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Abstract 

Carbon steels are widely used in petroleum industry. Examples of their extensive usage are pipelines, tubing, casings and 

a variety of other installations. Their widespread usage is essentially due to their advantages in terms of cost 

effectiveness. 

The efficiency of two commercial corrosion inhibitors named product A and product B was investigated in 

different conditions. The product A is essentially composed of trimethylbenzene, alkylbenzene, aminoethanol and 

amid/imidazoline while the product B contains trimethylbenzene and aliphaticamins. 

The protective performance and mechanism of these corrosion inhibitors was investigated by various 

electrochemical techniques in different media formed by mixtures of water/oil.  

The results were obtained using techniques of measure of corrosion potential, linear polarization resistance (LPR) and 

electrochemical impedance spectroscopy (EIS). 

The obtained results clearly show that with a corrosion inhibitor concentration of up to 20 ppm, the RP value increases 

and the rate of protection reaches an efficiency of 90 percent. 

 

Similar results were obtained using the EIS technique and the results were expressed by a set of parameters; 

namely Rct, Rpf, Cdl. The Product A offers a better protection of carbon steel against corrosion and the highest rate of 

corrosion without corrosion inhibitor was obtained in the electrolyte solution a formed by 90% water and 10% oil. 
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1: Introduction: 

In oil exploitation, internal corrosion of carbon steel pipeline is recognized as a serious 

problem, the corrosion phenomenon will increase with the age of oil fields and with the volume 

of injecting water used for the maintain of the pressure in the reservoir. 

Inhibition is the most cost effective means or technique that allows corrosion control. The 

knowledge of the mechanism of corrosion inhibition process is very important in the design and 

efficiency selection of corrosion inhibitors 
[1,2]

. 

Corrosion inhibitors form a protective barrier on the wall of the metal surface and interfere with 

anodic or cathodic reactions. In the petroleum industry, nitrogen organic inhibitors are widely 

used regarding to their cost, their high efficiency and their availability in the market 
[3,4]

. 

Several ways are used for the maintain of pressure of oil field like the injection of water in the oil 

reservoir, injection of gases and the injection of specified polymers mixed with appropriate are 

also used 
[6-8]

. 

The presence of water used in the secondary recuperation of oil increases the corrosion regarding 

to the presence of dissolved gases (O₂, CO₂ and H₂S). Also and in many cases, the injected water 

is contaminated by bacteria such as sulfate reducing bacteria (SRB) and thiosulfate reducing 

bacteria (TRB) These bacteria when allied with organic substances cause corrosion and slime 

forming 
 [9,10]

. 

In addition, the corrosion rate of steel immersed in water is increased by the presence of corrosive 

agents such as CO₂, H2S and O₂. The corrosiveness of water depends on the concentration of the 

dissolved gases, the temperature and the pressure. The presence of large concentrations of 

chlorides in the injected water contributes the increase fo corrosion by preventing the formation 

of protective adhering layers like iron sulfides (FeS) and by the increasing of the conductivity of 

the aqueous phase. 

In many cases concerning the old oil fields, the lost of very important amount of crude oil were 

observed and to reduce the impact of corrosion it must very important to protect all the system by 

an efficiency corrosion inhibitors 
[12, 13]

. 
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2. Experimental setup: 

2.1. Chemical composition: 

Two commercial corrosion inhibitors named A and B were used in this study. The MSDs sheet of 

these two inhibitors gives the information show in table 1: 

The injected water and condensate oil used in this study were sampled from oil fields of 

Sonatrach Company located in the south of Algeria. 

Mixtures were made with water and oil in the range of 90/100, 80/20, 70/30 an 60/40% 

respectively. The most important characteristics of these two effluents are listed in table 2 and 

table 3: 

 

Table 1: Corrosion inhibitor proprieties 

Commercial Name Description and chemical  

composition  

Physical and chemical characteristics 

 

Inhibitor A 

Supplied by 

BakerPetrolite 

Company 

 

 

 

1,2,3 trimethylbenzene (1-5%) 

Alkyl benzenes (30-60%) 

Amides / Imidazoline (5-10%) 

Naphthalene (1-5%) 

Methanol (10-30%) 

Aminoethanol 2 (5-10%) 

Thioalcohol (1-5%) 

 

Liquid at 20 ° C 

color Yellow 

Mercaptan odor of oil 

Freezing (-25 ° C) 

Density (0.860-0.930) g / ml 

pH in dilute solution (10.7) 

viscosity  <10 cp at 38 °C 

Insoluble in water and soluble in aromatic 

hydrocarbons. 

 

Inhibitor B 

Supplied by  

CHIMEC 

Company 

 

 

1,2,3 Trimethylbenzene (1-5%) 

Aromatic solvent (40-50%) 

Aliphatic amines (30-40%) 

 

Liquid at 20 ° C 

Amber brown 

characteristic smell 

Freezing (-20 ° C ) 

Boiling point (180 ° C) 

Density at 20 ° C (0.93  0.02) g/cm3 

viscosity <100 cp at 20 ° C 

Insoluble in water and soluble in aromatic 

and aliphatic hydrocarbons. 
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Table 2: Chemical composition of the injected water sampled from the barimian plan in mgl
-1

: 

pH Ca
++

   Mg
++ 

 

Na
+ 

 

K
+ 

 

Cl
-
 

 

HCO3
-
 

 

CO3
2-

 

 

SO4
2-

 

 

7.6 135.50 61.90 244.00 16.20 312.50 205.8 00.00 449.40 

 

Table 3: Chemical composition of the condensate. 

Constituants Nitrogen  CO2 Methane Ethane Propane i-Butane  n-Butane i-pentane  

Mol.%  0.35 0.04 12.13 5.61 5.48 2.32 4.74 3.04 

Wt.%  0.10 0.02 2.01 1.74 2.49 1.39 2.84 2.26 

 

Constituants n-pentane Hexane Heptane Nonane Decane Undecane Dodecane Total 

Mol.% 3.93 10.23 10.06 7.81 6.58 5.08 11.70 100.00 

Wt.% 2.92 9.09 11.85 10.33 9.64 8.18 23.88 100.00 

 

2.2. Working electrodes 

The working electrodes were made from API 5 L Grad N 80 carbons steel and its characterization 

was carried up by metallographic Microscope METALLUX 3. The chemical composition of the 

working electrodes is given in table 4. 

 

Table 4: Chemical composition of API 5 L Grad N 80 carbons steel 

Elements (%) C Si Mn Ni Cr P S Mo V Cu 

API 5L    N 80 0.45 0.31 0.71 0.02 0.06 0.017 0.019 0.01 0.01 0.01 

 

Electrochemical tests were carried out in static rectangular electrode having dimensions of 

1x1.2 cm. Before recording measures, working electrodes were polished with emery paper n
o
-

600, 800 and 1200. Before their introducing into the electrochemical cell, electrodes were washed 

with distilled water and cleaned by acetone and dried with air at room temperature. 

The potentiodynamic polarization curves and electrochemical impedance spectroscopy (EIS) 

were performed by using EGG PAR 273A PGSTAT/GSTAT and the SOLARTRON 1255 as 

frequencies analyzer.  
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Working electrodes were immersed into the test solution to establish the steady state open 

circuit potential time. The potentiodynamic polarization curves were recorded by polarizing the 

working electrode to – 300 mV cathodically toward – 300 mV anodically with a respect of OCP 

at the scan rate of 0.166 mV/S. 

The linear polarization curves were recorded by the scan of the potential at 0.166mV/S in 

the range of ±20mV around the OCP of the working electrodes.  

Electrochemical impedance (EIS) measurements were performed at open circuit potential in the 

frequency range of 100KHZ to .01Hz with small amplitude of 10mV at temperatures of 20, 40 

and 60 °C. 

3. Results and discussions 

3.1. Open circuit potential measurements. 

Fig. 1 and Fig. 2 show the OCP curves recorded for carbon steel N80 working electrode 

immersed during 3600 seconds in different mixture solutions of water and condensate with a 

mixture ratio of 90/10, 80/20, 70/30 and 60/40 respectively. 

 

 

Figure 1: OCP of four mixture solutions versus time measured at 20°C. 
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Figure 2: OCP of four mixture solutions versus time measured at 40°C. 

Curves shown in Fig. 1 reveal that the increases of the ratio of the oil condensate solution shift 

rapidly the OCP toward more cathodic value. The OCP value, at the starting of the measure was -

520 mV/ECS and it shifts to -720mV/ECS after an immersion time of 1600 seconds. This 

comportment is very indicated for the mixture solution of 90/10. These situations were observed 

when the solution contains more water than condensate oil (90/10 and 80/20). When the ratio of 

oil condensate increases in the solution, the value of OCP becomes more stable. The OCP 

becomes stable after less than 500 seconds of immersion. OCP values measured after 7200s of 

immersion are given in table 5. 

 

Table 5:OCP values measured after an immersion time of 7200 seconds 

Water/oil  % Temperature   °C ECorr V/ECS 

 (90/10) 20 - 0,731 

40 - 0,741 

 (80/20) 20 - 0,718 

40 - 0,729 

 (70/30) 20 - 0,711 

40 - 0,727 

 (60/40) 20 - 0,676 

40 - 0,703 
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3.2. Polarization curves measurements 

The polarization resistance measurements were carried out on carbon steel grad N 80 working 

electrodes immersed in solutions formed by mixing water and oil condensate with the ration of 

90/10%, 80/20%, 70/30% and 80/20% respectively. Table 6 show the electrochemical parameters 

computed from the linear polarization curves. The Rp values indicate an increasing with lowering 

water ratio in the mixture solutions. In the other hand, the Rp values decrease with the increase of 

temperature. The corrosion rate, Vcorr and the values of corrosion current, Icorr are inversely 

proportional to the Rp values (table 6). 

 

Table 6: Electrochemical parameters computed from LPR curves  

Mixture ratio 

(water/oil 

Temperature (°C) Electrochemical parameters 

Ecorr 

V/ECS 

Rp 

Ohm.Cm
2
 

Icorr 

µA/Cm
2
 

Vcorr 

mm/y 

 

(90/10) 

20 - 0,731 721,00 30,10 0,353 

40 - 0,741 362,88 73,56 0,863 

 

(80/20) 

20 - 0,718 848,00 25,57 0,300 

40 - 0,729 691,20 31,41 0,368 

(70/30) 20 - 0,711 1174,80 18,47 0,216 

40 - 0,727 822,00 26,41 0,309 

(60/40) 20 - 0,587 1432,50 14,55 0,170 

40 - 0,703 1150,00 18,87 0,221 

 

3.3: Electrochemical Impedance spectroscopy measurements 

The electrochemical behavior of carbon steel we in the different mixtures was investigated by 

electrochemical impedance spectroscopy (EIS). Figure 3 shows the impedance diagram for 

carbon steel in electrolytic solutions formed by water and oil at different ratios. 
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Figure 3: Nyquist and Bodes plots for carbon steel grad N80 in 90/10% water/oil solution 

                recorded at 20 and 40 °C 

 
Figure 4 : Nyquist and Bodes plots for carbon steel grad N80 in 80/20% water/oil solution 

                recorded at 20 and 40 °C 
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Figure 5: Nyquist and Bodes plots for carbon steel grad N80 in 70/30% water/oil solution 

                recorded at 20 and 40 °C 

 

 
Figure 6: Nyquist and Bodes plots for carbon steel grad N80 in 60/40% water/oil solution 

                 recorded at 20 and 40 °C 

 

Table 6:  Electrochemical parameters computed from impedance spectrums  
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Rs 

Ohms.Cm
2
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Ohms.Cm
2
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Ohms.Cm
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Cdc 

.Farad.Cm
-2 

 

 (90/10) 

20 08,88 717,00 725,88 89,9141 
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(80/20) 

20 09,80 840,80 849,80 55,1776 

40 06,80 684,40 691,2 61,3319 

60 04,32 181,60 185,92 127,7670 

  

(70/30) 

20 10,20 1306,80 1317,00 130,8200 

40 07,19 812,40 819,60 73,6340 

60 05,04 206,40 211,44 108,3940 

 (60/40) 20 20,04 1412,51 1432,55 71,5149 

40 10,99 1189,01 1199,00 571,5940 

60 05,76 724,24 730,00 515,7000 

 

4: Conclusion 

The efficiency of two commercial corrosion inhibitors named product A and product B 

was investigated in different conditions. The product A is essentially composed of 

trimethylbenzene, alkylbenzene, aminoethanol and amid/imidazoline while the product B 

contains trimethylbenzene and aliphaticamins. 

 

The protective performance and mechanism of these corrosion inhibitors was investigated 

by various electrochemical techniques in different media formed by mixtures of water/oil.  

The results were obtained using techniques of measure of corrosion potential, linear polarization 

resistance (LPR) and electrochemical impedance spectroscopy (EIS). 

The obtained results clearly show that with a corrosion inhibitor concentration of up to 20 ppm, 

the RP value increases and the rate of protection reaches an efficiency of 90 percent. 

 

Similar results were obtained using the EIS technique and the results were expressed by a 

set of parameters; namely Rct, Rpf, Cdl. The Product A offers a better protection of carbon steel 

against corrosion and the highest rate of corrosion without corrosion inhibitor was obtained in the 

electrolyte solution a formed by 90% water and 10% oil. 
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