
   

 
Vol. 18 | No. 2 |1125-1129| April - June | 2025 

    ISSN: 0974-1496 | e-ISSN: 0976-0083 | CODEN: RJCABP    
http://www.rasayanjournal.com 
http://www.rasayanjournal.co.in 

 

Rasayan J. Chem., 18(2), 1125-1129(2025) 
http://doi.org/10.31788/RJC.2025.1829131 

 
This work is licensed under a CC BY 4.0 license. 

 

AN INVESTIGATION INTO THE INHIBITORY EFFECT OF 
AGAVE AMERICANA EXTRACT ON MILD STEEL 

CORROSION IN HCL MEDIUM 
 

S. Sulochana1,, J. Sathiyabama2, A. Sahaya Raja2, L. Jayalakshmi1,   
and R. Shanmuga Selvan2  

1Research Scholar, PG and Research Department of Chemistry, Thanthai Periyar Government 
Arts and Science College (Autonomous), Affiliated to Bharathidasan University, Tiruchirappalli, 

Tamil Nadu, India 
2PG and Research Department of Chemistry, G.T.N. Arts College (Autonomous),  

Dindigul-624005  
1Associate Professor, Sethu Institute of Technology, Puloor, Kariapatti-626115  

Corresponding author: shreekisanth@gmail.com 
 

ABSTRACT 
The corrosion inhibition effect of the ethanol extract of Agave Americana was investigated for carbon steel 
corrosion in HCl solution with different concentrations. The inhibition mechanism is discussed considering the 
thermodynamics of adsorption and kinetics of electrochemical reactions. Inhibition efficiency increases with 
temperature, while the activation energy for the corrosion rate decreases with the addition of Agave Americana. 
SEM and AFM studies confirmed the formation of a protective film on the surface of the carbon steel. 
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INTRODUCTION 
Due to the easily accessible materials, cheap cost, straightforward process that can be carried out in any 
laboratory, and use of non-toxic reagents, the synthesis of metal nanoparticles using plant leaf extract has 
drawn the interest of numerous researchers in recent years.1 Nanotechnology is essential to modern 
research. Biomedical science, pharmaceuticals, electronics, healthcare, food and feed, chemical industry, 
energy science, cosmetics, environmental health, mechanics, and space sectors are just a few of the 
businesses that can benefit from nanotechnology.2 The copper nanoparticles are made by two processes: 
electrochemical reduction4 and vapor deposition.3(e) production at room temperature using starch and 
hydrazine hydrate7, (d) reduction of copper metal salt chemically6, and (c) thermal breakdown 5 In recent 
years, microbes have been used to create copper nanoparticles.8 In many different domains, copper 
nanoparticles function as antibacterial agents. Copper is particularly toxic to bacteria and other microbes. 
The Cu nanoparticles were prepared using a variety of plant extracts, such as Hibiscus Rosasinensis9, 
Ocimum santanum leaf extract10, Syzygium aromaticum (Cloves)11, lemon fruit extract12, Vitis vinifira 
extract13, Eucalyptus14, Cassia alata, Centellaasiatica, and Malva sylvestris.17In the present study, we used 
an extract from Agave Americana, a plant in the Asparagaceae family, to create copper nanoparticles. We 
also investigated and described the corrosion inhibition characteristics of the copper nanoparticles. 
 

 
Fig.-1: Agave Americana Plant from Dindigul Region 
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EXPERIMENTAL 
Preparation of Agave Americana Extract 
A. Americana leaves were collected from the region of Dindigul. The fresh leaves were soaked in water to 
remove all residues (debris and damaged portions) and rounded into small pieces using a mortar. Five 
grams of grounded fresh leaves were extracted in 50 mL of H2O (1/10: w/v). The sample was placed in 
the chamber using a silica crucible specially made for the Soxhlet apparatus. The heating plate was set up 
to 85 °C and kept for 18 hrs to take water extract of Agave Americana. Kept at room temperature in a 
tight plastic container. This extract was used as a corrosion inhibitor in the present study. The major 
constituent of the ethanol extract is Kammogein. 
 

 
Fig.-2: Structure of Kammogein 

 

Preparation of the Carbon Steel Specimen 
Carbon steel specimens of dimensions 1.0 cm × 4.0 cm × 0.2 cm (surface area 10 cm2)and a density of 
7.87 g/cm3 were polished to a mirror finish and degreased with acetone and used for the weight loss 
method and surface examination studies. A carbon steel rod encapsulated in Teflon with an exposed 
cross-section of 1cm2 area was used as the working electrode in potentiodynamic polarization and AC 
impedance studies. The surface of the electrode was polished to a mirror finish and degreased with 
acetone. 

 

Determination of Surface Area of the Specimens 
The length, breadth, and thickness of carbon steel specimens were determined with the help of a Vernier 
caliper with a least count of 0.01mm, and the surface areas of the specimens were calculated. 
 

Weighing the Specimens Before and After Corrosion 
The weights of the specimens before and after immersion were determined using a digital balance model 
AUY220 SHIMADZU. 
 

RESULTS AND DISCUSSION 
High-Performance Liquid Chromatography (HPLC) 
The retention time for the isolated kammogenin and gentrogenin was identical to the main peak of the 
standard reference, as shown in Figure. From the HPLC, the peak shows in the retaliation time 3.501 is 
assigned for gentrogenin and 4.963 is assigned for kammogenin both structures are confirmed by using 
FTIR. Kammogein IUPAC name (1R,2S,4S,5'R,6R,7S,8R,9S,12S,13R,15R,16R)-15,16-dihydroxy-
5',7,9,13-tetramethylspiro[5-oxapentacyclo[10.8.0.02,9.04,8.013,18]icos-18-ene-6,2'-oxane]-10-one 
molecular formula C27H40O5. 

 
Fig.-3: HPLC for Agave Americana Water Extracts 
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Table-1: HPLC Assigned Peaks for Agave Americana Water Extracts 
Peak# Ret. Time Area Height Area % Height % 

1 3.501 12521643 208044 81.368 70.807 
2 4.963 2867289 85776 18.632 29.193 

Total 15388932 293820 100.000 100.000 
 

 

Fourier Transform Infrared (FTIR) 
Fourier-transform infrared spectroscopy is a useful technique to differentiate various samples based on 
their chemical constituents (functional groups) and to determine the properties of materials. Raw fiber, 
NFC prepared from the Agave fibers, and commercial MCC were analyzed, and the FTIR spectra are 
shown in Fig.-4. The main peaks corresponding to cellulose are shown in Table-2. The confirmation of 
cellulose was obtained from the peaks at 3329 cm-1 to 3330 cm-1, which corresponded to OH stretching. 
These OH-stretching peaks were in agreement with the previous peak values at 3300 cm-1 and 3400 cm-1. 
Peak shifts of C-H symmetrical stretching were in the range of 2886 cm-1 to 2900 cm-1. The FTIR peaks 
of C=O stretching vibrations were in the range of 1731 cm-1 to 1734 cm-1, which confirms functional 
groups of pectin, hemicellulose, lignin, carboxylic groups of ferulic and p-coumaric acid, and ester groups 
of acetyl and uronic acid.  

 
Fig.-4: FTIR of Extract 

 

Water can be found in cellulose due to the strong interaction between them. The apparent spectral peaks 
at 1601 cm-1 to 1653 cm-1 corresponded to the OH bending of absorbed water. The peak values of C-O-C 
pyranose ring stretching were in the range of 1019 cm-1 to 1031 cm-1 in raw fiber, NFC, and MCC 
samples. These peaks’ increase was due to the band intensity and crystallinity of samples. The small 
peaks at 663 cm-1 to 664 cm-1 in raw fiber, NFC, and MCC samples were attributed to C-OH out-of-plane 
bending. The present FTIR results indicated that the process conditions were successful in eliminating 
some of the lignin and hemicellulose during the delignification process. 

 

Table-2: FTIR Assignment for Prepared Sample 
Observed Values (Frq cm-1) Reported Values (Frq cm-1) Assignment 

613.36 663 C-OH out-of-plane bending. 
1105.46 1031 C-O-C pyranose ring stretching 
1641.58 1653 OH bending of absorbed water 
2853.46 2886 C-H symmetrical stretching 
3449.29 3330 OH stretching peaks 

 

Atomic Force Microscopy (AFM) 
Figure-5 and 6 show the 3D topography images and surface profiles of untreated carbon steel X65 before 
and after contacting the solution. Before immersion, the roughness of the surface shown from the profile 
curve was ~ 600 nm. The surface morphology and profile measurements on the carbon-steel surface were 
used as “blank” values for analyzing the adsorption of inhibitor molecules. After immersion in an 
uninhibited aqueous solution, the steel surface shows a rough texture, indicating metal dissolution due to 
corrosion. The maximum roughness of the surface indicated by the surface profile curve after 6h 
immersion was 481 nm. The time-dependent topography and corresponding profile change of the steel 
surface immersed in the aqueous solution with 150 ppm vimidazolinium are presented in Fig.-5 and Fig.-
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6. After 6 h immersion of 461nm in the inhibited solution, the steel surface shows only some minor 
roughening, indicating minimal metal dissolution due to the protection of the surface by the inhibitor. The 
maximum roughness of the surface indicated by the profilometry after 6 h immersion was 4 nm. It is 
evident from a comparison with Fig.-5 and Fig.-6 that the corroded surface is quite different when 
comparing the unprotected to the protected surface. The difference can be ascribed to the Methyl stearate 
compound in the test solution spontaneously forms a film on the steel surface. 
 

 
Fig.-5: AFM of Inhibit Steel  

 

 
Fig.-6: AFM of Polished Steel After Inhibited 

 

CONCLUSION 
An aqueous solution of Agave Americana extract was prepared. The mild steel immersed in the prepared 
solution with different ppm was studied. The corrosion rate and inhibition efficiency of the Agave 
Americana extract were calculated. Excellent inhibitive property is shown by Agave Americana in 25 
ppm and 50 ppm. It is evident from the SEM that the metal surface of mild steel is smoothed to a very 
large extent in the presence of the collective inhibitor system. The AC impedance spectra and polarization 
studies reveal that in the presence of the inhibitor system, the corrosion resistance of mild steel increases. 
Thus, the system of 8 ml of Agave Americana extract in a bore well water medium is the best system for 
corrosion protection. 
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