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Abstract 
 

Corrosion is the greatest challenge faced by various industries, especially those in maritime regions. This 

study evaluates the effectiveness of Rosmarinus officinalis extract as a corrosion inhibitor for carbon steel 

AISI 1045 in artificial seawater. Steel samples with varying inhibitor concentrations (0, 30, 60, 90, and 120 

ppm) were immersed for 25 days. The results indicate that the weight gain due to corrosion for the sample 

without an inhibitor reached 79.5 mg, while the use of rosemary significantly reduced the weight gain, with 

the lowest corrosion rates recorded at 90 ppm (0.003 mpy) and 120 ppm (0.005 mpy). The optimal inhibitor 

efficiency was achieved at 60 ppm (75.57%). Microstructural analysis showed a decrease in pitting corrosion 

thickness and the formation of a new phase, Fe₃O₄, which is more stable and protective. These findings 

emphasize the potential of rosemary extract as an environmentally friendly solution for controlling corrosion 

in carbon steel, particularly in corrosive environments like seawater. 
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1 Introduction 

Corrosion, commonly referred to as rust, is a 

degradation process or a manifestation of damage 

to metals caused by environmental factors, 

including humidity, temperature, and the presence 

of certain chemical species [1]. Corrosion presents 

a significant challenge across various industries, 

particularly in marine and offshore applications 

[2]. AISI 1045 carbon steel, widely employed in 

structural applications due to its mechanical 
strength and cost-effectiveness [3], is highly 

susceptible to corrosion, especially when exposed 

to seawater [4]. Seawater contains chloride ions 

(Cl⁻), which are the primary cause of corrosion in 

carbon steels [5]. Under such conditions, 

corrosion accelerates the deterioration of metals, 

thereby reducing the service life of infrastructure 

and significantly increasing maintenance costs. 

To mitigate this problem, the use of corrosion 

inhibitors has become one of the most effective 
approaches to reducing corrosion rates [6]. 

Inhibitors form a passive film that impedes the 

interaction between aggressive ions and the metal 

surface, thereby slowing down electrochemical 

reaction rates [7]. Synthetic inhibitors, such as 

organic compounds and inorganic salts, are 

frequently used in industry [8]; however, many of 

these substances are toxic and environmentally 

unfriendly [9]. For example, chromate compounds 

have been banned in many countries due to their 

detrimental environmental impact. Therefore, 

selecting an appropriate inhibitor is essential to 
ensure effectiveness under various environmental 

conditions, particularly when prioritizing 

environmental sustainability [10]. 

With advancements in technology, research 

on corrosion inhibitors has evolved to focus on 

more efficient and environmentally friendly 

solutions. One innovative approach involves the 

use of organic, plant-based substances as 

inhibitors, which not only effectively suppress 

corrosion but also have minimal environmental 
impact. Previous studies have shown that natural 

compounds, such as plant extracts, can act as 
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effective corrosion inhibitors, offering a 

sustainable alternative to synthetic chemicals that 

are often hazardous to ecosystems [11]. 

Rosmarinus officinalis (rosemary) essential 

extract has attracted considerable attention as a 

promising natural corrosion inhibitor. Rosemary 

extract contains bioactive compounds such as 

rosmarinic acid, caffeic acid, flavonoids, and 

terpenoids, which are known for their antioxidant 

and anti-inflammatory properties [12,13]. In 

corrosion control, antioxidants can inhibit 

oxidation reactions that trigger the onset of 

corrosion. Preliminary studies have demonstrated 

that rosemary extract can reduce corrosion rates in 

metals such as carbon steel and aluminum in both 

acidic and neutral media. However, in-depth 

investigations into its effectiveness as a corrosion 
inhibitor for AISI 1045 carbon steel (particularly 

in artificial seawater with a salinity of 35 g/L) 

remain limited. 

Given this research gap, the present study 

aims to evaluate the effectiveness of Rosmarinus 
officinalis extract as a corrosion inhibitor for AISI 

1045 carbon steel in artificial seawater. The 

methodology includes electrochemical 

techniques, such as potentiodynamic polarization, 

to determine corrosion rates and elucidate the 

inhibition mechanism of rosemary extract. The 

findings of this work are expected to contribute to 

the development of environmentally friendly 

corrosion inhibitors and to advance sustainable 

corrosion control technologies. 

   

2 Method 
This study utilized AISI 1045 carbon steel as 

the primary material, supplied by PT. Bohler Steel, 

Indonesia, with a carbon content ranging from 

approximately 0.45–0.55%. Rosemary essential 

extract (5 mL, 100% purity) from Bliss Scents, 

Indonesia, was used as the corrosion inhibitor. The 

inhibitor was applied at various concentrations of 0, 

30, 60, 90, and 120 ppm. The corrosive medium was 

a 3.5 wt.% NaCl solution (35 g/L), prepared by 

dissolving analytical-grade sodium chloride (NaCl) 

in distilled water at room temperature to simulate a 

marine environment. 

The chemical composition of AISI 1045 carbon 

steel was determined using optical emission 

spectroscopy (OES). Prior to measurement, the 

instrument was calibrated using certified reference 

materials (CRM) for carbon steel to ensure accuracy. 

The analysis was performed according to standard 

spark emission procedures for bulk steel 

composition determination, a Gamry Instruments 

Interface potentiostat/galvanostat for corrosion rate 

measurement, and an OHAUS Pioneer PA224 

analytical balance for sample mass determination. 

Surface morphology was analyzed using a JEOL 

JSM-6510LV scanning electron microscope (SEM), 

while phase identification was performed using a 

PANalytical X'Pert Pro X-ray diffractometer (XRD). 

AISI 1045 carbon steel samples were cut into 

discs measuring 20 mm in diameter and 5 mm in 

thickness, then sequentially ground with abrasive 

papers from grit 240 to 1200 to achieve a smooth 

surface. The specimens were cleaned with ethanol, 

rinsed with distilled water, and dried prior to 

testing. 

The samples were immersed in the corrosive 

medium with varying inhibitor concentrations for 

25 days at room temperature. Corrosion rates were 

determined from mass loss measurements before 

and after immersion. Further characterization was 

carried out using SEM and XRD to analyze 

surface morphology and identify corrosion 

products formed, as well as to evaluate the 

interaction between the inhibitor and the steel 

surface. 

 

3 Result and Discussion  

3.1. Chemical Composition Analysis of AISI 1045 

Samples 

The chemical composition analysis of the 

AISI 1045 carbon steel sample revealed a carbon 

content of 0.502%, with other elements including 

manganese at 0.691%, silicon at 0.246%, and 

phosphorus at 0.017% (Table 1). According to the 

Bohler High Grade Steels standard, the ideal 

carbon content for AISI 1045 carbon steel ranges 

from 0.40% to 0.50%. Therefore, the carbon 

content in this sample is slightly above the 

recommended upper limit, at 0.502%. 

 
Table 1. Spectroscopic results of the chemical 

composition of low-carbon AISI 1045 steel. 

AISI 
1045 

%C %Si %Mn %P %Cr %Ni 

0.502 0.245 0.691 0.017 0.371 0.009 

      

%Al %Cu %Ti %Fe Ceq  

0.009 0.032 0.003 98.113 0.695  

 

Carbon content plays a critical role in 

determining the corrosion characteristics of 

carbon steel, particularly its resistance to 

corrosion in aggressive environments such as 

seawater. Excess carbon can promote the 

formation of non-uniform carbides, which may 

serve as initiation sites for corrosion. The 

manganese content, measured at 0.691%, 
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contributes to enhancing the steel’s strength and 

hardness while improving wear resistance. Silicon 

in carbon steel functions as a deoxidizer, aiding in 

the removal of excess oxygen during the smelting 

process and thereby improving steel purity [14]. 

The silicon content in this sample (0.246%) falls 

within the expected range for AISI 1045, which is 

0.15–0.35%. Although phosphorus is present in a 

very small amount (0.017%), excessive 

phosphorus can negatively impact steel toughness 

[15]. However, in this sample, phosphorus 

remains within acceptable limits, as AISI 1045 

generally restricts phosphorus content to below 

0.040%. Low phosphorus levels help maintain the 

steel’s ductility, which is important for structural 

applications [16–18]. 

Overall, despite a slight deviation in carbon 
content from the recommended standard, the 

remaining chemical composition falls within 

acceptable ranges for AISI 1045 carbon steel, 

making it suitable for this study. 

 

3.2. Effect of Inhibitor Concentration on 

Corrosion Rate and Inhibitor Efficiency 

Mass measurement results indicated that as 

immersion time increased, the weight of the AISI 

1045 carbon steel samples increased due to the 

formation of corrosion products (Fig. 1). 

For samples without inhibitor addition (0 

ppm), a significant mass gain was observed, 

increasing from 0.2 mg on the first day to 79.5 mg 

after 25 days. This mass gain indicates extensive 

formation of corrosion products on the steel 

surface, reflecting severe corrosion under 

uninhibited conditions. In the absence of inhibitor 

protection [19], carbon steel reacted aggressively 

with corrosive ions in artificial seawater [20]. 

 

 
Figure 1. Variation in sample weight over Time 

 

Conversely, when Rosmarinus officinalis 

extract was added at varying concentrations (30, 

60, 90, and 120 ppm), the weight gain due to 

corrosion decreased significantly. At 30 ppm, the 

weight gain after 25 days was only 18 mg, 

suggesting that the inhibitor began to exhibit a 

protective effect, although not yet optimal. At 

higher concentrations, such as 60 ppm, 90 ppm, 

and 120 ppm, the weight gains were further 

reduced to 3.5 mg, 2.1 mg, and 2.3 mg, 

respectively, after 25 days. At 90 ppm and 120 

ppm, the initial weight gain was minimal (1.4 mg 

and 1.6 mg, respectively) and remained very low 

after 25 days (2.1 mg and 2.3 mg, respectively). 

These findings indicate that rosemary extract 

effectively suppresses corrosion, particularly at 

higher concentrations, likely due to the formation 

of a robust protective layer on the steel surface that 

limits interaction between the metal and 

aggressive ions in the corrosive medium [21]. 

The corrosion rate for samples without 

inhibitor was significantly higher; however, 

increasing concentrations of rosemary extract led 
to substantial reductions in corrosion rate [22]. 

The lowest corrosion rate was observed at 90 ppm 

(0.003 mpy), followed by 120 ppm (0.005 mpy) 

(see Fig. 2). This suggests that while corrosion 

rate still decreased at 120 ppm, inhibitor efficiency 

did not improve beyond 90 ppm. This plateau 

effect may result from the formation of an optimal 

protective film at a certain concentration, with 

further increases providing no additional benefit 

and potentially decreasing inhibition efficiency 

[23]. 

 

 
Figure 2. Corrosion rate of AISI 1045 carbon steel 

samples over immersion time 

 

Based on gravimetric measurements, the 

inhibition efficiency increased with increasing 
inhibitor concentration up to 60 ppm, reaching a 

maximum value of 75.57%, as calculated from the 

reduction in mass gain relative to the uninhibited 

sample (see Fig. 3). At higher concentrations (90 

ppm and 120 ppm), the efficiency decreased to 

73.28% and 66.92%, respectively, possibly due to 

excessive adsorption of active molecules on the 

metal surface, which could disrupt the 

homogeneity of the protective film [24]. The 

inhibition efficiency (IE, %) was calculated based 
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on gravimetric measurements using the mass 

change approach, according to Eq. 1. 

 

IE (%) = [(Δm₀ − Δmᵢ) / Δm₀] × 100 (Equation 1) 

 

where Δm₀ is the mass gain of the sample without 

inhibitor and Δmᵢ is the mass gain of the sample 

with inhibitor after the same immersion time. 

 

 
Figure 3. Efficiency of Rosemary Extract as a 

Corrosion Inhibitor 

 

Overall, Rosmarinus officinalis extract 

proved effective in reducing the corrosion rate of 

AISI 1045 carbon steel in artificial seawater, with 

optimal performance observed at concentrations 

between 60 and 90 ppm. 

 

3.3. Microstructural Analysis and Formation of 
Corrosion Products 

Microstructural examination was conducted 

to observe morphological changes and phases 

formed on the AISI 1045 carbon steel surface after 

immersion for four days in corrosive media, with 

and without the addition of Rosmarinus officinalis 

extract (Fig. 4). 

In samples without inhibitor (0 ppm), ferrite 

was the dominant phase, along with the formation 

of ferric oxyhydroxide (FeO(OH)) as the main 

corrosion product. In contrast, samples with 120 

ppm inhibitor also exhibited magnetite (Fe₃O₄), 
which provides better corrosion protection. 

These results indicate that rosemary extract 

reduces corrosion rates by forming a more stable 

protective layer, thereby improving the metal’s 

corrosion resistance.

 

  

Figure 4. Macrostructure of the Top Surface of AISI 1045 Carbon Steel in 35 g/L NaCl Solution 

 

 

3.4. Effect of Inhibitor on Pitting Corrosion Depth 
The addition of rosemary extract 

significantly reduced pitting corrosion depth in 

AISI 1045 carbon steel (Fig. 5). Samples without 

inhibitor exhibited a pitting depth of 0.05 µm after 

four days of immersion due to the aggressive 

nature of chloride ions in artificial seawater. 

Increasing inhibitor concentration resulted in 

decreased pitting depth. At 60 ppm, the depth was 

reduced to 0.0187 µm, highlighting the inhibitor’s 

effectiveness in forming a protective layer that 

limits chloride ion penetration. On average, 

rosemary extract produced a pitting depth of 

approximately 0.02 µm, much lower than that of 

uninhibited samples [25]. 

 

 
Figure 5. Pitting Corrosion Depth of AISI 1045 Carbon 

Steel Samples over Immersion Time 

 

Interestingly, although 120 ppm remained 

effective in reducing corrosion rate, the pitting 

depth stayed at around 0.02 µm, indicating that 

concentrations above 60 ppm provided no 
significant additional protection, possibly due to 
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excessive adsorption that reduced the 

homogeneity of the protective layer [26]. 

 

3.5. X-ray Diffraction (XRD) Analysis 

XRD analysis revealed that before 

immersion, AISI 1045 carbon steel was dominated 

by α-Fe and Fe₃C phases (Fig. 6). Some 

diffraction peaks previously assigned to FeO were 

re-examined and are more likely associated with 

iron oxyhydroxide phases (FeOOH), due to peak 

overlap and the thermodynamic instability of FeO 

under aqueous corrosion conditions at room 

temperature (Fig. 7). 

 

 
Figure 6. XRD analysis results of AISI 1045 carbon 

steel samples before immersion 

 

 
Figure 7. XRD analysis results of AISI 1045 carbon 

steel samples after immersion 

 

FeO is an initial corrosion product that lacks 

protective properties, whereas Fe₃O₄ is more 

stable and can form a passive layer that inhibits 

corrosion [27]. The presence of sodium chloride 

(NaCl) on the steel surface suggests that chloride 

ions from the corrosive solution contributed to 

pitting corrosion [28]. The addition of rosemary 

inhibitor suppressed FeO formation while 

promoting the formation of the more protective 

Fe₃O₄ phase, consistent with the pitting depth 

measurements [29]. 

 

 
 

3.6. Scanning Electron Microscopy (SEM) 

Analysis 
SEM observations of samples with 60 ppm 

rosemary inhibitor revealed the formation of an 

Fe₃O₄ layer on the steel surface (Fig. 8). This layer 

acts as a barrier, reducing the diffusion of 

corrosive ions and slowing the corrosion process 

[30]. 

Rosemary extract, which is rich in phenolic 

and antioxidant compounds, contributes to the 

formation of this protective layer. The 

microstructure reveals that the Fe₃O₄ layer is more 

homogeneous compared to other corrosion 

products, indicating the inhibitor’s effectiveness 

in maintaining the integrity of the steel surface 

[31–32]. 

Thus, rosemary extract has strong potential as 
an environmentally friendly corrosion inhibitor 

for effectively protecting AISI 1045 carbon steel 

from pitting corrosion in artificial seawater. 

 

 
Figure 8. SEM analysis of AISI 1045: (a) without 

rosemary inhibitor, and (b) with 60 ppm rosemary 

inhibitor 

 

. 
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4 Conclusion 

This study demonstrates that Rosmarinus 

officinalis extract is effective as a corrosion 

inhibitor for AISI 1045 carbon steel in artificial 

seawater. The use of rosemary extract 

significantly reduced the corrosion rate, 

particularly at concentrations of 90 ppm and 120 

ppm, with the lowest rate recorded at 0.003 mpy. 

The inhibitor efficiency peaked at 60 ppm, 

reaching 75.57%, although it slightly decreased at 

higher concentrations. Microstructural and SEM 

analyses revealed the formation of a protective 

Fe₃O₄ layer, which contributed to reducing pitting 

corrosion depth. Overall, rosemary extract has 

proven to be an effective and environmentally 

friendly solution for protecting steel against 

corrosion in marine environments.. 

 

Acknowledgement  

The authors would like to express their 

gratitude to the Metallurgical Engineering and 

Mechanical Engineering Study Programs at 

Universitas Jenderal Achmad Yani, as well as 

BRIN Bandung, for their support in carrying out 

this research. 

 

References 

[1] Wang H., 2023, Corrosion Theory and 

Corrosion Characterization Techniques. 

In Corrosion in CO2 Capture, Transportation, 

Geological Utilization and Storage: Causes 

and Mitigation Strategies (pp. 9-30). 

Singapore: Springer Nature Singapore. DOI: 

https://doi.org/10.1007/978-981-99-2392-2_2. 

[2] Vedaprakash L., Senthilkumar P., Inbakandan 

D., Venkatesan R., 2022, Marine biofouling 

and corrosion on long-term behavior of marine 

structures, In A Treatise on Corrosion Science, 

Engineering and Technology (pp. 447-466). 

Singapore: Springer Nature Singapore. DOI: 

https://doi.org/10.1007/978-981-16-9302-

1_24. 

[3] Singh S., Samir S., Kumar K., Thapa S., 2021, 

Effect of heat treatment processes on the 

mechanical properties of AISI 1045 

steel, Materials Today: Proceedings, 45, 5097-

5101. DOI: 

https://doi.org/10.1016/j.matpr.2021.01.590. 

[4] Liu Y., Wang Z., Wei Y., 2019, Influence of 

seawater on the carbon steel initial corrosion 

behavior, International Journal of 

Electrochemical Science, 14(2), 1147-1162. 

DOI: https://doi.org/10.20964/2019.02.36  

[5] Xu P., Zhao M., Fu X., Zhao C., 2022, Effect of 

chloride ions on the corrosion behavior of 

carbon steel in an iron bacteria system, RSC 

advances, 12(24), 15158-15166. DOI: 

https://doi.org/10.1039/D2RA02410A 

[6] Venkatesh C., Mohiddin S. K., Ruben N., 2018, 

Corrosion inhibitors behaviour on reinforced 

concrete—a review, Sustainable Construction 

and Building Materials: Select Proceedings of 

ICSCBM 2018, 127-134. DOI: 

https://doi.org/10.1007/978-981-13-3317-0_11 

[7] Zehra S., Mobin M., Aslam R., 2022, Corrosion 

inhibitors: An introduction. In Environmentally 

Sustainable Corrosion Inhibitors (pp. 47-67), 

Elsevier. DOI:  https://doi.org/10.1016/B978-

0-323-85405-4.00022-7 

[8] Al-Amiery A.A., Isahak W.N.R.W., Al-Azzawi 

W.K., 2023, Corrosion inhibitors: natural and 

synthetic organic inhibitors, Lubricants, 11(4), 

174. DOI: 

https://doi.org/10.3390/lubricants11040174 

[9] Verma C., 2021, Handbook of science & 

engineering of green corrosion inhibitors: 

modern theory, fundamentals & practical 

applications, Elsevier. 

[10] Singh R., 2014, Corrosion principles and types 

of corrosion, Corrosion Control for Offshore 

Structures, 7-40. DOI: 

https://doi.org/10.1016/B978-0-12-404615-

3.00002-4 

[11] Verma C., Ebenso E.E., Bahadur I., Quraishi 

M.A., 2018, An overview on plant extracts as 

environmental sustainable and green corrosion 

inhibitors for metals and alloys in aggressive 

corrosive media, Journal of molecular 

liquids, 266, 577-590. DOI: 

https://doi.org/10.1016/j.molliq.2018.06.110 

[12] Li Pomi F., Papa V., Borgia F., Vaccaro M., 

Allegra, A., Cicero, N., Gangemi, S., 2023, 

Rosmarinus officinalis and skin: antioxidant 

activity and possible therapeutical role in 

cutaneous diseases, Antioxidants, 12(3), 680. 

DOI: https://doi.org/10.3390/antiox12030680 

[13] Odunlami O.A., Loto R.T., Fajobi M.A., 

Olomukoro O.T., Akande I.G., Oke M.A., 

Oladimeji T.E., 2021, Data on the corrosion 

Inhibition Property of Rosemary on High 

Carbon Steel in dilute sulphuric acid, citric acid 

and sodium chloride solution, Chemical Data 

Collections, 32, 100660. DOI: 

https://doi.org/10.1016/j.cdc.2021.100660 

https://doi.org/10.1007/978-981-99-2392-2_2
https://doi.org/10.1007/978-981-16-9302-1_24
https://doi.org/10.1007/978-981-16-9302-1_24
https://doi.org/10.1016/j.matpr.2021.01.590
https://doi.org/10.20964/2019.02.36
https://doi.org/10.1039/D2RA02410A
https://doi.org/10.1007/978-981-13-3317-0_11
https://doi.org/10.1016/B978-0-323-85405-4.00022-7
https://doi.org/10.1016/B978-0-323-85405-4.00022-7
https://doi.org/10.3390/lubricants11040174
https://doi.org/10.1016/B978-0-12-404615-3.00002-4
https://doi.org/10.1016/B978-0-12-404615-3.00002-4
https://doi.org/10.1016/j.molliq.2018.06.110
https://doi.org/10.3390/antiox12030680
https://doi.org/10.1016/j.cdc.2021.100660


Pawawoi, et al./J. Kartika Kimia, November 2025, 8, (2), 207-214 

213 

 

[14] An, T. B., Wei, J. S., Zhao, L., Shan, J. G., & 

Tian, Z. L., 2019, Influence of carbon content 

on microstructure and mechanical properties of 

1000 MPa deposited metal by gas metal arc 

welding, Journal of Iron and Steel Research 

International, 26(5), 512-518. DOI: 

https://doi.org/10.1007/s42243-019-00270-6 

[15] Luo, H., Zou, S., Chen, Y. H., Li, Z., Du, C., & 

Li, X., 2020, Influence of carbon on the 

corrosion behaviour of interstitial equiatomic 

CoCrFeMnNi high-entropy alloys in a 

chlorinated concrete solution, Corrosion 

Science, 163, 108287. DOI: 

https://doi.org/10.1016/j.corsci.2019.108287 

[16] Gogaev K., Podrezov Y., Voloshchenko S., 

Askerov, M., Minakov M., Shurygin B., 2022, 

Increased Resistance to Wear When Doping 

With Adi Manganese, Bulletin of the National 

Technical University "KhPI". Series: New 

solutions in modern technologies, 2 (12), 10–

16. DOI: https://doi.org/10.20998/2413-

4295.2022.02.02 

[17] Zhou, H., Wang, Y., & Ma, T., 2020, Effect of 

silicon addition on corrosion behavior of 

carbon steel rebar in sulfuric acid 

environment, International Journal of 

Electrochemical Science, 15(4), 3003-3012. 

DOI: https://doi.org/10.20964/2020.04.22  

[18] Rodrigues, C. A. D., Bandeira, R. M., Duarte, 

B. B., Tremiliosi-Filho, G. A. M. J., & Jorge Jr, 

A. M., 2016, Effect of phosphorus content on 

the mechanical, microstructure and corrosion 

properties of supermartensitic stainless 

steel. Materials Science and Engineering: 

A, 650, 75-83. DOI: 

https://doi.org/10.1016/j.msea.2015.10.013 

[19] Mohammed, S. S., & Aljebur, L. A., 2023, 

Corrosion Inhibition of Medium Carbon Steel 

in the Acidic Medium Using Alcoholic and 

Aqueous Extract of Kujarat Tea Plant. Baghdad 

Science Journal, 20(4), 1297-1297. DOI: 

https://doi.org/10.21123/bsj.2023.7256 

[20] Burganov, R. T., Gilmullina, A. R., Kirilova, 

M. A., & Kovrizhnykh, E. A., 2020, Studying 

the Efficiency of Inhibitors in Chemical 

Cleaning of Heat-and-Power Equipment by 

Citric Acid Solutions. Thermal 

Engineering, 67(1), 68-71. DOI: 

https://doi.org/10.1134/S0040601520010012 

 [21] Alareeqi, S., Bahamon, D., Nogueira, R. P., & 

Vega, L. F., 2021, Understanding the 

relationship between the structural properties of 

three corrosion inhibitors and their surface 

protectiveness ability in different 

environments. Applied Surface Science, 542, 

148600. DOI:  

https://doi.org/10.1016/j.apsusc.2020.148600 

[22] Zhou, Y., Tao, J., Jin, D., Zhang, S., He, Y., & 

Niu, L., 2023, The inhibition effect and 

mechnism of a thiadiazole derivative on Q235 

carbon steel in 1 M HCl solution. Applied 

Sciences, 13(4), 2103. DOI:  

https://doi.org/10.3390/app13042103 

[23] Pusparizkita, Y. M., Fardilah, V. A., Aslan, C., 

Jamari, J., & Bayuseno, A. P., 2023, 

Understanding of low-carbon steel marine 

corrosion through simulation in artificial 

seawater. AIMS Materials Science, 10(3). DOI: 

https://doi.org/10.3934/matersci.2023028 

[24] Zhao, L., He, W., Wang, Y., Li, H., & Cui, Z., 

2022, A comparative study of the corrosion 

behavior of 30CrMnSiNi2A in artificial 

seawater and salt spray 

environments. Metals, 12(9), 1443. DOI:  

https://doi.org/10.3390/met12091443 

[25] Das, C. S., Zheng, H., Zhao, X. L., & Dai, J. G., 

2023, Corrosion inhibition of steel 

reinforcements in seawater sea sand concrete by 

alkali-activated slag based 

coatings. Construction and Building 

Materials, 394, 132210. DOI: 

https://doi.org/10.1016/j.conbuildmat.2023.13

2210 

[26] Odunlami, O. A., Abatan, O. G., Busari, A. A., 

Alao, G. T., Loto, R. T., & Olomukoro, O. T., 

2021,  Electrochemical control of high carbon 

steel corrosion using rosemary oil in citric acid 

medium. In IOP Conference Series: Materials 

Science and Engineering (Vol. 1036, No. 1, p. 

012051). IOP Publishing. DOI:  

https://iopscience.iop.org/article/10.1088/1757

-899X/1036/1/012051 

[27] Wang, H., Sharma, S., Pailleret, A., Brown, B., 

& Nešić, S., 2022, Investigation of corrosion 

inhibitor adsorption on mica and mild steel 

using electrochemical atomic force microscopy 

and molecular simulations. Corrosion, 78(10), 

990-1002. DOI: https://doi.org/10.5006/4136 

[28] Ping, D. H., Chen, H., & Xiang, H., 2021, 

Formation of θ-Fe3C Cementite via θ′-Fe3C (ω-

Fe3C) in Fe–C Alloys. Crystal Growth & 

Design, 21(3), 1683-1688. DOI: 

https://doi.org/10.1021/acs.cgd.0c01533 

[29] Aguiar, M. F. D., Borges, R. A., Rocha, M. F., 

Bouchonneau, N., Melo, C. P. D., Oliveira, H. 

https://doi.org/10.1007/s42243-019-00270-6
https://doi.org/10.1016/j.corsci.2019.108287
https://doi.org/10.20998/2413-4295.2022.02.02
https://doi.org/10.20998/2413-4295.2022.02.02
https://doi.org/10.20964/2020.04.22
https://doi.org/10.1016/j.msea.2015.10.013
https://doi.org/10.21123/bsj.2023.7256
https://doi.org/10.1134/S0040601520010012
https://doi.org/10.1016/j.apsusc.2020.148600
https://doi.org/10.3390/app13042103
https://doi.org/10.3934/matersci.2023028
https://doi.org/10.3390/met12091443
https://doi.org/10.1016/j.conbuildmat.2023.132210
https://doi.org/10.1016/j.conbuildmat.2023.132210
https://iopscience.iop.org/article/10.1088/1757-899X/1036/1/012051
https://iopscience.iop.org/article/10.1088/1757-899X/1036/1/012051
https://doi.org/10.5006/4136
https://doi.org/10.1021/acs.cgd.0c01533


Pawawoi, et al./J. Kartika Kimia, November 2025, 8, (2), 207-214 

214 

P. D., & Alves, K. G., 2023, Synthesis and 

Characterization of Polypyrrole/Fe3O4 

Nanocomposites: A Promising Material 

Against Carbon Steel Corrosion. Materials 

Research, 26, e20220549. DOI: 

https://doi.org/10.1590/1980-5373-MR-2022-

0549 

[30] Hua, Y., Xu, S., Wang, Y., Taleb, W., Sun, J., 

Zhang, L., ... & Neville, A., 2019, The 

formation of FeCO3 and Fe3O4 on carbon steel 

and their protective capabilities against CO2 

corrosion at elevated temperature and 

pressure. Corrosion Science, 157, 392-405. 

DOI:  

https://doi.org/10.1016/j.corsci.2019.06.016 

[31] Huang, L., Luo, Q., & He, Y., 2022, 

Assessment of corrosion protection 

performance of FeOOH/Fe3O4/C composite 

coatings formed in situ on the surface of fe 

metal in air-saturated 3.5 wt.% NaCl 

solution. Materials, 16(1), 224. DOI:  

https://doi.org/10.3390/ma16010224 

[32] Kuznetsov, Y. I., Andreeva, N. P., & 

Agafonkina, M. O., 2024, Inhibition of metal 

corrosion in neutral aqueous solutions by 

succinic acid salts. International Journal of 

Corrosion and Scale Inhibition, 13(2), 1322-

1336. DOI: https://doi.org/10.17675/2305-

6894-2024-13-2-36 

 

https://doi.org/10.1590/1980-5373-MR-2022-0549
https://doi.org/10.1590/1980-5373-MR-2022-0549
https://doi.org/10.1016/j.corsci.2019.06.016
https://doi.org/10.3390/ma16010224
https://doi.org/10.17675/2305-6894-2024-13-2-36
https://doi.org/10.17675/2305-6894-2024-13-2-36

	Abstract
	1 Introduction
	2 Method
	3 Result and Discussion
	4 Conclusion
	Acknowledgement
	References

