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Abstract - Empirical methods provide reliable corrosion rate predictions in multi -variable experiments and enable efficient 

execution of numerous tests, thereby promoting sustainability through cost reduction, minimizing environmental impact, and 

lowering industrial emissions. However, many of these empirical models lack statistical verifications due to data limitations, 

which affects the precision of the results. To address this issue, this research study utilizes Response Surface Methodology (RSM) 

to model and predict the empirical corrosion rates caused by CO₂ under different temperature, rotation speed, and acetic acid 

(HAc) conditions. The experiments were conducted in a CO₂-saturated 3% NaCl solution, with HAc concentrations of 0, 70, 170, 

270, and 340 ppm. The tests covered a temperature range of 22 to 80°C and rotation speeds from 1000 to 6000 rpm, all 

maintained at a pH of 5.5. The data was analyzed using MINITAB® version 15. The chosen second -order polynomial regression 

model effectively captures the relationships between temperature, HAc concentration, and rotation speed. Additionally, no 

significant interactions were observed among these variables. Mathematical models and visual observations obtained through 

Response Surface Methodology (RSM) aid in the analysis of stationary values. RSM also allows for the capture of other aspects , 

including temperature of scaling, and the dynamics of flow rate. This methodology enables a more comprehensive analysis of 

both individual and interaction effects between variables. 

Keywords - CO2 corrosion prediction, RSM, Carbon steels, pH 5.5, Acidic Solutions. 

1. Introduction 
Carbon Dioxide (CO₂) corrosion, commonly considered 

as sweet corrosion, is a significant challenge in the oil and gas 

environments. It severely degrades the mechanical integrity of 

pipelines and production equipment. This form of corrosion 

primarily affects carbon steels exposed to aqueous CO₂ 

environments, where dissolved CO₂ reacts with water to form 

carbonic acid (H₂CO₃), a weak acid that can aggressively 

attack metal surfaces. The resulting corrosion can lead to 

costly maintenance, production downtime, and, in extreme 

cases, catastrophic failures [1, 2]. For instance, the 

catastrophic failure of the BP Prudhoe Bay pipeline in 2006 is 

a well-documented case of CO₂ corrosion. The incident 

resulted in a significant oil spill, production losses, and 

extensive cleanup costs, highlighting the severe financial and 

environmental impacts of unchecked CO₂ corrosion. This 

event emphasized the critical need for effective corrosion 

monitoring and mitigation strategies to prevent similar failures 

in the future [3-5]. The severity and mechanism of CO₂ 

corrosion are influenced by multiple factors, including 

temperature, pressure, fluid velocity, and the chemical 

composition of the electrolyte, with pH being a particularly 

critical parameter. Studying CO₂ corrosion at a pH of 5.5 is 

crucial because this pH level commonly occurs in many 

natural and industrial environments, particularly in oil and gas 

production systems where dissolved CO₂ lowers the pH to 

mildly acidic conditions [6, 7]. At this pH, carbonic acid 

remains a dominant species, actively contributing to corrosion 

by supplying hydrogen ions that accelerate electrochemical 

reactions on metal surfaces [8]. The environment at pH 5.5 

presents a complex chemical system involving carbonic acid, 

bicarbonate ions, and free protons, all of which interact to 

influence corrosion kinetics and mechanisms [9]. 

Investigating corrosion behavior under these conditions 

allows for more realistic modeling of pipeline and equipment 

degradation, enabling the development and optimization of 

effective corrosion inhibitors and protective strategies tailored 

to real-world scenarios [10]. Therefore, understanding CO₂ 

corrosion at this specific pH helps address practical challenges 
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faced in maintaining the integrity and safety of infrastructure 

exposed to acidic CO₂ environments. To accurately predict 

and mitigate CO₂ corrosion, it is essential to combine 

experimental observations with robust mathematical 

modelling. Experimental studies can reveal critical insights 

into the corrosion kinetics, film formation, and surface 

morphology, while models can simulate the underlying 

electrochemical processes and mass transfer dynamics. This 

integrated approach provides a more comprehensive 

understanding of corrosion behavior, supporting the 

development of more effective protection strategies. 

In this study, the Design of Experiment (DoE) Response 

Surface Method (RSM) is employed to optimize the 

experimental design and analyze the interaction effects of 

multiple corrosion factors, such as temperature, CO₂ partial 

pressure, and pH. RSM, known for its efficiency in reducing 

experimental runs while maintaining accuracy, is compared 

with a more conventional random design approach to assess 

its effectiveness in predicting corrosion rates and capturing the 

complex interdependencies among the studied parameters 

[11]. 

This comparative analysis aims to highlight the 

advantages of RSM in modeling CO₂ corrosion, providing a 

basis for more precise control strategies in industrial 

applications. This paper presents a detailed investigation into 

the CO₂ corrosion of carbon steel in acidic solutions at pH 5.5. 

It integrates electrochemical measurements, surface analysis, 

and predictive modeling to capture the effects of main factors 

such as temperature, flow rate, and carbonic acid 

concentration. The findings contribute to the broader 

understanding of CO₂ corrosion mechanisms and lay the 

groundwork for improved corrosion control in industrial 

systems. 

1.1. CO₂ Corrosion 

Carbon Dioxide (CO₂) corrosion, often called sweet 

corrosion, is a prevalent form of corrosion affecting carbon 

steel infrastructure exposed to CO₂-containing aqueous 

environments, especially in the oil and gas industry. When 

CO₂ dissolves in water, it produces carbonic acid (H₂CO₃), 

which lowers the pH and creates a mildly acidic environment 

conducive to corrosion. The carbonic acid and its dissociation 

products, including bicarbonate (HCO₃⁻) and hydrogen ions 

(H⁺), facilitate electrochemical reactions that accelerate the 

dissolution of metal surfaces, leading to material degradation 

and potential failures [12, 13]. This corrosion process is 

caused by several factors, including temperature, pressure, 

flow conditions, and the presence of inhibitors. The complex 

interplay of these variables necessitates a thorough 

understanding to develop effective corrosion control strategies 

[14]. CO₂ corrosion can cause significant economic losses and 

safety hazards if not properly managed, making its study 

critical for maintaining the integrity of pipelines and 

equipment in CO₂-rich environments [15]. 

1.2. Acetic Acid Corrosion 

Corrosion of Acetic acid is a significant form that occurs 

in industrial systems where acetic acid is present, especially in 

oil and gas production, chemical processing, and food 

industries. Acetic acid, a weak organic acid, can penetrate 

protective oxide layers on carbon steel surfaces, leading to 

accelerated metal dissolution and localized corrosion such as 

pitting and crevice corrosion [16, 17]. Corrosion rates tend to 

increase with higher acid concentrations and elevated 

temperatures, with the presence of dissolved gases like CO₂ or 

H₂S further intensifying the corrosive effects. Unlike mineral 

acids, acetic acid’s organic nature affects the corrosion 

mechanism by forming soluble complexes with metal ions, 

which can enhance metal loss [13].  

2. Research Methodologies 
This research encompasses the development of a 

corrosion trend model, followed by experimental 

investigations structured around a chosen experimental design 

to produce data for estimating the model’s empirical 

parameters. The analysis of independent variables’ influence 

was grounded in the mechanistic theory of CO₂ corrosion. To 

assess the accuracy and reliability of the model, its predictions 

were validated against existing experimental results reported 

in the literature as well as outcomes from specialized 

corrosion simulation software. Given the trends observed in 

CO₂ corrosion, a model of 2nd polynomial regression was 

selected to capture the complex interactions among the 

influencing factors accurately. The model is expressed as 

(Equation 1): 

𝑌 = 𝛽0 + ∑ 𝛽𝑖 𝑋𝑖 +  ∑ 𝛽𝑖𝑖  𝑋𝑖
2𝑘

 + ∑  ∑ 𝛽𝑖𝑗  𝑋𝑖  𝑋𝑗 +  𝜀𝑘
  (1) 

In the regression model, Y represents the response 

variable, such as the corrosion rate. The term Xi denotes the ith 

predictor or independent variable affecting the response. The 

coefficients βi are the population regression parameters 

corresponding to each predictor, quantifying their influence on 

the response. The variable k indicates the total number of 

predictors in the model, while j refers to the jth experiment or 

observation in the dataset. Finally, ε is the error term 

accounting for random variation or measurement noise not 

explained by the model. This model enables characterization 

of critical points-maxima, minima, or saddle points—by 

analyzing the first derivative with respect to each variable 

(Equation 2): 

𝜕𝑦

𝜕𝑥𝑖
= 𝛽𝑖 + 2𝛽𝑖𝑖 𝑥 𝑖𝑖 + ∑ 𝛽𝑖𝑗𝑗≠𝑖 𝑥𝑗 = 0 (2) 

Solving these equations yields the coordinates of the 

stationary points, offering insight into the corrosion behavior 

under different conditions. To reliably estimate this second-

order model, a minimum of three levels per factor is required. 

Including center points with repeated runs allows for the 

estimation of pure error, essential for statistically validating 

the model. 
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2.1. Variable Coding and Experimental Design 

Variable coding transforms independent variables into a 

standardized scale, simplifying analysis and improving model 

interpretation. Experimental design systematically plans trials 

to study the effects of multiple factors efficiently. Designs like 

response surface methodology enable estimation of main, 

interaction, and quadratic effects with fewer runs. This study 

used coded variables and response surface design to develop 

an accurate regression model for CO₂ corrosion while 

minimizing experiments and ensuring reliable results.  

The independent variables-HAc concentration (ppm), 

temperature (°C), and rotation speed (rpm)-were converted to 

coded levels ranging from -1.7 (low) to +1.7 (high) and 

summarized in Table 1. Coding was applied using Equation 

20, producing an orthogonal matrix and a total of 18 

experimental runs (Table 2). The last four runs (15–18) were 

repeated to estimate pure error and ensure statistical reliability. 

Table 1. Real and coded of the experiments 

Level Code 
HAc 

(ppm) 

T 

(oC) 

N 

(rpm) 

Axial point 3 340 80 6000 

High 1 270 70 4000 

Centre 0 170 50 2000 

Low -1 70 35 1000 

Axial point -3 0 22 0 

 
Table 2. presents a central composite design used in the experiments 

Run No HAC (coded) Temp (coded rot (coded) HAc (ppm) 
Temp 

(°C ) 
rot (rpm) 

Avrg. CR 

(mm / y) 

1 1 1 1 270 70 4000 7 

2 -1 1 1 70 70 4000 5.2 

3 1 -1 1 270 35 4000 4.2 

4 -1 -1 1 70 35 4000 3.2 

5 1 1 -1 270 70 1000 5.2 

6 -1 1 -1 70 70 1000 4 

7 1 -1 -1 270 35 1000 3.1 

8 -1 -1 -1 70 35 1000 2.4 

9 √3 0 0 340 50 2000 5.9 

10 -√3 0 0 0 50 2000 2 

11 0 √3 0 170 80 2000 5.3 

12 0 -√3 0 170 22 2000 2.35 

13 0 0 √3 170 50 6000 5.9 

14 0 0 -√3 170 50 0 2.3 

15 0 0 0 170 50 2000 4.5 

16 0 0 0 170 50 2000 4.6 

17 0 0 0 170 50 2000 4.7 

18 0 0 0 170 50 2000 4.65 

2.2. Electrochemical Set-up 

A standard three-electrode system, shown in Figure 1, 

was employed for electrochemical measurements. The 

working electrode was a Rotating Cylinder Electrode (RCE) 

with adjustable speed. The cell comprised a glass vessel 

containing graphite auxiliary electrodes and an Ag/AgCl 

reference electrode [18-20]. 

2.3. Specimen Preparation 

The working electrodes used in the experiments were 

cylindrical carbon steel specimens, measuring 12 mm in 

diameter and 10 mm in length. Before testing, the samples 

underwent a surface preparation process involving sequential 

polishing with silicon carbide papers of 240, 400, and 600 grit, 

followed by thorough rinsing with methanol and degreasing 

using acetone. To guarantee the consistency and reliability of 

the results, each test was performed a minimum of two times 

[19]. The carbon steel samples used in the experiments had the 

following chemical composition (in %): carbon (0.14%), 

silicon (0.175%), manganese (0.8%), phosphorus (0.011%), 

sulfur (0.031%), chromium (0.061%), and nickel (0.07%). 

 
Fig. 1 Potentio-dynamic for corrosion testing  
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Experiments were conducted under both stagnant and 

flowing conditions. Tests used a 1-liter glass cell at 1 bar 

pressure, filled with distilled water and 3% wt NaCl, stirred 

magnetically. CO₂ was bubbled for at least one hour to make 

the solution saturated and de-aerated. Temperature was 

controlled with a hot plate, and pH was adjusted using 

NaHCO₃ as a buffer. Flow conditions were simulated with a 

Rotating Cylinder Electrode (RCE) mounted centrally (see 

Figure 2). Corrosion rates were measured using the Linear 

Polarization Resistance (LPR) method, following ASTM G5-

94 guidelines [19]. 

3. Results and Discussion 
3.1. Preliminary Trend Analysis 

Before the experimental phase, preliminary mathematical 

modeling was carried out to establish baseline trends in 

corrosion behavior. The model predicted that corrosion rates 

would increase exponentially with linear rises in CO₂ 

concentration, ranging from 10 to 34 mol/m³, or temperature, 

varying from 22°C to 80°C, under activation-controlled 

conditions at 1 bar. This prediction aligns with the mechanistic 

corrosion rate model proposed by Sun [21], which captures the 

combined effects of temperature and CO₂ concentration on 

corrosion kinetics (Figure 2). 

 

Fig. 2 Corrosion rate simulations vs CO₂ concentration (10–34 mol/m³) 
under static conditions at 1 bar and temperatures ranging from 22°C to 

80°C 

In parallel, the impact of acetic acid (HAc) concentration 

on corrosion rate was also evaluated using mechanistic 

calculations. These assessments indicated a similar 

exponential increase in corrosion rate as HAc levels rose, 

consistent with established theoretical models. This finding, 

illustrated in Figure 3, confirms that HAc plays a critical role 

in accelerating metal dissolution in CO₂ environments [21]. 

Together, these preliminary analyses provided a foundational 

understanding for the subsequent experimental work, helping 

to guide the selection of variable ranges and experimental 

design. 

 
Fig. 3 Corrosion rate simulations vs CO₂ concentration (10–34 mol/m³) 

at 1 bar and 22–80°C under static conditions 

3.2. Corrosion Model Development  

To predict rates of corrosion calculated at pH 5.5, a 

second-order polynomial model was selected due to its ability 

to capture the nonlinear effects and interactions between 

variables. This model provides a flexible framework for fitting 

experimental data, accounting for both main effects and 

higher-order interactions. The general form of the second-

order polynomial response model is given by:  

CR = -2.39 + 0.009 *HAc + 0.107*T + 0.0006*N  -  

0.0007(T)2 -  2.02×10-7(HAc × N) + 5.030×10-6(T × N) (18) 

In this model, HAc represents the concentration of acetic 

acid in parts per million (ppm), T is the temperature in degrees 

Celsius (°C), and N is the rotation speed in revolutions per 

minute (rpm). 

3.3. Statistical Analyses 

Table 3 provides the ANOVA calculaion for corrosion 

rates in saturated CO₂ solution at pH 5.5, based on the central 

composite model (CCD) approach used to assess the model 

fit. 

Table 3. ANOVA data for corrosion rate model 

Source DoF Seq SS. Adj SS. Adj MS. F P 

Regressions 9 32.310 32.315 3.5906 10.13 0.005 

Linear 3 31.440 26.530 8.8447 24.95 0.001 

Square 3 0.583 0.571 0.1903 0.54 0.674 

Interaction 3 0.286 0.286 0.0955 0.27 0.845 
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Residual Error 6 2.126 2.126 0.3544   

Lack-of-Fit 5 2.121 2.121 0.4243 84.86 0.082 

Pure Error 1 0.005 0.005 0.0050   

Total 15 34.440     

 

Figures 4 to 6 present a thorough residual analysis, 

confirming that the model meets essential assumptions 

required for valid regression analysis. The normal probability 

plot in Figure 4 shows that the residuals closely follow a 

normal distribution, suggesting that the errors are normally 

distributed. Figure 5 demonstrates the independence of 

residuals, indicating that there is no systematic pattern or 

autocorrelation affecting the model’s accuracy. Meanwhile, 

Figure 6 confirms homoscedasticity, as the residual variance 

remains consistent across predicted values, implying equal 

variance and no heteroscedasticity issues. Furthermore, Figure 

7 reveals a strong correlation of 94% between the observed 

corrosion rates and those predicted by the model. This high 

correlation coefficient signifies that the model accurately 

captures the relationship between the independent variables 

and the corrosion response. Together, these diagnostic plots 

and correlation results validate the reliability and robustness 

of the model, confirming its suitability for predicting 

corrosion behavior under the studied conditions. 

 
Fig. 4 Normal plot of residuals 

 
Fig. 5 Residuals versus Order of data 

 
Fig. 6 Residuals versus Fitted values 

 
Fig. 7 Correlation predicted and observed values of the corrosion rate 

model at pH 5.5 

3.4. Experimental Data Validation 

Figures 8 and 9 compare the model predictions with 

experimental data to validate its accuracy. Figure 8 illustrates 

the corrosion rate at different HAc concentrations, showing 

good agreement between the model and experimental results 

reported by Ismail (2006) [22].  

Similarly, Figure 9 presents the verification of corrosion 

rates across varying temperatures, comparing the model 

predictions with data from ECE® [23].  

Both figures demonstrate the model’s effectiveness in 

accurately capturing the corrosion behavior under different 

conditions. 



Yuli Panca Asmara et al. / IJETT, 73(7), 26-33, 2025 

 

31 

 
Fig. 8 Correlation between corrosion rate and HAC concentration: RSM 

model validation 

 
Fig. 9 Correlation between corrosion rate and temperature 

concentration: RSM model validation 

3.5. Effects of Temperature, HAc, and Rotation Speed  

Figure 10 effectively demonstrates that temperature and 

HAc concentration significantly influence corrosion rates, 

with the highest corrosion observed at 80°C. This finding 

aligns with established corrosion principles, as increased 

temperature typically accelerates chemical reactions, and 

acetic acid is known to exacerbate corrosion in CO₂ 

environments. The pronounced impact of HAc at elevated 

temperatures suggests a possible synergistic effect where 

acidity and thermal energy jointly enhance metal dissolution. 

Figure 11 further explores the interaction between 

temperature and rotation speed, showing that corrosion rates 

increase sharply as both factors rise. The doubling of corrosion 

rate from 1 to 2 mm/y when rotation speed increases from 

1000 to 6000 rpm at 30°C is notable, as it reflects the effect of 

hydrodynamic conditions on mass transport and surface film 

disruption [24]. The additional increase at 80°C emphasizes 

how temperature amplifies this effect, suggesting a synergistic 

interaction between mechanical and chemical factors. 

 
Fig. 10 Contour response of corrosion rate: effects of acetic acid and 

temperature 

 
Fig. 11 Contour response of corrosion rate: effects of temperature and 

rotation speed 

4. Conclusion 

The selected model accurately represents the measured 

corrosion data, with a second-order polynomial regression 

effectively describing the effects of temperature, acetic acid 

(HAc) concentration, and rotation speed. No significant 

interactions between these factors were observed. Validation 

against experimental results yielded R² values ranging from 

90% to 99%, correlation coefficients between 94% and 97%, 

and standard errors between 0.05 and 0.2. Response Surface 

Methodology (RSM) provided valuable analytical tools to 

identify stationary points and gain insight into mechanistic 

corrosion behaviors, including temperature effects and flow-

dependent or independent limiting currents. It also facilitated 

detailed evaluation of the individual and combined influences 

of the variables. At lower rotation speeds and HAc 

concentrations, temperature has a more pronounced impact on 

corrosion rates, reinforcing its role as the primary factor 

influencing corrosion. The formation of corrosion products 

also plays a critical role in accurately modeling corrosion 
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behavior in CO₂ environments containing HAc. According to 

RSM analysis and previous studies, rotation speed has a 

relatively minor effect on the corrosion rate under these 

conditions. 

Credit Authorship Contribution Statement 
• Yuli Panca Asmara: Conceptualization, project 

administration, methodology design, manuscript writing, 

supervision. 

• Suparjo: Data curation, formal analysis, manuscript 

review, validation. 

• Firda Herlina: Investigation, visualization, data 

interpretation, manuscript drafting. 

• Kushendarsyah Saptaji: Methodology development, data 

collection, resource acquisition, manuscript finalization. 

• Lekan Taofeek Popoola: Project supervision, resource 

management, validation, manuscript editing. 

 

References 
[1] Srdjan Nešić, “Key Issues Related to Modelling of Internal Corrosion of Oil and Gas Pipelines - A Review,” Corrosion Science, vol. 49, 

no. 12, pp. 4308-4338, 2007. [CrossRef] [Google Scholar] [Publisher Link] 

[2] BP's Pipeline Spills at Prudhoe Bay: What Went Wrong? Hearing Before the Subcommittee on Oversight and Investigations of the 

Committee on Energy and Commerce, House of Representatives, 109th Congress, 2nd Session, U.S. Government Information, 2006. 

[Online]. Available: https://www.govinfo.gov/content/pkg/CHRG-109hhrg31461/pdf/CHRG-109hhrg31461.pdf 

[3] BP 5-2006-5015H - Final, Pipeline and Hazardous Materials Safety Administration, 2006. [Online]. Available: 

https://primis.phmsa.dot.gov/enforcement-documents/520065015H/BP%205-2006-5015H%20-%20Final.pdf 

[4] Alaska Experiences Worst Oil Pipeline Leak in Its History, Final Damage Still Not Tallied, Bellona, 2006. [Online]. Available: 

https://bellona.org/news/fossil-fuels/oil/2006-03-alaska-experiences-worst-oil-pipeline-leak-in-its-history-final-damage-still-not-tallied 

[5] CHRONOLOGY - BP's Corrosion Problems at Prudhoe Bay, Reuters, 2006. [Online]. Available: 

https://www.reuters.com/article/markets/oil/chronology-bps-corrosion-problems-at-prudhoe-bay-idUSN14291873/ 

[6] Frederick Pessu, Richard Barker, and Anne Neville, “The Influence of pH on Localized Corrosion Behavior of X65 Carbon Steel in CO₂-

Saturated Brines,” Corrosion, vol. 71, no. 12, pp. 1452-1466, 2015. [CrossRef] [Google Scholar] [Publisher Link] 

[7] Ahmed A. Al-Amiery et al., “Experimental and Theoretical Study on the Corrosion Inhibition of Mild Steel by Nonanedioic Acid 

Derivative in Hydrochloric Acid Solution,” Scientific Reports, vol. 12, no. 1, pp. 1-21, 2022. [CrossRef] [Google Scholar] [Publisher Link]  

[8] Yong Chen et al., “The Fabrication of Asymmetry Supercapacitor Based on MWCNTs/MnO2/PPy Composites,” Electrochimica Acta,  

vol. 309, pp. 424-431, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[9] Jiabin Han, Jinsuo Zhang, and J. William Carey, “Effect of Bicarbonate on Corrosion of Carbon Steel in CO₂-Saturated Brines,” 

International Journal of Greenhouse Gas Control, vol. 5, no. 6, pp. 1680-1683, 2011. [CrossRef] [Google Scholar] [Publisher Link] 

[10] Khalid Bouiti et al., “Response Surface Methodology for Optimizing Corrosion Inhibition: Investigating the Synergistic Effect of 

Eriobotrya Japonica Extract and Potassium Iodide,” Euro-Mediterranean Journal for Environmental Integration, vol. 9, no. 2, pp. 469-

481, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[11] Narimane Saigaa et al., “Optimization of the Inhibition Corrosion of Carbon Steel in an Acidic Medium by a Novel Eco-Friendly Inhibitor 

Asphodelus Ramosus using Response Surface Methodology: Original Scientific Paper,” Journal of Electrochemical Science and 

Engineering, vol. 13, no. 3, pp. 469-490, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[12] Pierre R. Roberge, Corrosion Engineering: Principles and Practice, 2nd ed., McGraw-Hill, New York, 2008. [Google Scholar] 

[13] Michael W. Joosten et al., “Organic Acid Corrosion in Oil and Gas Production,” NACE Corrosion, Denver, Colorado, 2002. [CrossRef] 

[Google Scholar] [Publisher Link] 

[14] M.B. Kermani, and A. Morshed, “CO₂ Corrosion in Oil and Gas Production: A Compendium,” Corrosion, vol. 59, no. 8, pp. 659-683, 

2003. [CrossRef] [Google Scholar] [Publisher Link] 

[15] Sankara Papavinasam, Corrosion Control in the Oil and Gas Industry, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[16] Srdjan Nesic, and John Postlethwaite, Modelling of CO2 Corrosion Mechanisms, Modelling Aqueous Corrosion: From Individual Pits to 

System Management, vol. 266, 1994. [CrossRef] [Google Scholar] [Publisher Link] 

[17] Philip A. Schweitzer, Fundamentals of Metallic Corrosion: Atmospheric and Media Corrosion of Metals , 1st ed., CRC Press, 2006. [Google 

Scholar] [Publisher Link] 

[18]  “ASTM G31 - Standard Guide for Laboratory Immersion Corrosion Testing of Metals,” Advancing Standarnds Transforming Markets 

International, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[19] “ASTM G5-94 - Standard Reference Test Method for Making Potentiostatic and Potentiodynamic Anodic Polarization Measurements,” 

Advancing Standarnds Transforming Markets International, 2013. [CrossRef] [Publisher Link] 

[20] “ASTM G1 - Standard Practice for Preparing, Cleaning, and Evaluating Corrosion Test Specimens,” Advancing Standarnds Transforming 

Markets International, 2025. [CrossRef] [Google Scholar] [Publisher Link] 

[21] Wei Sun, Srdjan Nesic, and Sankara Papavinasam, “Kinetics of Iron Sulfide and Mixed Iron Sulfide/Carbonate Scale Precipitation in 

CO₂/H₂S Corrosion,” Nace Corrosion, San Diego, California, 2006. [Google Scholar] [Publisher Link] 

https://doi.org/10.1016/j.corsci.2007.06.006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Key+Issues+Related+to+Modelling+of+Internal+Corrosion+of+Oil+and+Gas+Pipelines+%E2%80%93+A+Review&btnG=
https://www.sciencedirect.com/science/article/pii/S0010938X07001539
https://www.govinfo.gov/content/pkg/CHRG-109hhrg31461/pdf/CHRG-109hhrg31461.pdf
https://primis.phmsa.dot.gov/enforcement-documents/520065015H/BP%205-2006-5015H%20-%20Final.pdf
https://bellona.org/news/fossil-fuels/oil/2006-03-alaska-experiences-worst-oil-pipeline-leak-in-its-history-final-damage-still-not-tallied
https://www.reuters.com/article/markets/oil/chronology-bps-corrosion-problems-at-prudhoe-bay-idUSN14291873/
https://doi.org/10.5006/1770
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+influence+of+pH+on+localized+corrosion+behavior+of+X65+carbon+steel+in+CO%E2%82%82-saturated+brines&btnG=%5d
https://content.ampp.org/corrosion/article/71/12/1452/2355/The-Influence-of-pH-on-Localized-Corrosion
https://doi.org/10.1038/s41598-022-08146-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+and+theoretical+study+on+the+corrosion+inhibition+of+mild+steel+by+nonanedioic+acid+derivative+in+hydrochloric+acid+solution&btnG=
https://www.nature.com/articles/s41598-022-08146-8
https://doi.org/10.1016/j.electacta.2019.04.072
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+fabrication+of+asymmetry+supercapacitor+based+on+MWCNTs%2FMnO2%2FPPy+composites&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0013468619307583?via%3Dihub
https://doi.org/10.1016/j.ijggc.2011.08.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+bicarbonate+on+corrosion+of+carbon+steel+in+CO%E2%82%82-saturated+brines&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1750583611001484
https://doi.org/10.1007/s41207-023-00457-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Response+surface+methodology+for+optimizing+corrosion+inhibition%3A+investigating+the+synergistic+effect+of+Eriobotrya+japonica+extract+and+potassium+iodide&btnG=
https://link.springer.com/article/10.1007/s41207-023-00457-0
https://doi.org/10.5599/jese.1628
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimization+of+the+inhibition+corrosion+of+carbon+steel+in+an+acidic+medium+by+a+novel+eco-friendly+inhibitor+Asphodelus+ramosus+using+response+surface+methodology%3A+Original+scientific+paper&btnG=
https://pub.iapchem.org/ojs/index.php/JESE/article/view/1628
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pierre+R.+Roberge%2C+Corrosion+Engineering%3A+Principles+and+Practice%2C+2nd+ed.%2C+McGraw-Hill%2C+2008&btnG=
https://doi.org/10.5599/jese.1628
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ORGANIC+ACID+CORROSION+IN+OIL+AND+GAS+PRODUCTION&btnG=
https://onepetro.org/NACECORR/proceedings-abstract/CORR02/All-CORR02/114700
https://doi.org/10.5006/1.3277596
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Carbon+Dioxide+Corrosion+in+Oil+and+Gas+Production%E2%80%94A+Compendium&btnG=
https://content.ampp.org/corrosion/article-abstract/59/8/659/6772/Carbon-Dioxide-Corrosion-in-Oil-and-Gas-Production?redirectedFrom=fulltext
https://doi.org/10.1016/C2011-0-04629-X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Corrosion+control+in+the+oil+and+gas+industry&btnG=
https://www.sciencedirect.com/book/9780123970220/corrosion-control-in-the-oil-and-gas-industry?via=ihub=
https://doi.org/10.1007/978-94-011-1176-8_15
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modelling+of+CO2+Corrosion+Mechanisms&btnG=
https://link.springer.com/chapter/10.1007/978-94-011-1176-8_15#citeas
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fundamentals+of+Metallic+Corrosion%3A+Atmospheric+and+Media+Corrosion+of+Metals+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fundamentals+of+Metallic+Corrosion%3A+Atmospheric+and+Media+Corrosion+of+Metals+&btnG=
https://www.routledge.com/Fundamentals-of-Metallic-Corrosion-Atmospheric-and-Media-Corrosion-of-Metals/SchweitzerPE/p/book/9780849382437?srsltid=AfmBOoqQCk1D6ngA8QnXlLrq7jQgM-cS86UPUwdJrL8ulkASqAGvwrsz
http://doi.org/10.1520/G0031-21
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ASTM+G31-21++Standard+Guide+for+Laboratory+Immersion+Corrosion+Testing+of+Metals&btnG=
https://store.astm.org/g0031-21.html
http://doi.org/10.1520/G0005-94R11E01
https://store.astm.org/g0005-94r11e01.html
http://doi.org/10.1520/G0001-03R17E01
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ASTM+G1+%E2%80%93+Standard+Practice+for+Preparing%2C+Cleaning%2C+and+Evaluating+Corrosion+Test+Specimens&btnG=
https://store.astm.org/g0001-03r17e01.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kinetics+of+Iron+Sulfide+and+Mixed+Iron+Sulfide%2FCarbonate+Scale+Precipitation+in+CO%E2%82%82%2FH%E2%82%82S&btnG=
https://onepetro.org/NACECORR/proceedings-abstract/CORR06/All-CORR06/118354


Yuli Panca Asmara et al. / IJETT, 73(7), 26-33, 2025 

 

33 

[22] Mokhtar Che Ismail, “Prediction of CO₂ Corrosion with the Presence of Acetic Acid,” Ph.D. Thesis, University of Manchester Institute 

of Science and Technology (UMIST), 2005. [Google Scholar] [Publisher Link] 

[23] B.T.H. Marbun et al., “Integrated Design and Analysis of Corrosion Rate Model on Tubular Pipe of Oil and Gas Production Well,” The 

3rd International Conference on Geoscience and Earth Resources Engineering, Bandung, Indonesia, vol. 1031, no. 1, pp. 1-7, 2022. 

[CrossRef] [Google Scholar] [Publisher Link] 

[24] S. Srinivas et al., “Experimental Studies on the Physical and Mechanical Properties of Modified Silica/Graphene Reinforced 

Polyamide6/Copolyester Elastomer Blend Nanocomposites,” Polymer Engineering & Science, vol. 65, no. 2, pp. 605-619, 2025. 

[CrossRef] [Google Scholar] [Publisher Link] 

 

 
 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prediction+of+CO%E2%82%82+Corrosion+with+the+Presence+of+Acetic+Acid+&btnG=
https://core.ac.uk/download/pdf/301113937.pdf
https://doi.org/10.1088/1755-1315/1031/1/012013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Integrated+design+and+analysis+of+corrosion+rate+model+on+tubular+pipe+of+oil+and+gas+production+well&btnG=
https://iopscience.iop.org/article/10.1088/1755-1315/1031/1/012013/meta
https://doi.org/10.1002/pen.27028
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+studies+on+the+physical+and+mechanical+properties+of+modified+silica%2Fgraphene+reinforced+polyamide6%2Fcopolyester+elastomer+blend+nanocomposites&btnG=
https://4spepublications.onlinelibrary.wiley.com/doi/abs/10.1002/pen.27028

