in the amount of oxygen concentra-
tion in the solution and decrease in the rate of cathodic 
reaction and total corrosion rate consequently.

According to Figure 3, samples show a kind of similar 
trends in 200 and 300 rpm. In both conditions, corro-
sion rate decreases as the effect of temperature increases. 
In these high velocities, corrosion rate is not under the 
control of concentration polarization anymore because 
velocity facilitates the ion transport in solution and cor-
rosion rate is not affected by limiting current density as 
was in stagnant condition. In the absence of concentra-
tion polarization issue, temperature decreases the rate of 
corrosion first by providing a suitable condition for the 
formation of surface deposit layer and second by causing 
the decrease in the rate of cathodic reaction through the 
limitation of dissolved oxygen.

At temperatures up to 40°C, corrosion rate increases 
as velocity grows, which is confirmed by the research of 
Melchers (2004). To explain the increasing effect of veloc-
ity on corrosion rate at these temperatures, the effect of 
velocity on iL should be considered. As velocity increases, 
the thickness of diffusion boundary layer (δ) decreases, 
which results in an increase in iL as Equation (2) and the 
rate of corrosion consequently. The relationship between 
corrosion rate and velocity in laminar and turbulent fluids 
with diffusion controlled corrosion on the surface of clean 
metal is as Equation (4) (Bardal, 2004).
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icorr = iL∝V0.5  for laminar flow

	 icorr = iL∝V0.8-0.9   for turbulent flow.� (4)

This effect is in consistent with the left part of Figure 
9 (Bardal, 2004). As Figure 9 shows, at high flow rates, 
erosion and removal of deposit layer take place and corro-
sion rate increases. Figure 10 also shows that the effect of 
fluid velocity on corrosion rate increases through increas-
ing the value of limiting current density. As mentioned, 
the trend of corrosion rate variation under the effect of 
temperature is similar at 200 and 300 rpm and they are 
totally different from stagnant trend.

As Figure 3 shows, corrosion rate is generally increased 
by velocity, which is acceptably consistent with the app
roaches of former research (Melchers, 2004).

3.2  �Simultaneous effect of salinity and 
velocity

The simultaneous effect of salinity and velocity is pre-
sented in Figure 4. According to Figure 4, generally, by 
increment of salinity, corrosion rate increases at all veloci-
ties, because high salinity results in a higher value of solu-
tion conductivity, which increases the rate of corrosion 
(Mofodi, 2004). This result is totally in agreement with 
the outcome of previous research at Persian Gulf, which 
shows an increasing effect of salinity on the rate of corro-
sion (Ray, Lee, Little, & Lemieux, 2006). The same result 
achieved by Syed (2006).

The graphs of corrosion rate variation as a function of 
salinity show similar trends at 200 and 300 rpm and the 
slope of these two curves is obviously sharper than stag-
nant one. This kind of similarity between the curves of 200 
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and 300  rpm differentiates the stagnant condition from 
turbulent one. According to this figure, at room tempera-
ture, corrosion rate is increased by the increase in salin-
ity because the salinity is capable of increasing solution 
conductivity. In moderate and high velocities, the effect of 
salinity on corrosion rate is somehow negligible.

At higher salinities, corrosion rate is more suscepti-
ble to velocity change and more variation in corrosion rate 
occurs with the constant increase in velocity. The reason 
for this phenomenon is that, at higher salinities, the rate 
of oxygen distribution is limited, so the concentration 
polarization becomes controlling. In this situation, while 
the corrosion rate is under the control of concentration 
polarization, the influence of velocity gets very signifi-
cant. Velocity assists the distribution of dissolved oxygen, 
which causes a decrease in the amount of concentration 
polarization and grows the rate of corrosion consequently. 
In all salinities, corrosion rate is increased by velocity 
increment through the effect of velocity on growing iL, 
which causes an increase in the rate of corrosion. This 
relationship is presented in Equation (4) and Figure 10 
(Bardal, 2004).

3.3  Simultaneous effect of pH and velocity

The simultaneous effect of pH and velocity is shown in 
Figure 5. Referring to Figure 5, in all pH values, corrosion 
rate is increased by velocity through the effect explained 
in Figures 9 and 10, which are on the basis of velocity 
effect on iL.

In all velocities, corrosion rate is decreased by pH 
increment. Higher pH values provide more favorable 
media for the formation of calcareous deposits on the 



A. Toloei et al.: Corrosion rate of carbon steel under synergistic effect of seawater parameters      141

surface of carbon steel samples in seawater environment 
(Hack & Guanti, 1988; Hartt et  al., 1984; Lin & Dexter, 
1988). The precipitation of Ca(OH)2 by the pH increase is 
more likely to occur by the direct combination between 
calcium and carbonate ion as illustrated in Equations (5) 
to (8) (Elbeik et al., 1986).

	 CO2+H2O     H2CO3� (5)

	 H2CO3     H++HCO3
-� (6)

	 HCO3
-     H++CO3

2-� (7)

	 CO3
2-+Ca2+     CaCO3(s).� (8)

Equation (5) shows the production of carbonate ion 
through the reaction between the atmospheric carbon 
dioxide and water. At the pH increase, Equations (6) and 
(7) are displaced to right. Consequently, the increase in 
the carbonate ion concentration happens and Equation 
(8) displaces to right, leading the direct formation of 
calcium carbonate (Elbeik et al., 1986). Magnesium com-
pounds, Mg(OH)2 in particular, could also contribute to 
the protective character of calcareous deposits at the pH 
values above 9.5. However, calcium carbonate is thermo-
dynamically more stable. The formation of surface depos-
its results in a decrease in the rate of corrosion because 
the deposit layers are not usually electron conducting; 
thus, the cathodic reaction has to take place at the metal 
surface underneath the deposits. This forms a diffusion 
resistor in series with the usual diffusion resistance in the 
boundary layer and Equation (2), which is valid for a clean 
surface, changes to Equation (9) (Elbeik et al., 1986).

	 2L B O B B/( / / ),i zFc D t Pδ= +
�

(9)

where tB is thickness of the deposit, PB is oxygen permea-
bility of the deposit, and tB/PB refers to the diffusion resist-
ance of the layer of deposited substances (Elbeik et  al., 
1986). The formation of deposit layer at higher pH values 
results in a decrease in the amount of iL [Equation (9)], 
which causes a reduction in the rate of corrosion.

At lower pH values, the corrosion rate of carbon 
steel samples is shown to be more susceptible to velocity 
increase according to Figure 5. This issue can be explained 
considering the increasing effect of velocity on the rate of 
corrosion as presented in Figures 9 and 10. As higher pH 
values are more favorable condition for the formation of 
calcareous deposits, by pH increment, the alloy gets more 
resistant to corrosion rate increase through the resistive 
effect of deposit layers. The trends of corrosion rate varia-
tion under the effect of pH are similar at 200 and 300 rpm 

and also different from that of stagnant condition, which 
presents the sharp difference between the effects of turbu-
lent and stagnant media on the rate of corrosion.

3.4  �Simultaneous effect of salinity and 
temperature

Figure 6 illustrates the simultaneous effect of salinity and 
temperature. At the salinity of 20 (Figure 6) by the incre-
ment of temperature, corrosion rate at first increases, 
which is expected according to the previous studies 
(Melchers, 2005; Melchers & Chernov, 2010), and then 
decreases. This variable effect of temperature on corro-
sion can be considered by Figure 11 (Bardal, 2004). As the 
left part of Figure 11 shows, corrosion rate is increased first 
by the temperature. The increasing effect of temperature 
on the rate of corrosion is explained through its influ-
ence on iL increment as shown in Equation (2). However, 
at higher temperatures, the amount of oxygen concen-
tration is reduced by the temperature increase, causing 
lower iL, which results in the reduction in corrosion rate 
as described in Figure 12. This figure represents the effect 
of oxygen concentration reduction on iL and corrosion rate 
consequently. As Figure 6 shows, the trend of corrosion 
rate variation by temperature effect is similar at salinities 
of 30 and 40, and in both cases, corrosion rate increases 
as temperature grows. At higher salinities, the rate of 
oxygen distribution is low and the concentration polariza-
tion becomes controlling. In these situations, temperature 
increase can cause a growth in the rate of corrosion.

In stagnant condition and mid range of temperature, 
corrosion rate is decreased by salinity. The difference 
between this trend and the trend in Figure 4 is related to 
controversial effects of salinity on corrosion rate. Salinity 
is capable of decreasing the rate of corrosion as it decreases 
the amount of dissolved oxygen and applying reduction in 
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Figure 11 Effect of temperature increase on the corrosion rate in an 
open system (Bardal, 2004).
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the rate of cathodic reaction. On the contrary, salinity can 
increase the rate of corrosion by increasing the solution 
conductivity. In Figure 4, at mid and high ranges of veloc-
ity, velocity can cancel out the decreasing affect of salin-
ity because, although salinity increase causes decrease 
in oxygen concentration, velocity enhances the oxygen 
arrival to the surface and the concentration polarization 
can be moderated. Thus, the increasing effect of salinity 
on corrosion rate becomes important and corrosion rate is 
increased as a result of increase in solution conductivity. 
However, in Figure 6, not only we do not have the moder-
ating effect of velocity (as it is in stagnant condition) but 
also we are in the mid range of temperature that enhances 
the decreasing effect of salinity on the rate of corrosion. As 
both temperature and salinity are increased, the amount 
of soluble oxygen concentration is decreased and the rate 
of corrosion decreases accordingly.

3.5  �Simultaneous effect of pH and 
temperature

Figure 7 represents the simultaneous effect of pH and 
temperature. As presented in Figure 7, by increasing pH, 
corrosion rate generally reduces in all temperatures. The 
reason is that, at higher pH values, there is more possi-
bility of calcareous deposits formation as illustrated in 
Equations (5) to (8), which makes a reduction in the rate of 
corrosion by providing a kind of diffusion boundary layer 
on the surface of metal. In all pH values, as temperature 
grows, corrosion rate at first is increased and then gets 
down. As explained before, at first, temperature incre-
ment increases the rate of corrosion by the increase of iL 
value as Equation (2). This effect is presented in the left 
part of Figure 11. However, when the temperature passes 
the peak of curve presented in Figure 11, the reduction in 

the amount of oxygen concentration results in a decrease 
in iL value (Figure 12) and reduces the rate of corrosion 
consequently.

3.6  Simultaneous effect of pH and salinity

In Figure 8, the simultaneous effect of pH and salinity is 
presented. Considering the simultaneous effect of salinity 
and pH according to Figure 8, by increasing pH, corrosion 
rate generally decreases at all salinities because of the pH 
effect on the formation of deposit layer as described in 
Equations (5) to (8), and this result is in agreement with the 
achievements of former researchers (Hack & Guanti, 1988; 
Hartt et al., 1984; Lin & Dexter, 1988). At pH values up to 
9, corrosion rate increases as the salinity grows, similar 
to the previous studies’ trends (Melchers, 2005; Melchers 
& Chernov, 2010). The reason for this phenomenon can 
be explained through the effect of salinity on increasing 
the value of solution conductivity, which results in an 
increase in the rate of corrosion. As it is obvious in Figure 
8, the effect of salinity on corrosion rate variation is more 
significant at pH values lower than 9, but at pH 10.5, salin-
ity does not apply a noticeable effect on the variation of 
corrosion rate because, when pH increases, the calcare-
ous deposits will form on metal surface and make the 
metal less resistive to corrosion rate variation under the 
effect of salinity.

4  Conclusion
The corrosion rate variation of AISI 1045 samples is con-
sidered under the simultaneous effect of marine param-
eters in both stagnant and turbulent conditions.
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Figure 12 Effect of oxygen concentration on limiting current density (iL) and corrosion rate (Mofodi, 2004).
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In all considered cases, where velocity effect is 
studied under the combined action of a second factor, the 
graph of corrosion rate variation as a function of second 
parameter is found to follow the same trend at turbulent 
conditions (200 and 300 rpm) and these trends are totally 
different from stagnant situation. The similar trends of 
corrosion rate variation in 200 and 300 rpm happen in all 
cases that the effect of one particular parameter (salinity, 
pH, or temperature) is studied with the combined effect 
of velocity. Therefore, assigning the influence of marine 
parameters such as temperature, salinity, and pH on the 
rate of corrosion, the state of solution velocity should be 
defined because the state of velocity can completely vary 
the way of corrosion rate variation under the effect of con-
sidered factors.

The effect of simultaneous investigation of parameters 
on the corrosion rate variation of samples is very signifi-
cant. In all cases, where the results of this research vary 
from the former researches, this factor is determinant. In 
most of the past studies, the variation just originated from 
one type of the investigation. In this research, the simulta-
neous effect of parameters is considered, which is shown 
to be completely different from individual ones. In each 
case, the effect of combined action of parameters on the 
rate of corrosion shows that the individual effect of each 
factor can be cancelled out, improved, or moderated as a 
result of combined action of second factor. This is one of 

the most significant achievements of this research, which 
allows investigation of marine parameters effects in the 
condition very close to real media, while all the factors act 
and influence simultaneously.

The state of reaction (concentration polarization or 
activation polarization) plays a critical role on the cor-
rosion rate of these alloys in marine environment. Each 
considered factor can have an influence on the state of 
concentration polarization in a different manner and can 
completely change the effect of other combined acting 
parameters through shifting the state of reaction between 
activation polarization and concentration polarization. As 
an example, the effect of temperature on the corrosion rate 
is completely different in stagnant and turbulent solution, 
because the velocity can change the reaction state from 
concentration polarization to activation polarization.

To clarify the importance of simultaneous inves-
tigation of parameters’ effect versus individually, the 
simultaneously acting factors are capable of reducing or 
increasing the effect of the considered parameter. As a 
case, pH increase reduces the effect of velocity increase 
on the rate of corrosion. In contrast, as the salinity is 
increased, the effect of velocity on corrosion rate varia-
tions is accelerated.

�Received July 23, 2013; accepted September 20, 2013; previously 
published online November 16, 2013
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