Editor’s note: Plant extracts can provide new opportunities for developing next-generation
sustainable corrosion protection systems. Shiri utilized Pendula fruit extracts as a novel resource for
creating corrosion inhibition systems. The developed system was effective in preventing mild steel
corrosion in a salty environment, indicating the potential of this green corrosion protection method
for future sustainable applications.
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Abstract

With climate change, corrosion is becoming more and more important. This phenomenon reduces the strength of
metals and causes both huge damage and environmental pollution. It can be said that among all the methods to
prevent corrosion, the use of chemical corrosion inhibitors is very common. But they cause environmental pollution
because many of the raw materials used to prepare these inhibitors are toxic. On the other hand, many of them cause
the release of heavy metals into the environment. Therefore, today, researchers are evaluating the use of plant extracts
as a corrosion inhibitor. These inhibitors are known as green corrosion inhibitors (GCI). In this study, an attempt was
made to evaluate the corrosion potential of the ethanolic extract of Morus alba 'Pendula’ fruit on mild steel (MS) in salt
solution. For this purpose, electrochemical impedance spectroscopy (EIS) testing was used. The evaluation results
showed that this extract improves corrosion resistance and can be used and evaluated in protective coatings in the
future.
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1. Introduction In the meantime, researchers have conducted a lot of
research on the use of plant extracts to prevent corrosion
[12]. Plant extracts are very popular due to their
availability, cheapness, and non-toxicity [13-16].
Mulberry is a valuable plant that can be said to be used
from almost all parts [17]. In many countries, such as
Iran, Tirkiye, and Greece, varieties of this plant are
cultivated [18]. In traditional medicine, Morus alba

'Pendula’ is used to treat fever, protect the liver, and

Corrosion can be considered a phenomenon that both
causes environmental pollution and brings huge
economic losses [1, 2]. Researchers consider this
phenomenon to be a spontaneous process, although
many factors play a role in it, such as temperature,
humidity, and chemicals [3-5]. Destruction of metal
structures due to corrosion always causes damage to

many industries, such as construction and marine [6-8].
To prevent corrosion, chemical corrosion inhibitors have
always been the priority, but their use has been very
limited due to environmental issues and toxicity [9-11].
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reduce blood pressure [19]. Also, Morus alba 'Pendula’
contains antimicrobial and antioxidant compounds [20].
In this study, the potential of Morus alba 'Pendula’ fruit
extract as a GCI has been evaluated.
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Figure 1. Nyquist plots at different immersion times.

2. Experimental
2.1. Materials

The sodium chloride (NaCl) and MS were obtained
from Merck Company (Germany) and Iranian
Mobarakeh Steel Company, respectively. Also, Morus alba
Pendula’ fruit was obtained from a local market (Ramsar
city, a region in northern Iran).

2.2. Preparation of extract, MS substrate, and
electrochemical tests

Potentiostat-galvanostat instrument (CorrTest CS350)
was used for EIS test. Fruit extract was prepared as
reported in the literature [1, 21]. Briefly, fruit extract was
extracted with ethanol at 50°C for 20 min. The substrates
were prepared as reported in the literature [6, 8]. For the
tests, a 1x1 cm? area of the substrate was selected, and
the rest of the surface was covered with a mixture of
Beeswax melt and colophony resin. 100 ml of the extract

Table 1. Electrochemical parameters obtained from EIS results
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was stirred in 1 liter of NaCl solution (3.5 wt.%) under
magnetic stirring, and finally, the substrates were
immersed in it. NaCl solution (3.5 wt.%) without extract
was used as a reference solution. In this study, inhibition
efficiency (1)) was obtained using equation 1 [8].

n(%) =100 (1 _ Ret without extract) (1)

Rct with extract

3. Results and discussion

The results of the EIS test evaluation are reported in
Figures 1 and 2 and Table 1. The degradation of MS
without extract is observed by changing the diameter of
the Nyquist plots in Figure 1a. In fact, the decrease in the
diameter of the curves (indicating the charge transfer
resistance (R.)) with increasing immersion time
indicates the penetration of corrosive species into the MS
and its degradation [8]. It can be seen from Figure 1b that
the presence of the extract has changed the degradation
process of MS, and the R value has increased. Typically,

Samples Time (h) Rct(a) (ohm.cm?) Rs (ohm.cm?) log |z| (ohm.cm?) n (%)
Without extract 1 1751.27 71 1873.59 -
4 1472.08 79 1493.46 -
24 1279.19 74 1296.63 -
With extract 4506.79 15 4465.23 61
4 3148.86 14 2795.36 47
24 2158.76 13 1967.78 41
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Figure 2. Bode plots at different immersion times.
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Figure 3. An equivalent circuit to describe the results. Also, Rs represents the solution resistance.

the absolute value of the impedance at low frequencies
can be used to compare the inhibition in samples [6, §].
Considering the R value, it can be said that the sample
containing the extract has greater resistance after 24h
than the sample without the extract after 1h of
immersion. The Bode plots (see Figure 2) show that this
value decreases with the immersion time for MS without
extract, but in the presence of extract, we observe an
increase in this value. This behavior is probably related
to the interactions between the functional groups in the
extract and the MS surface, which cause the surface
passivation.

Table 2. Corrosion inhibition performance of some plants

Based on the results, the equivalent circuit that best
matched the impedance results was selected (see Figure
3). The results in Table 1 show that the extract compounds
were adsorbed on the mild steel surface. The mechanism
of inhibition of an extract is directly related to the
bioactive compounds present in it. This fruit contains
flavonoids, polyphenols, lipids, sterols, and isoquercetin
[22]. In the meantime, using a suitable solvent that can
extract these compounds is very important. According
to the literature, ethanol can extract these compounds
[1], which have been used in this study. It can be said
that the main compounds of this fruit are adsorbed on

Plant Substrate Corrosive Medium Maximum inhibition Reference
efficiency (%)
Date seed Mild steel NaCl 71 [8]
Matcha Mild steel NaCl 70 [20]
Zenthoxylum alatum Mild steel 15% HCl 91 [25]
Argemone mexicana Mild steel 1MHCI 92.5 [26]
Ganoderma Lucidum Mild steel NaCl 98.26 [27]
Morus alba 'Pendula’ Mild steel NaCl 61 This study
J. Appl. Mater. Sci., 2025, 1, 210139
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Figure 4. Adsorption of the main components of Morus alba Pendula' extract on the MS surface.

the MS surface (see Figure 4), which can be attributed to
the m-electron transfer between oxygen atoms and
aromatic rings of compounds with vacant d-orbitals of
the MS surface [23]. In fact, these compounds can
interact with the anodic dissolution products and block
this region, and can form a protective layer on the
surface [23, 24]. Table 2 reports a comparison between
the results of this study and the results of several other
studies.

4. Conclusions

In summary, a corrosion inhibitor was prepared using
Morus alba Pendula' fruit extract. According to the
results, it can be said that this extract can inhibit
corrosion. Although the use of environmentally friendly
corrosion inhibitors is very attractive, all their aspects,
such as their effectiveness over time and temperature
changes, should be evaluated in the future. However, it
can be said that their non-toxicity and inexpensive
encourage researchers to use them. Perhaps in the
future, they can be introduced as a suitable alternative to
chemical inhibitors.
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