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Utilization of mangosteen rind extract as carbon steel inhibitors in the environment of hydrochloric acid (HCl) 
0.1M, 0.5M, and 1.0M. Extracts were carried out by extraction using ethanol solvent at a temperature of 600C 
with a time of 80 minutes. The variation of extract concentration (100 ppm to 1000 ppm in 3 days and the 
effect of time of corroding the carbon steel with the addition of 1000 ppm extract. Corrosion rate is calculated 
based on the difference in weight and corrosion products shown by microscope optics. The objective was 
investigated corrosion inhibition efficiency that could be prevented by mangosteen peel extract as inhibitor. 
The results showed inhibitory properties of mangosteen peel extract for three (3) days increased with 
increasing extract concentrations up to 76.53% in 0.1M HCl solution and 28.83% in 1.0M HCl solutions. For 
the addition of 1000 ppm mangosteen peel extract showed inhibitor efficiency reached about 90% at 3 days of 
corrosive time in HCl 0, 5 M, 87% in 1.0 M HCl solution, and 81% in 0.1 M HCl solution. The experiment showed 
that the process of diffusion of compounds in extracts on the surface of carbon steel and react with ferro ions 
(Fe2 +) to form chemical covalent coordination coordinate with a thickness of 76 µm was successfully done.  
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1. INTRODUCTION 

Mangosteen rind extract produced 6 xanthon derivatives (Shan et al., 

2011). Namely alpha mangostin, beta-mangostin, gama-mangostin, 

mangostinone, garcinone E, and 2-isoprenyl-1,7-dihydroxy-3-

methoxyxanton, topophyllin B, mangostanol, flavonoids epicatechin, and 

gartanin (Ele et al., 2018). Xanthones are kind of organic compound, in 

phenol compounds that are found in very high concentrations in the skin 

of mangosteen (Garcinia mangostana). Xanthon compounds are 

antioxidants found in mangosteen peel with high levels and have good and 

beneficial properties for the body, such as anti-inflammation, anti-diabetes, 

anti- cancer, anti-bacterial, anti-fungal, anti-plasmodial, and able to 

increase immunity (Miryanti et al., 2011). Mangosteen rind is brown to 

purple. Components that contribute to the brown-purple color of 

mangosteen peel are pigments called anthocyanins such as cyanidin-3-

sophoroside and cyanidin-3-glucoside (Kaewsukseng et al., 2019). To 

extract the compounds contained in the mangosteen rind extraction 

process is carried out using ethanol (96%) (Ulfah and Karsa, 2007). 

Solvents can be recycled and their waste or raffinate can be used as plant 

fertilizer. 

Corrosion is the event of damage to metal material due to reacting with the 

environment, so that it can result in large losses (Garcia-Arriaga et al., 

2010). The cost of losses incurred due to corrosion includes maintenance 

costs, replacement of corroded equipment and components, labor costs, 

and indirect costs such as costs of production decline due to having to shut 

down and decrease service life. Corrosion events on metal materials 

cannot be stopped at all, but can be controlled and prevented from the 

start. Failure to control corrosion will have an impact on economic losses 

and threaten the safety of human life and the environment. The annual 

direct cost of corrosion for infrastructure is estimated to be US$300 billion 

in the US and €200 billion in Europe (Bohm, 2014). It is almost impossible 

to prevent corrosion, however there are some alternative ways to control 

it (Brondel et al., 1994; Finsgar and Jackson, 2014). Therefore, it is 

necessary to control corrosion from the beginning by selecting corrosion 

resistant materials and design, using adequate coatings and suitable 

inhibitors and cathodic protection to increase the useful life of equipment 

and components and reduce the risk of accidents (Knudson and Forsgren, 

2017). 

Inhibitors are chemicals that with low concentrations added to 

environmental media will slow the rate of metal corrosion. The use of 

inhibitors is one for controlling corrosion and is generally used for 

corrosion prevention on the inside of structures such as pipes, vessels 

and storage tanks. At present, corrosion control with inhibitors still uses 

organic and inorganic chemicals. The use of these chemicals will have an 

impact on environmental pollution. To reduce environmental pollution 

an attempt is made to use inhibitors from natural ingredients. 

Mangosteen peel is a natural material that is a waste and in mangosteen 

peel contains alkaloid compounds and contains compounds that are 

antioxidants (Xin et al., 2016). These alkaloid compounds and 

antioxidant properties can be used as corrosion inhibitors. 
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Alkaloid compounds contained in mangosteen peel are xanthon, tannins, 

katechin, pectin, rosin, and coloring agents, so that they are often used as 

anti-rust paint ingredients (Glenn et al., 2013). The tannin content in 

mangosteen peel extract which may be used to inhibit the rate of corrosion 

of carbon steel. Previous studies have shown that the use of mangosteen 

peel extract as a corrosion inhibitor in the 0.1 M NaCl environment can 

reduce corrosion rates with efficiency reaching 75% efficiency at a 

concentration of 1000 ppm (Asdim, 2008). So that in this study focused on 

the mechanism of inhibition of corrosion by inhibitors and how far the 

efficiency of corrosion inhibition that can be prevented by inhibitors of 

mangosteen peel extract results in hydrochloric acid environment (0.1M, 

0.5M and 1.0M). Based on the field of application of inhibitors quite broad 

ranging from the steel industry, the fertilizer industry, the oil and gas 

industry, power plants, then one of the inhibitor products from 

mangosteen peel extract is cheap, safe, environmentally friendly and easily 

available. This is an advantage of using natural inhibitors, especially 

mangosteen peel extract and the production process is relatively 

inexpensive and easy to obtain. 

2. RESEARCH METHODS 

Utilization of mangosteen peel extract as a carbon steel corrosion inhibitor 

was carried out experimentally in a laboratory, using an analytical balance 

instrument to calculate the weight difference, copper sulphate 

electrode(CSE) standard electrodes and multi-meters were used to 

measure the metal potential compared to the standard. The stages of 

implementation outlined are as follows. The preparation stage is the stage 

of preparing the equipment and mangosteen peel extracted into extracts 

that can be utilized. In addition, preparing 2 x 6 cm cut carbon steel for 

corrosion testing in the HCl environment of 0.1 M, 0.5 M and 1.0 M with 

and without mangosteen rind extraction.  

Corrosion of carbon steel is carried out in distilled water, HCl solution plus 

mangosteen rind extract with varying concentrations, followed by 

variations in the time of the metal corroding process. Carbon steel 

corrosion rate was calculated based on the weight loss method with the 

equation r (corrosion rate) = 534 w / (At ῥ) mpy and the inhibitor 

efficiency was determined by the equation: Eff = (ro-ri) / ro x 100%, with 

ro: the rate of corrosion of steel in a salt solution without inhibitors and ri: 

the rate of corrosion of steel in a salt solution with mangosteen rind extract 

added (Asdim, 2008). Carbon steel corrosion test results in each 

environment were sampled to analyze the surface structure of carbon steel, 

after the process of corrosive with and without inhibitors, a cross section 

to see the process of inhibition with optical microscope. 

3. RESULTS AND DISCUSSION

3.1 Effect of time on carbon steel corrosion in acid solutions 

The corrosion time of carbon steel in distilled water and acid solution 

influences the corrosion rate of carbon steel. The relationship between the 

corrosion time of carbon steel and the corrosion rate of carbon steel in acidic 

solutions is shown in figure 1. 

Figure 1: Effect of corrosion time on corrosion rate. 

The results of figure 1 show that the longer corrosion time produces more 

carbon steel corrosion rate, at the beginning it increases until the second 

day and then the carbon steel corrosion rate decreases. This is due to the 

rapid corrosion of carbon steel in the beginning which then decreased. At  

the beginning of the reaction shows the presence of gas bubbles on the 

surface of carbon steel that is so fast and after 10 days of corroding the 

brown solution. This is due to involving carbon steel corrosion reactions in 

acidic solutions for up to 2 days 

Anodic reaction : Fe → Fe2+ + 2e  

Cathodic reaction : 2H+ + 2e → H2 

The number of hydrogen ions (H+) at 0.1 M HCl concentration (pH = 1) is 

much higher than H2O molecules and the reduction potential of H+ to 

hydrogen gas (H2) is 0.00 volts more positive than the reduction potential 

of H2O to hydroxy ions (OH- ) is -0.83 volts Knudsen shows that the 

formation of hydrogen gas (H2) is much higher than the formation of OH 

ions negative (-) so that the surface of the carbon steel is quickly corroded 

(Knudson and Forsgren, 2017). For corrosive times of more than 2 days 

involves the reaction below. 

Fe → Fe2+ + 2e (Anodic reaction)  

    H2O + 2e →H2 + 2OH   (Cathodic reaction) 

The reaction of carbon steel in hydrochloric acid solution is faster at 

increasing concentrations of hydrochloric acid due to the increasing 

number of H+ ions in solution and causing carbon steel metal to change its 

surface faster and even turn black due to oxidation process. Corrosion 

products are formed due to the reaction of Fe2+ with OH- producing ferro 

hydroxide [Fe(OH)2] which in the presence of dissolved oxygen eventually 

becomes ferric hydroxide [Fe(OH)3] or forms brown Fe3O4 (Jones, 1992). 

3.2 Effect of mangosteen peel extract on carbon steel corrosion 

rate 

Mangosteen peel extract affects the rate of corrosion of carbon steel in 

hydrochloric acid solution as shown in figure 2. 

Figure 2: Effect of corrosion time on corrosion rate. 

Based on figure 2 it is shown that the corrosion rate of carbon steel in HCl 

solution without mangosteen rind extract has a higher corrosion rate than 

the corrosion rate of carbon steel in hydrochloric acid (HCl) solution at the 

same concentration. This explains that mangosteen peel extract can reduce 

the corrosion rate of carbon steel in HCl solution. Thus, mangosteen 

rind extract can be used as a carbon steel corrosion inhibitor in HCl 

solution, because the inhibitor is a chemical that in low concentrations 

can reduce the rate of metal corrosion (Gunavathy and Murugavel, 2013). 

In Figure 2 it is shown that the rate of corrosion of carbon steel rises to 

the second time of corroding, which then decreases. This is due to 

carbon steel initially dissolving to produce ferrous ions (Fe2+) on the 

metal surface, which in turn ferrous ions (Fe2+) binds to chemical 

compounds contained in the extract through a diffusion process and forms 

a coordination covalent bond which then coats the metal surface causing 

the rate carbon steel corrosion decreases (Raja et al., 2016). The effect of 

mangosteen peel extract concentration on the corrosion rate in 0.1 M, 0.5 

M, and 1.0 M HCl solutions is shown in figure 3. 

Figure 3. Effect of extract concentration on corrosion rate. 
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Based on figure 3 it is shown that the corrosion rate of carbon steel in acid 

solutions is much higher than the corrosion rate of carbon steel in aquades. 

The higher concentration of mangosteen peel extract results in a lower 

carbon steel corrosion rate for each concentration of hydrochloric acid 

(HCl) solution. This shows that mangosteen peel extract able to reduce the 

corrosion rate of carbon steel in hydrochloric acid solution, so mangosteen 

peel extract can be used as a corrosion inhibitor. This is due to the 

mangosteen rind extract containing chemicals or chemical compounds 

that function as antioxidants (Glenn et al., 2013). Antioxidants are 

chemicals that lowering oxidation reactions. Oxidation reactions are 

natural processes that occur in nature and can occur in metals and in the 

human body. In addition, mangosteen rind extract contains many organic 

compounds such as tannins, katechin, pectin, rosin which can be used as 

anti- rust ingredients (Asdim, 2008).  

Tannin, pectin, rosin, and xanton compounds are chemical compounds that 

contain O elements that can be negatively charged and have a pair of free 

electrons, which are able to bind tightly to the metal through the use of 

shared electrons on the metal surface, thus coating the metal surface and 

being able to prevent or hinder the process dissolving metals into solution 

(Knudson and Forsgren, 2017). This is what causes the carbon steel 

corrosion rate to decrease (Kumar et al., 2010). Figure 3 also shows that 

concentration of hydrochloric acid solution affects the rate of corrosion of 

carbon steels. In this study, the more concentration of hydrochloric acid 

(HCl), the more corrosion rate of carbon steels is produced. This is due to 

hydrochloric acid (HCl) is a corrosive solution that is able to corrode 

carbon steel quickly (Knudson and Forsgren, 2017). The increment of 

hydrochloric acid (HCl) concentration indicating more corrosivity. 

Therefore, the corrosion rate also increases since more hydrogen ions (H+), 

which is in HCl solution, approaching metal more quickly due to electrons 

released from the metal dissolving process. Eventually, the carbon steel 

corrosion process becomes faster. 

3.3 Effect of extract concentration on inhibitor efficiency 

The concentration of mangosteen rind extract influences the efficiency of 

its inhibitors as carbon steel corrosion inhibitors in hydrochloric acid 

solution. The results are shown in figure 4. 

Figure 4: Effect of extract concentration on the efficiency of inhibition. 

Figure 4 shows that the concentration of mangosteen peel extract 

increases the inhibitor efficiency. As shown on the figure 4, in 0.1 M HCl 

solution reaches 39% for 500 ppm extract concentration and 76.53% for 

1000 ppm extract concentration. While for the same extract concentration, 

the efficiency reach 76.53% in 0.1 M HCl solution and 28.83% in 1.0 M HCl 

solution. This shows that the more concentrated HCl concentration requires 

the higher concentration of mangosteen peel extract. Therefore, 

mangosteen peel extract can be used as a carbon steel corrosion inhibitor 

in a low concentration of HCl solution more effectively. Based on Asdim's 

research showed mangosteen peel extract in 0.01 M and 0.02 M HCl acid 

solution capable of inhibiting carbon steel with inhibition efficiency 

reaching 77.33% and 75% with a concentration of 1000 ppm for 24 hours 

(Asdim, 2008). 

3.4 The mechanism of performance of mangosteen peel extract as 

a carbon steel corrosion inhibitor  

The mechanism of performance of mangosteen peel extract as a carbon 

steel corrosion inhibitor in hydrochloric acid (HCl) solution can be 

explained that the molecules of chemical compounds contained in 

mangosteen peel extract move towards the metal surface due to the 

presence of electrons on the metal surface released by iron metal atoms into 

ferrous ions (Fe2+) which dissolves in the metal interface (Rani and Basu, 

2012). These chemical compounds diffuse and are adsorbed on the metal 

surface to form chemical bonds with the metal so that it coats the metal 

surface. The coating caused by a chemical reaction between inhibitor 

molecules produces a layer that can block the entry of ions contained in 

the solution, so the metal corrosion process can be inhibited. The reaction 

between Fe2+ions and natural extract inhibitors produces a chemical bond 

called a covalent coordination bond, because the inhibitor molecule 

donates a pair of free electrons to the metal ion.  

A pair of free electrons can be found at N, O, or S atoms bound to alkyl or 

aryl groups (Raja et al., 2016). Molecular chemical compounds contained in 

mangosteen peel extract contain many hydroxy groups (OH), benzene, 

methoxy (OCH3), carbonyl(C=O) both in tannin and xanthon compounds 

which can be diffused and adsorbed on the metal surface, so that the metal 

surface is coated by the formation of the reaction between chemical 

compounds contained in mangosteen peel extract with Fe2+ ions (Ulfah and 

Karsa, 2007; Knudson and Forsgren, 2017).   Based on experimental data, 

it was shown visually the layers formed on the metal surface due to the 

adsorption process of chemical compounds contained in mangosteen peel 

extract, as shown in figure 5. 

       (a)                                                                     (b)       

Figure 5: Microphotos of metal surfaces a) without extracts b) with the 

addition of extracts(5x). 

Based on figure 5 it is shown that the metal surface which is corroded in 

HCl solution without adding mangosteen kulkit extract looks cleaner and 

black due to the oxidation process (Figure 5a) and there are brown spots 

with sizes including 44 μm and 39 μm, while the metal surfaces are corroded 

in HCl solution with mangosteen peel extract contained layers (figure 5b). 

The coating on the metal surface prevents contact between aggressive ions 

in solution which can cause corrosion to the metal, so the ions cannot reach 

the metal surface and the metal is protected from corrosion. The layer on 

the metal surface is very thin and the thickness of the layer as shown from 

a cross-section micro photo with a magnification of 20x (a) and 50x (b) in 

figure 6. 

(a)   (b) 

Figure 6: Results of a cross-section micro photo. 

Based on figure 6 it is shown that the thickness of the carbon steel surface 

layer is around 33 µm with a magnification of 20 x (Figure 9a) and about 

76 µm at a magnification of 50x (figure 6b). 

4. CONCLUSIONS AND SUGGESTIONS 

Based on the data and discussion of research results, conclusions can be 

made including the following. Testing mangosteen peel extract as carbon 

steel corrosion inhibitor in hydrochloric acid solution for 1000 ppm 
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extract was able to remove carbon steel for two (2) days with 90% 

efficiency in 0.5M HCl concentration and 87% in 1.0M HCl with the addition 

of efficiency getting lower. The mechanism of performance of mangosteen 

peel extract as a corrosion inhibitor is to coat the metal surface by diffusion 

and adsorption on the metal surface to form covalently coordinated 

chemical bonds with a surface layer thickness of around 76 µm. 
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