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Abstract. This study aimed to determine the effect of concentration and immersion time of Salak 
(Salacca zalacca) Seed extract as a green inhibitor on the corrosion inhibition efficiency and 
corrosion rate of AISI 1040 steel in a 1M HCl environment. The chemical composition of AISI 1040 
steel was confirmed using OES testing to verify its compliance with AISI 1040 chemical standards. 
The antioxidant activity of the salak (Salacca zalacca) seed extract was determined through the 1,1-
Diphenyl-2-Picrylhydrazyl (DPPH) test yielding an IC50 value of 192.55 ppm, indicating weak 
antioxidant activity. Qualitative phytochemical analysis confirmed the presence of flavonoids and 
tannins in the extract, as verified by Fourier Transform Infrared (FTIR) testing. The study explored 
concentration variations ranging from 100 to 500 ppm and immersion time variations of 10 to 30 
days were used. The highest inhibition efficiency was obtained at 500 ppm concentration, while the 
lowest was at 100 ppm, with values of 40.26% and 18.90% respectively. Additionally, the corrosion 
rate was reduced to 0.035 mm/year at the highest concentration of 500 ppm. These findings 
demonstrated the potential of salak (Salacca zalacca) seed extract as an eco-friendly, effective 
corrosion inhibitor for AISI 1040 steel. 

Introduction 
Corrosion in a chloride-containing acidic environment is a major issue for steel structures, leading 
to degradation and material failures [1], [2]. This problem is particularly critical for industries 
utilizing steel in environments exposed to hydrochloric acid (HCl)[3]. Traditional methods, such as 
cathodic protection [4], coating [5], and corrosion inhibitors [6], are widely employed to mitigate 
corrosion. However, many conventional inhibitors, especially inorganic compounds, are toxic, 
costly, and harmful to the environment [7–10]. This has spurred interest in the development of 
green corrosion inhibitors, which are non-toxic, readily available, and eco-friendly. 
Nowadays, organic corrosion inhibitors are intensively used as steel corrosion inhibitor in different 
aggresive media such as acidic environment [11–15]. Chemically, natural organic inhibitors contain 
S, N, O, P, and ring structures of heterocyclic compounds [16]. Green inhibitors can be sourced 
from plants or seeds, which usually contain tannins, organic acids or amino acids, and alkaloids, all 
of which are known for their ability to inhibit corrosion [17],[18]. Several studies have been 
conducted using plant extracts as natural product-based corrosion inhibitors. These plant extracts 
are usually obtained from various parts of the plant parts such as leaves [19], seeds [20], fruit shell 
[21], stems [22], root bark [23], fruit [24], and flowers [25]. 
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Salak (Salacca zalacca) is a plant native to Indonesia with a high nutritional content [26]. However, 
not all parts of this plant are utilized properly [27]. Solid waste from salak (Salacca zalacca) seeds 
has not been processed much and only becomes organic waste. Even though salak (Salacca zalacca) 
seeds contain flavonoids and tannins. These compounds have been widely studied and can be used 
as materials to inhibit the process of corrosion [28], [29]. Salak (Salacca zalacca) seed as a 
corrosion inhibitor has been shown to be effective in inhibiting the release of Ni ions in stainless 
steel orthodentic wires [30]. 
In this study, salak (Salacca zalacca) seeds extracted will then be applied to the surface of AISI 
1040 steel in 1M HCl environment. The composition of AISI 1040 steel is confirmed using OES 
testing to prove the conformity of the composition to the AISI 1040 chemical standard. The test used 
1,1- Diphenyl-2-Picrylhydrazyl (DPPH) to determine the antioxidant activity of salak (Salacca 
zalacca) seed extract. The content of secondary metabolites in the extract will be confirmed by 
using Fourier Transform Infra Red (FTIR) technique. Various concentrations were used from 100 to 
500 ppm and variations in immersion time from 10 to 30 days. These variations were carried out to 
determine the optimum concentration and the effect of soaking time of salak (Salacca zalacca) seed 
extract on the corrosion rate. Then the observation of the corrosion rate per year is studied through 
the weight loss method and polarization measurement. Additionaly, microstructural analysis was 
conducted using Scanning Electron Microscope (SEM) to examine the surface morphology and assess 
the extent of corrosion damage. 

Experimental Materials 
The metal specimen used in this study was AISI 1040 steel. The size of AISI 1040 steel was used to 
investigate the corrosion protection efficiency of the extract in 1 M HCl is a rectangular steel piece 
measuring 2 cm x 2 cm x 0.3 cm. The chemical composition testing using Optical Emission 
Spectroscopy (OES) was conducted to verify the compatibility of the sample composition with the 
AISI 1040 chemical standard. 
 
Inhibitors 
The salak (Salacca zalacca) seeds, collected from the KM. 21 Karang Joang, North Balikpapan, 
Balikpapan City, were first cleaned to remove any dirt and then sun-dried for 7 days. After that, the 
seeds were ground into a fine powder before being soaked in 2000 mL of 96% ethanol for three 
consecutive days (3×24 hours). Then, the ethanol extract was separated from the solid residue 
through filtration and then evaporated at 45–50°C for five hours to obtain the concentrated extract. 
The resulting solid extract was weighed and homogenized with 1M HCl to prepare inhibitor 
solutions of 100, 200, 300, and 500 ppm. 
 
Antioxidant Activity Analysis 
The DPPH (2,2-diphenyl-1-picrylhydrazyl) test was chosen for its simplicity and accuracy in 
measuring free radical scavenging activity, which is a key indicator of antioxidant potential. This 
method is widely recognized for providing reliable quantitative data on the antioxidant activity of 
natural extracts, making it an ideal choice over other methods like ABTS or FRAP in this study. 
The results were expressed as the IC50 value, representing the concentration required to inhibit 
50% of free radicals, with an IC50 value of 192.55 ppm indicating weak antioxidant activity. 
Phytochemical testing was carried out to identify the secondary metabolites found in the extract of 
salak (Salacca zalacca) seeds. The ingredients tested are flavonoids, tannin, alkaloid, and saponin. 
On the other hand, 2,2-diphenyl-1-picrylhydrazyl (DPPH) is a testing method to determine the 
antioxidant activity in salak (Salacca zalacca) seed extract. 
 
Characterization 
Characterization testing was carried out to determine the content of functional groups contained in 
salak (Salacca zalacca) seeds extract using Fourier Transform Infra-Red (FTIR). FTIR testing was 
conducted at the Material Characterization Laboratory, Integrated Laboratory of Kalimantan 
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Institute of Technology. The FTIR test was performed using an FTIR spectrophotometer (Shimadzu) 
with the KBr pellet method. SEM-EDX test was also conducted to see the damage on the surface of 
the specimen. The macrostructural changes of the AISI 1040 steel surface after the weight loss 
corrosion test were compared with and without the addition of an inhibitor, considering various 
variations of immersion time and concentration. 
 
Weight Loss Method 
This test was conducted to determine the weight loss in the sample when immersed in a corrosive medium 
(1M HCl), as shown in Figure 1. Various inhibitor concentrations (0 ppm, 100 ppm, 200 ppm, 300 ppm, 400 
ppm, and 500 ppm) and immersion times (10 days, 20 days, and 30 days) were selected based on existing 
literature and preliminary studies, which indicate that these concentration ranges are optimal for observing 
the inhibition efficiency of plant-based extracts in acidic environments [31,32]. The concentration range was 
designed to capture both low and high inhibitor efficiencies, while the immersion times allowed for the 
assessment of both short-term and long-term performance of the extract [33]. Corrosion testing with the 
weight loss method was repeated three times to ensure the accuracy and reproducibility of the results. 
 

Fig. 1. Illustration of Weight Loss Method 
 
Electrochemical Experimental 
To determine the corrosion rate per year on the specimen used with open circuit potential (OCP) test. 
OCP testing was carried out using a potentiostat/galvanostat (Figure 2) and tafel curve analysis using 
the software Origin 2020. In the potentiodynamic polarization method, there are three electrodes, 
namely the Ag/AgCl reference electrode, platinum auxiliary electrode, and AISI 1040 steel working 
electrode. Corrosion rate calculation from Icorr in the polarization curve is calculated by: 

 
Fig. 2. Electrochemical cell circuit 

Result and Discussion 
Analysis of Organic Inhibitor Compounds of Salak (Salacca zalacca) Seed Extract 
Determination of Antioxidant Properties of Salak (Salacca zalacca) Seed Extract 
The results of the linear regression equation from the plot of the percentage of antioxidant activity of 
salak (Salacca zalacca) seed extract is y = 0.2645x – 0.9303 with R2 = 0.9822. After the value of 
50 is substituted for the y value, x will be obtained as the IC50 value. The IC50 value obtained 
was af 192.55 ppm (Table 1). From the IC50 value, the salak (Salacca zalacca) extract exhibited 
weak antioxidant activity (IC50 = 192.55 ppm) because the IC50 value is in the range of 150 ppm – 
200 ppm. The weak antioxidant activity (IC50 = 192.55 ppm) indicates that the extract’s ability to 
neutralize free radicals is limited, suggesting that its corrosion inhibition performance primarily 
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relies on the adsorption of compounds like flavonoids and tannins onto the metal surface, rather 
than oxidative protection. Despite weak antioxidant capacity, these compounds can still form a 
protective barrier, reducing metal exposure to corrosive agents. This mechanism has been similarly 
observed in other plant-based inhibitors, where surface adsorption plays a more significant role than 
antioxidant effects in corrosion inhibition [20, 34]. 
Table 1. Results of Measurement of Antioxidant Activity of Salak (Salacca zalacca) Seed Extract 

using the DPPH Method  
Concentration % Antioxidant Activity IC50 (ppm) 

12,5 0,8759  
25 7,8832 192,55 
50 11,825 
100 29,343  

 
These results differ from previous research conducted by [29] which showed that the 70% ethanol 
extract of salak (Salacca zalacca) seeds has an antioxidant activity of 229.27 ppm. Then in the 
research conducted by [41], it was shown that the ethanol extract of salak (Salacca zalacca) seeds 
has an antioxidant activity of 293.8 ppm. The difference in the value of the antioxidant activity 
obtained can be influenced by various reasons including the type of solvent, differences in drying 
methods and varieties so that it has a real effect on the content of the extract and antioxidant activity 
[37], [38]. 
 
Qualitative Analysis of Secondary Metabolites of Salak (Salacca zalacca) Seed Extract  
Condensed extract of Salak (Salacca zalacca) seeds was tested for the content of secondary 
metabolites using a color reaction. The results indicated that the salak (Salacca zalacca) seed 
extract contains flavonoids and tannins. As seen on Table 2, for alkaloids and saponins, the results 
were negative, meaning that these compounds were not detected. The absence of alkaloids and 
saponins may reduce the overall inhibition efficiency, as alkaloids are known for their ability to 
donate electrons, enhancing adsorption onto metal surfaces, while saponins can form protective 
films. However, the presence of flavonoids and tannins, both rich in functional groups like hydroxyl 
and carbonyl, remains sufficient to provide effective corrosion inhibition through strong adsorption 
and the formation of a barrier layer on the steel surface [34, 35]. 

Table 2. Results of Phytochemical Tests on Salak (Salacca zalacca) Seed Extract  
Compound Reactor Results 
Flavonoid NaOH 1% + HCl 1% + 

Tannin (CH3COO)2 Pb 1% + 
Alkaloid HCl + Dragendorff - 
Saponin Aquades + HCl - 

* (+) = Detected 
(-) = Not Detected 
 
Functional Group Analysis of Salak (Salacca zalacca) Seed Extract 
The IR spectrum of the isolated compound shows information that there is an absorption peak of the 
hydroxyl group at wave number 3288.72 cm-1. The hydroxyl group is stretched –OH bonded (can be 
hydrogen bonded), and the bonded OH is visible by forming a widening band and a strong intensity. 
This hydroxyl group is strengthened by –C-O- stretching at wave 1102.42 cm-1. The absorption band 
at wave number 2930.18 cm-1 shows the presence of aliphatic C – H stretching and is reinforced by 
the appearance of absorption at wave number 1409.45 cm-1 indicating the presence of C – H 
stretching. The absorption band at wave number 1627.88 cm-1 showed the presence of alkene groups 
and was strengthened by the appearance of alkene groups at wave numbers 987.03 cm-1 and 923.15 
cm-1. In the frequency area 1180 – 1360 cm-1 Two amine/amide groups were found each at wave 
number 1261.09 cm-1 and 1102.42 cm-1. Then in the frequency area of 690 – 900 cm-1 C – H 
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aromatic ring group was obtained at wave numbers 865.45 cm-1 and 830.42 cm-1 with great intensity. 
The presence of electronegative atoms such as N and O as well as double bonds in alkene groups 
gives the extract potential as a corrosion inhibitor [39]. These findings are consistent with studies 
of other plant-based corrosion inhibitors, where tannins and flavonoids, with their hydroxyl and 
carbonyl groups, play a crucial role in adsorption onto metal surfaces [9, 20]. The presence of 
electronegative atoms (N and O) and double bonds in alkene groups strengthens the potential of 
the extract as an effective corrosion inhibitor, similar to findings in other plant-derived inhibitors 
[10, 35]. Based on the results of the FTIR test, it is indicated that the compounds contained are 
tannins and flavonoids as seen on Table 3. 

Table 3. Organic Compounds in Salak (Salacca zalacca) Seed Extract  
Organic 
Compound 

Molecular Structure Annotation 

 
 
 

Flavonoid 

 

 

Flavonoids possess various functional groups, 
including double bond C=O, double bond 
C=C, single bond C-O, single bond C-H, and 
single bond O-H. Based on the results of FTIR 
analysis, it indicates the presence of flavonoid 
compounds 

 
 
 

Tannin 

 
 

 

 
Tannins have phenolic (-OH) groups and 
exhibit colloidal properties. Other functional 
groups present include aliphatic C-H and 
aromatic double bond C=C. Based on the 
results of FTIR analysis, it is indicated that the 
compound present is tannin. 

 
Performance Analysis of Corrosion Inhibitors Determination of Inhibition Efficiency 

  
 

(a) (b) 
Fig. 3. Effect of (a) Concentration and (b) Immersion Time on Inhibition Efficiency 

Based on Figure 3a, it is shown that the lowest inhibition efficiency in specimens soaked for 20 days 
with various concentrations was at a concentration of 100 ppm with an efficiency value of 18.904%. 
While the highest inhibition efficiency was obtained at a concentration of 500 ppm with an inhibition 
efficiency value of 40.265%. Moreover, based on Figure 3b of variations in immersion time, it is 
shown that the lowest inhibition efficiency was found in specimens soaked with a concentration of 
500 ppm in various immersion times at 30 days with an efficiency value of 33.894%. Meanwhile, the 
highest inhibition efficiency was obtained for ten days of immersion with an inhibition efficiency 
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value of 47.394%. These results indicate that the inhibition efficiency of Salak (Salacca zalacca) 
seed extract decreases over time, suggesting potential limitations in its long-term performance. 
Variability in efficiency may be influenced by factors such as concentration, immersion time, and 
the gradual degradation of the protective layer formed by the extract. 
 
Determination of Corrosion Rate 
Measurement was conducted using the potentiodynamic polarization method. This method involves 
a series of 3 electrodes, with AISI 1040 steel as the working electrode, Ag/AgCl as the reference 
electrode, and platinum as the auxiliary electrode. Measurements were performed with a scan rate of 
1 mV/s and a potential of -100 mV to 100 mV. The testing was performed based on variations in 
concentration and immersion time. Inhibitors can be classified as anodic inhibitors or cathodic 
inhibitors if the shift in corrosion potential (Ecorr) is greater than 85 mV from blank to the anodic or 
cathodic direction [6]. In the Tafel curve shown in Figure 4a, it can be seen that there is a shift in 
the corrosion potential of 114 mV towards the anodic so it can be said that the extract is classified as 
an anodic inhibitor. Anodic inhibitors have a mechanism to reduce the corrosion rate by forming or 
facilitating the formation of a film layer which will inhibit the reaction of dissolving the anode metal. 
The test data also show indications of adsorption on the steel surface and control of the anodic 
dissolution process. 
 

(a) (b) 
Fig. 4. Tafel Curve with Variation (a) Concentration and (b) Immersion Time of Salak (Salacca 
zalacca) Seed Inhibitor  
The steel added with the inhibitor of salak (Salacca zalacca) seed extract decreased the corrosion 
rate to 0.035 mm/year at an inhibitor concentration of 500 ppm. The corrosion rate on the specimen 
decreased with the addition of inhibitor extract concentration. In addition, it can be seen that the value 
of the corrosion current (Icorr) is directly proportional to the corrosion rate. The higher the corrosion 
current, the higher the value of the corrosion rate in the material. And then, the steel with the addition 
of 500 ppm inhibitor which is immersed in various variations of immersion time experiences an 
increase in the corrosion rate. The longer the steel is immersed in corrosive media, the higher the 
measured corrosion rate will be. The lowest corrosion rate value was obtained at ten days of 
immersion time while the highest corrosion rate value was obtained at 30 days of immersion 
(Figure 4b). 
 
Inhibition Mechanism 
The organic inhibitor from salak (Salacca zalacca) seeds has the ability to inhibit the corrosion rate 
due to the presence of secondary metabolite compounds such as flavonoids and tannins. These 
compounds have their own mechanisms in protecting metals from corrosion. Flavonoids, according 
to [40], have free electron pairs and double bonds in their molecular structure, which serve as a 
medium for the inhibitor to react with iron metal. Flavonoids are also known as antioxidant 
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compounds because they can capture free radicals by releasing hydrogen atoms from their hydroxyl 
groups. On the other hand, tannins will form complex compounds with iron ions, forming ferric 
tannate on the metal surface. 

 
Fe2+ + Tanin → Fe-tanin Fe-tanin + O2 → Fe-Tanat 

 

Fig. 5. Mechanism of Formation of Tannin Complexes with Fe3+ [36] 
Tannin compounds can form complex compounds with iron (II) and iron (III). The iron (II) - tannin 
complex compound is colorless and has properties that are easily soluble and oxidized. In the presence 
of oxygen, this complex compound transforms into iron (III) - tannin complex known as tannate. The 
Fe-tannate complex compound acts as a barrier and coats the metal, preventing direct contact between 
the solution and the iron metal [42]. 
The two compounds will form a thin barrier layer on the metal surface as illustrated in Figure 6. In 
many studies (including acidic media), the adsorption of inhibitor molecules tends to be initiated 
using a physical adsorption mechanism and then propagated using a chemical adsorption mechanism 
which is called the physiochemical mechanism of adsorption [43]. 
 

Fig. 6. Illustration of Inhibition Mechanism 
 
The indications of the formed layer on the metal surface can be observed based on the results of the 
Scanning Electron Microscopy (SEM) test shown below. 
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 (a)                                                                               (b) 

 
(c) (d) 

Fig. 7. The Morphology Observation Results of AISI 1040 Steel Surface: (a) Untreated Specimen, 
(b) Specimen with 0 ppm Inhibitor and 20 Days of Immersion, (c) Specimen with 500 ppm Inhibitor 
and 20 Days of Immersion, (d) Specimen with 500 ppm Inhibitor and 10 Days of Immersion 
 
Fig. 7 illustrates the comparison of surface morphology between specimens with and without the 
addition of an inhibitor. The observation results indicate that the specimen immersed without the 
addition of an inhibitor (Figure 7b) exhibits a rougher and more damaged surface due to metal erosion 
caused by oxidation reactions during immersion. It can be observed that the specimen is indicated to 
undergo uniform corrosion and pitting corrosion on its surface. By adding an inhibitor (Fig. 7c-d), 
the metal dissolution process can be minimized through the formation of a passive layer that acts as 
a barrier in preventing the metal from acting as an anode in a corrosive environment. 

Conclusion 
The optimal inhibitor concentration was 500 ppm, achieving an efficiency of 40.26% and a 
corrosion rate of 0.035 mm/year. The highest inhibition efficiency was observed after 10 days of 
immersion, but the efficiency declined over time, indicating potential limitations in long-term 
performance. These findings suggest that salak (Salacca zalacca) seed extract is a viable, eco-
friendly corrosion inhibitor for short-term applications, but its long-term stability requires further 
improvement. Future research should explore the synergistic effects of combining salak (Salacca 
zalacca) seed extract with other natural inhibitors to enhance durability and performance over 
extended periods. Additionally, studies on the extract’s behavior in other corrosive environments 
and on different metal types would provide a more comprehensive understanding of its potential 
industrial applications. 
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