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Abstract  

Medium carbon steel is a widely used steel variant known for its susceptibility to mechanical 

property degradation due to corrosion. In order to decrease the corrosion rate of medium carbon 

steel, various protective measures are employed such as the addition of inhibitors. Dried Clove Leaf 

(DCL) extract was extracted and applied as an inhibitor for medium carbon steel AISI 1040 in 

different acidic environments. Fourier-transform infrared spectroscopy (FTIR) was conducted to 

analyze the compounds present in the clove leaf extract. Subsequently, corrosion rate and inhibitor 

efficiency were assessed to demonstrate the effectiveness of the clove leaf inhibitor. The parameters 

under this research included varying inhibitor concentrations for 0%, 5%, 10%, 15%, and acidic 

media using HCl and H2SO4. The successful extraction of DCL was confirmed by the presence of a 

C=C bond in the FTIR results, occurring at wavenumbers ranging from 1638 to 1514 cm-1, indicative 

of the presence of benzene rings corresponding to eugenol (a phenolic component). The inhibitor 

exhibited remarkable efficiency, reaching its peak at 96.51% when used with HCl media at a DCL 

concentration of 15%. This high efficiency is notably reflected in the significant reduction of the 

corrosion rate from 352.96 mpy to 12.31 mpy in the presence of HCl media. 
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INTRODUCTION  

Carbon steel for every industrial application is never spared from corrosion process, 
such as in the gas piping system, hull, and construction [1]–[3]. The corrosion process 
causes a decrease in the mechanical properties of steel which can cause losses in 
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economic and safety aspects [4]. Medium carbon steel is one of the widely used steel that 
shows the lowering of the mechanical properties due to corrosion. Corrosion has been 
proven to reduce the impact strength by 39.8% in medium carbon steel in seawater media 
[5]. In order to decelerate the corrosion rate of medium carbon steel, several methods are 
taken to protect the metal, such as coating and inhibitor addition.  

The corrosion inhibitor is a chemical compound that is added to the environment or 
electrolyte media and then able to decrease the corrosion attack in the metal [6]. Based 
on the basic substances, inhibitors consist of organic and inorganic compounds, 
additionally, dissolve in a liquid environment. The inorganic inhibitors such as chrome, 
arsenate, and tungstate, are mostly expensive and not environmentally friendly. This 
causes the use of inorganic inhibitors to be minimized by some industrial sectors. The 
organic inhibitor is rapidly developed, especially using a natural extract that is safe for the 
environment, biodegradable, and easy to obtain [7]. This organic inhibitor mostly can be 
extracted from marine invertebrates such as shrimp and crabs [8]. Additionally, it can be 
obtained from plant parts such as leaf, seed, etc. [7], [9].  

The clove plant is one of the spice plants, the most important part commercially, 
around 80-90% is the flower which is used in the cigarette industry [10]. Meanwhile, the 
leaves have not been utilized optimally and left to dry, then considered as a waste. 
Besides, the clove leaf has the essential oil content of 1 – 4% and phenolic component [11], 
[12]. This phenolic component in clove leaf is from eugenol and has high antioxidant 
activity which can prevent oxidation [13]. The presence of the phenolic component in the 
plant is potentially used as green corrosion inhibitor due to the ability of preventing 
oxidation process. A similar phenolic component is also found in the guava leaf which the 
previous study has already reported, the 400-ppm guava leaf extract gave 53.03% of 
inhibition efficiency in steel alloy using NaCl medium [14]. Other plants that have phenolic 
content and have been proved as the corrosion inhibitor is tobacco leaf. Setiawan et al 
reported in their research that inhibition efficiency of 700mg/L tobacco leaf extract 
reached 71.71% for carbon steel ini HCl medium [4]. The application of clove leaf extract 
as a corrosion inhibitor in the previous study also showed similar results in lowering the 
corrosion rate [15], but it was only concerned in the corrosion behavior of API 5L grade 
B in NaCl media. There is still limited research about the clove leaf extract for inhibiting 
corrosion in carbon steel using acidic media.  

Dried Clove Leaf (DCL) was extracted and applied to be the inhibitor for medium 
carbon steel AISI 1040 in various acidic media. The Fourier-transform infrared 
spectroscopy (FTIR) was carried out to characterize the compounds in the clove leaf 
extract. Then the corrosion rate and inhibitor efficiency were analyzed to prove the 
efficacy of the clove leaf inhibitor. The parameters analyzed are related to the variation of 
inhibitor concentration (0%, 5%, 10%, 15%) and the type of acidic media (HCl and H2SO4). 

 

METHODS AND ANALYSIS 

The medium carbon steel used in this research is AISI 1040 with dimensions of 
30x30x3 mm for 24 specimens. Each specimen was drilled in the top center with a 
diameter of 3 mm which functions as a specimen hanger (see Figure 1). The acidic media 
for the soaking process of the corrosion test were HCl and H2SO4 with a percentage of 3% 
for each acid, corresponding to the total immersion solution needed of 5088 ml. 

The corrosion inhibitor was extracted from the Dried Clove Leaf (DCL). A big boiler 
filled with water was prepared, then the dried clove leaves were put inside it. The next 
step was to tightly close the boiler which is equipped with some locking bolts to prevent 
leakage. Then light the fire in the furnace. The results of steam distillation went through 
several  stages,  a cooling  process in a cooling  pool, then  separation  of the water and oil  
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Figure 1. Specimen dimension 

 

 
Figure 2. Dried clove leaf extraction process 

from the distillation process around 2 – 4 hours. The clove leaf extract result was a 
purplish liquid. This process is illustrated in Figure 2. The inhibitor concentration is 
varied in 0%, 5%, 10%, and 15% calculated based on the total volume of the immersion 
solution. 

After the extraction process, the clove leaf extract was characterized using Fourier-
Transform Infrared Spectroscopy (FTIR) with spreading on NaCl method for the FTIR 
sample. This characterization was aimed to analyze the functional groups and identify the 
bonding type. 

The corrosion rate calculation was obtained by measuring the surface area, the 
initial and final weight of the specimens. The corrosion experiment was carried out using 
weight loss method, the specimens were soaked for 7 days, then the corrosion rate was 
calculated with the following formula [16]. 

𝐶𝑜𝑟𝑟𝑜𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (𝑚𝑝𝑦) =
𝐾∙𝑊

𝐷∙𝐴∙𝑇
                 (1) 

Where, K is constant factor (3.45 × 106), W is weight loss (gram), D is specimen 
density (gram/cm3), A is soaked specimen surface area (cm2), and T is exposure time 
(hour). 

The inhibitor efficiency was calculated to obtain the efficacy of inhibitor. The 
Inhibitor Efficiency (IE) was calculated using equation 2 [17]. 
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𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑜𝑟 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
(𝐶𝑅𝑢𝑛𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑−𝐶𝑅𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑)

𝐶𝑅𝑢𝑛𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑
× 100            (2) 

Where, 𝐶𝑅𝑢𝑛𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑 is corrosion rate without inhibitor and 𝐶𝑅𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑒𝑑 is corrosion 
rate with the application of inhibitor. 
 

RESULTS AND DISCUSSIONS 

FTIR Characterization 

The FTIR result of DCL in Figure 3 indicates several major peaks. These peaks were 
observed by comparing them to the Spectroscopic Data Handbook and similar research 
about clove leaf extract [18]–[20]. A broad peak showed at 3520 cm-1 wavenumbers 
indicating strong –OH groups. The wavenumbers around 2935 – 2846 cm-1 denote the 
aliphatic C–H. The aromatic bonding C=C that indicates the presence of the benzene rings 
is found in sharp intensity at 1638 – 1514 cm-1 wavenumbers. Handayani et al said the 
900 – 650 cm-1 wavenumbers strengthened the presence of the characteristic absorption 
bands for C=C [19]. The appearance of the aromatic C=C in the FTIR result exhibits the 
existence of eugenol which has the main characteristic of the benzene ring in its chemical 
structure. 

Corrosion Rate  

The weight loss method was used to obtain the corrosion rate. The specimens were 
weighed before and after the 7-day soaking process. Then the required data was 
calculated using the formula previously explained and the corrosion rate results were 
showed in Table 1. Each variable was carried out using 3 samples, so then the average was 
calculated from the corrosion rate of the 3-sample. The specimens without inhibitor 
shows the highest corrosion rate with the value of 352.96 mpy in HCl medium and 435.04 
mpy in H2SO4 medium. The corrosion rate in H2SO4 media consistently shows higher 
results than the corrosion rate in HCl media, this is likely caused by the acidity level (see 
Figure 4). 

The addition of DCL inhibitor extremely decreases the corrosion rate starting at 5% 
DCL addition.  Th e lowest corrosion rate  is 12.31 mpy with 15% inhibitor concentration  

 
Figure 3. FTIR result of dried clove leaf extract 
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Table 1. Corrosion rate results of medium carbon steel using clove leaf inhibitor 

No Acidic Media 
Inhibitor Concentration Corrosion Rate 

(%) (mpy) 

1 HCl 

0 352.96 
5 20.52 

10 16.41 
15 12.31 

2 H2SO4 

0 435.04 
5 53.35 

10 65.46 
15 53.35 

in HCl media. Moreover, in H2SO4 media, the corrosion rate also diminishes from 435.04 
mpy to 53.35 mpy for 15% DCL inhibitor addition. This tremendous decrease attributed 
to an effective blanketing of inhibitors at the steel surface [21]. Although there is a slight 
increase of the corrosion rate in the 10% DCL that may be attributed to the uneven 
distribution of the inhibitor on the sample surface. The higher concentration of DCL 
inhibitor leads to a lower corrosion rate. This is due to the reduction of the exposed 
surface area of the steel as a result of an increase in the number of inhibitor molecules 
added. This result is in line with the previous researches done by Ji et al. and Nnanna et 
al. [21], [22]. 

Inhibitor Efficiency 

The inhibitor efficiency was calculated to observe the inhibitor efficacy. The 
efficiency was obtained from the uninhibited and inhibited specimen’s corrosion rate. The 
results are displayed in Figure 5. The  inhibitor efficiency is inversely proportional to the 
corrosion rate. The lower the corrosion rate due to the inhibitor addition, the higher the 
efficiency. 

The greatest efficiency is achieved by 15% DCL concentration addition with a value 
of 96.51% in HCl media. In H2SO4 media, the highest inhibitor efficiency obtained is 
87.74%. The larger number of DCL concentration additions increases the inhibitor 
efficiency. The result shows that the DCL inhibitor addition is more effective in HCl media 

  
Figure 4. Corrosion rate results 
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Figure 5. Inhibitor efficiency results 

than H2SO4. This higher effectiveness of inhibitor addition to HCl media compared to 
H2SO4 media is similar to the previous studies [21], [22]. 

CONCLUSIONS 

The results of this research prove that DLC extract has efficacy in inhibiting the 
corrosion process on medium carbon steel AISI 1040. The DCL was successfully extracted 
as evidenced by the appearance of a C=C bond at 1638 – 1514 cm-1 wavenumbers in the 
FTIR results which indicates the presence of the benzene rings corresponding to eugenol 
(phenolic component). The efficacy was measured in the inhibitor efficiency which 
reached the highest efficiency at 96.51% using HCl media with a DCL concentration of 
15%. Meanwhile, this high efficiency is relevant to the dropping of corrosion rate from 
352.96 mpy to 12.31 mpy with HCl media. 
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