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ABSTRACT 

Corrosion is one of the destructive processes that primarily affects metals through chemical or electrochemical reactions 
with their environment. An inhibitor is one of the methods used in corrosion control. A corrosion inhibitor functions to 
reduce the corrosion rate of a material. In 2024, 28.6% of the Indonesian population were reported as active smokers, 
which causes an increase in cigarette butt waste. Kretek cigarettes, whose main ingredient is tobacco, can be utilized as 
corrosion inhibitors due to their tannin content. This study aims to determine the corrosion rate, evaluate efficiency, and 
compare two extraction methods: maceration and Microwave-Assisted Extraction (MAE). MAE is an extraction method 
that uses microwave irradiation to accelerate selective extraction through rapid and efficient solvent heating. The extract 
obtained through maceration produced corrosion rates of 4.3, 4.8, 6.9, and 11.31 MPY. By comparison, the extract 
obtained using the MAE method showed corrosion rates of 0.7, 0.4, 0.3, and 0.15 MPY. In this study, the optimal results 
were observed at an acid concentration of 150 ppm, where the maceration method produced the lowest corrosion rate 
of 4.3 MPY, while the MAE method yielded the lowest corrosion rate of 0.15 MPY. 
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INTRODUCTION 
In 2024, 28.6% of the population in Indonesia was 

reported as active smokers, which causes an increase in 
cigarette butt waste [1]. Cigarette butt waste still 
contains toxic substances such as carcinogens, nicotine, 
chromium, arsenic, lead, and other hazardous chemicals 
that pose a threat to human life, particularly children, as 
well as animals [2]. 

In general, cigarettes are categorized into non-
filter cigarettes, filter cigarettes, and electronic 
cigarettes. Non-filter cigarettes (kretek), whose main 
ingredient is tobacco, can be utilized as corrosion 
inhibitors due to their tannin content [3]. Generally, 
metal corrosion is caused by electrochemical processes 
that occur on the metal surface or at the interface 
between the metal and the solution. Consequently, the 
corrosion reaction is a heterogeneous reaction governed 
by diffusion processes [4]. Based on their raw materials, 
inhibitors can be classified into two types, namely 
synthetic and natural inhibitors. Synthetic-based 
inhibitors are quite effective in slowing down the 
corrosion rate; however, they are toxic. In contrast, 
natural inhibitors not only reduce the corrosion rate but 
are also non-toxic, inexpensive, naturally available, 
renewable, and environmentally friendly [5]. Natural 
corrosion inhibitors are obtained through the extraction 

of various naturally occurring substances. Several 
examples of natural materials that can be used as 
corrosion inhibitors include guava leaves, tea leaves, 
soybeans, coffee, tobacco, and others. Each material 
contains different compounds. Various plant extracts 
have been shown to contain organic compounds that can 
reduce the corrosion rate of different metals, including 
tannins, alkaloids, pigments, saponins, carbohydrates, 
and amino acids [6]. 

The Microwave-Assisted Extraction (MAE) 
method is an extraction technique that utilizes 
microwave irradiation to enhance the rate of extraction 
through rapid and efficient solvent heating. This occurs 
because electromagnetic waves penetrate the cell walls 
of simplicia and uniformly excite water and fat molecules 
[7]. The efficiency of the MAE method depends on several 
factors, such as the properties of the solvent, the sample 
material, and the extracted components, particularly the 
dielectric constant. Extraction using MAE requires 
optimization of several parameters, including the 
polarity and volume of the extraction solvent, sample 
size, extraction time, temperature, and microwave power 
[8]. Tobacco leaf extraction using the MAE method 
yielded a corrosion rate of 0.009268 mpy with an 
efficiency of 98.50% in a NaOH solution corrosion 
medium [9]. Cigarette butt waste can be extracted using 
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the MAE method under optimum conditions at a power 
of 150 watts and a duration of 15 minutes. The extract 
produced a corrosion inhibition efficiency of 71.53% in a 
3.56% NaCl medium [10]. This study aims to extract non-
filter cigarette butt waste using maceration and 
Microwave-Assisted Extraction (MAE) methods with 
ethanol as the solvent. Then, the extract is used as a 
corrosion inhibitor in a 1 M H2SO4 medium, and the 
corrosion rate, as well as the efficiency of the non-filter 
cigarette butt extract, is calculated. 

RESEARCH METHODS 
This study used the maceration method, using a 

70% ethanol solution, for 3 days to extract tannin 
compounds from non-filter cigarette (kretek) waste. The 
maceration product was then filtered using filter paper 
and evaporated at 80°C for 1 hour. The corrosion 
medium was subsequently prepared at concentrations of 
0, 50, 100, and 150 ppm by mixing the evaporated extract 
with a 1 M H2SO4 solution. 

For comparison, 30.2 g of non-filter cigarette butt 
waste in 181.2 mL of ethanol solution was processed 
using the MAE method for 2 minutes and 15 seconds. The 
pulse method was applied during the MAE process. The 

corrosion medium was then prepared at concentrations 
of 0, 50, 100, and 150 ppm by mixing the MAE extract 
with a 1 M H2SO4 solution. 

Both extracts obtained from the maceration and 
MAE processes were then analyzed using Fourier 
Transform Infrared Spectroscopy (FTIR) to determine 
their functional groups. The corrosion rate test was 
subsequently conducted by preparing steel specimens 
and immersing them in each corrosion medium for a 
period of three days. After three days, the weight loss was 
measured to calculate the corrosion rate using the 
following equation:                 

𝐶𝑅 =
𝐾.𝑊

𝜌. 𝐴. 𝑇
 

Description: 
CR  : Corrosion Rate 
K  : Constant 
W : Weight loss (g) 

𝜌 : Density (g/cm3) 
A : Surface area (cm2) 
T : Time 

The research flowchart is presented in Figure 1. 

 
Figure 1. Research Flowchart 

RESULTS AND DISCUSSION 
In this study, the corrosion inhibitor was 

produced from the extract of non-filter cigarette butt 
waste. To reduce the water content, the cigarette butt 
waste was first dried and then soaked in 70% ethanol to 
help disrupt the cell membranes. This study used two 
extraction methods: maceration, in which the sample 
was left for three days, then filtered and evaporated; and 
Microwave-Assisted Extraction (MAE), in which 70% 

ethanol was added to the sample and the mixture was 
subjected to microwave irradiation for 2 minutes and 15 
seconds. The pulse method was applied to prevent the 
extract temperature from rising excessively, thereby 
preserving the tannin compounds in the cigarette butt 
waste sample. 

The following is a comparison of the extraction 
yields obtained using the maceration method and the 
Microwave-Assisted Extraction (MAE) method: 
 

Table 1. Yield Results Using Maceration and MAE 
Sample Sample 

Weight (g) 
Solvent 

(mL) 
Extract Weight 

(g) 
Method Yield (%) 

Cigarette butt waste 50 300 11.24 Maceration 22.48 
Cigarette butt waste 30.2 181.2 22.34 MAE 73.94 
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Based on Table 1, the extract yield from cigarette 
butt waste using the MAE method was 73.97%, whereas 
the extract obtained with the maceration method was 
22.48%. Therefore, the results obtained from the MAE 
method are better than those obtained from the 
maceration method. The purpose of using the MAE 
method is to shorten the extraction time, since MAE 
generates heat through microwave irradiation. 
Microwave irradiation is converted into heat through 
ionic conduction or dipole rotation. The MAE method can 
increase the recovery of organic chemical compounds 
from plants and shows more optimal process efficiency 
[8]. 

Ionic conduction refers to the effect of changes in 
the electric field generated by microwaves, which heats 
the solution. Meanwhile, dipole rotation is the 
reorientation of molecular dipoles caused by rapid 
changes in the electric field, which leads to collisions 
between dipole molecules and surrounding molecules, 
thereby producing heat [11]. 

Heating in the MAE method is carried out in a 
closed system, which causes the solvent to evaporate 
more rapidly. The MAE method has been widely studied 
by researchers because of its advantages in producing 
higher yield percentages [12]. Additionally, MAE 
enhances efficiency and effectiveness in extracting polar 
active compounds by providing even heating, thereby 
preventing damage to the active substances in natural 
materials. 
1. Functional Group Identification 

To strengthen the assumption of tannin 
presence, FT-IR analysis was performed to determine 
the chemical functional groups of organic and 
inorganic compounds. In general, compounds exhibit 
characteristic absorption or emission in the IR 
spectral region. The FT-IR readings of the two 
samples obtained using the maceration and MAE 
methods can be seen in Figure 2 below; 

  
Figure 2. (a) IR Spectrum of the extract obtained by maceration, (b) IR Spectrum of the extract obtained by MAE 

In Figures 2a and 2b, absorption bands were 
observed in the range of 1600–1700 cm-1, which are 
presumed to be associated with the carbonyl C=O 
group; at 700–800 cm-1, which are likely due to 
aromatic C–H bonds; and around 3300 cm-1, which 
are associated with the OH group. These findings 
support the hypothesis that non-filter cigarette butt 

waste containing tobacco includes tannin compounds 
[13] with the chemical formula C27H52O46 

2. Corrosion Rate 
Variations in concentration result in differences 

in corrosion rates and efficiencies. The corrosion rate 
results are presented in Table 2. 

Table 2. Corrosion rate at various concentrations 
Method Concentration 

(ppm) 
Initial weight 

(g) 
Final weight 

(g) 
Weight loss 

(g) 
Corrosion 
rate (mpy) 

Efficiency 
(%) 

M
ac

er
at

io
n

 
 

0 6.71 5.98 0.73 11.31 – 

50 6.71 6.25 0.46 6.9 38 

100 6.61 6.29 0.32 4.8 57 

150 6.79 6.50 0.29 4.3 61 

M
A

E
 

 

0 4.33 3.63 0.70 10.5 – 

50 5.05 5.03 0.02 0.4 42 

100 4.90 4.89 0.01 0.3 57 

150 4.88 4.87 0.01 0.15 78 

Based on Table 2, it can be seen that the higher 
the inhibitor concentration applied, the lower the 
reaction rate, thereby reducing the likelihood of 
corrosion. Cigarette butt waste can maintain the 
formed passivation layer, which functions as a 
protective layer to inhibit the corrosion process. After 
calculation, an extract concentration of 50 ppm from 
the maceration method produced the highest 

corrosion rate value of 6.9 mm/year, whereas at a 
concentration of 150 ppm, it decreased to 4.3 
mm/year. Therefore, the greater the inhibitor 
concentration added, the lower the corrosion rate, 
because the tannin compounds in the extract can form 
complexes with Fe (III) on the steel surface [14]. 

The best corrosion rate was obtained from the 
extract of cigarette butt waste, which was extracted 

a b 
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using the MAE (Microwave-Assisted Extraction) 
method, with a corrosion rate value of 0.4 mm/year 
at a concentration of 50 ppm. However, at a 
concentration of 150 ppm, the corrosion rate 
decreased to 0.15 mm/year. This finding is consistent 
with a study that reported a corrosion rate of 
0.009268 mpy, achieved with an efficiency of 98.50% 
using the MAE method in a NaOH solution corrosion 
medium [9]. A low corrosion rate indicates the 

inhibitor's ability to protect the metal surface by 
suppressing oxidation and reduction reactions 
occurring on the metal surface. The greater the 
flavonoid content, the more effective the protection of 
the metal will be, thereby significantly reducing the 
corrosion rate [15]. 

Figure 3 illustrates the correlation between the 
efficiency and corrosion rate of the extract obtained 
through maceration.  

 
Figure 3. Correlation between corrosion rate and efficiency (maceration extract) 

 Based on Figure 3, the lowest efficiency value 
was obtained at a corrosion rate of 6.9 mm/year, with 
an efficiency of 38%. In contrast, the highest 
efficiency was achieved at a corrosion rate of 4.3 
mm/year, with an efficiency of 61%. This shows a 
correlation between corrosion rate and efficiency, 

where the lower the corrosion rate, the higher the 
inhibition efficiency produced [16]. The increase in 
efficiency occurs because the inhibition layer formed 
can prevent the corrosion medium solution from 
penetrating the carbon steel surface [17]. 

 
Figure 4. Correlation between corrosion rate and efficiency (MAE extract)

Based on Figure 4, it is shown that the lowest 
inhibition efficiency occurred at a corrosion rate of 
0.4 mm/year, with an inhibition efficiency of 42%, 
whereas at a corrosion rate of 0.15 mm/year, the 
inhibition efficiency reached 78%. The increasing 
trend in the graph at various corrosion rates indicates 
that the corrosion rate affects inhibition efficiency 
[18]. The higher the inhibition efficiency, the more 
effective the suppression of the corrosion rate that 
occurs. 

In aqueous solution, H2SO4 and HCl dissociate 
into H⁺, HSO₄⁻, SO₄²⁻, and Cl⁻ ions. Corrosion of steel 
in acidic solution is considered localized corrosion in 
the form of pitting, with hydrogen at the cathodic area 
and Fe at the anodic area, where HSO4⁻, SO4²⁻, and Cl⁻ 
ions react and form corrosion products such as FeCl₂, 
FeSO4, and Fe(HSO4)2 [19]. Reaksi yang terjadi adalah 
Fe(s) + H2SO4(aq) → H2(g) + FeSO4(aq) 

In this corrosion reaction, iron (Fe) releases 
electrons and reacts with H⁺ ions from H2SO4, forming 
hydrogen gas (H2) and Fe²⁺ ions, which can 
subsequently be oxidized to Fe³⁺. These ions then 
react with SO₄²⁻ to form Fe2(SO4)3, which dissolves in 
water and accelerates the corrosion process. The 
addition of an inhibitor forms a complex with H⁺ ions, 
thereby reducing their concentration and slowing 
down the corrosion rate [20]. 

FeSO4 is commonly known as rust. From this 
reaction, it can be seen that corrosion involves H2SO4, 
producing rust that appears red and gray in color, 
while the gas bubbles formed on the surface of mild 
steel are hydrogen gas (H2). Corrosion of iron can be 
accelerated by several factors, such as acidity level 
(pH), contact with electrolytes, and the condition of 
the metal itself (such as density, as well as the 
smoothness or roughness of its surface) [21]. 
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CONCLUSION 
Using the MAE method, the highest inhibition 

efficiency was 78% at a corrosion rate of 0.15 mm/year, 
while the lowest efficiency was 42% at a corrosion rate 
of 0.4 mm/year. In the maceration method, the lowest 
inhibition efficiency was 38% at a corrosion rate of 6.9 
mm/year, whereas the highest efficiency reached 61% at 
a corrosion rate of 4.3 mm/year. 
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