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¢ Abstract

¢ Introduction: Green corrosion inhibitors have gained attention as
¢ environmentally friendly alternatives to traditional chemical inhibitors. Organic
¢ compounds found in plants, with highly mobile electron pairs or free electrons,
: are considered effective corrosion inhibitors due to their high ability to adsorb
: onto metal surfaces.

: Methods: In this study, aqueous extracts of date palm leaves, fruit, and seeds
: were obtained by boiling plant powder in distilled water for 3.5 h, followed by
¢ filtration. The corrosion inhibition effects of fruit + zinc nitrate, seed + zinc
: nitrate, and fruit + zinc nitrate extracts at a ratio of 500 ppm:500 ppm were
¢ individually investigated in a 3.5 wt.% sodium chloride solution. Various
: analytical methods, including FT-IR and UV-Vis spectroscopy, were used to
: examine complex formation, alongside electrochemical EIS tests, and surface
¢ studies using SEM/EDS.

: Findings: The results of FT-IR analysis confirmed the presence of functional
: groups effective in surface adsorption in all extracts. UV-Vis spectra
: demonstrated the formation of stable complexes between phenolic and aromatic
: compounds in the extracts and zinc ions. EIS data recorded a continuous increase
¢ in charge transfer resistance (R¢) in the system containing the leaf extract over
: 72 h of immersion. Under the influence of fluid flow, SEM/EDS analysis
. indicated a heterogeneous protective layer formed on the steel surface. The
: presence of this layer, even if incomplete, demonstrated that the inhibitor (date
: palm leaf extract + zinc cations) was partially effective under fluid flow
: conditions in a corrosive chloride environment.
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Electrochemical deposition of CATE and investigating the effect of potential deviation from stoichiometric potential

Extended Abstract

Introduction:

Mild steel is widely used in industry due to its
economic advantages and desirable mechanical
properties. However, its low corrosion resistance
remains a major limitation. The use of green
corrosion inhibitors based on plant extracts has
gained attention as a cost-effective and
environmentally friendly solution. These substances
work by adsorbing onto the metal surface and
forming a protective layer that prevents contact with
corrosive agents. Nevertheless, the effectiveness of
these inhibitors alone is insufficient in neutral
chloride-containing environments. To address this
issue, synergistic systems combining plant extracts
with inorganic inhibitors, such as zinc cations, are
employed. This approach leads to the formation of
stable organic-inorganic complexes and
significantly ~ enhances protection  efficiency.
Numerous studies have demonstrated that these
combined systems can achieve corrosion inhibition
efficiencies exceeding 95%. The present research
investigates the synergistic effect of three different
date palm extracts fruit, seed, and leaf combined
with zinc nitrate at an equal ratio of 500 ppm each
on the corrosion of low-carbon steel in a chloride
environment.

Findings and Discussion

In this research, UV-Vis and FT-IR spectroscopy
techniques were used to investigate the complexes
formed between date palm leaf, fruit, and kernel
extracts with zinc cations. Field emission scanning
electron microscopy (FE-SEM) and energy
dispersive X-ray spectroscopy (EDS) analyses were
also employed to study the microstructure and
composition of the surface films. Electrochemical
measurements were conducted using a three-
electrode system in a glass cell. Electrochemical
impedance spectroscopy (EIS) tests were performed
at open circuit potential under both stagnant and
turbulent conditions. Based on the findings of this
research, the synergistic combination of date palm

leaf extract and zinc cations (500 ppm :500 ppm)
was identified as the most effective corrosion
inhibitor for low-carbon steel in chloride
environments.  Analyses revealed that this
combination increases corrosion resistance to 4359
Q.cm? and achieves an inhibition efficiency of
approximately 92% through the formation of stable
complexes and a strong protective layer. Under
turbulent conditions, the system maintained 67%
efficiency, forming a semi-protective layer. Overall,
this combination proved to be an effective green
inhibitor for protecting steel in chloride-containing
environments.

Conclusion

The results of this research demonstrated that the
hybrid system of date palm leaf extract + zinc
nitrate, with an efficiency of 92%, is the most
effective corrosion inhibitor for steel in a chloride
environment. The formation of stable complexes
between the active compounds in the extract and
zinc ions, along with the creation of a uniform
protective layer, were identified as key factors for
this success. Although the inhibitor's performance
decreased to 67% under fluid flow conditions, it still
exhibited significant effectiveness.
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