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Abstract
Some operating buried transmission pipeline systems will develop unforeseen surface corrosion. Elec-

trochemical corrosion behavior of low carbon line pipe steel in NS4 soil test solution has been investigated
by EIS method. Corrosion phenomenon is accentuated by influence of such soils parameters as specific
resistance, pH, temperature, moisture content and chemical composition of electrolytes contained in soil.
Results showed that steel corrosion increases considerably at acidic pH environments. Corrosion current
density increases with temperature in the range from 20 to 60°C. The associated activation energy has been
determined. Impedance curves showed that the charge transfer resistance (Rt) increases with increasing
immersion duration. Parameters such as corrosion current density (Icorr), polarization resistance (Rp), soil
specific resistance (ρ) can serve as the parameters for evaluation of soil corrosiveness.

Introduction

Natural gas transport reliability depends on soil
environment and choice of pipeline material. The life
of a potentially corrosive pipeline structure depends
on choice of material or method of surface treatment
that will avoid damage by corrosion. Important bur-
ied tubes network has been constructed since 40 years
and has been developed through the world and also
methods of steel protection. Tubes diameter and op-
erating pressure increased progressively. The search
for always increasing gas pipeline profitability has
led to the development of high-strength and high-
toughness pipelines steels and to avoid any increase
of tubes thickness. Such materials may be obtained
by different metallurgical ways as Thermo Mechani-
cal Controlled Process (TMCP). Two kinds of mi-
crostructure have been chosen: pearlitic-ferrite steels
or bainitic-ferrite steels. More than 90% of pipeline
steels are currently High Strength Low Alloys Steels
(HSLA) [1].

In Algeria more of 1500 km of steel tubes in dif-
ferent diameters are exploited. Carbon steels of
weakly allied C-Mn type as X60 of GZ1 line pipe in
Algeria are protected from the external aggressions
by bituminous coating whose action is coupled with

a cathodic protection system with a minimum speci-
fied potential of 850 mV (Cu/CuSO4). Unfortunately,
corrosion and cracking problems still can occur in
the system under certain conditions. External corro-
sion pits and cracking phenomena are the main dete-
rioration mechanism under coating failure and ca-
thodic protection (CP) that can reduce the structural
integrity of buried gas transmission pipelines. Steel
tubes have been exploited for thirty years. They
present today several anomalies characterized by the
interaction of material with soil environment accen-
tuated by the bacterial activity. Most of these prob-
lems do not cause ruptures, but they can produce
leaks. Corrosion behavior of low carbon steel line
pipe alloys in soil environment under protection fail-
ure motivates our research. The objective is to bring
a better comprehension of damage mechanisms and
to reduce steel failures in service. The determina-
tion of soil corrosivity parameters for steel materials
in soil is very important for the integrity of gas trans-
mission pipeline systems. The physicochemical pa-
rameters of soil, including specific resistance (ρ),
redox potential (E), pH, salt and moisture content
can be determined quickly to estimate soil corrosive-
ness. However, the relationship between soil corro-
siveness and physicochemical parameters is very
complex; therefore, the soil corrosiveness appraised
by these parameters is often unreliable. Further de-
velopment of existing methods for the study of soil
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corrosiveness is essential. The electrochemical pa-
rameters such as corrosion current density (Icorr) and
polarization resistance (Rp) can serve as the parame-
ters for evaluation of soil corrosiveness with accura-
cy and ease. Electrochemical impedance spectros-
copy (EIS) was carried out to study the mechanism
of soil corrosion.

In zones where steel pipeline are damaged, sampl-
es of corroded C–Mn steel and no corroded one have
been studied by micro analytical techniques micro-
analysis. Micrographic analysis has been conducted
by scanning electronic microscopy (SEM). Elemen-
tal composition of the samples was determined by
spark emission spectroscopy. Electrochemical measu-
rements, polarization and impedance spectroscopy
(EIS) were carried out by means of potentiostat equip-
ment. Electrolytic test solution was chosen according
to results obtained of GZ1 environment soil electrolytes.

Line pipe steel

Carbon steel line pipe of weakly allied C–Mn type
for use in gas transmission is manufactured accord-
ing to the specified chemical composition and me-
chanical parameters. Line pipe is manufactured from
a variety of materials including carbon steel and cor-
rosion resistant alloy. Carbon steel, although suscep-
tible to corrosion, is widely used because of its low
cost, high strength and ease of field makeup by weld-
ing. The successful use of low carbon steel line pipe
relies on appropriate design allowances and corro-
sion controls. Carbon steel line pipe is manufactured
to the (API) 5L specification covers grade X60 and
others grades (Table 1). It has a specific set of me-
chanical parameters including: yield strength, ten-
sile strength and toughness that pipes must comply
with. Chemical composition is specified as maximum
limits of four elements, i.e. carbon, manganese, phos-
phorus and sulphur. Composition and microstructure
can vary significantly between pipes. These varia-
tions result in substantial differences in corrosion
performances of steel line pipe in a corrosion regime.

GZ1 Tubes diameter of 40 inches and a fine pearli-
tic-ferritic microstructure have been manufactured in

Algerian Annaba factory steel controlled lamination
and accelerated cooling. The refinement of ferritic
grain size has been obtained by different mechanisms
of hardening and precipitation based on the disloca-
tion movement that increases elasticity limit and steel
tenacity. Hall-Petch laws [2] have since been veri-
fied experimentally and explain the hardening in-
duced by a reduction in the ferrite grain size.

σy = σ0 + Ky / d
where σy – elasticity limit; σ0 – sum of hardening
stresses based on the dislocation movement; Ky –
constant expressing the grain size effect; d – size of
ferrite grain.

Soil corrosiveness

Soil is a complex material, porous, heterogeneous
and discontinuous environment constituted by min-
eral or organic solid phase, water liquid phase, air
and others gas phase. Steel pipelines corrode in soil
by complex electrochemical processes because of a
different soil electrolytes nature. It is necessary to
examine every particular site to explain the corrosi-
on mechanisms models.

There are numerous factors that influence on soil
corrosion, such as soil type, moisture content and
position of the water table, soil specific resistance
and soluble ion content, soil pH, oxidation-reduc-
tion potential and the role of microbes in soil corro-
sion. Soil properties depend on soil particle size
distribution, organic content, mineralogical compo-
sition and structure. Soil profiles are developed from
parent materials in response to factors that associ-
ated with climate.

Mineral composition is a key to understanding
how soil can influence on corrosion of buried steel.
Among the most clay are common minerals on earth.
Most clay has notable plasticity when wet and marked
ability to adhere to surfaces. Physically, clays of the
montmorillonite group such as bentonite can radi-
cally change volume through dehydration/rehydra-
tion or ion exchange. This shrinking and swelling
can exert force on structures buried in montmorillo-

Table 1
X60 steel elemental composition

)%(,C Mn )%(, )%(,P )%(,S )%(,rC Ni )%(, )%(,oM )%(,V Cu )%(, Al )%(,

991.0 95.1 610.0 810.0 510.0 700.0 800.0 400.0 420.0 420.0

(1)
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nite rich soils leading to potentially detrimental con-
sequences. Coarse silica sands tend to be relatively
permeable, well drained, and inert. Dissolved carbo-
nate will buffer the solution in the neutral to alkaline
pH range. Exposure of this saturated solution to steel
surfaces rendered alkaline by electrochemical reacti-
ons induced by effective cathodic protection system
will precipitate hard white carbonate scales on the
metal surface that can involve corrosion problems.

The measurement of weight loss and pit depth of
buried coupons and the physicochemical parameters
of soil have been the main methods of evaluating
soil corrosiveness. [3] Weight loss is the most im-
portant parameter for determining soil corrosiveness,
but it takes long time to obtain weight loss data. The
physicochemical parameters of soil, including spe-
cific resistance (ρ), redox potential (E), pH, salt and
moisture content can be quickly determined to esti-
mate soil corrosiveness. However, the relationship
between soil corrosiveness and physicochemical
parameters is very complex; therefore, soil corrosive-
ness appraised by these parameters is often unreli-
able. Further development of existing methods for
the study of soil corrosiveness is essential. The elec-
trochemical parameters such as corrosion current
density (Icorr) and polarization resistance (Rp) can
serve as the parameters for evaluation of soil corro-
siveness with accuracy and ease. Electrochemical
impedance spectroscopy (EIS) was carried out to
study the mechanism of soil corrosion. The likely
rate of underground corrosion can be assessed in
terms of the soil pH, specific resistance, tempera-
ture, and redox potential. A number of probes have
been developed for field measurements of these pa-
rameters. Authors [4-5] reported the development of
new soil corrosiveness probe that be could used to
measure not only corrosion current density and cor-
rosion potential of metals in soil, but also parame-
ters of soil.

Materials and Methods

A line pipe samples cover grade X60 within the
API-5 L specifications, were obtained from pipe
SONATRACH Algerian gas producer’s society.
Materials have been chosen as representative of tubes
posed on the line in 1974 which corrosion pits and
corrosion cracks were detected. Samples were cut
by flame – cut from the pipes walls and the test cou-
pons were then cut from these sections by wet saw-
ing. The cutting process was chosen, as it does not

alter the microstructure and corrosion test at the cou-
pon surface, due to its low heat input and the ab-
sence of mechanical damage.

Samples of metallographic analysis have been
prepared as follows: three sections were cut from
each sample of line pipe; one section was cut with
bituminous coating and mounted in epoxy resin for
metallographic analysis. The three sections were
from different planes within the sample; these were:
axial-radial, axial-tangential-radial-tangential. This
sampling method was used to provide a better as-
sessment of three-dimensional microstructure than
could be obtained with only one section. The
mounted sections were polished by emery paper of
600-3000 grit and etched with 2% nital before being
examined and scanned with a JSM 5300 scanning
electronic microscope. (SEM)

Elemental composition of the samples was deter-
mined by spark emission spectroscopy. Measured
values were compared to values quoted in the mate-
rial test certificates.

For electrochemical measurements, pre-treatment
of steels samples surfaces was carried out by grind-
ing with emery paper of 600-1200 grit, rinsing with
bidistilled water, and ultrasonic degreasing in etha-
nol and dried at room temperature before us. All tests
have been performed at 30±1°C.

Test solution was chosen according to results ob-
tained of soil electrolytes analysis in three sites,
which revealed bicarbonate, chlorides and sulphates
presence in different proportion. Soil extract was
prepared according to AFNOR French norm A-
05.250 P.278. The chemical composition of GZ1 soil
is given in Table 2.

Li en
Sites

Mas (,s mg/ )l

aC +2 Mg +2 K+ Cl- OS 4
-2 OCH 3

-

S1 06.49 65 6.7 9.67 637 711

S2 69.81 44.61 7.11 33.74 4.854 381

S3 - - 6 8.7 47 812

Table 2
Chemical composition of soil in three GZ1 line sites

Si is the considered GZ1 line sites. Soil excava-
tions [6] determined some synthetic solutions named
NS1 to NS4. The chemical composition is described
in the following Table 3. The soil chemical compo-
sition shows that the principal electrolytes contained
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in pipe soil environment are variable proportions of
carbonates and bicarbonates according to line sites
and quantities of chlorides and sulphates.

Square sheet steel of size (5×5×0.06 cm3), which
exposed a 7.88 cm2 surface to the test solution, was
used as the working electrode.

Soil corrosiveness parameters were determined
on GZ1 line environment. Soil specific resistance (ρ)
was determined according to humidity values. The
moisture content was determined by weight loss mea-
surements. One weighs earth sample is dried in dry-
ing oven 105°C during 24 hrs. The weight difference
between earth samples before and after evaporation
is regarded moisture content determined as the eva-
porated water mass. This method is not precise and
does not give a constant weight after earth sample
evaporation.

Results and Discussions

Metallurgical microstructure

X60 steel presents microstructure of ferrite-pearli-
te type. The size of grain is on average 5 to 10 µm. A
microstructure in tapes is observed on the internal
surface. Low carbon steels tend to have a ferrite-pear-
lite structure containing little pearlite. In the higher
strength steels the carbon tends to be present in the
form of discrete carbides rather than as pearlite.

Chemical composition is specified as maximum
limits of four elements, i.e. carbon, manganese, phos-
phorus and sulphur. Carbon steel contains a negligi-
ble quantity of sulphur forming manganese sulphide
inclusions (MnS) on grains boundaries. These inclu-
sions are oriented in the direction of lamination and
support steel embrittlement (Fig. 1).

The corrosion exposure tests show no direct corre-
lation between elemental composition and corrosion
resistance. One reason for this is that any significant
differences in chemical composition are accompani-
ed by a significant difference in the microstructure
of the alloy. This makes it difficult to isolate effect
due to individual element or combination of elements.

Steel microstructure with bitumen coating shows
that adhesion surfaces metal coating are weakened
after exposure soil corrosiveness. This phenomenon
is characterized by the apparition of coating cracks
and pockets of water retained providing the opportu-
nity for corrosion to develop.

Polarization curves

The anodic and cathodic polarization curves are
recorded on low carbon steel in de-aerated NS4 soil

Comp so ition
m( g/ )L

D ne omin ta ion

SN 1 SN 2 SN 3 SN 4

lCK 941 241 73 221

OCHaN 3 405 1301 955 384

lCaC 2⋅ H2 2O 951 37 8 181

OSgM 4⋅ H7 2O 601 452 98 131

Table 3
Composition of NSi synthetic electrolytic solution of soil

NS4 synthetic electrolytic solution was selected
as test solution and aggressive solution for electro-
chemical measurements. The pH of NS4 synthetic
electrolytic solution is ranged between 8 and 8.5 pH
measurements raised on the line showed values rang-
ing between 6.5 and 8.5. This low value for tubes
submitted to a cathodic protection and generating of
alkalinity by ions hydroxyls is explained by CO2 dis-
solved in the electrolyte. In Laboratory, a bubbling
of CO2 gas in aqueous solution would permit to ad-
just pH medium to pH ≈ 6.7

Electrochemical measurements were carried out
by means of Tacussel-Radiometer PGZ 301 equip-
ment. Polarization equipments were carried out in a
conventional three electrodes glass cell with a plati-
num counter electrode and a saturated calomel elec-
trode (SCE) as reference with lugging capillary
bridge. All tests have been performed in de-aerated
solutions under stirred conditions at room tempera-
ture. Electrochemical cell used and polarization mea-
surements were the same as described in paper [7].
The potentiodynamic polarization curves were re-
corded by a constant sweep rate of 0.5 mV⋅S-1. Befo-
re recording the polarization curves, the open-circuit
potential was stable within 30 min. The cathodic
branch was always determined first, the open-circuit
potential was then re-established and the anodic
branch determined.

Electrochemical impedance spectroscopy (EIS)
measurements were performed using Tacussel-Radio-
meter PGZ 301 frequency response analyzer in a fre-
quency range of 105-10-2 Hz with 10 points per decade

Impedance equipment is controlled by tacussel
corrosion analysis software model voltamaster 4.
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test solution at various pH and temperatures that
simulates conditions of pipe soil environment.

pH influence

Polarization curves in the pH range 6-8 are shown
in Fig. 2. The polarization parameters values of (Icorr),
corrosion potential (Ecorr), polarization resistance and
cathodic and anodic Tafel slopes (bc), (ba) are given in
Table 4. For corrosion potential value (Ecorr = -660 mV),

Potential, V
-0.8 -0.6 -0.4 -0.2 0-8

-7

-6

-5

-4

L
og

 I

Fig. 1. Microstructure of X60 line pipe steel of ferrite-pe-
arlite type. 1a – microstructure in grains on external sur-
face; 1b – microstructure in tapes on internal surface; 1c –
microstructure with bitumen coating shows weak adhesion
surfaces metal coating are after exposure soil corrosive.

the corrosion of low carbon pipeline steel in soil test
solution is obtained.

-6.5

-5.5

-4.5

-3.5

-900 -800 -700 -600 -500 -400
Potential, mV

Lo
g 

I

Fig. 2. Potentiodynamic polarization curves of X60 low
carbon micro allied steel in NS4 test solution of soil envi-
ronment at 30°C: a – curve in solution of pH ≈ 8.0; b –
curve in solution of pH ≈ 6.7.

Results of polarization curves show that the corro-
sion of iron as a function of pH increases consider-
ably at acidic environments. If values of pH decrease
toward the neutral or acidic pH in the range 6-7, steel
corrosion increases and polarization resistance de-
creases. In alkaline pH from pH ≈ 8, the corrosion of
steel decreases and polarization resistance increases.

The pH of soil will generally fall within the range
4-10. Soils containing well-humified organic matter

Hp E roc r ,SCE/
Vm

I rroc ,
µA⋅ mc 2-

bc,
Vm ⋅ ced 1-

ba,
Vm ⋅ ced 1-

Rp,
k ⋅Ω mc 2

7.6 4.096- 686.62 5.574 5.861 15.1

5.7 0.095- 971.01 0.352 3.011 93.4

0.8 0.056- 731.30 0.771 4.091 78.6

Table 4
Polarization parameters for the corrosion of low carbon
steel in soil test solution according to the pH variation

in the range 6-8
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tend to be acidic. Mineral soils can become acidic
due to leaching of basic cations (Ca2+, Mg2+, Na+ and
K+) by rainwater and as the result of dissolving of
carbon dioxide into the groundwater.

In the context of steel corrosion in soil, passiva-
tion occurs at high pH values. In contrast to iron,
amphoteric metals, such as aluminum, which are pro-
tected by oxide films, can be rapidly corroded in al-
kaline soils with high pH values as well as in acidic
environments.

Authors [9] developed a monogram that combined
the influence of specific resistance and pH on the
corrosion rate of steel pipe in soil but cautioned that
the figure should only be used as a guide. The mono-
gram ignores the influence of both oxidation-reduc-
tion potential and microbial activity, key parameters
in underground corrosion. It may be applied to the
prediction of corrosion rates in aerobic conditions.

Temperature influence

Gas pipelines operation shows that the temperatu-
re vary between seasons, or the climatic changes and
can modify the interactions between steel and the
middle environment in soil. Temperature effect on
the steel resistance corrosion was carried out using
potentiodynamic measurements. Polarization curves
in the temperature range 20-60°C are shown in Fig.
3. Polarization parameters values: corrosion current
density (Icorr), corrosion potential (Ecorr), cathodic Ta-
fel slopes (bc) and polarization resistance (Rp) are
given in Table 5.

The temperature can modify the interaction be-
tween steel electrode and the electrolytic medium. It

modifies the electrochemical corrosion speed of
metals. Steel corrosion is a function of pH and tem-
perature. In neutral pH, oxygen reduction reaction
and diffusion speed are favorable reaction with tem-
perature and causes a reduction in solubility. In acidic
pH, corrosion speed grows in exponential form with
the temperature because of the over tension reduc-
tion of hydrogen release.

In the studied temperature range, the corrosion
current density increases with increasing tempera-
ture and the steel corrosion potential moves towards
the negative values when the temperature increases
in the studied solution. The anodic polarization
curves present parallel Tafel straight lines indicat-
ing that the hydrogen reduction reaction to steel surfa-
ce is always done according to activation mechanism
in all the temperature range studied.

Results of temperature effect show that the cor-
rosion current density increases with increasing tem-
perature in corrosive test solution.

The corrosion reaction can be regarded as an Ar-
rhenius-type equation; the rate is given by the follow-
ing equation:

log Icorr = -Ea/2.303 RT + k
where k is the Arrhenius pre-exponential constant,
and Ea is the activation corrosion energy for the cor-
rosion process. Figure 4 present the Arrhenius plots
of corrosion current logarithm density vs. 1/T. The
corrosion current density values according to the tem-
perature are given in Table 6.

The Ea values were determined from the slopes
of Arrhenius plots and are calculated to be Ea = 13.91
kJ⋅mol-1. This value is low compared to the value of
steels corrosion activation energy in acidic environ-
ment which to reach a value of 60 kJ⋅mole-1 decreases

-1000 -900 -800 -700 -600 -500 -400
-7

-6

-5

-4

-3

lo
g 

I, 
µA

⋅cm
-2

E (mV/ECS)

 T = 30°C
 T = 40°C
 T = 50°C
 T = 60°C

Fig. 3. Temperature influence on polarization curves of
X60 low carbon steel in NS4 test solution of soil environ-
ment (pH ≈ 6.7).

meT peratur ,e
C°

E roc r ,SCE/
Vm

I rroc ,
µA⋅ mc 2-

bc,
Vm ⋅ ced 1-

Rp,
k ⋅Ω mc 2

02 0.507- 68.61 4.365 095.2

03 0.507- 86.62 5.574- 015.1

04 0.517- 34.33 1.866 013.1

05 8.727- 89.83 9.136- 051.1

06 0.057- 71.44 0.754- 319.0

Table 5
Polarization parameters for the corrosion of low carbon
steel in soil test solution according to the temperature

(pH ≈ 6.7)

(2)
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in inhibitors presence. This reduction probably was
attributed to inhibitors chemisorptions on the steel
surface [10]. The activation corrosion energy in-
creases with the temperature according to the pH soil
environment. The protective efficiency of external
coating is function of temperature, its protective prop-
erties and decreases the activation corrosion energy.
A future laboratory investigation is in progress to
determine the polyurethane coating efficiency in re-
lation to bitumen or polymers old coatings.

Electrochemical impedance spectroscopy

The corrosion behavior of low carbon steel in soil
test solution was investigated by the EIS method at
30±1°C after immersion for 24 hrs. Impedance dia-
grams of steel/solution interface at various poten-
tials imposed was obtained varying from the cor-

rosion potential to the cathodic over-protection (-500
mV to -1100 mV), which simulates the pipes operat-
ing conditions. Figures 5a, 5b presents the evolution
of Nyquist diagrams of steel pipeline obtained at the
abandonment potential and protection potential in
different pH range of soil test solution. The imped-
ance parameters derived from this investigation are
given in Table 7.

Fig. 4. Arrhenius slopes calculated from corrosion cur-
rent density for low carbon steel in NS4 test solution of
soil environment (pH ≈ 6.7).

3.0x10-3 3.1x10-3 3.2x10-3 3.3x10-3
3.0

3.2

3.4

3.6

3.8

4.0

ln
 I co

rr
, µ

A
⋅cm

-2

1/T, K-1

Table 6
Corrosion current density values according the tempera-
ture range (293-333 K) of low carbon steel in soil test

solution (pH ≈ 6.7)

K,T 1/T⋅ 01 3 I rroc , µA⋅ mc 2- ln I rroc

392 014.3 268.61 528.2

303 003.3 786.62 482.3

313 491.3 734.33 905.3

323 590.3 789.83 366.3

333 300.3 071.44 887.3

Hp Rt k, ⋅Ω mc 2 Ei pm / Vm,SCE C ld , µF⋅ mc 2-

0.8 77.947 005- 73.080

0.8 59.877 006- 52.260

0.8 41.103 007- 09.761

0.8 04.805 058- 53.955

0.8 01.055 0001- 26.933

0.8 06.525 0011- 79.112

Table 7
Impedance parameters values of low carbon pipeline

steel corrosion in soil test solution (T = 30°C)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Zr, k cmΩ⋅ 2

-Z
i, k

cm
Ω
⋅

2

0.3

0.1

-0.1

-0.3

Fig. 5a. Nyquist slopes for low carbon steel in NS4 test
solution of soil environment at free potential (pH ≈ 6.7).

1

0.8

0.6

0.4

0.2

0
1 1.5 2 2.5 3 3.5

Zr, k cmΩ⋅ 2

-Z
i, k
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Ω
⋅

2

Fig. 5b. Nyquist slopes for low carbon steel in NS4 test so-
lution of soil environment at protective potential (pH ≈ 8).
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Nyquist plots displayed two impedance buckles,
one capacitive buckle at the raised frequencies and
diffusion buckle of Warburg impedance to the low
frequencies presenting a roughly straight line equal
to 45°. Iron anodic dissolution and oxygen cathodic
reduction phenomena are simultaneously made on
surface electrode. Capacitive arc size of resistance
transfer charge decreases to the slightly acidic pH.

Impedance diagrams of steel/solution interface at
various potentials imposed varying from the corro-
sion potential to the cathodic over-protection shows
that more the imposed potential is superior to (Ecorr)
values of (Rt) charge transfer resistance decreases
and more the imposed potential is inferior to (Ecorr),
charge transfer resistance values decreases also but
remains always superior to (Rt) value obtained with
corrosion potential (Ecorr. = - 650 mV).

Immersion time influence

Corrosion pipeline steel can be started according
to operating conditions and soil environment. Immer-
sion time influence where bare steel is in contact with
the corrosive soil medium is a significant factor.

Nyquist diagrams of low carbon pipeline steel cor-
rosion in soil test solution (pH ≈ 6.7) obtained at the
abandonment potential according the immersion time
influence and constant temperature are shown in Fig.
6. Impedance parameters values of charge transfer
resistance (Rt) and capacitance Cdl according to the
immersion time influence are given in Table 8.

Results of time immersion influence show that
the charge transfer resistance (Rt) increases with

increasing immersion duration in corrosive test so-
lution. When the immersion time exceeds 120 min
steel corrosion resistance varies weakly. Capacitive
arc size of resistance transfer charge increases to the
time immersion increases (Fig. 6). This result sug-
gests the formation of protective film on steel sur-
face whose protection increases with contact time.

Soil corrosiveness parameters

Soil corrosiveness values, soil specific resistance
(ρ) and moisture content (%) derived from the soil
investigation are given in Table 9. Soil specific resis-
tance is important parameter to determine soil cor-
rosiveness for the metallic buried structures. It is a
measurement that depends on several factors as che-
mical composition, water content, conductivity and
compactness. If the soil compactness increases, soil
conductivity increases it will lead to soil specific re-
sistance decrease and soil corrosive aggressiveness
increase.

Soil investigation results showed that soil speci-
fic resistance values decreases according to the in-
crease in moisture and temperature to support ion
exchange between buried steel surface and corrosive
soil environment.

Soil specific resistance values according to soil
nature determined by Wenner specific resistance va-
lues particularly in clay soil characteristic of corro-
sive medium for metal structures (Table 10). Metal
protections of this work type remain important for
the structure integrity. The buried steel surface must
be protected by a full protective system defined by
active cathodic protection to maintain steel in its
potentials protection in addition to passive coatings
protector aiming to avoid any corrosion interaction
between steel surface and soil environment.

Fig. 6. Nyquist slopes for low carbon steel in NS4 test
solution of soil environment (pH ≈ 6.7) at different im-
mersion times and constant temperature (T = 30°C).

0.5 1.0 1.5 2.0 2.5 3.0
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 t = 30 min
 t = 60 min
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 t = 240 min

Table 8
Evolution of impedance parameters values (Rt) and (Cdl)

according to immersion time of low carbon pipeline
steel corrosion in soil test solution at constant

temperature (T = 30°C) and pH ≈ 6.7.

Ti Iem m em rsio ,n min Rt k, ⋅Ω mc 2 C ld , µF⋅ mc 2-

03 77.947 73.080

06 59.877 52.260

021 41.103 09.761

042 04.805 53.955
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Conclusions

Results of this investigation showed that some
operating buried transmission pipeline systems will
develop unforeseen pits and cracking surface corrosi-
on problems. They are principal threats for the buri-
ed structure where the humid clay soil aggressiveness
and bacterial activity appear.

Steel surface must be protected by a full protec-
tive system defined by active cathodic protection to
maintain steel in potentials protection in addition to
passive coatings protector aiming to avoid any cor-
rosion interaction between steel surface and soil en-
vironment. Future coating systems must answer
durability and reliability requirements in service in
regard an economic aspect.

Corrosion phenomenon is accentuated by influ-
ence of such soils parameters as specific resistance,
pH, temperature, moisture content and chemical com-
position of electrolytes contained in soil. Polariza-
tion curves showed that steel corrosion increases at
acidic pH environments. Corrosion current density

and corrosion activation energy increase with tem-
perature. EIS curves showed that charge transfer re-
sistance (Rt) increases with increasing immersion
duration in corrosive test solution. Capacitive arc size
of resistance transfer charge increases to the time
immersion increases. This result suggests protective
film formation on steel surface.

Soil specific resistance decreases according to the
increase in moisture content and temperature to sup-
port ion exchange between buried steel surface and
corrosive soil environment. Results showed low spe-
cific resistance values in GZ1 soil investigation par-
ticularly in montmorillonite clay soil characteristic
of corrosive medium for buried pipeline structures.

Damaged by corrosion pipes can be reused in ser-
vice after habilitation analysis by using international
norm criterion. Damage problems raise questions as
the remaining safe life of the tubes. Pitting or crack-
ing are those most to be involved in remaining life
of existing structure, because of their greater pro-
pensity to cause a reduction in the utility duration.
Some of the probabilistic approaches can be applied,
or are being developed to answer the corrosion re-
lated cracking and pitting phenomena. The research
will provide data for risk assessment models to be
used for maintenance and operation of the pipeline
system.
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