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ABSTRACT  

Injection of surfactants during oilfield production is one of many selections of EOR methods. Besides its main 
role, the utilization of this chemical enhanced oil recovery (CEOR) has also potential in corrosion mitigation of downhole 
tube due to its inhibitor properties. In this paper, corrosion mitigation performance of a commercial EOR surfactant with 
various concentrations under CO2 environment was analyzed using Linear Polarization Resistance (LPR) technique. The 
functional group of the surfactant was investigated using Fourier Transform Infra-Red (FTIR) while Energy Dispersive X-
ray Spectroscopy (EDX) connected to Scanning Electron Microscopy (SEM) was used to study the surface characteristics 
changes. It was found that the injection of EOR surfactant gives a significant corrosion inhibition effect that varies upon 
concentration dosage. In this test, the surfactant managed to reduce the corrosion rate of API X65 steel in CO2 environment 
between 74% - 97% upon injection of 50ppm to 5000ppm surfactant. Higher surface coverage with possible multi-layers 
protective formation on sample was observed at higher concentration of EOR surfactant injection.  
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INTRODUCTION  

Enhanced oil recovery is a process to maximize 
the production of oil. On average nearly 70% balance of 
initial resources can be recovered by this method. EOR 
can be classified into five different categories i.e. mobility 
control, miscible, chemical, thermal and other processes. 
Surfactant flooding is one of the popular techniques under 
chemical method that have been used. It can be further 
classified into surfactant polymer flooding and alkaline-
surfactant-polymer flooding. [1] The basic mechanism of 
surfactant flooding is to reduce the interfacial tension 
(IFT) between water and oil hence increasing the amount 
of oil recovered. Surfactant will adsorb to the interface 
with the hydrophobic tail and hydrophilic head will attach 
to the hydrophobic surface and aqueous solution 
respectively. As a result, the hydrophobic surface will 
become hydrophilic hence reduce the interfacial tension. 
[2]  

There are varieties of surfactant available to be 
applied at different conditions. They can be classified by 
their head group; cationic, anionic, noionics and 
zwitterinonics. The concentration of surfactant also plays a 
strong role in the success of the method. Low 
concentration in aqueous solution results in electrolytes 
behaviour while at high concentration in the bulk solution 
will effectively lower the interfacial tension. However, 
above the critical micelles concentration (CMC), 
additional concentration will have no effect on the surface 
or interfacial tension. [2] 

On the other hand, it is understood that in a 
particular way the property of EOR surfactant is also 
similar to corrosion inhibitor. The surfactant may adsorb 
onto the metal surface depends on the nature and charge of 
the metallic surface, type of corrosive medium and type of 
surfactant thus retards the corrosion. [2,3] However, how 
effective the EOR surfactant may perform to retard 

corrosion on pipeline under the influence of actual 
condition is still unknown. This pipeline usually contains 
crude oil and natural gas with corrosive media such as 
carbon dioxide (CO2) and free water. Therefore, in this 
paper, a study of different concentration of EOR surfactant 
performance to inhibit corrosion of downhole tube under 
CO2 environment is conducted. 
 
METHODOLOGY  
 
Preparation of specimens  

Test specimens were 10mm by 10mm samples 
cut from API X65 carbon steel pipe. The specimens were 
spot welded to insulated flexible wire and hot mounted 
with epoxy resin as shown in Figure-1. The samples were 
ground with silicon carbide grit paper of 240, 320 and 600, 
cleaned thoroughly, rinse in ultrasonic cleaner, dried and 
kept in desiccators.  
  
Test matrix 
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Preparation of test solution  
The experiment was performed in 3wt% of NaCl 

in distilled water. The solution was placed in 1000 ml 
glass cell and the temperature of solution was regulated at 
25 ± 1°C by hot plate under pressure of 1 bar. Dissolved 
oxygen was removed by bubbling an oxygen-free gas of 
CO2 for a minimum of half an hour prior to the test. Then 
pH value was measured to confirm the CO2 saturation in 
the solution.  CO2 gas bubbling was continued throughout 
the experiment to simulate the CO2 environment. 

 
Electrochemical measurement  

Linear Polarization test (LPR) was used in this 
study as it can provide instantaneous indication of 
corrosion rate. Thus the effectiveness of surfactant can be 
monitored. The tests were conducted using a potentiostat. 
The programme of the potentiostat converts a corrosion 
current in mA/cm2 to a corrosion rate in mm/year. The 
measurements were performed using conventional three-
electrode glass cell arrangement with the prepared 
samples, stainless steel and Ag/AgCl electrode were used 
as working electrode, counter electrode and reference 
electrode respectively. Figure-1 shows the mounted 
samples used for the experiment. Materials were polarized 
in order of -10mV to +10mV relative to its open circuit 
potential (OCP) with the sweeping rate of 10mV/min. The 
effect of various EOR surfactant concentrations on 
corrosion rate under CO2 environment was studied by 
injecting separately 50ppm, 100ppm, 300ppm 500ppm and 
5000 ppm surfactant in the solution. These concentrations 
were chosen because the EOR surfactant composition was 
unknown and to cover wide range of surfactant flooding 
concentrations that have been tested by previous 
researchers and industries. [1] Blank solution without 
surfactant injection was used as a reference. The LPR 
measurement was conducted at every hour for over 24 
hours of exposure. Surfactant was only injected into the 
test solution at four hours of testing so that the effect of 
surfactant in comparison to the initial state can be 
identified and monitored. 
 

 
 

Figure-1. Mounted X65 sample attached with copper wire 
and hose tube. 

 
Surface morphology 

In order to observe any changes in surface 
morphology, the tested samples obtained from LPR 
measurement were cleaned with distilled water, acetone 
and dried using hot air. Blank sample and two samples 

exposed to different concentrations of surfactant i.e. 
50ppm and 5000ppm were chosen for the analysis. The 
morphology of the tested samples was observed by Energy 
Dispersive X-ray Spectroscopy (EDX) connected to 
scanning electron microscopy (SEM).  
 
RESULTS AND DISCUSSION  
 
Chemical structure of surfactant 

The structural characteristics of EOR surfactant 
were confirmed by FTIR spectroscopy in the range of 
4000- 500cm1. Based on Figure-2, the characteristics of IR 
bands at 3411 cm-1 may be due to N-H, S-H and or O-H. 
While IR band at 1600cm-1 is corresponds to carboxylic 
group. These peaks are in accordance with the typical 
characteristics peaks of surfactant with hydrocarbon chain 
tail. 
 

 
 

Figure-2. FTIR Spectrum of the EOR surfactant 
 
LPR corrosion rate  

Figure-3 shows the change in corrosion rate with 
time for X65 samples in CO2 saturated 3% NaCl solution 
injected with different concentrations of EOR surfactant at 
25°C. It can be observed from Figure-3 that in the absence 
of surfactant (blank sample), the corrosion rate tends to 
slightly increase with time. The increase is parallel with 
the revealing of Fe3C layer, as ferrite is preferentially 
dissolved and no corrosion product precipitation occurs 
within the system. This leads to the increase of corrosion 
rate at anodic region. This galvanic effect on the same 
steel surface leads to accentuation of localized corrosion 
as reported by Frederick Pressu et.al.  [4]. 

To study the performance of different 
concentrations of surfactant, the inhibition efficiency (ŋ%) 
and surface coverage (θ) were calculated according to the 
following equations [5]:  
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where CR0 is the corrosion rate without the 

surfactant and CRi is the corrosion rate when the surfactant 
is present. All data with surfactant injection show 
reduction in corrosion rate abruptly after the injection of 
surfactant which is at 4hours and descending gradually 
towards a minimum value. This significantly showed the 
effect of corrosion inhibition by the surfactant. The 
inhibition process was attributed to the formation of 
adsorbed film on the metal surface that protects the surface 
against the corrosive agent.  
 

 
 

Figure-3. Comparison of the measured corrosion rate with 
various concentration of EOR surfactant at pH4, 25±1 °C 

for 24hours of immersion time. 
 

The corrosion rate decreased as the surfactant 
concentration increased, with maximum efficiency 
between 74% and 97% at 50ppm and 5000ppm 
respectively after 24hours of exposure.  Table-1. shows 
the corrosion rates, inhibition efficiencies and surface 
coverage in the presence of different concentrations of 
surfactant. The data exhibited that the corrosion rate 
decreased while inhibition efficiency and surface coverage 
increased with the increased of surfactant concentrations. 
This trend may be due to the fact that the absorption of 
surfactant and surface coverage on the metal increase with 
the increase in concentration, hence effectively separating 
the medium from the steel surface. It was reported that at 
low concentration, the monomers were adsorbed as 
individual ions or molecule without mutual interactions. 
However, at higher concentration, tail- tail interactions of 
surfactant may cause an association of aggregates to 
produce admiscelles or bilayer formation which is more 
effective in protecting the metal. [5,6]  
 

Table-1. Corrosion parameters for X65 samples in the 
absence of surfactant and present of various concentration 

of surfactant. 
 

 
 
Surface characterization  

Figure-4(a- c) show the SEM images of X65 steel 
surfaces immersed for 24hours in saturated CO2 brine 
solution for blank and solution with 50ppm and 5000ppm 
of EOR surfactant.  The blank sample showed clear 
attacked of corrosion. However, for samples with 
surfactant injection, both micrographs revealed that, most 
of the sample surfaces were covered by protective layer as 
confirmed by lower peak height of Fe and additional peaks 
characteristics of N and Na element than those observed in 
the absence of surfactant. However, the protective layer 
surface for higher concentration of surfactant was dense 
and less damage in comparison to the low concentration of 
surfactant. This suggests that at a higher concentration of 
surfactant, higher surface coverage with possible multi-
layers coverage may occur on the sample [5,6].  

 

 
(a) 
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(b) 

 
 

Figure-4. SEM image (1000X) of sample tested at pH4, 
25±1 °C for 24hours of immersion time; (a) blank, 

(b)50ppm, (c) 5000ppm. 
 
CONCLUSIONS 

LPR corrosion rate was employed to study the 
possible corrosion inhibition of X65 material in 
CO2saturated brine solution by different concentrations of 
EOR surfactant. The principal conclusions are:  

 The EOR surfactant used in this paper was highly 
effective to act as an active component to reduce 
the corrosion rate of the samples in the given 
condition. 

 The inhibition efficiency increase with the 
increase of EOR surfactant concentration. 

 Protective film was observed on the metal surface 
with denser and firm layer was observed at high 
concentration of EOR surfactant.  
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