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Abstract 

   This study investigates the corrosion inhibition of medium carbon 

steel in 1 M HCl using the weight loss method to analyze reaction 

kinetics and corrosion rates. Saussurea costus extract formed a 

protective layer on the metal surface, effectively mitigating acidic 

corrosion, with inhibition efficiency increasing at higher 

concentrations. Kinetic and thermodynamic adsorption studies 

revealed adsorption following the Langmuir isotherm via a 

physisorption mechanism, as confirmed by an adsorption free 

energy (ΔG°ads) of -38.35 kJ/mol. These findings provide valuable 

insights for developing efficient and sustainable acidic corrosion 

inhibitors. 
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تثبيط تآكل الفولاذ متوسط الكربون باستخدام المستخلص المائي لنبات 
 درجة مئوية 53القسط الهندي عند درجة حرارة 

 ، نوف1بوعا، سليمان اد2طالب عمر ل، اطوا1، صلاح الدين سالم التحبو1مسعودة فرحات
خليفة ، الفيتوري 6، فاطمة العربي5خان ة، ياسمين5,3شت، فارس فن5يدااحمري ا، مش1زيدان

 .7احميد
 
 ليبيا كلية الهندسة، جامعة سبها،قسم هندسة المواد و التاكل ،  ¹
 .مختبر كيمياء المواد، كلية العلوم والتقنيات، جامعة نواكشوط العصرية/نواكشوط/ موريتانيا ²
 كلية العلوم جامعة سبها/سبها/ ليبياقسم الكمياء،  ³
مختبر المواد وتكنولوجيا أنظمة الطاقة والبيئة، كلية العلوم والتكنولوجيا، جامعة غرداية، غرداية،  ⁴

 .الجزائر
 .غرداية، الجزائر قسم هندسة الطرائق، كلية العلوم والتكنولوجيا، جامعة غرداية، ⁵
 / جامعة فزان، ليبيا وم، كلية العلقسم الكيمياء ⁶
 جامعة سرت، / ليبيا، كلية الهندسة  ⁷
 

 المخلص:
تتناول هذه الدراسة تثبيط تآكل الفولاذ متوسط الكربون في محلول حمض الهيدروكلوريك 

، باستخدام طريقة فقدان الوزن لتحليل حركية التفاعل ومعدلات التآكل. ي مولار  1بتركيز 
ن مستخلص القسط الهند طبقةً واقيةً على سطح  (Saussurea costus) يوقد كوَّ

المعدن، مما خفف بشكل فعال من التآكل الحمضي، مع زيادة كفاءة التثبيط عند التركيزات 
الأعلى. وكشفت دراسات الامتزاز الحركية والديناميكية الحرارية أن الامتزاز يتبع متساوي 

الامتزاز الفيزيائي، وهو ما  من خلال آلية (Langmuir isotherm) الامتزاز لانجمير
جول/مول. تقدم هذه النتائج  كيلو 83.83-البالغة  )adsG°Δ (تؤكده طاقة الامتزاز الحرة

 .رؤىً قيمةً لتطوير مثبطات تآكل حمضية فعالة ومستدامة
ريك، ، صلب كربوني، حمض الهيدروكلو التأكلالقسط الهندي، تثبيط  الكلمات المفتاحية:
 .تخلص مائي، طريقة الفقد في الوزن طاقة التنشيط، مس

http://www.doi.org/10.62341/mgra1730


 

 Volume 37 العدد

  1Partالمجلد 
 

International Science and 

Technology Journal 

 المجلة الدولية للعلوم والتقنية

http://www.doi.org/10.62341/mgra1730 

 

 حقوق الطبع محفوظة 
 لعلوم والتقنية الدولية ل مجلةلل

 

Copyright © ISTJ   3 

 

1.Introduction 

Corrosion is a fundamental process resulting in the degradation of 

metal surfaces due to chemical interactions with their surroundings. 

In industrial sectors such as oil and gas, corrosion-related failures in 

pipelines and structural components contribute to approximately 

25–30% of total economic losses [1]. Steel, a widely utilized 

metallic material, primarily consists of iron and carbon, with 

variations incorporating additional alloying elements [2–5]. Its 

carbon content typically ranges from 0.05% to approximately 1.2% 

[5]. Plain carbon steel—containing only carbon as an alloying 

element—exhibits varying degrees of strength and hardness 

depending on its carbon composition [4,6,7]. However, carbon 

steels are highly susceptible to corrosion in industrial environments, 

necessitating effective inhibition strategies to enhance their 

durability and economic viability [8]. Corrosion is an intrinsic 

process driven by the tendency of metals and alloys to revert to their 

most stable thermodynamic states upon environmental exposure. 

Except for noble metals like gold and platinum, most metals occur 

naturally as stable oxides or sulphides [9]. Consequently, corrosion 

serves as a spontaneous mechanism through which metals achieve a 

lower energy state [10], influenced by both natural and 

anthropogenic factors. Generally, corrosion is defined as the 

inevitable deterioration of metal properties due to interaction with 

specific environmental agents [11]. Various strategies mitigate 

corrosion, including selecting corrosion-resistant materials, 

electrochemical protection, surface coatings, and corrosion 

inhibitors [12,13]. Among these, incorporating corrosion inhibitors 

(CIs) is regarded as one of the most efficient and cost-effective 

techniques. These inhibitors significantly reduce metal degradation 

rates when added in low concentrations to corrosive media [14]. 

With increasing emphasis on environmental sustainability and green 

chemistry, research has shifted toward developing eco-friendly 

corrosion inhibitors as alternatives to hazardous synthetic 

compounds [15]. Plant-derived extracts have emerged as promising 

candidates due to their abundance, cost-effectiveness, and ease of 

extraction [16,17]. Studies demonstrate that bioactive constituents 

in plant extracts can exhibit corrosion inhibition efficiencies 

comparable to synthetic inhibitors [18]. In this context, Saussurea 

costus extract has been identified as a potential corrosion inhibitor 

for carbon steel due to its reported effectiveness. This research aims 

to explore the inhibitory action of Saussurea costus aqueous extract 

http://www.doi.org/10.62341/mgra1730
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on carbon steel corrosion and examine surface analysis techniques 

for evaluating corrosion resistance with and without the inhibitor. 

2. Materials and methods 

A 1 M hydrochloric acid (HCl) solution was used as the corrosive 

medium in this study. The chemical composition of the medium 

carbon steel was determined using energy-dispersive X-ray 

fluorescence (EDXRF) spectroscopy, and the results are shown in 

Table 1. 

Table 1 shows the chemical composition of the sample. 
Fe C Mn Si S Al P Cu 

95% 0.45% 0.911% 1.3% 0.25% 0.46% 0.11% 0.49% 

 

 

Fig1.illustrates the steel specimens fabricated into cylindrical shapes 

Figure 1 illustrates the steel specimens fabricated into cylindrical 

shapes (40 mm length × 10 mm diameter). Prior to experimentation, 

these samples underwent a surface preparation process involving 

sequential polishing with different grades of sandpaper, degreasing 

with acetone, rinsing with double-distilled water, thorough drying, 

and storage in a desiccator to prevent contamination. 

Regarding the preparation of Saussurea costus extract, the plant 

material was first dried and finely ground before undergoing 

aqueous extraction. To prepare the stock solution, 20 grams of the 

dried and powdered Saussurea costus were heated in a round-

bottom flask equipped with an air condenser at 70°C for 24 hours in 

the presence of 500 mL of distilled water. The resulting solution was 

then left to stand overnight to ensure complete extraction of 

bioactive compounds before further processing. 

http://www.doi.org/10.62341/mgra1730
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3. Analytical methods 

3.1 Weight loss method 

The weight loss technique was used to evaluate the corrosion 

inhibition efficiency of Saussurea costus extract on medium carbon 

steel. Prior to immersion, each test specimen was accurately 

weighed and then placed into a 100 mL solution of 1 M hydrochloric 

acid (HCl), both with and without the inhibitor at varying 

concentrations (0.01%, 0.02%, 0.03%, and 0.04% v/v). The samples 

were completely submerged in the test solution for 3 hours at a 

controlled temperature of 308 K. After the exposure period, the 

specimens were carefully removed, dried, and reweighed to 

determine the weight loss. All experiments were conducted at the 

Center for Scientific Research and Consultations, Sebha University. 

The corrosion rate (CR) was computed using Equation (1): 

𝐶𝑅 =
𝛥 𝑊   

𝐴. 𝑡
 (1) [19] 

 

Where: 

 ΔW represents the weight loss of the steel sample, 

 A is the total surface area of the specimen (cm²), and  

 t is the immersion time (minutes) 

The inhibition efficiency (IE%) and surface coverage (θ) were 

determined by comparing the weight loss in both the absence (Wo) 

and presence (W) of the inhibitor, following Equation (2): 

% 𝐼𝐸 =  𝜃 𝑥 100 =  [1 −  (
𝑊1

𝑊𝑜
)] 𝑥 100 (2) [20] 

Where Wo and W1 correspond to the weight loss of the sample 

without and with the inhibitor, respectively. 

The degree of surface coverage (θ) was further calculated using 

Equation (3): 

𝜃= I𝐸/ 100 (3) [21] 

Where: 

 θ represents the surface coverage, and 

 IE (%) denotes the inhibition efficiency. 

http://www.doi.org/10.62341/mgra1730
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3.2 Corrosion inhibition mechanism 

The inhibition of corrosion is primarily attributed to the presence 

of bioactive compounds such as alkaloids, flavonoids, phenols, 

and terpenes, which exhibit antioxidant properties and can 

effectively interact with the steel surface. These compounds 

facilitate the adsorption process, leading to the formation of a 

protective barrier that limits direct contact between the metal and 

the corrosive medium. 

Additionally, temperature plays a crucial role in the corrosion 

process, as the rate of metal deterioration generally increases with 

rising temperatures. Therefore, evaluating the efficiency of the 

inhibitor under such conditions provides valuable insights into its 

potential practical applications in moderate industrial 

environments. 

4 .Results and discussion 

4.1 Effect of temperature 

Temperature plays a crucial role in influencing the 

electrochemical corrosion rate of metals. In acidic environments, 

an increase in temperature typically accelerates the corrosion 

process due to the reduction in hydrogen evolution potential. The 

interaction between the metal, acid, and inhibitor is highly 

complex, as elevated temperatures can lead to rapid surface 

etching, removal of the protective inhibitor layer, and, in some 

cases, degradation or structural rearrangement of the inhibitor 

itself. Despite the general trend of increasing corrosion rates with 

rising temperature, it has been observed that inhibition efficiency 

tends to improve both with higher temperatures and greater 

inhibitor concentrations. Experimental investigations conducted 

at approximately 308 K in a 1 M hydrochloric acid solution 

demonstrated that the maximum inhibition efficiency reached 

57.13%, as summarized in Table 2. 

 

 

http://www.doi.org/10.62341/mgra1730
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Table 2: Data corrosion rate and inhibition efficiency. 

Sample 

No. 

Inhibitor 

(Concentration) 
)3-min*10 2CR (mg/cm 

Efficiency of 

Inhibitor (IE) (%) 

1 Blank 44.516 -- 

2 0.01 34.529 22.434 

3 0.02 28.157 36.748 

4 0.03 21.361 52.015 

5 0.04 19.083 57.132 

The adsorption of bioactive constituents from the extract onto the 

surface of mild steel likely facilitated the formation of a protective 

molecular layer. This adsorbed layer serves as a barrier, minimizing 

direct contact between the metal and the corrosive acidic 

environment, thereby significantly reducing the corrosion rate. The 

observed inhibitory effect can be attributed to this protective 

mechanism. These findings are consistent with previous research 

studies that have reported similar adsorption-driven corrosion 

inhibition mechanisms [22–24]. 

 
Figure. 1: Variation of corrosion rate with the concentration of the 

inhibitor 

As the concentration of the extract increased, the inhibition 

efficiency also improved, reaching a maximum of 57%, as 

illustrated in Figure. 2. Phytochemical analysis of the Saussurea 

costus leaf extract revealed the presence of flavonoids, tannins, 

alkaloids, and phenols [23, 26, 27]. The strong inhibitory effect 

http://www.doi.org/10.62341/mgra1730
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observed can be attributed to these bioactive compounds, which are 

known for their corrosion protection properties. Upon adsorption 

onto the metal surface, these constituents act as barriers to charge 

transfer, thereby limiting the interaction between the metal and its 

corrosive environment. 

 

 

Figure3. 2: Variation of inhibition efficiency with the concentration of 

the inhibitor for mild steel in 1 M HCl 

 

4.2. Analysis of Adsorption Models: 

Adsorption isotherms provide crucial insights into the interaction 

between the inhibitor molecules and the metal surface. The surface 

coverage (Θ) values at 308 K were analyzed to determine the most 

suitable adsorption model. Various isotherms, including Langmuir, 

Freundlich, and Temkin, were tested to evaluate the adsorption 

mechanism. The equations for these models are as follows: 

 

 Langmuir Isotherm: 

𝐿𝑜g(𝐶𝛳)=𝐿𝑜𝑔 𝐾𝑎𝑑− 𝐿𝑜𝑔𝐶 (4) [28] 

 Temkin Isotherm: 

Exp (𝑓𝛳)=𝐾𝐶 (5) [27] 

 Freundlich Isotherm: 

𝐿𝑜g (𝛳) =𝐿𝑜𝑔 𝐾+1𝑛𝐿𝑜𝑔𝐶 (6) [28] 

http://www.doi.org/10.62341/mgra1730
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Where: 

 Θ represents the surface coverage, 

 K is the adsorption equilibrium constant, 

 C is the inhibitor concentration, 

 f is the heterogeneity factor of adsorption sites. 

 n is the Freundlich constant related to adsorption intensity. 

Among the tested models, the Langmuir isotherm provided the best 

fit, with the regression coefficient (R²) values being very close to 

one, indicating monolayer adsorption of the inhibitor molecules on 

the mild steel surface. The adsorption of organic molecules from the 

aqueous phase onto the electrode surface can be considered as a 

quasi-substitution process, where water molecules are displaced by 

inhibitor molecules: 

Org (sol) + XH2O (aq) = Org (aq) + H2O (sol)  

Where X represents the number of water molecules replaced by each 

inhibitor molecule on the metal surface. 

 
Figure. 3: An illustration depicting the possible orientation of active 

organic inhibitor components during the adsorption phenomenon on 

the surface of mild steel [28] 

The calculation of ΔG°ads for Saussurea costus extracts was 

performed using Equation 7, which indicates that the free energy 

change of adsorption (ΔG°ads) is directly related to K at a given 

temperature (T): 

ΔG0
ads = RT ln (K ads x 55.5) 

(7) [29] 

http://www.doi.org/10.62341/mgra1730
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A ΔG°ads value of -38.35 kJ·mol⁻¹ was obtained. The adsorption 

process was spontaneous, as indicated by the negative value. 

Generally, physical adsorption is characterized by ΔG°ads values 

around -20 kJ/mol, while chemical adsorption is associated with 

values more negative than -40 kJ/mol [30, 31]. As shown in Table 

2, the obtained values of the adsorption constant were used to 

determine the Gibbs free energy of adsorption (ΔG°ads). 

Table 2: Adsorption data for steel samples in the aqueous extract of 

Saussurea costus. 

Sample 

No. 

Surface 

Coverage (𝜃 ) 

Adsorption Constant 

(Kads) (g −1) 

Adsorption Energy 

(ΔG°ads) (kJ/mol) 

1 -- -- -- 

2 0.22434 0.2892 -31.2524 

3 0.36748 0.8310 -36.693 

4 0.52015 2.0724 -38.3569 

5 0.57132 3.3484 -38.4488 

The values show an increase in the adsorption equilibrium constant 

(K ads) with the rise in inhibitor concentration, confirming the 

effectiveness of the protective layer. 

According to the statistics presented in Table 2: 

1. The values of K_ads increase with increasing inhibitor 

concentration. 

2. The ΔG°_ads values exceed -20 kJ·mol⁻¹, indicating that 

the adsorption process is predominantly physical. 

Additionally, the Temkin adsorption isotherm (Figure.4) was 

applied to describe the nature of the inhibitor’s adsorption. 

Figure. 4 illustrates that the inhibitor follows the Langmuir 

isotherm, as evidenced by the high R² values across all temperatures. 

The Langmuir model assumes that molecules adsorb in a dense 

monolayer on the metal surface [32]. The linear plot, with a high 

correlation coefficient (R² = 0.9915 for the Langmuir isotherm), 

clearly indicates that the adsorption of Saussurea costus on mild 

steel surfaces adheres to the Langmuir adsorption model. 

http://www.doi.org/10.62341/mgra1730
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Figure. 4: Langmuir isotherm curve. 

The Temkin isotherm model for adsorption includes a factor that 

explicitly accounts for the interactions between ions in the aqueous 

solution and the membrane (adsorbent-adsorbate). The extracted 

correlation coefficient (R²) at a temperature of 308 K was 0.9723. 

Since R² at this temperature is very close to one, it indicates a 

stronger adherence to the Temkin adsorption isotherm model 

compared to the same inhibitor at 35°C.  

 

 
Figure 5: Temkin isotherm curve. 

 

The Freundlich model was chosen to evaluate the adsorption 

capacity of both the adsorbent and the adsorbate solution. As shown 

http://www.doi.org/10.62341/mgra1730
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in Figure 6, an almost perfectly linear graph was obtained, with a 

correlation coefficient (R²) of 0.99437. 

 
Figure. 6: Freundlich isotherm curve. 

 

5. Conclusions 

The results demonstrate that Saussurea costus extract acts as an 

effective inhibitor of mild steel corrosion in an acidic medium. The 

data show that the inhibition efficiency (%IE) increases with the 

extract concentration, indicating a strong interaction between the 

bioactive compounds in the extract and the metal surface. This 

inhibitory effect is attributed to the adsorption of active components, 

such as flavonoids, alkaloids, phenols, and tannins, onto the steel 

surface, forming a protective barrier that prevents direct contact 

between the metal and the corrosive medium. 

The adsorption mechanism was analyzed using various isotherm 

models, which revealed that the adsorption follows the Langmuir 

isotherm, suggesting the formation of a monolayer on the metal 

surface. Furthermore, the values of ΔG°ads indicated that the 

adsorption process occurs primarily through physisorption. This 

mechanism facilitates the removal of the inhibitor from the surface 

when necessary, making it an environmentally viable option. The 

inhibition efficiency was also evaluated at different temperatures, 

with results showing that efficiency increased as the temperature 

rose, indicating the stability of the adsorbed layer under the studied 

conditions. 

http://www.doi.org/10.62341/mgra1730
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Based on these findings, Saussurea costus extract is a promising 

eco-friendly corrosion inhibitor and a viable alternative to 

conventional chemical inhibitors, which may pose environmental 

hazards. However, further studies are recommended to gain a deeper 

understanding of the adsorption mechanism, investigate the 

influence of additional factors such as time and PH, and assess the 

inhibitor’s effectiveness in various industrial environments to 

enhance its potential for large-scale applications. 
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