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Abstract

Introduction: This study's objectives were to investigate the inhibitory
and adsorption qualities of aqueous extracts of Ziziphus spina-christi
(ZSC) leaves and ZnSO4 and to create a new generation of corrosion-
inhibiting pigments based on zinc sulfate-ZSC leaf extract (ZSC/ZnS04)
for the corrosion of mild steel in 3.5 weight percent NaCl solution.
Methods: In this study, the ZSC extract was introduced to a ZnSO4
suspension and swirled using a magnetic stirrer for 48 hours at 25 °C
until the functional groups of the ZSC and ZnSO04 interacted and a hybrid
pigment was produced. Scanner electron microscopy (SEM) and thermal
gravimetric analysis (TGA) techniques were used to analyze the
morphology and chemistry of the produced pigments. Then, using
polarization tests, electrochemical impedance spectroscopy (EIS), and
FE-SEM/EDS analyses, the inhibitory impact of pigments in preventing
corrosion of carbon steel in 3.5 weight percent NaCl solutions was
assessed.

Findings: Results showed that the lone pair electrons of heteroatoms
present in the structure of the chemical compounds of ZSC extract were
successfully shared with vacant orbitals of Zn2?+ cations to create the
hybrid ZSC/ZnSO4 pigment. Results from electrochemical experiments
indicated that the ZSC/ZnSO4 hybrid pigment could significantly slow
down the corrosion of the steel sample. Both the anodic and cathodic
processes were noticeably repressed and inhibited in the presence of
ZSC/ZnS04 extract due to the synergistic impact between ZSC and Zn2+
cations.
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Extended Abstract

Introduction

The oil and gas sectors have adequately
addressed the major environmental issue of
metal corrosion. The employment of
inhibitors is one of the finest ways to prevent
corrosion of metals despite the fact that
there are many other choices for controlling
corrosion. Green corrosion inhibitors are
biodegradable and free of hazardous
chemicals and heavy metals. Being
environmentally  friendly, ecologically
acceptable, and most significantly,
inexpensive, these chemicals have become
one of the most alluring research areas in
recent years. The vast majority of the green
inhibitors have functional groups with
heteroatoms like O, N, P, and S. The majority
of these inhibitors are ineffective in neutral
solutions and only work well in acidic media.
Utilizing these green compounds in
conjunction with inorganic compounds is a
successful method for improving the
inhibitory role of these compounds in
neutral solutions. With metal ions like Fe2+,
which have unoccupied 3d orbitals, these
electron-rich groups can donate the single
pair of electrons. It has been demonstrated
in our prior experiments that a combination
of zinc cations and plant leaf extract offers
mild steel in chloride solutions a high level of
corrosion inhibition efficiency.

The current work aims to investigate the
inhibitive and adsorption capabilities of a
hybrid organic zinc cation corrosion
inhibitor and Ziziphus spina-christi leaf
extract for the corrosion of mild steel in
aqueous chloride solutions.

Findings and Discussion

Results reveal that following chelation with
ZnSO,4, the color of ZSC powder changed
from gray to light brownish. The ZSC sample

94

has large, rough-edged particles, and the
particles in the ZSC/ZnSO4 sample appear to
be finer and have an irregular form,
according to SEM data. TGA graphs
demonstrate that following heating to
500°C, the ZSC/ZnS04 sample lost less mass
than the ZSC sample.

These findings support ZSC/ZnS04 hybrid
complex's superior thermal stability over
ZSC samples. EIS and polarization studies
showed that organic, inorganic, and hybrid
inhibitors reduced corrosion current
densities and improved metal corrosion
resistance. According to EIS data, the
ZSC/ZnSO4 sample exhibited greater
corrosion resistance (4723.8 .cm?) than the
other samples after 48 h of submersion in
the saline solution.

Conclusion

In this study, an organic/inorganic hybrid
inhibitor was created through a reaction
between ZSC, an organic green inhibitor, and
zinc sulfate, an inorganic component. It was
then described using several methods. The
TGA/DTG test findings revealed that the
ZSC/ZnS04 hybrid inhibitor composition had
higher thermal stability and experienced
less weight loss as a result of the connection
and interaction between ZnSO. and ZSC.
Additionally, the results of the EIS and
polarization electrochemical tests revealed
that the creation of protective complexes as
an outcome of etching and the reaction
between ZnS0O4 and ZSC increased corrosion
resistance and decreased corrosion current
density of the steel sample in the solution
containing ZSC/ZnSOs compared to the
solution without the inhibitor by up to 4701
Q.cm? and 1.70 A/cm?, respectively, after 48
h of immersion. By using FESEM/EDS
analysis, it was confirmed that the ZSC
molecule formed a reaction with the iron
and zinc cations and precipitated zinc
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hydroxide in the anodic and cathodic regions
of the steel sample surface.
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