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Abstract: Microgalvanic activity of carbon steel APl 5L X52 was
investigated by scanning vibrating electrode technique (SVET). Two
types of corrosion inhibitors were used for the protection of carbon
steel. The first one is based on primary amine function with linear
carbon chain (inhibitor A).The second one contains primary amine
with Ethylene oxide branched chain (inhibitor B). The evolution of
microgalvanic activity was studied at different imposed currents
ranging up to 200 mA without and in the presence of 20 ppm and 50
ppm of each corrosion inhibitor. In absence of inhibitors, the maps
given by SVET analysis showed a uniform microgalvanic activity
with imposed currents ranging from 0 to 1 mA and tend towards less
cathodic area. For high imposed currents (10mA, 25mA, 50mA,
100mA and 200mA); a clear evolution in the microgalvanic activity is
noticed considering the presence of several anodic area. The
dissolution of the carbon steel was accelerated and the
microgalvanic potential tends to electronegative values. With the
corrosion inhibitors, no anodic area was observed for weak currents
ranging from 0 to 10mA. The best protection is assured by the
inhibitor B due to the improvement of its solubility. Beyond 25 mA,
the protection from corrosion decreases but inhibitor B still
demonstrates a better efficiency.

l. Introduction

To deal with corrosion problems, several methods

The corrosion mechanisms and electrochemical
behavior of carbon steel have been investigated in
several works, pitting corrosion [1-3], crevice
corrosion [4-6], bacterial corrosion [7-9] and
galvanic  corrosion  [10-12].  Microgalvanic
corrosion has been always a serious problem in the
industry especially in oil industry. This is due to the
many pipelines and equipment damages resulting
from the heterogeneous process occurring on
corroding metal surface exposed to an aggressive
environment [13].

were used to characterize corrosion behavior such
as electrochemical techniques [14-18] which are
considered as a sensitive method [14]. Unlike other
methods, SVET gives information about the type,
morphology of corrosion attack and the nature of
microgalvanic activity. This technique has been
used since 1980. It allows to investigate many
materials and it finds application in the studies of
corrosion process [19, 20]. [21] have studied the
galvanic corrosion of the iron/zinc system in 0.1 M
Na,SO. aqueous solution at ambient temperature.
SVET results provide an excellent spatial
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resolution and let observe zinc oxidation started in
localized regions.

Regarding [22], SVET results indicate the
microgalvanic activity evolution ant it explore the
efficiency of corrosion inhibitors under different
imposed currents. Organic compounds with NHa, -
COOH, -OH functions are the most  efficient
corrosion inhibitors [23] because they form an
adsorbed protecting barrier on the metal surface.
Inorganic compounds such as chromate, dichromate
and nitrites proved good performance as corrosion
inhibitors for the carbon steel but its application is
limited because of their toxicity for the
environment [24]. The evaluation of the efficiency
of corrosion inhibitors using SVET in aqueous
environment [25] has been approached for different
materials. The API 5L X52 carbon steel is widely
used in oil and gas industries. Because of the
corrosive medium related to the oil and gas
production [26]; many additives have been
proposed such as corrosion inhibitors which are the
most convenient way for metal protection. These
compounds are alkyl or aryl amines [27]. Several
types of corrosion inhibitors are currently used in
the process of natural gas and oil refining. It’s
reported also that amine function is used in the
formulation of corrosion inhibitors and shows a
good efficiency for the protection of carbon steel
[28-32]. However SVET gave information about
corrosion rate and morphology but could not detect
nucleation and passivation phenomena on the
surface of carbon steel electrodes [31].

In the present work SVET technique is used to
compare two types of commercial inhibitors
containing primary amine with linear carbon chain
( Inhibitor A) and Ethylene oxide branched chain
(inhibitor B) for the protection of the carbon steel.
A series of experiments were conducted in aqueous
environment to display and locate electrochemical
phenomena on the working electrode. Anodic
currents were applied in the absence and in the
presence of corrosion inhibitors to evaluate their
effects on the sweeping surface. The evolution in
the electrode potential is represented by maps of the
micro  galvanic  activities that allow the
identification of the electrochemical behavior of the
surface, and the effect of the addition of the
corrosion inhibitors on the electrochemical behavior
that can take place as function of the time.

1. Materials and methods

11.1 Experimental setup

SVET SVP100 is used to study the microgalvanic
activity of APISLX52 carbon steel in aqueous
environment (NaCl 35g/l). It is composed by
electronic unit of the probe of computer and
Potentiostat-Galvanostat. The probe is immersed in

5 litter cell and driven by a motor that provides a
three-dimensional displacement X (as abscissa), Y
(ordinate) and Z (in space). The SVP100 system
demonstrates in real-time the local electrochemical
activity on the carbon steel. The scheme of the
equipment is showed in Figure.l.

) J

Figure 1. Representative scheme of SVET

1) Central unit

2) Electrolytic tank

3) Main scanning unit (SVP100)

4) Potentiostat-Galvanostat

5) Sample holder (tripod)

6) Platinum probe (vibratory reference electrode)
7) Sample to be analyzed

8) Counter electrodes (auxiliary electrodes)

9) Reference electrode (with saturated calomel)

11.2. Experimental conditions

The electrolytic medium is formed by distilled
water and 35 g/l of NaCl (ASTM medium). This
medium was acidified with HCI (pH = 3,
conductivity = 1300 S cm—1) to make it acidic
solution and to let corrosion proceed and produce
ohmic drops, which can be measured by SVET [32]

11.3. Scanning vibrating electrode technique
(SVET)

The SVET employed in this work was a
commercial Perkin Elmer SVP100 (Uniscan). The
basic parameters employed during the tests are
listed in Table 1. For each test, SVET cell was
filled with 800 mL of working solution. The tests
were repeated twice to check the repeatability of the
results. In order to acquire proper SVET data, a
typical calibration procedure must be carried out.
The parameters defined during calibration are only
valuable for the same probe-solution pair. Making
the assumption that the electric field is constant
around the probe’s course, the calibration was
performed employing a gold point in space (PIS)
electrode connected to a galvanostat immersed in
the working solution and placed 150 pm above
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PIS’s surface. The probe was made to vibrate (50
pum peak-to-peak). Then, by applying a current of 2
A, the sensitivity was adjusted to keep the output
signal between 10% and 70% and to obtain the
optimal phase. Subsequently, the imposed current
was varied (between +8 A and —8 A) to verify that
the signal did not saturate. Experimental conditions
are summarized in tables 1 and 2.

The displacement of the probe towards the scanned
area is given following the execution of the menu
probe control as shown in table2.

Table 1. Experimental conditions of the SVET
experiments

Temperature Ambiant (25°C)
Pressure Atmospheric
Electrolyte NaCl, 35g/I

PH 3

Table 2. SVET operational conditions during the
experiments.

Scanning mode surface
Number of lines 512
Displacement following | 18000
abscissa X

Displacement  following | % of X
the ordinate Y

Scanning speed 1000
Sensitivity 10 pv
Reference phase 60
Amplitude 10
Volume of solution 800ml

Inhibitors A and B are film-forming cathodic
inhibitors extensively employed in the protection of
a variety of metals [23, 24, 26-29]. The inhibitor A
is a commercial corrosion inhibitor supplied by
CHIMEC company. The product A is a balanced

A

mixture of compounds with a different volatility
providing an appropriate film on all metal surfaces.
It is recommended as corrosion inhibitor for
equipment of oil and gas production in oil field. It
is stated to contain a blend of aliphatic amines and
amine derivatives in a high boiling point solvent (1,
2, 4 trimethylbenzene). It is a brown liquid and is
completely soluble in hydrocarbons and dispersible
in water. The inhibitor B is a commercial corrosion
inhibitor supplied by CHIMEC company. The
product B is recommended as corrosion inhibitor
for oil, gas and water facilities. It is stated to
contain (MSDS) amide/imidazolines (10.0-30.0 %),
quaternary ammonium salts (5.0-10.0 %), propan-2-
ol (10.0-30.0 %), methanol (1.0-5.0 %), and acetic
acid (1.0-5.0 %). It is a liquid with a characteristic
odour and it is soluble in water.

The experiments were carried out in the same
operating conditions under electric currents up to
200 mA in presence and absence of corrosion
inhibitors A and B. The concentration of 20 ppm
and 50 ppm has been chosen as used in the oil
industry. The aim of this work was to see the effect
of the anode currents applied on the performance of
the two inhibitors. The results given by SVET are
represented by following maps

502 Q0rat S0m1000p500 0 S00p 1000y S0e 002 50m
Yilts

According to the American convention, cathodic

domains are represented by the light colors,

preceded by a sign (+) and the anodic domains by

dark colors preceded by a sign (-).

I11. Results and discussion

111.1. SVETmaps without corrosion inhibitors

The evolution of micro galvanic activity obtained
under a wide range of anodic current is shown in
Figure.2. Each map describes the micro galvanic
activity of carbon steel electrode.
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Figure 2. Evolution of the microgalvanic activity of carbon steel API 5L X52, under imposed
anodic currents of 0 A ,500pA, 1 mA 10mA, 25mA 50mA, 100mA and 200 mA.

According to the cartographic obtained without
corrosion inhibitors, the first anodic zone indicated
by the green color appears on the center of the
electrode at 10mA (Figure.2d); showing the
heterogeneity in the behavior of the carbon steel.
The microgalvanic potential is situated between -
100pV and 700uV. Figure.2e illustrates the green
color that predominates over the red color which
appears at the end of the polarization at 25mA. This
demonstrates the acceleration of the dissolution of
the steel and the increase of microgalvanic activity
obtained between -2 mV and 0 mV in the beginning

of the polarization and 0 mV and +1mV at the end
of the experiment.

At 50 mA (Figure.2f) the carthographic shows two
anodic zones indicating the acceleration of the
carbon steel dissolution and the increase of the
microgalvanic activity. Blue coloration is observed
in the beginning of the polarization followed by
predominance of the green coloration. Cathodic
zone represented by the red color is observed at the
end of the experiment. This is confirmed by the
microgalvanic potential which tends to anodic
values situated between -5 mV in the beginning of
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the test and +1 mV at the end. The dissolution of
carbon steel is accelerated in the beginning of the
experiment and slows down at the end. This is
explained by the formation of protective layer on
the swept surface of the electrode.

(Figure.2g) illustrate four anodic colors (black,
purple, blue and green) in the center of the swept
surface. The cathodic area characterized by the red
color is observed in the extremity of the electrode.
When 100mA is imposed, the most anodic zone
appears in the beginning of the experiment where a
very important microgalvanic activity is observed.
The microgalvanic potential tends to a very anodic
zone -9mV in the beginning of the experiment and
+2 mV at the end.

At 200mA (Figure.2h) the carbon steel dissolution
is widely increased. More anodic colors appear in
the cartographic as: black, grey, purple, blue and
green. The red color representing catholic zone
appears at the end of the experiment. The
electrochemical behavior shows that the most
anodic zone appears in strength in the beginning of
the experiment where a very important
microgalvanic activity is observed (-10 mV to
+2mV), leading to the apparition of less anodic
areas. At the end of the test a very intensive
dissolution of the steel is observed in the beginning
of the experiment which tends to stabilize at the
end, because of the covering of the surface
electrodes by the products dissolution.

Several authors have investigated the localized
corrosion as function of current on many metals.
[33] have studied anti-corrosion performance of
metal-rich coatings by integrating the overall
anodic current density measured by scanning
vibrating electrode technique (SVET). The total
anodic current (and therefore the corrosion rate)
over the coating surface was obtained and used to
evaluate the galvanic interaction between coatings
and substrates.

111.2. SVET maps in presence of corrosion
inhibitors

Maps given in figures 3-10 were obtained under
anodic polarization of wide range of currents and
treated with two concentrations of inhibitors A and
B (20 ppm and 50 ppm).

In the presence of the corrosion inhibitors A and B
(Figure.3), the cartographics are similar to those
obtained in absence of the inhibitors at O0A
(Figure.2a). This means a negligible effect of the
microgalvanic activity after the addition of
corrosion inhibitors at a concentration of 50 ppm.
No variation in the microgalvanic potential was
registered which indicates the absence of the anodic
Zones.
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Figure 3 . Effect of corrosion inhibitors A and B at
20 ppm and 50 ppm under 1=0 A.

At 500pA imposed current (Figure.4) the red color
is dominant on all the swept surface in case of
inhibitor A and a uniform orange color is observed
with inhibitor B (Figure.4 ¢ and d). Even in the
presence of corrosion inhibitors, a less cathodic
zone represented by the red color appears in the
presence of inhibitor A at 20 ppm and 50ppm. The
uniform orange color is observed in case of
inhibitor B at both concentrations 20 ppm and 50
ppm which indicates the more effective cathodic
protection of the steel due to the formation of a
protective layer of inhibitor B which reduces the
microgalvanic activity and the steel dissolution.
This means that the adding of amine inhibitor with
linear carbon chain ( inhibitor A) is less efficient
than amine inhibitor ramified with ethylene oxid
(B) and it does not have effect on the
electrochemical behavior of steel ; so no variation
in the microgalvanic activity was observed.
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Figure 4. Effect of corrosion inhibitors A and B at
20 ppm and 50 ppm under 500pA.
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Figure.5 shows the maps obtained at 1mA in the
presence of both inhibitors at 20ppm and 50ppm. A
uniform cathodic orange color is observed on the
swept surface compared to maps obtained at the
same current without inhibitors (Figure 2.c). These
indicate the return to the cathodic zone due to the
formation of a protective layer of inhibitors. The
orange color is more intensive in case of the
inhibitor A for the both concentrations. These
indicate that inhibitor B is more efficient than
inhibitor A which is less cathodic. Microgalvanic
potential returns to its initial state (about 1000uV).
The addition of corrosion inhibitors outweighs the
imposition of current. A slight variation in
microgalvanic activity is observed but it still
remains in the cathodic domain.

B
lehithoe A : 54 gpee
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.

Figure 5. Effect of corrosion inhibitors A and B at
20 ppm and 50 ppm under 1mA imposed current

Figure.6 shows a significant change on the maps
at 10 mA in the presence of the inhibitors compared
to those obtained without the inhibitors at the same
imposed current (Figure. 2 e). Only red and orange
colors are observed in Figure.6 which indicate
cathodic zone due to the presence of corrosion
inhibitors. The less cathodic area characterized by
the red color is more present in case of the inhibitor
B (Figure.6 ¢ and d). The anodic green color was
very minimized for both inhibitors at 20ppm
(Figure. 6 a and c) and its total disappearance is
observed at 50 ppm (Figure 6 b and d) .The light
microgalvanic activity is observed despite of the
heterogeneity in the electrochemical behavior of the
steel is observed. This affected the microgaolvanic
potential situated between +200 pV and 1000 mV.
The forming layer of inhibitor in both
concentrations (20 ppm and 50ppm) has a weak
effect on the microgalvanic activity of carbon steel.
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Figure 6. Effect of corrosion inhibitors A and B at
20 ppm and 50 ppm under 10mA.

In Figure.7, the efficiency of inhibitor A and B are
not similar (Figure.7 a and c), (Figure.7 b and d)
.Inhibitor A does not have any effect on the steel
dissolution at 25 mA of imposed current. The green
anodic color is persisting (Figure.7 a and b). The
efficiency of inhibitor B at 50 ppm (Figure.7d) is
more significant than inhibitor A at both inhibitors
‘concentrations (Fig.7a and b). But with inhibitor B
at 50 ppm the protection of the steel is more
important but still insufficient for a good protection
of the metal which is characterized by the
diminution of the intensity of the anodic green
color. . Microgalvanic potential is about -2mV to
+1 mV for inhibitor A and -1mV to +1mV for
inhibitor B.
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Figure 7. Effect of corrosion inhibitors A and B at
20 ppm and 50 ppm under 25 mA.
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At 20 ppm (Figure. 8a), three areas were observed:
blue and green for anodic zone and red color for the
cathodic zone. In case of 50 ppm (Figure.8b);
predominance of the green color is observed and a
small area of red color indicating the catholic zone.
Figure. 8¢ and d demonstrate only green and red
colors for the both of concentrations (20 ppm and
50 ppm) in case of application of inhibitor B. This
means that inhibitor B is more efficient than
inhibitor A at 50 ppm. This efficiency is explained
by the presence of ethylene in inhibitor B which
increases the solubility of the inhibitor in aqueous
medium contrary to aliphatic amine (inhibitor A)
which shows less solubility in aqueous medium.
The cartographic in Figure.8 shows the
improvement of the protection from corrosion using
corrosion inhibitors compared to maps obtained
without inhibitors (Figure 2. f). The microgalvanic
potential varied between -4mV and 1mV in
presence of inhibitor A at 20 ppm and -2mV and +1
mV in case of utilization of inhibitor B and at 20
ppm and 50 ppm.

FEbmA
hibize A Mgpn by A $4 pore
—-—

Figure 8. Effect of the corrosion inhibitors A and
B at 20 ppm and 50 ppm under 50 mA imposed
current.

Figure. 9 a and c show four anodic areas: purple,
blue green and red for both inhibitors A and B at 20
ppm. At 50 ppm (Figure.9 b and d), disappearance
of purple zone is observed. Only three anodic areas
are present: blue, green and red color representing
the cathodic zone. The cartographic shows that
evolution of microgalvanic activity is less important
compared to those given in the absence of the both
corrosion inhibitors (Figure.2g); which explains the
less anodic electrochemical behavior of the carbon
steel. A slight variation of the microgalvanic
potential is noticed. The potential varies

A

respectively from -6mV to +2 mV in the presence
of inhibitor A and B at 20 ppm and from — 4mV to
+2 mV for the both inhibitors at 50 ppm. The
addition of corrosion inhibitors is not effective at 20
ppm but at 50 ppm the dissolution of the steel is
halted in the beginning of the experiment. This is
due to the presence of the products dissolution and
the corrosion inhibitor which tend to turn back the
microgalvanic activity to the less anodic domains.
In these experimental conditions, inhibitors A and
B show similar anti-corrosive effect although
inhibitor B is slightly more efficient than inhibitor
A. This is due to the good adsorption of corrosion
inhibitor by aliphatic amines which takes place by
the following reaction [31]: RNHs*(sol)<=>
RNH+H*<=>RNH,-Fe°

RNH,-Fe® is an amine reagent that is chemically
adsorbed. The chemical adsorption degree depends
on the strength of amine-metal bands. Aliphatic
amines are used as film-forming agents (inhibitor
A). The efficiency of the protection in the presence
of inhibitor A at 50 ppm may be related to the
nitrogen atoms in the amino (-NH;) functional
group. Because of the high electron density, the
nitrogen atom in aliphatic amines acts as a reaction
center.

Furthermore, the long carbon chain in inhibitor A
increases the adherence on the carbon steel surface.
In the presence of the inhibitor B containing
ethylene oxide, relatively higher corrosion
inhibition was observed with 50ppm. This behavior
can be due to the oxide function providing a high
electron density for nitrogen which leads to the
formation of acid base bond of Lewis between
inhibitor and metal surface, this leads to greater

protection and decrease of corrosion rate.
1= %0 reA
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Figure 9. Effect of the corrosion inhibitors A and
B at 20 ppm and 50 ppm under 100 mA.
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In the presence of the both corrosion inhibitors at
200 mA (Figure.10), five anodic colors are
observed in the carthocgraphic.Small black area,
purple, blue, green and red, orange for the cathodic
area. The black and purple areas showed in
Figure.10 are smaller than those in (Figure.2h)
which is due to the presence of corrosion inhibitors.
The increase of the inhibitors concentration from 20
ppm to 50ppm has an effect on the reduction of the
intensive anodic area as black and purple colors
(Figure.10 b and d). The inhibitor B at 50 ppm
(Figure.10 d) shows a good performance to
decrease the corrosion rate of the carbon that is
demonstrated by the predominance of blue and
green colors which are less anodic zone. It is

insufficient for a good protection from corrosion.
E20rA

i A 2 ppm e kb & () pom

ehdkar BN ppre

Figure 10. Effect of the corrosion inhibitors A and
B at 20 ppm and 50 ppm under 200mA.

1V. Conclusion

The corrosion behavior of carbon steel APl 5L X52
was studied in the absence and the presence of
corrosion inhibitors based on primary amine with
linear carbon chain (inhibitor A) and primary
amine with branched ethylene oxide (inhibitor B )
at imposed courant up to 200mA in aqueous
medium by scanning vibrating electrode technique
(SVET).

For the currents ranging from 0 A to 1000 pA, the
carbon steel keeps a uniform activity during each
experiment , but with a slight evolution following
the change of colors of the maps given by SVET
analysis which tends towards more anodic area. For
currents in the order of mill amperes (mA); a strong
evolution in the microgalvanic activity was
observed considering the presence of several anodic
areas, which causes the acceleration of the carbon
steel dissolution  characterized by  the
electronegative values of the microgalvanic
potential. With corrosion inhibitors the apparition

of the first anodic area was retarded to 25mA.
Beyond this value, the protection becomes less
important. The inhibitory power is better
demonstrated in the presence of inhibitor B because
of the good adsorption of ethylene oxide branched
chain on the metal. The analysis of the
microgalvanic activity allowed to:

1) Locate the fraction of the swept surface
subjected to the corrosion through the
cartographic.

2) Follow the adsorption of both the
corrosion inhibitors at any point of the
swept surface.
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