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Accepted: 2025/04/05 use of St37 steel, its protection against corrosion, especially in acidic

environments such as HCI, has gained significant importance.
Traditional inhibitors like chromates have been restricted due to their
environmental impacts, leading to the substitution of green inhibitors
such as plant extracts. These extracts reduce corrosion by forming a
protective film on the metal surface. In this study, the inhibitory effect of
willow tree gall extract on the corrosion of St37 steel in 1 molar HCI
solution was investigated.

Methods: The gall extract was collected, dried, ground, and extracted
using ethanol. Different concentrations of the extract were added to the
corrosive medium, and electrochemical tests including Potentiodynamic
Polarization (PDP) and Electrochemical Impedance Spectroscopy (EIS)
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various intervals. FTIR analysis was used to identify the bonds present
in the extract. Additionally, the surfaces of the samples immersed in the
solution were studied using Scanning Electron Microscopy (SEM).
Results demonstrated that the gall extract, by forming a protective film,
effectively reduced the corrosion rate and protected the steel.

Findings: FTIR analysis identified functional groups (-OH, C-H, N-H,
aromatic, and aliphatic compounds) in the willow gall extract that
contribute to corrosion inhibition. EIS results showed stronger protective
films and increased charge transfer resistance with higher extract
concentrations, reducing corrosion rates. Polarization tests demonstrated
a 95.8% inhibition efficiency at 1200 ppm. Weight loss tests confirmed
reduced corrosion rates, and adsorption studies indicated Langmuir
isotherm behavior. SEM images validated the formation of a protective
film shielding the steel surface from aggressive ions.
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Extended Abstract

Introduction

Steel and its alloys are widely used in
industries, making their protection against
corrosion essential. Acidic environments like
HCI, commonly used in industries such as oil,
gas, and cleaning, cause corrosion of St37 steel.
Corrosion  inhibitors,  especially  green
inhibitors, have gained importance due to the
environmental drawbacks of chromates. Plant
extracts are considered green inhibitors due to
their accessibility, environmental
compatibility, and high efficiency. The
mechanism of green inhibitors involves
forming a protective film on the metal surface,
which prevents corrosion reactions. The
chemical properties of inhibitors, such as the
presence of N, S, O, and aromatic rings, play a
significant role in their effectiveness. These
elements and compounds bond with the metal
surface, creating a protective film and reducing
corrosion. Various studies have confirmed the
corrosion inhibition potential of plant extracts
like licorice, amaranth, ginkgo, and hibiscus.
Organic compounds containing tannins are the
main contributors to the inhibition properties of
these extracts. Until now, the inhibitory effect
of willow gall extract on St37 steel in HCI
environments had not been studied. This
research examined the structure and inhibitory
behavior of the extract using electrochemical
tests and scanning electron microscopy.

Findings and Discussion

The FTIR spectrum revealed key functional
groups in the willow gall extract. Peaks at 3416
cm™! (-OH), 2925 ecm™ (C-H aliphatic), 2850
cm™ (C-H, N-H), and 1625 cm™ (C=C, N-H)
indicate alkaloids and flavonoids. Aromatic and
nitrogenous bonds confirm the presence of N,
O atoms, and aromatic rings, characteristic of
common corrosion inhibitors. EIS results
demonstrated increased Nyquist semicircle
diameters with higher inhibitor concentrations,
suggesting protective film formation and
reduced charge transfer rates. Bode plots
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confirmed improved impedance  across
frequencies, indicating effective corrosion
inhibition. Polarization curves showed a
decrease in corrosion current density (icorr),
confirming reduced reaction rates. The
inhibitor affected both anodic and cathodic
reactions, indicating a mixed-type inhibitor.
Maximum inhibition efficiency (95.8%) was
achieved at 1200 ppm. Weight loss studies
revealed significant reductions in corrosion
rates with increasing inhibitor concentrations.
Longer immersion times enhanced inhibitor
adsorption, improving corrosion protection.
Langmuir isotherm models best described
inhibitor adsorption. SEM images showed
smoother surfaces for inhibited samples,
confirming protective film formation. These
findings, supported by electrochemical and
weight loss tests, validate the inhibitor's
effectiveness in protecting steel surfaces from
corrosion in acidic environments.

Conclusion

Electrochemical tests confirm that willow gall
extract acts as a mixed-type corrosion inhibitor
for st37 steel in HCI 1M. FTIR analysis
identified effective inhibitory compounds, with
maximum inhibition efficiency of 95.8% at
1200 ppm. Weight loss and SEM studies
validated protection, following Langmuir
isotherm with physical adsorption.
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