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Abstract

The corrosion of gas production equipment in the Algerian Gassi Touil gas production region
manifests in surface installations and poses a major problem of degradation in the presence of
salts (NaCl) and iron ions in this region . Monitoring and detection ofGassi Touil corrosion are
carried out through ultrasonic measurements, chemical analyses, and industrial tests involving the
injection of 100% CHIMEC1038 film inhibitor. The ultrasonic test shows a decrease in thickness in
the pipelines with the injection of 100% CHIMEC1038 inhibitor. Chemical analyses (iron dosage
and pH) indicate a decrease in [Fe*’] concentration and an increase in pH for production wells and
the arrival manifold in the Nezla zone in Gassi Touil region.The industrial study demonstrates the
effectiveness of the CHIMEC1038 film inhibitor in reducing the corrosion risk in production wells
and the arrival manifold the efficiency is Ef f = 78,94%. Electrochemical study at T=45°C show an
improvement in the efficiency of the injected corrosion inhibitor CHIMEC 1038 (E=82.87%) to
reduce the corrosion rate from V=202.9um/year (without inhibitor) t034.93 um/year (with
inhibitor).
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Introduction

Corrosion is the result of the interaction of a material (metal) with its environment. the corrosion
process depends on the properties of both metal (and alloy) and surrounding environment.
Usually, the more important factors causing corrosion are concentration of aggressive species
(e.g., chloride), acidity (pH), iron content, fluid velocity, temperature, and potential (oxidizing
power) [1,5 ] corrosion is a continuous problem, often difficult to eliminate completely.
Prevention would be more practical and achievable than complete elimination. Corrosion
processes develop fast after disruption of the protective barrier and are accompanied by a number
of reactions that change the composition and properties of both the metal surface and the local

environment, for example, formation of oxides, diffusion of metal cations into the coating
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matrix, local pH changes, and electrochemical potential [6] Corrosion is a major problem that

affects most industries worldwide, causing devastating issues to the global economy. Corrosion is
the deterioration of a material as a result of its interaction with its surroundings, and it can occur
at any point or at any time during petroleum and natural gas processing. [7]Corrosion
inhibitors are substances that, when added to an environment, decrease the rate of attack of that
environment on a material such as metal. The corrosion inhibitor slows down the rate at which a
metal in that environment corrodes. Corrosion inhibitors help to extend the life of equipment,
minimize system failures and shutdowns, eliminate product contamination, limit heat loss, and
maintain the appealing appearance of a structure. Internally, inhibitors are employed as a cost-
effective corrosion control option to stainless steels and alloys, coatings, and nonmetallic
composites in carbon steel pipelines and vessels, and they may often be introduced without
disrupting a process. Oil and gas exploration and production, petroleum refining, chemical
manufacture, heavy manufacturing, water treatment, and the product additive industries are all
key users of corrosion inhibitors. [89 10 11 12] Many researchers have been working on the
performance and mechanisms of the inhibitors based on the test results in small-scale laboratory
systems. The studies of Mansfield (1985) point out that interface inhibition presumes a strong
interaction between the corroding substrate and the inhibitor 121. The two dimensional
adsorbate layer can affect the basic corrosion reactions in various ways : that caused by the
geometric blocking effect of adsorbed inhibitive species on the metal surface, and that due to the
effect of blocking the active sites on the metal surface by adsorbed inhibitive species; that due to
the electro catalytic effect of the inhibitor or its reaction products. For the first case, the
inhibition comes from the reduction of reaction area on the surface of the corroding metal,
whereas for the other two modes, the inhibition effects are due to the changes in the average
activation energy barriers of the anodic and cathodic reactions of the corrosion process. [ 13, 14
151617 ]

Inhibitors forming adsorption protective films are mainly organic substances. They often have
the molecular structure of a surfactant, with a hydrophilic group capable to bond with the metal
surface and a hydrophobic part of the molecule protruding toward the solution bulk. Adsorbed
inhibitor molecules limit oxygen diffusion and the water access to the metal surface, so reducing
the corrosion rate. [ 18 19 20 21 22 23 ]The production of gas and oil in the Gas to Liquids
(GTL) field in Algeria is of great importance. The GTL field is one of the largest gas and oil
fields in the country and contains significant reserves of these two vital sources, with an estimated
production capacity of 12 million cubic meters of gas per day from the gas fields. The operating
capacity of the CPF (Central Processing Facility) ranges from 30% (3.6 million cubic meters of
gas per day) to 110% (13.2 million cubic meters of gas per day). [24] The corrosion of gas and oil
production equipment in this region is the process of degradation of facilities. It occurs due to
the interaction of metal with the surrounding environment, including humidity, toxic gases, and
acids. Corrosion can lead to the deterioration and failure of equipment, necessitating expensive

measures for maintenance and replacement. [25 JAccording to National Association of Corrosion
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Engineers (NACE), estimates the global cost of corrosion to be US$2.5 trillion, equivalent to

roughly 3.4 percent of the global Gross Domestic Product (GDP). The two-year global study
released at the CORROSION 2016 conference in Vancouver, B.C., examined the economics of
corrosion and the role of corrosion management in establishing industry best practices. The
study found that implementing corrosion prevention best practices could result in global savings
of between 15-35 percent of the cost of damage, or between $375-875 billion (USD). [26].

Protecting production equipment against corrosion and minimizing the economic costs
associated with equipment failures are crucial concerns for industries. To achieve this, it is
essential to implement effective corrosion management practices and prevention strategies. Here
are some key measures to achieve this goal: Our work involves studying the corrosion issues of
raw gas production equipment in GASSI TOUIL, where corrosion manifests within the above-
ground installations due to the chemical attack of salt (NaCl) and iron ions. The monitoring of
the corrosion problem at the Algerian Gassi Touil field is carried out through the application of
specific techniques, represented by the industrial and electrochemical study of the effectiveness of
the filament chemical inhibitor CHIMEC 1038 (Inhibitors forming adsorption protective films)
injected in this region.

1 Presentation of the Corrosion Problem in theAlgerian Gassi Touil Field

The corrosion phenomenon poses detrimental problems both inside and outside gas-to-liquids
(GTL) production equipment, such as pipe perforation, bursting, and loss of effluent circulation.
Generally, the origin of this corrosion is quite complex; it is triggered by the presence of salts
(NaCl) and iron ions under favorable operating conditions, leading to corrosion initiation. The
equipment affected by this corrosion includes figure l:
-Surface equipment of wells: Carbon steel sleeves downstream of the nozzle face severe
hydrodynamic  conditions due to the geometric variation of the pipeline,

-Junctions, manifolds of gas-producing wells, and various collectors
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Figurel : Surface Installation of a PPG from the Wellhead to the Departure to the Manifold

2 Inspections and Corrosion Detection

Tob Regul Sci. ™ 2023 ;9(2) : 2044-2059 2046


https://www.sciencedirect.com/science/article/pii/S1319610321001757#b0025

Samira Chouicha et. al

Experimental Study of the Corrosion Inhibitors CHIMEC1038 Efficiency in Gas Production
Installations: A Case Study in the Algerian Gassi Touil Region

The thickness measurements are carried out by Ultrasonic testing. This technique is based on

transmission and reflection of ultrasonic waves inside the pipes to be inspected are carried out by
a transducer with frequencies ranging from 100 kHz to 25 MHz, which are beyond the audible
range for the human ear. The thickness values of the pipelines are displayed directly on the
device's screen. We measured the thickness at the point of perforation of the 4" GT44 pipe

figure2 from the SAT inlet to the CP production center.
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Figure 2 : Thickness Measurement at the Point of Perforation of 4" Pipe

Table 1: Thickness Measurement Results at the Point of Perforation

Points 12 :00 03 :00 06 :00 09 :00
P01 5.74 2.95 4.24 4.99
P02 4.43 3.06 3.47 3.47
P03 3.66 3.01 2.87 3.54

Figure 3: Perforation Level of 4" Pipe

After Visual Inspection and Thickness Measurements, a significant thickness degradation was
observed in the buried section of the 4" pipeline.

3 Experimental study of the inhibitor CHIMEC1038

3-1 Procedure for the Analysis of Iron Contentand PH

This procedure is applicable to various sampling points within the oil and gas facilities of the
GASSI TOUIL field (Wells, Manifolds, CPF, CP). [25]

This procedure outlines the steps for preparing and analyzing a sample for iron concentration
using a spectrophotometer. We Use a pipette to draw 1ml of water into a 100ml flask. Also, take
10 ml of the prepared sample into a 10ml vial. Then we place the vial with the prepared sample
into the spectrophotometer and initialize it to the 'zero' value.and we perform titration with the

iron-over reagent and agitate, We Insert the vial with the prepared sample into the
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spectrophotometer for 3 minutes. After a 3-minute reaction in the spectrophotometer, press

'measure, and read the result. Finally we Multiply the value displayed on the spectrophotometer
screen by 100 to obtain the iron concentration value in (g/L) of iron."

The procedure of Separation Using Decantation Bulb and pH Measurement using pH meter we
Transfer the sample to an ampoule ofdecantation for effective separation of water and
condensate. Then we ensure a clear distinction between the two phases to obtain accurate
measurements. We Use a pH meterfor pH measurement. We Immerse the pH electrode in the
separated sample and record the pH value.

3-2Treatment Procedure for industrial study of inhibitor CHIMEC 1038

Corrosion inhibitor treatment by CHIMEC 1038 is carried out through continuous injection
into the first sleeve downstream of the wells and manifolds of Nazzla zone using a dosing pump
powered by solar panels and calibrated to achieve the optimal concentration of the inhibitor. The
continuous treatment is conducted in two stages: The first stage involves administering a shock
treatment necessary for the formation of the inhibitor film (the duration of this stage can extend
up to 24 hours). The second stage involves maintaining the film, where the inhibitor
concentration is reduced to a low dose in this treatment mode. The operator must ensure the

proper functioning of the dosing pumps and the continuous availability of the corrosion

inhibitor.
Table 3 : Safety Data Sheet for Inhibitor CHIMEC 1038 [27]
Physical proprieties of CHIMEC 1038 Film forming inhibitors
Appearance liquid
Density at 20°c kg/m3 885
Viscosity at 20°c mPas <50
Solubility Soluble in hydrocarbons and dispersible in water

3-3 Electrochemical Study of Inhibitor CHIMEC 1038

The purpose is to study the inhibitory effectiveness of CHIMEC 1038 on the corrosion of X65
steel in the corrosive environment of the Gassi Touil field. The study was conducted using
electrochemical methods at the CRAPC laboratory in Ouargla figure 4,5 and 6, with the
assistance of a Voltalab 40 (PGZ 301) controlled by a microcomputer (Voltamaster 04

Software). A three-electrode setup was employed for the study.
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Figure 4 Experimental Setup3

3-1 Description of the Experimental Setup:
In all experiments, a three-electrode setup was employed, consisting of a reference electrode, an
auxiliary electrode, and a working electrode. The Voltalab equipment was utilized to trace

potential curves, impedance, and subsequently the Tafel curve.

Figure 5: Voltalab Apparatus
3-3-2 Electrochemical Cell:
The electrochemical cell used is made of PYREX glass with a capacity of 100 ml, providing a
sufficient volume to maintain a constant concentration of electroactive species during
manipulation. It features a double wall and a cover with 5 openings to accommodate the three

electrodes and the degassing tube.

A

Figure 6 . Electrochemical Cell
Electrodes:
Working Electrode: Comprised of a clean 3cm surface X65 steel plate prepared with sandpaper.
. Auxiliary Electrode (Counter Electrode): A platinum wire was used as the counter electrode.
Reference Electrode: All potential measurements were taken with respect to the saturated
calomel electrode (SCE) in potassium chloride (KCI).
An X65 steel sample with the chemical composition as specified in Table 4 was used to prepare

the working electrode.

Table 4: Chemical Composition in % of X65 Steel [28]
C Si  Mn P S Mo Ni Al Cu \% Nb
Min 0,05 0,15 1,00 - - - - 0,01 - - -
Max 0,14 0,35 1,50 0,020 0,005 0,25 0,25 0,04 0,080 0,080 0,040

3.3.3Experimental Products and Procedures
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Products Used:

Corrosive Medium: A sample of Gassi Touil groundwater was used, taken from connection J6,
with a salinity of 1.57g/l and a pH range of 5-7.

. Corrosion Inhibitor: CHIMEC 1038 inhibitor, with properties mentioned earlier, was used.
Distilled Water: Used for diluting the inhibitor and cleaning the experimental equipment.

3-3-4 Experimental Procedures

The electrochemical cell, made of PYREX glass, was utilized for the experiments. The working
electrode, composed of X065 steel, was prepared using a specific chemical composition mentioned
in Table 4. The three-clectrode setup included a reference electrode (saturated calomel electrode
in potassium chloride), an auxiliary electrode (platinum wire), and the working electrode. The
experimental procedures involved the use of the Voltalab apparatus for tracing Tafel curves. The
corrosive medium, inhibitor, and distilled water were applied in different stages of the
experiments to evaluate the inhibitory effectiveness of CHIMEC 1038 on the corrosion of X65
steel in the GTL field's corrosive environment.Without inhibitor,we prepare 100ml of the
corrosive medium reacts with the

steel sample at temperaturesof 25°C and55°C. we prepare asolution with a 100 ml beaker; we

added 2 ml of the inhibitor to 98 ml of the corrosive medium at temperatures of 25°C and 45°C.

Figure 7 Preparation of solution and inhibitors Chimec 1038
4 Results and discussion
Study of the Effectiveness of Inhibitor CHIMEC 1038
This study aims to assess the effectiveness of this inhibitor on our surface production equipment
after injecting it between the wellhead and the nozzle. The study involves measuring corrosion
rates and conducting laboratory analyses on collected water samples. PH and Iron Content
. Evolution Before and After CHIMEC 1038 Injection
The analysis of iron content and pH in figure 4 before and after the injection of CHIMEC 1038
at well TP NZ25 reveals the following trends: The PH increased from 6 and 7 (before) to 6.76
(after) during the blank test [Fe?] = 34 mg/l. After CHIMEC 1038 injection, [Fe'?] varied
between 22 mg/l and 16 mg/l, and during the difilming phase, [Fe'?] was at 44 mg/l.
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pH=F(T)

Fe*2=F(T)
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Figure 8 : The Evolution of Iron Content and pH Before and After CHIMEC 1038
Injection at Well TP NZ25
The Evolution of pH and Iron Content at the MFD NZ25 Inlet
Figure 8 illustrates that the pH increased from 5.8 to 6.24 after the injection of CHIMEC 1038,
accompanied by a decrease in iron content from 190 to 43. This change confirms the

neutralizing action of this inhibitor.
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pH=F(T) Fe*2=F(T)
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Figure 9 The Evolution of Iron Content and pH before and After CHIMEC 1038 Injection
at the MFD NZ25 Inlet

d. The Evolution of pH and Iron Content at Well TP NZ26
Similarly, the analysis results of PH at the collector's departure point (Figure 10) reveal an

increase in PH from 4.2 to 5.72. Additionally, the iron content decreased from 34 mg/l to 13.5

mg/l.
PH=F(T) Fe*2=F(T)
8 40
’ 35
6 30
5 25
4 20
3 15
2 10
1 5
’ 0 10 20 30 40 i 0 10 20 30 40

Figure 10 :The Evolution of Iron Content and pH Before and After CHIMEC 1038
Injection at Well TP NZ26
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. The Evolution of pH and Iron Content at the MFD NZ26 Inlet

At the entrance of the module, there is also an observed increase in pH from 5.9 to 6.26 and a
decrease in iron content from 140 to 42 (Figure 11). The effect of the inhibitor is clearly evident

on the PH of the environment and the iron content.

PH=F(T) Fe*2=F(T)
8 160
7 '//\’\’\‘ 140
6 120
5 100
4 80
3 60
2 40
1 20
0 0
0 10 20 30 40 0 10 20 30 40

Figure 11 :The Evolution of Iron Content and PH Before and After CHIMEC 1038
Injection at the MFD NZ26 Inlet
The industrial test of the corrosion inhibitor gas CHIMEC 1038 from the CHIMEC company
has been underway under normal conditions since its initiation on 12/01/2023. The evaluation
of treatment effectiveness for each injection stage is currently being conducted by the DTD/SH
team and the Corrosion Inspection Service of GTL, in the presence of the representative from
CHIMEC 1038, with the aim of drawing conclusive results. The test results figure 8 ,9, 10 and
11 indicate a positive impact of the inhibitor. There is a noticeable decrease in iron content,
suggesting effective corrosion inhibition. Additionally, there is an increase in PH values, further
supporting the inhibitory action of the treatment. From the corrosion rate measurements
withowt and with inhibitors chimec1038 it was possible to determinate the efficiency related to

the industrial study

Veb—Vab % 100 (1)
Vab

Vcb ,Vab are the corrosion rate measured before and after the injection of the inhibitors

CHIMEC 1038.

EFF=

380-80
s < 100 = 78,94% (2)

These findings suggest that the inhibitor, likely CHIMEC 1038, is demonstrating effectiveness

FF=

in reducing corrosion (as evidenced by lower iron content) and influencing the PH of the system

positively.
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4-2 Evaluation of corrosion rate
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Figure 15: Tafel curve with inhibitor at 25°C.

The Tafel curves 12 and 13 present the variation of electrical current as a function of potential.
The intersection of the Tafel lines provides the corrosion current and potential of X65 steel
(material used in the installationsof gas production in Gassi Touil field) for two experimental
temperatures, 1=25°C and T=45°C.The Tafel curves 14 and 15 with the addition of
CHIMEC1038 show that the electrical current density decreases, and the corrosion rate
decreases: This is explained by the formation of the CHIMEC1038 inhibitor film on the metal
surface across a wide potential range. The results of the variation in corrosion rate for experiments

with and without inhibitors are shown in the following table 5

Table 5: Results of the Tafel curve with and without CHIMEC1038 inhibitor.

Expériments Rp Vcorr Ecorr Icorr Beta a Beta c
Kohm pm/an Mv pA/cm? mV mV
.cm?

25°C 1.41 191.1 -677.6 16.3469 74.0 -316.4

withoutinhibito

r

25°C 31.29  9.897 -297.7 0.8462 202.0 -133.3

withinhibitor

45°C 1.26 202.9 -694.0 17.3520 72.9 -458.6

withoutinhibito

r

45°C 13.55  34.93 -262.1 2.9872 325.3 -184.9

withinhibitor

Rp: Polarization resistance of the metal/solution interface expressed in Kohm.cm?.

Veorr: Corrosion rate of API 5LX65 steel expressed in pm/year.

Ecorr: Corrosion potential expressed in mV.

Icorr: Corrosion current expressed in mA/cm?.

Beta a: Anodic beta coefficient in mV.

Beta c: Cathodic beta coefficient in mV

4-5 Determination of Corrosion Inhibitor Efficiency

The relationship to determine the efficiency of the corrosion inhibitor has been established based

on the ratio of polarization resistance to the resistance of the blank (lacking inhibitor)..
(Icorr - I'corr)
Eff (%) = BT — X100 (3)
Eff: Corrosion inhibitor efficiency expressed in %

Icorr: Value of corrosion current density in the absence of the studied inhibitor

I'corr: Value of corrosion current density in the presence of the studied inhibitor
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Table 6: Corrosion inhibitor efficiency

Expériments I'corr Eff(%)
25°C withoutinhibitor 16.3469 0%
45°C withoutinhibitor 17.352 0%

45°C withinhibitor 2.9872 82.87%

According to the electrochemical test table 6 of the corrosion inhibitor CHIMEC1038 at 100%,
an efficiency of Eff=82.87% and a corrosion rate of V_corr=34.93 pm/year were obtained. The
results are significant for ensuring the protection of surface equipment with the formation of the

film along the installations.

Conclusion

Our work involves the study of corrosion in the production equipment of raw gas at Algerian
GASSI TOUIL region, where corrosion manifests within the aerial installations through the
chemical attack of salts (NaCl) and iron ions. This leads to perforations in the installations,
resulting in the leakage of effluents and subsequently causing disruptions in the production of
raw gas at the GASSI TOUIL field

The detection of corrosion issues at the Gassi Touil field is accomplished through the application
of specific inspection techniques, primarily represented by chemical analyses in the laboratory
(iron dosing and pH measurement). Additionally, non-destructive control is performed by
measuring the thickness of piping using ultrasound. The monitoring of corrosion speed is carried
out through the use of an ER probe, allowing us to evaluate the effectiveness of corrosion
protection methods, specifically through the injection of corrosion inhibitor CHIMEC1038 for
surface installations.

The industrial tests conducted in several production wells (wells NZ25, NZ26, NZ28) show that
the efficiency of CHIMEC 1038 is equal to 78.94% with an optimized injection rate: injection
rate = (NZ25 = 201.63 Liters), (NZ26 = 305.37 Liters), (NZ28 = 196.95 Liters). The impact of
corrosion inhibitors was analyzed through the chemical examination of pH and iron content in
the water associated with the effluent

The results obtained indicate a decrease in [Fe?] and an increase in the pH value:

Well NZ25 (iron rate 34 to 15, pH 4.2 to 7.54)

Well NZ26 (iron rate 34 to 12, pH 4.2 to 7.6)

Well NZ28 (iron rate 20 to 5, pH 4.2 t0 7.8)

The control of the thickness of aerial installations (pipes, elbows, etc.) provides positive results
after the formation of the inhibitor film on the surfaces of the installations. Corrosion velocity

measurements justify the effectiveness of the corrosion inhibitor CHIMEC1038.
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Electrochemical tests conducted using the voltalab apparatus PGZ301 at T=45°C indicate the

interpretation of corrosion in the installations through experimental Tafel and impedance curves.
The experimental results demonstrate that the efficiency of the corrosion inhibitor CHIMEC
1038 is 100%, with Effi = 82.87%, and Vcorr = 34.93pum/year.
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