Chapter 11

Electrochemical Characterization of X60 Steel
Exposed to Different Soils from South

of México

L.M. Quej, M.]J. Mireles, R. Galvan-Martinez, and A. Contreras

Abstract Physicochemical effect on the corrosion process of API X60 steel
exposed to five types of soils from south of México at different moisture content
was carried out. Two soils were collected in the state of Veracruz (clay of high plas-
ticity and silt) and three soils from the state of Campeche (clay, sand, and clay-silt).
Moisture values were determined by addition of 0, 20, 40, and 60 mL of deionized
water in a volume of 125 cm? of each soil. Physicochemical effect of the different
soils on the corrosion process of X60 steel was evaluated through electrochemical
impedance spectroscopy (EIS) and potentiodynamic polarization curves (PCs).
Effect of the damage on the coating when the steel is exposed to corrosive soils was
studied. The three more corrosive soils (clay, sand, and clay-silt) were used to evalu-
ate the corrosion behavior with a viscoelastic coating with a simulated damage. The
higher corrosion rate obtained from polarization curves for uncoated X60 steel was
found in the clay (0.379 mm/year) with 39.7 wt.% of moisture content. Steel coated
with a simulated damage indicates that the clay-silt (52.3 wt.%) was the most
aggressive soil for X60 steel (0.0029 mm/year).

Keywords X60 steel ¢ Soils » Corrosion * Electrochemical impedance spectros-
copy (EIS) » Potentiodynamic polarization curves

L.M. Quej *» M.J. Mireles * A. Contreras (P<))

Instituto Mexicano del Petréleo, Eje Central Lazaro Cardenas Norte No. 152, Col. San
Bartolo Atepehuacan, Del. Gustavo A. Madero, México 07730, México

e-mail: lquej @imp.mx; mmireles @imp.mx; acontrer @imp.mx

R. Galvan-Martinez

Unidad Anticorrosion, Instituto de Ingenieria, Universidad Veracruzana,
Av. S.S. Juan Pablo II s/n, Fracc. Costa Verde, 94294 Veracruz, México
e-mail: rigalvan @uv.mx

© Springer International Publishing Switzerland 2015 101
R. Pérez Campos et al. (eds.), Materials Characterization,
DOI 10.1007/978-3-319-15204-2_11


mailto:lquej@imp.mx
mailto:mmireles@imp.mx
mailto:acontrer@imp.mx
mailto:rigalvan@uv.mx

102 L.M. Quej et al.

11.1 Introduction

External corrosion and stress corrosion cracking (SCC) phenomena are the main
deterioration mechanism of the buried pipelines. The origin of these damages is due
to coating failure and inefficient cathodic protection, which can reduce the struc-
tural integrity of buried pipelines. To preserve the external integrity, pipeline systems
are designed and built with two protection systems: one physical (coating) and other
electrochemical (cathodic protection) that can be performed by impressed current or
sacrificial anodes.

The various phenomena that damage the external surface of pipelines are
developed in a complex process, mainly due to the heterogeneity of the soils [1].
The corrosivity of a specific soil generally is determined by soil type, moisture
content, soil resistivity, soluble ion content, pH, oxidation—reduction potential, and
the role of microorganism in the soil. Soil properties depend on soil particle size
distribution, organic content, mineralogical composition, structure and moisture
content, that all of them can change inclusive at short distances. There are some
mathematical models that use physical parameters measured in field, such as
resistivity, pH, redox potential, and level of cathodic protection, to determine the
corrosion susceptibility of pipelines [2]. The model is based upon the concept that
damage evolution is an irreversible process. These models provide general guidance
for materials selection and for the location and design of underground pipelines.

Deterioration by external corrosion in buried pipelines occurs due to formation
of corrosion cells between the metallic structure and the soil [3, 4]. The severity of
this deterioration is determined by the level of environmental corrosivity. The inves-
tigation and studies on SCC originated by the soils in the current days have become
of interest in the oil industry and for the researchers in the area of the preservation
of materials. SCC can develop in pipelines under normal operating condition when
a coating disbonded and groundwater comes into contact with the outside surface of
the pipe.

The concern with the environment is very important and a better understanding
of the soil as a corrosive agent becomes necessary to optimize the cathodic protec-
tion systems in the pipelines. Steel pipelines corrode in soil by complex electro-
chemical processes because of a different soil electrolytes nature. The corrosion
process of X60 pipeline steel using various aqueous solutions representatives of a
one type of soil has been developed [5]. As well as some SCC studies using the X60
steel have been developed [6—10]. On the other hand, some studies about mechani-
cal and environmental effects on SCC of low carbon pipeline steel in a soil were
carried out [11]. The electrochemical impedance spectroscopy (EIS) results showed
that the highest corrosion of the steel sample was obtained when the highest cathodic
over potential was applied. Corrosion phenomena are accentuated by the influence
of soil parameters such as resistivity, pH, temperature, moisture content, and chemi-
cal composition of electrolytes contained in the soil.

It was found that the presence of hydrogen in the steel changes the fracture mode,
passing from the microvoid coalescence to quasi-cleavage, accelerating the fracture
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process [11]. The non-metallic inclusions in the steel act as trap sites of hydrogen.
When a critical concentration of hydrogen is reached the crack propagates, follow-
ing a transgranular path due to the embrittlement of the steel.

Studies associated with the effect of temperature on corrosion process of carbon
steel in contact with saline soils and solutions representative of soils suggest that the
effect of depth and type of soil are relevant factors to activate the oxidation of steel
[12-14]. Some studies use different representative aqueous solutions of soils that
are in contact with metal surfaces in a particular geographical area [5, 15], which
are used for the characterization of the external corrosion process in different car-
bon steel. In this study we use directly the collected samples of soil as a corrosive
environment. The synthetic solutions of soils do not correspond to the environmen-
tal systems of all the types of soils in each geographic region and environmental
conditions. Due to the soils diversity that exist in México, this work is proposed to
use the EIS and PC to study the corrosion behavior of the API X60 pipeline with
and without coating in contact with five different soils types with different moisture
content. Two soils were collected in the state of Veracruz and three soils from the
state of Campeche in México.

11.2 Experimental

11.2.1 Steel Used

The steel sample used as working electrode was made of API 5L X60 pipeline steel
with 42 in. (106.6 cm) in diameter and 0.5 in. (1.27 cm) in thickness. Table 11.1
shows the chemical composition of this steel.

Some of the most important mechanical properties for the API X60 pipeline steel
are shown in Table 11.2.

The working electrodes for the electrochemical techniques were machined to
obtain steel plates with 2x2x 0.5 cm. The working electrode was mechanically pol-
ished up to 600 grit SiC paper, cleaned, and degreased with acetone prior to perform
the tests.

Table 11.1 Chemical composition of API X60 pipeline steel (wt.%)

C Mn | Si P S Cu |Cr Ni Nb |V Ti Al Fe
0.02 |1.57 [0.14 |0.013 | 0.002 (0.3 0.26 0.17 [0.09 |0.004 |0.014 0.046 |Bal.

Table 11.2 Typical mechanical properties of the API X60 pipeline steel

Steel YS (MPa) UTS (MPa) E (GPa) EL (%) HV
X60 467 567 201 40 201
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11.2.2 Soils Characterization

Physicochemical and electrical properties of the soils collected in the south of
México were characterized. Two soils were collected in Veracruz State and three
soils in Campeche State in México. These soils were characterized as was found in
the field, after they were prepared in lab. First the soils were dried at 60 °C for 3
days, after that the soils were subjected to grinding in order to homogenize the par-
ticle size. Subsequently, a constant volume of 125 cm?® sample of each dried and
sieved soil was selected. Then in each soil sample different volumes of deionized
water were added (0, 20, 40, and 60 mL), in order to dissolve soluble salts and other
ionic species. Subsequently, the physicochemical properties were determined again.
Thus, moisture content was determined according to ASTM D4959 [16], using a
furnace to dry the soils at 110 °C during 1 h. Redox potential was evaluated accord-
ing to ASTM G200 [17], as well as using an Ag/AgCl electrode redox potential and
pH was measured directly in the soil samples.

11.2.3 Electrochemical Evaluations

Electrochemical tests were performed in a cell of acrylic as is shown in Fig. 11.1. Steel
plates with 1.13 cm? of total exposure area from API X60 steel were used as working
electrode (WE); a graphite rod was used like the auxiliary electrode (AE); a saturated
calomel electrode (SCE) as the reference electrode (RE). API X60 steel samples were
exposed to the five soils and it was evaluated by EIS and potentiodynamic polarization

POTENTIOSTAT

Fig. 11.1 Experimental setup used to carry out the electrochemical tests
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curves (PCs). The impedance spectra were performed in the frequency range of
10 kHz-10 mHz with an amplitude of 10 mV, recording ten points per frequency
decade. Potentiodynamic polarization curves were recorded at sweet rate of 0.001 V/s
and the polarization potential range used was +0.3 referred to E,,. Electrochemical
evaluations with samples uncoated and coated with a Potentiostat—Galvanostat were
carried out. Samples were coated with a viscoelastic polymer. The coating has a
mechanical damage around 0.3 cm in diameter (0.282 cm? exposure area).

11.3 Results and Discussion

11.3.1 Microstructure of the Steel Used

The API X60 steel microstructure consisted of fine pearlite and ferrite with a grain
size around 10-15 pm as is shown in Fig. 11.2. Low carbon steels tend to have a
ferrite—pearlite structure containing little pearlite in the grain boundaries mainly. In
addition, some globular inclusions containing Mn, S, and Al were observed. It is
important to point out that the inclusions are considered as preferred locations for
corrosion initiation sites or propagation of pre-existing defects [6-8, 11].

11.3.2 Physicochemical Characterization of the Soils

Figure 11.3 shows images of the five soils collected in south of México. Two soils
were collected in the state of Veracruz (clay of high plasticity and silt) and three
soils from the state of Campeche (sand, clay, and clay-silt). As can be noted, the
soils present colorations and particle size different, which could be associated with
changes in the physicochemical properties.

Fig. 11.2 Typical microstructure of API X60 steel obtained by (a) optical microscopy, (b) scan-
ning electron microscopy
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Soils from Veracruz

Clay Silt

Soils from Campeche
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Fig. 11.3 Images of the physical view of the soils studied

Table 11.3 shows the physicochemical properties of the soils measured in field
directly (0 wt.% of water added) and the properties after 20, 40, and 60 mL of water
added. Table 11.3 presents the values of moisture, pH, redox potential, and geo-
graphical location of the five soils collected in southern México. The soils evaluated
in field show that the moisture content was highest in the clays.

After measurements of the physicochemical parameters of the soils under field
conditions (0 wt.% water added), the samples were dried and grinded in order to
sieve to have a particle size more homogeneous. From these soils was took 125 cm?
of each soil and was added 20, 40, and 60 mL of deionized water and again physi-
cochemical parameters were measured. The results of these measurements are
shown in Table 11.3. Each type of soil absorbs different amount of water. It is
observed that most of the soils from the state of Campeche have near neutral pH;
soils obtained from Veracruz have pH values with acid trend. The clay from
Campeche (Clay-C) provides the maximum value of redox potential (—411 mV) and
moisture of 20.35 wt.%. This indicates that the clay should act as real ionic conduc-
tor and its behavior could affect metal oxidation.

The moisture, pH, and redox potential presented in Table 11.3 show the
complexity of physicochemical phenomena that provide the soils when they are
subjected to the presence of water, which indicates that this variation significantly
affects the coating and consequently corrosion process of steels.
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Table 11.3 Physicochemical properties of the soils measured in field (0 wt.% water added) and
measured in laboratory (adding 20, 40, and 60 mL of water)

Water Moisture Redox potential
Soil Location added (mL) | (wt.%) pH | (mV vs Ag/AgCl)
Clay of high Near to Zapoapita 0 7.02 6.5 |-253
plasticity town (Veracruz) 20 12.22 6.65 | -356
(CHP-V) 40 3211 669 =357
60 40.75 6.75 | =366
Silt (Silt-V) Near to Coatzacoalcos | 0 343 55 |-9.35
river (Veracruz) 20 21.11 6.11 |-288
40 29.45 5.62 |-375
60 36.49 5.35 |-399
Sand (Sand-C) Near to the coast 0 0.08 6.8 |-3.65
of (Campeche) 20 9.82 6.79 | =350
40 12.80 7.05 | -393
60 24.92 7.27 | -409
Clay (Clay-C) Near to highway 0 3.63 6.4 |-50
Campeche to Mérida 20 20.35 6.22 | —411
(Campeche) 40 2785 |7.06 | -332
60 39.71 7.67 | =297
Clay-Silt (CS-C) | Near to highway 0 5.48 72 |-120
Campeche to Mérida 20 21.04 721 | =319
(Campeche) 40 2742 735 |-308
60 53.12 7.75 | =301

11.3.3 Corrosiveness of the Soils Analyzed by EIS

Figure 11.4 shows the Nyquist plots obtained for X60 steel exposed to the five types
of soils at the maximum water content added. This figure shows that the X60 steel
is susceptible to corrosion in these soils. It is important to point out that the
impedance spectra were fitting by a simple equivalent electric circuit. According to
this it is possible to say that the corrosive effect of soils is as follows:
Clay-C>Sand-C>CS-C>Silt-V>CHP-V.

The lowest resistance values correspond to Clay-C and the highest resistance
values correspond to CHP-V. This behavior indicates that the corrosion rate (CR) of
the X60 pipeline steel is more aggressive in Clay-C than other soils. It is important
to point out that the impedance spectrum corresponding X60 pipeline steel in sand
of Campeche (sand-C) presents an inductive loop, which it can be associated with
the film adsorbed on surface steel. The solution resistance (R;, or conductivity of the
soil) in Silt-V and CHP-V is really affected because the values of these R are high.
This behavior should be attributed to the low concentration of salts in the soils, for
that reason they are poor ionic conductors and consequently the CR of the pipeline
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Fig. 11.4 Nyquist plots obtained for X60 steel exposed to the five soils at the maximum moisture
content

steel decreased. In addition, two time constants are possible to observe in these
soils, where the time constant at low frequency is attributed to the charge transfer
resistance and at high frequency is attributed to the transfer of the oxygen through
of the soil.

11.3.3.1 Effect of Moisture Content on Soils

In order to get a better analysis of the soils corrosion on the X60 steel, a depth analysis
of the most aggressive soil (Clay-C) was carried out. Figure 11.5 shows the imped-
ance spectra of the X60 steel exposed to Clay-C at three moistures content. It is
important to note that the electrochemical phenomenon of Fig. 11.5 reveals the
complexity of corrosion process in steel. Because the clays behave as ionic conduc-
tors in presence of water, but when the water begins to evaporate (low humidity),
this soil will probably not permit the flow of current cathodic protection. In field,
this phenomenon could be dangerous because dry clay does not allow adequate
cathodic protection, however, when the clay changes from dry to wet clay, it could
cause an over potential that would harm the coating and anode beds.

In Fig. 11.5 it is possible to observe that the highest values of real and imaginary
impedance for the X60 exposed to Clay-C corresponding to 20.35 wt.% of mois-
ture, this fact indicates that at this moisture, the corrosion rate is low, may be attrib-
uted to the soil resistance that limited the corrosion process. However, the moisture
value of 39.71 wt.% in the clay activates the corrosion process due to low imped-
ance values.



11 Electrochemical Characterization of X60 Steel Exposed to Different Soils... 109

1.00E+008
o 20.35wt.%
o 27.85wt.% | Moisture

(\IE +  39.71 wt.%

G 7.50E+007 |-

a

3 o
[ o

o]

@ 5.00E+007 °

g - ’ i ° 1200

= ° 5 © 27.85%

> i 1000

= "~ + 39.71 %

g 9 & 800

— ©

=] 9 B 600

@ 2 50E+007 | ° g

g é 400 00%9%0,

' S 200

£
" 09 200 400 600 800 1000 1200 1400
Real impedance, Q. cm?
1 L 1

0.00E+000 2.50E+007 5.00E+007 7.50E+007 1.00E+008
Real impedance, Q. cm?

Fig. 11.5 Nyquist plots obtained for X60 exposed to Clay-C with different moisture content

11.3.3.2 Effect of Coating

The underground pipelines are protected by two forms, one mechanical barrier with
a coating and the other electrochemical with galvanic anodes or impressed current.
However, there is a high probability of finding damages on the coating with differ-
ent geometry and morphology (by mechanical damage, bad application or degrada-
tion). For that reason it is useful to understand the effect of the damage on the
coating when the steel is exposed to a corrosive soil. Thus, were selected the three
more corrosive soils (Clay-C, CS-C, Sand-C) to carry out electrochemical evalua-
tions and study of the corrosion process on X60 pipeline steel. Plates from X60 steel
were coated and, one damage on the coating was produced (0.3 cm in diameter)
prior to electrochemical assessment. The EIS spectra were obtained after X60 steel
was exposed 30 days to the soils.

Impedance spectra obtained for X60 steel coated with a commercial coating
exposed to the three soils from Campeche are shown in Fig. 11.6. In this figure it is
possible to observe that X60 steel is more susceptible to corrosion when it is exposed
to CS-C. It is important to mention that the electrochemical phenomena shown in
these curves are associated with the response of the induced damage area. Thus,
considering the defect on the coating has the same area, the electrochemical changes
are attributed to the damage and the loss of the coating adherence due to the pres-
ence of these types of soils, so the coating causes different type of corrosion forms
likely pitting and crevice corrosion.
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Fig. 11.6 Nyquist plots obtained for X60 steel coated, with a damage exposed to the three soils
from Campeche at the maximum moisture content (after 30 days in soils exposure)

11.3.3.3 Quantitative Analysis of EIS Spectra

In order to carry out a quantitative analysis of the impedance spectra, an adjustment
of the experimental data was performed by means of equivalent circuits and the
program nonlinear least squares fit of Boukamp [18]. Due to the existence in the
majority of the spectra of at least a semicircle, for adjustment of the experimental
data an equivalent circuit of a single time constant R, (R, Cgp.) Was used, where R;
is the resistance associated with the conductive properties of soil used, R is the
charge transfer resistance, and Cgpy is the capacitance associated with the electrical
double layer. The capacitance values shown in Table 11.4 for the properties of the
electric double layer were calculated using Eq. (11.1) [19, 20]:

C:@ (11.1)

It is known that depending on the value of capacitance, the active area of the
metal is changed [18]. The capacitance assessment (C) was carried out in function
of the area (A), charge (q), the dielectric constant (¢), the disturbance voltage (E),
and the spacing between the parallel flat plates as described in Eqgs. (11.2) and
(11.3), where C; is the capacitance value of an i (pUF) system; ¢, is the vacuum
dielectric constant (8.85x 107 F cm™); ¢; is the dielectric constant of the i system;
A and ¢ correspond to the area and thickness; dg is the change of the charge
(Coulomb); dE is the change in potential (Volts).
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Table 11.4 Resistance and capacitance values for X60 steel exposed to soils at different moisture
content

Soil Moisture content (wt.%) R, (Q) Ry (Q cm?) Cepr (pF/cm?)
CHP-V 12.22 2,397 7,632 1.39
32.11 1,465 2,641 114.21
40.75 1,559 3,223 98.24
Silt-V 21.11 16,466 29,888 3.57
29.45 15,737 2,887.4 3.51
36.49 1,335 790.02 124.77
Sand-C 9.82 2.141 M 1.8985 G 8.383 nF
12.80 5,391 64.189 M 8.401 pF
24.92 65.253 529.8 585.04
Clay-C 20.35 1.5261 M 5.6134 M 2.835 pF
27.85 104.29 1,139 36.119
39.71 30.16 371.78 282.58
Cs-C 21.04 152,620 9.8428 M 51.89 nF
27.42 634,640 89.61 M 47.47 nF
53.12 100.7 572.27 247.82

M mega, G giga, n nano, p pico

£,6.A
C =| i 11.2
; [ 5 ] (11.2)
5SC=[EJZS (11.3)
dE

If the charge transfer properties retain the same value ¢, then the next analysis
is carried out:

If R, is high, then Cgp, is low
If R, is low, then Cgp, is high

This indicates that a greater charge transfer resistance (R,,) a lower contribution
of Cis generated, indicating the existence of a lower electrochemical activity in the
electrical double layer and a suitable electric field oriented in the steel-soil inter-
face, which control the corrosion process. The greater value of C indicates a greater
corrosion due to a lower contribution of the charge transfer resistance in the steel—
soil interface.

Table 11.4 shows the values of the electrical parameters obtained by the best fit
of the experimental data obtained from the X60 steel exposed to the five soils.
According to this table it is observed that X60 steel is more susceptible to corrosion
in Clay-C with R.,=371.78 Q cm? at a moisture content of 39.71 wt.%. While Cgp,
values associated with faradaic charge transfer on the Steel Surface indicate that
corrosiveness of X60 steel is in the following order: Sand-C, Clay-C, CS-C, Silt-V
and finally CHP-V.
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Fig. 11.7 PCs obtained for X60 steel exposed to the five soils at the maximum moisture content
11.3.4 Polarization Curves for Uncoated Steel

Figure 11.7 shows polarization curves obtained for X60 steel exposed to five soils
studied at maximum moisture content (adding 60 mL of deionized water). In this
figure, it is observed that in all PCs of the X60 steel samples, the anodic branches
have high slopes. This behavior indicates that the oxidation reaction (charge transfer
polarization) is influenced by a mass transfer process; it is attributed to the wet soil
adsorbed on surface of the steel samples. On the other hand, the cathodic branches
in all PCs have high slopes too. This fact indicates that a diffusion process also
influenced in the cathodic reaction. According to the behavior observed in the PCs
it is possible to mention that the corrosive effects of each soil are in the following
order: Clay-C>CS-C>Sand-C>Silt-V>CHP-V.

The electrochemical responses in the qualitative analysis show that there are at
least three types of soils those are corrosives to steel, these are the soils from
Campeche. Furthermore, it is well known that the external surfaces of the buried
steel pipeline often are exposed to different environmental conditions that may
change the corrosiveness of the soils.

11.3.4.1 Quantitative Analysis of PCs

Table 11.5 shows the corrosion rates values obtained from polarization curves for
X60 steel exposed to saturated soils (Fig. 11.7). From these results it is observed
that X60 steel is more susceptible to corrosion in Clay-C with a corrosion rate of
0.3796 mm/year; followed by CS-C (0.3475 mm/year), Sand-C (0.3013 mm/year),
Silt-V (0.2700 mm/year), and finally the CHP-V (0.1813 mm/year).
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Table 11.5 Corrosion rates values obtained from polarization curves
of the X60 steel exposed to soils at the maximum moisture content

Soil Moisture content (wt.%) CR (mm/year)
CHP-V 40.75 0.1813
Silt-V 36.49 0.2700
Sand-C 24.92 0.3013
Clay-C 39.71 0.3796
CS-C 53.12 0.3475
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Fig. 11.8 Potentiodynamic polarization curves obtained for X60 steel coated, with a damage
exposed to the soils from Campeche at the maximum moisture content (after 30 days in soils
exposure)

The qualitative and quantitative analyses show the complexity of the corrosion
process of steels in soils, because each type of soil has different physicochemical
properties, such as color, pH, redox potential, corrosion potential, particle size, ions
and moisture retention, which must be considered in electrochemical assessment.

11.3.5 Polarization Curves for Coated Steel

Figure 11.8 shows potentiodynamic polarization curves obtained for X60 steel
coated with a viscoelastic polymer having a simulated damage and exposed to three
soils from Campeche at maximum moisture content (adding 60 mL of water).
The clay-silt has a greater retention of water (52.3 wt.%) due to the physicochemical
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Table 11.6 Physicochemical parameters and corrosion rate for X60 steel coated, with damage
exposed to the soils from Campeche at the maximum moisture content (after 30 days)

Moisture Redox potential E..
Soil content (wt.%) (mV vs Ag/AgCl) pH (mV vs ECS) CR (mm/year)
Sand-C 25.1 -305 6.53 -876.55 0.000198
Clay-C 334 -280 7.47 -742.14 0.000246
CS-C 52.3 -285 7.21 —-1,006 0.002951

properties [19, 20]. In addition, this type of soil increases the current values in the
branch of the anode and cathode, respectively. This behavior suggested that the
CS-C is more corrosive than Sand-C and Clay-C for the X60 steel. It is important to
mention that the anodic branches for the X60 steel in the three soils have slopes that
belong at not pure charge transfer process. It is to say, a passivation process is influ-
enced in the oxidation reaction of the X60 steel corrosion. It is important to point
out that the anodic branches also have a slight decrease in the value of the oxidation
current of about 100—120 mV from E., then after these potential values is observed
a significant increase in the current response. The slight decrease in current indi-
cates that the formation of corrosion products and the wet soil absorbed on surface
of the steel could have produced a passivation behavior that it can have limited the
charge transfer between the steel-coating-soil. In addition, the cathodic branches
show the contribution of the diffusion process overall in the CS-C soil.

11.3.5.1 Quantitative Analysis of PCs for Coated Steel

Table 11.6 lists physicochemical parameters and corrosion rate obtained from polar-
ization curves for X60 steel (Fig. 11.8) exposed to the soils from Campeche after 30
days. It is observed that the X60 showed the biggest corrosion rate when is exposed
to CS-C, which corroborates with the impedance diagrams of Fig. 11.6. It is
observed that Clays in general are more corrosive soil and probably modify the
properties of adhesion of the coating to the metal. It is observed that the same coat-
ing on the steel acts different, it could be that the different soil modifies its adhesion
properties changing the exposure area and the corrosion process, demonstrating the
complexity of the corrosion process of steel in contact with different soils even with
the presence of coatings.

11.4 Conclusions

Physicochemical effect on the corrosion process of API X60 steel exposed to five
types of soils from south of México at different moisture content was carried out.
The soils evaluated have different water retention and each soil has a moisture con-
tent in which the corrosion process is more active. The greater corrosion rate, do not
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belong necessarily in saturated soils. The higher corrosion rate obtained from
polarization curves for uncoated X60 steel was found in the Clay-C (0.379 mm/
year) with 39.7 wt.% of moisture content. Steel coated with a simulated damage
indicates that the Clay-Silt (52.3 wt.%) was the most aggressive soil for X60 steel
(0.00295 mm/year). These results are agreed with the results obtained by EIS.
In addition, it is important to point out that a not pure charge transfer process is
developed in the corrosion of the X60 steel; it is to say, a diffusion process influ-
enced the activation corrosion process. The results suggest the use of EIS and PC in
the cathodic protection study is a really important tool for the analysis of the corro-
sion process in underground pipelines at different stages of season of the year (dry
and rainy), due to the cathodic potential variations in different types of soils and
different moisture contents.
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