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Green inhibitor, CuCl, Henna - g - a
: corrosion process was analyzed using scanning electron microscopy (SEM).

: Findings: The results of weight loss, potentiodynamic polarization, and
. electrochemical impedance tests, as well as observations from SEM images,
: showed that the inhibitory efficiency of henna extract in the presence of CuCl is
: improved compared to the absence of CuCl, showing the synergistic effect of
: CuCl on the inhibitory effect of henna extract. The formation of a Cu-henna
: extract complex showed an effective inhibitor for carbon steel in a 15% HCI
: solution at 45 °C with a protection efficiency of 86%. Besides being a non-toxic
: and environmentally friendly inhibitor, the Cu-henna extract complex inhibitor
: also has good inhibition in the highly corrosive environment of 15% HCI and a
: temperature of 45 °C.

extract, HCI, Carbon steel

¢ Abstract

¢ Introduction: Corrosion inhibitors are one of the most important materials used
: to protect carbon steel in acid washing and pickling processes of oil wells. In
: recent years, the use of green inhibitors to improve corrosion protection
: properties and take advantage of the synergistic effect of cations and anions has
. attracted the attention of researchers.

: Methods: In this study, the corrosion protection process of carbon steel in 15%
¢ (wt.) hydrochloric acid in the presence of henna extract, CuCl and Cu-henna
: extract complex was studied. Aqueous henna extract was prepared from henna
: leaves and reacted with CuCl in a 1:1 weight ratio in water solvent at 60 °C to
¢ prepare a copper complex with henna extract. Corrosion tests were performed at
: 25 °C and 45 °C in 100 ppm and 200 ppm of henna extract, CuCl and copper-
: henna extract complex using weight loss method, potentiodynamic polarization,
: and electrochemical impedance techniques. Characterization of henna extract
: and copper-henna extract complex was performed by Fourier transform infrared

spectroscopy (FTIR) and the surface of carbon steel samples before and after the
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Extended Abstract

Introduction

Acid solutions are commonly used in industry to
remove unwanted deposits. Among the acidic
solutions, hydrochloric acid is one acid that is
widely used for this purpose. Considering that one
problem in the pickling process is always the
corrosion of metal, the use of corrosion inhibitors is
one of the most practical methods to prevent the
dissolution of metals and reduce acid consumption.
Many common inhibitors are expensive and contain
chemically synthesized compounds that are usually
toxic to the environment. For this reason, the use of
natural products as corrosion inhibitors has received
much attention today. Natural compounds are often
non-toxic, inexpensive, biodegradable and readily
available. Using green inhibitors is cost-effective
because of the abundance of relevant natural
resources, and these compounds are non-toxic,
environmentally friendly, and are renewable
materials. Henna is a plant native to the
Mediterranean, Middle East and India. In Iran,
henna grows in the southern regions of the country,
including Baluchistan and Bam. The most
commonly used part of henna is its mature leaves.
This plant contains effective substances such as
dyes, tannins, resins, volatile oils and fats. Using
henna extract as a cheap, environmentally friendly
and natural material in the corrosion protection of
steel and aluminum has been investigated. In this
study, for the first time, the synergistic effect of
copper (I) chloride salt in increasing the inhibition
of henna extract for plain carbon steel was studied,
as a direct reaction and complex of copper (1)
chloride salt with henna extract, in 15%
hydrochloric acid at temperatures of 25 °C and 45
°C.

Findings and Discussion

In this research, by reacting CuCl to Henna extract,
the effect of presence of this synergistic material on
the corrosion protection and corrosion inhibition of
the inhibitor was investigated. Characterization of
the corrosion inhibitor was done with the help of

FTIR, weight loss method, potentiodynamic
polarization, and electrochemical impedance
techniques and SEM analysis.

For all three inhibitors, henna extract, CuCl and Cu-
henna extract complex, the inhibition efficiency and
surface coverage increased with increasing inhibitor
concentration, but the inhibition efficiency in the
copper's presence-henna extract complex inhibitor
at a concentration of 200 ppm at ambient
temperature reached 91%, which is a higher
inhibition rate than henna extract and CuCl at the
same concentration. The same trend continues with
increasing temperature of HCI solution to 45 °C, and
the highest inhibition efficiency is related to the
sample containing 200 ppm of Cu-henna extract
complex inhibitor, which has dropped significantly
to 86.3%, which, considering the highly corrosive
conditions of 15% HCI is considered a desirable
inhibition efficiency.

Conclusion

The results showed the highest corrosion protection
of the Cu-henna extract complex because of the
synergistic effect of CuCl on inhibition efficiency of
henna extract. The highest corrosion protection
efficiency was got at 200 ppm concentration of Cu-
henna extract complex.
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