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Abstract

Oleochemicals are non-toxic organic molecules that can act as green corrosion inhibitors. Plant-
based extracts have the potential to replace commercial inhibitors as green corrosion inhibitors.
Oleochemicals can be generated from natural fats and oils found in plants and animals. Green
corrosion inhibitors can be derived from natural oils and lipids. When combined into
nanocomposites, Chitosan is a non-toxic biopolymer used as a green corrosion inhibitor in
industrial steel cooling systems. Biopolymers may be cheaper than synthetic inhibitors,
depending on the source and manner of synthesis. Polysaccharides, which are plant-derived
biopolymers, are a type of green corrosion inhibitor that is both practical and less expensive
than petrochemical polymer coating materials. In conclusion, oleochemicals are a better option
for corrosion prevention because of their renewability, convenience of use, environmental
benefits, and equivalent or greater efficiency compared to petroleum-based alternatives. The use
of oleochemicals should be encouraged in businesses that require corrosion control. They
provide a long-term and responsible solution for metal protection. Further research and
development into oleochemical corrosion inhibitors is needed to improve their effectiveness and
investigate applications under various conditions and on various metals.
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1. Introduction

With growing interest in sustainable sourcing and production practices, oleochemicals
remain a significant player in the global chemicals business today [1]. Oleochemicals are a
class of organic compounds that are because they are non-toxic and can potentially replace
commercial inhibitors as green corrosion inhibitors. Additionally, they can potentially
function as corrosion inhibitors because of the presence of heteroatoms [2]. Numerous
businesses are spending money on R&D to find new uses and boost the effectiveness of
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oleochemicals’ production methods. Therefore, it is necessary to focus on developing and
using inexpensive methods for production of oleochemicals that are readily available,
biodegradable, and environmentally friendly. Plant-based extracts as an source of
oleochemicals that have the potential to be used as green corrosion inhibitors undergo
intensive research using both a multitude of electrochemical methods and characterization
techniques [3].

The amount of metal utilized in daily life has likewise expanded with the passage of
time and human population, from household goods to complex industrial machinery. There’s
no denying that the metal itself in numerous metal goods in use corrodes, and it will intensify
various environmental problems, such as biodiversity loss, climate change, and health
impacts [4]. This situation will raise severe issues about how the demand for metal goods
and services following the increase in human population can be met without exceeding the
Earth’s carrying capacity [5].

To maximize the oleochemicals’ ability to hinder corrosion, scientists and businesses
are now researching a variety of oleochemicals, including fatty acids, fatty alcohols, esters,
and other derivatives. The oleochemical compounds possess large molecular weights and
bear the structures of long-chain fatty acids, which efficiently cover metal surfaces.
Furthermore, oleochemical formulations and synergistic combinations with other
compounds are being investigated to improve their effectiveness as environmentally
acceptable corrosion inhibitors under various environmental circumstances.

2. Oleochemicals: Definition, Source, and Utilization

Oleochemicals are chemicals derived from natural fats and oils [6], which are predominantly
obtained from plant and animal sources. These fats and oils are subjected to various chemical
processes such as hydrolysis, transesterification, and hydrogenation to yield a range of
oleochemical products. They replace petrochemical-based goods in a variety of industries
[7], including cosmetics, medicines, detergents, and plastics.

Palm oil, soybean oil, coconut oil, rapeseed oil, and sunflower oil are some of the most
prevalent sources of oleochemicals. Palm oil, derived from the fruit of oil palm trees, is an
essential source of oleochemicals due to its high output and versatility [8]. Coconut oll,
extracted from coconut kernels, is high in fatty acids and is commonly utilized in the
synthesis of oleochemicals [9]. Soybean oil, generated from soybeans, is another critical
source of oleochemicals and has a wide range of industrial applications [10]. Rapeseed oil,
commonly known as canola oil, is derived from the seeds of the rapeseed plant and contains
oleic acids [11]. These oils contain triglycerides, which can be converted into fatty acids and
glycerol via processes such as hydrolysis and transesterification.

Other traditional sources of oleochemicals include tallow (rendered beef or mutton fat)
[12] and lard (rendered hog fat) [13]. These fats contain fatty acids, which can be processed
in the same way as vegetable oils.

These natural sources are subjected to a variety of chemical processes, such as
hydrogenation [14], esterification [15], and saponification [16], yielding a diverse spectrum
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of oleochemical compounds such as fatty acids, fatty alcohols, glycerin, esters, and
surfactants. The availability, cost, sustainability, and desired qualities of the final
oleochemical product are frequently used to guide source selection.

Oleochemical surfactants are made from natural oils and fats [17], primarily plant-
based sources such as palm oil, coconut oil, soybean oil, and rapeseed oil, among others.
These oils and fats contain fatty acids, which are the foundation for oleochemical surfactants.

Oleochemical surfactants are obtained by hydrolyzing the triglycerides in oils and fats
to release the fatty acids [18]. The fatty acids are then combined with other compounds, such
as alcohols or amines, to make surfactants with specialized qualities suited for a variety of
uses, including detergents, personal care products, and industrial formulations.

3. Green Corrosion Inhibitors

Green inhibitors are new methods that use substances from natural sources in order to stop
the danger of metallic corrosion or reduce corrosion without damaging the ecosystem of the
environment [19, 20]. The term “Green Inhibitors” refers to substances that have
characteristics such as being non-toxic, biodegradable, cheap, renewable, readily available,
and low ecosystem pollution [21, 22]. Green inhibitors are classified into two types. Organic
green inhibitors are derived from surfactants, plants, biopolymers, amino acids, ionic liquids,
and drugs, while inorganic green inhibitors are derived from rare earth elements [23].
Organic inhibitors are generally used under acidic conditions, whereas inorganic inhibitors
are used in almost neutral media [24].

Customarily, industry utilized corrosion inhibitors that were non-biodegradable and
contained toxic metals, such as chromates, that got to be prohibited by natural controls due
to their perilous impacts on human wellbeing and/or environmental frameworks [25]. Since
they are harmful to the environment, research focused on finding measures that attack
corrosion and benefit ecology and the economy [26]. These natural issues have driven
corrosion researchers and engineers to move towards the utilization of green corrosion
inhibitors from standard natural compounds [21]. Because of the increased environmental
consciousness and strict legislation over the past years, there has been a rising trend to use
alternate green approaches characterized by minimum environmental burden [27].

Natural products have been extensively used as valuable alternatives to harmful
corrosion inhibitors in various corrosion inhibition applications, as discussed. A wide range
of organic substances, like terpenes, polyphenols, carboxylic acids, and alkaloids, have been
described as the major constituents of plant extracts, and the majority of the compounds have
P, S, O, and N heteroatoms in the structure [28]. The free electrons on the heteroatoms form
bonds with the electrons on the metal surface. Some atoms in water ionize to release a proton.
Thus, the now negatively charged heteroatom helps to free an electron on the heteroatom
and forms a stronger bond with the metal’s electrons. These properties confer good inhibition
properties [29]. The mechanism of action of green inhibitors is to form a single molecular
layer, which is absorbed on the metal surface to create a new layer on the metal surface,
which can inhibit the corrosion rate [30].
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Several green inhibitors were tested on carbon steel corrosion and had average
efficiencies above 80% [31]. The inhibition effectiveness increased with addition of extract
concentrations over time. Mild steel soaked in 3000 ppm Dardagan fruit for 6 hours can
reduce the corrosion rate by up to 97% in 1 M HCI media. [32]. Corrosion inhibitors are
influenced by the concentration of the inhibitor and the length of time soaked in the inhibitor
solution. There is a tendency, the higher the concentration or dose of inhibitor, the smaller
the corrosion rate that occurs. However, the length of soaking time is not necessarily directly
proportional, because when the metal surface is covered with corrosion inhibitors, additional
soaking time cannot increase the thickness of the inhibitor layer on the metal surface [24].
The results of other studies show that the effectiveness of green inhibitors in inhibiting
corrosion is influenced by temperature, inhibitor concentration, molecular structure, affinity
towards the metal surface, type of metallic surface exposed to aggressive environments, and
its chemical composition [33].

Green inhibitors can be applied in various industries and fields, such as lubricants and
metal working fluids, electronic industries, concrete corrosion, oil and gas field, vapor phase
corrosion, agueous corrosion, and as acid corrosion inhibitors [34]. Some factors must be
considered to control the cost of extracting raw materials, such as the need for raw materials.
Other studies have shown the accessibility of green corrosion inhibitors from the nature, with
estimated extraction costs varying from low to high [35].

4. Plant Extracts as Green Corrosion Inhibitors

Plant extracts have the potential to be used as environmentally friendly corrosion
inhibitors as a substitute for the use of chemical corrosion inhibitors, which are harmful to
the persons using them [36,37]. This is because plant extracts contain several
phytochemicals extracted in aqueous and organic solvents [38]. Literature studies show that
many plant extracts are tested as corrosion inhibitors in HCI, H,SO,4, NaCl [39-44], and
other electrolytes. Plant parts, such as leaves, roots, stems, and bark, can be used as extracts
for corrosion inhibition [45]. The plants that can be used include neem, Aloe vera, various
types of teas, and essential oil extracts.

Azadirachta indica (Nimba) is a plant that has various benefits because each of its parts
IS rich in bioactive corrosion inhibitors [46, 47]. Previous research shows the efficiency of
corrosion inhibition. Studies conducted by [48] with 150 g neem leaf powder macerated in
750 ml distilled water for 24 hours, followed by storage of the filtered extract at 4°C and
testing on reinforcing steel for 105 days exposure showed favourable results with corrosion
affecting around 5% of the test sample’s surface area. Meanwhile, similar tests on M25 grade
concrete substituted with 1% neem extract showed increased results in tensile and flexural
strength up to 9.6% and 7.4% [49]. The corrosion inhibition efficiency of neem leaf extract
depends on concentration and exposure time [41, 50]. The opinion of [51] states that the
maximum protective effect reached 53.09% at an exposure time of 4 hours.

Extracts of other plant types, such as Aloe vera, can also be used as corrosion inhibitors
in both powder and gel form [39, 52 and 53]. The corrosion inhibition efficiency of Aloe
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vera extract depends on the inhibitor concentration and temperature [53,54]. At a
temperature of 293 K, it showed an increase in the efficiency of inhibitor effects [53]. The
10% Aloe vera extract in H,SO, media achieved a maximum inhibitory efficiency of 88.9%
for mild steel and 99.1% for stainless steel [40]. Tests on B66 bronze in 3% NaCl with
alternative sources from Aloe vera (Aloe saponaria tannin/AST) showed maximum
inhibition reaching 90% at 150 ppm AST extract [55]. This is because AST compounds act
as cathodic-type inhibitors [56].

Tea-type plants also have the ability to inhibit corrosion. Green tea extract in 10%
H,SO, can reduce corrosion by 71.43% [57]. White tea contains phenolic compounds of
about 15% and can be used as a green corrosion inhibitor and reduce the corrosion rate by
almost 85% [58].

Not only plant extracts but natural essential oils also have benefits as green inhibitors.
The difference between the two lies in how they are obtained. In general, essential oils are
obtained by steam distillation. The high content of monoterpene phenols, monoterpene
alcohols, eugenol, cinnamaldehyde, aldehydes, and a-pinene can create a protective thin
coating on a solid surface that provides a barrier against corrosion caused by both aggressive
chemical and microbiological conditions [59]. Elettaria cardamomum essential oil can
achieve an inhibitory efficiency of 88% at 2 g/L concentration because the content of
1,8-cineole and o-terpinyl acetate has a high electron acceptance capacity and actively
interacts with iron surfaces [60]. Myrtle (MEO) and rosemary (REQO) essential oils showed
a greater inhibitory efficiency of REO than MEO with 92.54% and 91.88% efficiency at
10 g/L [61]. Aa another example, the percentage protection efficacy of Thymus satureioides
essential oil against steel corrosion in HCl 1 M was 89% at an inhibitor dosage of 1.5 g/L
[62].

5. Fatty acids and Esters as Green Corrosion Inhibitors

Fatty acids derived from natural oils, such as oleic acid (found in olive oil) [63, 64] and
lauric acid (found in coconut oil) [65-67], have been shown to possess corrosion inhibition
properties [68, 69]. These fatty acids form a protective film on the metal surface, preventing
corrosive substances from coming into contact with the metal substrate [70, 71]. Besides
fatty acids, esters can also serve as corrosion inhibitors [72]. Esters derived from
oleochemicals, such as methyl esters of fatty acids, have garnered attention for their
corrosion inhibition potential [2, 73]. These esters possess unique properties that enable
them to adsorb onto the metal surface, forming a robust and protective barrier layer.

Various plants’ fatty acids and esters have been reported to have benefits as green
corrosion inhibitors. For instance, Vicia faba (Fabaceae Family) is one such example. The
peel extract of Vicia faba is believed, based on GC-MS analysis, to contain compounds like
palmitic acid, ethyl palmitate, lauric acid, myristic acid, ethyl palmitate, and methyl stearate,
which are suspected to be environmentally friendly and cost-effective corrosion inhibitors.
In this study, these compounds were tested on mild steel in seawater. The findings revealed
the formation of a thick adsorbate layer across the mild steel surface [74].
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Another research introduces a novel formulation derived from Jatropha curcas seeds
oil, which exhibits significant protective effects against iron corrosion in acidic rainwater
(AR). Analysis of the formulation revealed a fatty acid composition primarily composed of
palmitic, oleic, and linoleic acids. The formulation acts as a mixed-type inhibitor, achieving
a maximum inhibition efficiency of 97% at a concentration of 250 ppm. The protective effect
is further enhanced by increased rotation speed and immersion time. SEM analysis
confirmed the formation of a protective layer on the iron surface. These findings indicate the
potential of the Jatropha curcas seeds oil formulation as an effective corrosion inhibitor,
particularly advantageous for preserving iron artefacts in museum environments [75].
Furthermore, sunflower seeds, well-known for their diverse composition including long-
chain fatty acids, fatty alcohols, triterpenic alcohols, sterols, and carbohydrates such as
cellulose, lignin, xylose, furfural, and amino acid compounds, have also been identified as
promising corrosion inhibitors. This potential is particularly evident in their ability to
mitigate the corrosion of low-carbon steel in an HCI medium [76].

Another study investigated a non-ionic Gemini surfactant synthesized from fatty acids
in palm oil as a corrosion inhibitor for UNS S41425-type super martensitic stainless steel in
H,S. Techniques employed included potentiodynamic polarization curves, linear
polarization resistance, and electrochemical impedance spectroscopy measurements.
Additionally, the inhibitor obtained was characterized using infrared spectroscopy and H,
13C nuclear magnetic resonance (NMR) spectroscopy. The results revealed a significant
reduction in the corrosion rate of the steel, reaching the maximum efficiency at a specific
inhibitor concentration and decreasing with a further concentration increase. This decrease
in corrosion rate is attributed to the physical adsorption of the inhibitor on the steel surface,
following Langmuir adsorption isotherm, which affects both anodic and cathodic reactions
[77].

The Aleurites moluccana seed oil was investigated as a green corrosion inhibitor for
iron in an acidic solution. Analysis revealed that the oil primarily consisted of
polyunsaturated acids (such as linoleic and linolenic acids) comprising 65.61%, with a
moderate quantity of mono-unsaturated acids (oleic and gadoleic acid) at 22.81%, and a
small quantity of saturated acids, predominantly palmitic acid with traces of stearic, lauric,
and myristic acids. The total unsaturated fatty acids accounted for approximately 88.42% of
the composition, indicating the predominance of unsaturated types in the seed oil of Aleurites
moluccana. The inhibition efficiency increased with concentration, reaching 97% at
250 ppm of the ALM formulation, demonstrating mixed-type inhibitor behavior. This
efficiency was further enhanced by extended immersion time and increased working
electrode rotation speed values [78].

6. Surfactants as Green Corrosion Inhibitors

Oleochemicals are preferred as a surfactant source because they are renewable,
biodegradable, and usually thought to be more environmentally friendly [79] than surfactants
generated from petroleum. In addition, oleochemical surfactants can improve formulation
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performance and adaptability. Certain surfactants derived from oleochemicals, such as fatty
alcohol ethoxylates and alkyl polyglucosides, have been found to exhibit corrosion inhibition
properties [80]. These surfactants can form micelles or monolayers on the metal surface,
reducing the corrosion rate by preventing the ingress of corrosive species.

Surfactants, which are chemicals that reduce surface tension between two liquids or a
liquid and a solid, can act as green corrosion inhibitors [81]. Corrosion inhibitors are
compounds introduced into a system to prevent or minimize corrosion on metal surfaces.
Surfactants can act as effective corrosion inhibitors because they can produce a protective
coating on metal surfaces, preventing corrosive attacks.

Surfactants can adsorb onto metal surfaces [82], forming a protective coating that serves
as a barrier between the metal and its corrosive environment. This coating prevents corrosive
chemicals from accessing the metal surface and causing corrosion. Surfactants can affect the
kinetics of cathodic [83] and anodic [84] processes in the corrosion process, lowering the
overall corrosion rate. In 1 M HCI, the cationic surfactant 6-(2,3-dioxoindolin-1-yl)-N,N,N-
trimethylhexan-1-ammonium bromide effectively inhibits mild steel corrosion, with an
inhibitory efficiency of up to 92.98% [85]. An anodic surfactant called bis(2-ethylhexyl)
sodium sulfosuccinate (AOT) has an inhibitor efficiency of 89.84% when it comes to
preventing the corrosion of AZ91D Mg alloy in oxalic acid solution [86].

Many surfactants are biodegradable [87] and environmentally friendly [88], making
them more appealing candidates for green corrosion inhibition than standard inhibitors that
may be poisonous or dangerous. In a 1.0 M HCI solution, a Gemini ester surfactant
demonstrated a high inhibition efficacy of 94.5% for carbon steel when used as a green
corrosion inhibitor [89].

Surfactants can be combined with other additives widely used in corrosion inhibition
formulations [90], resulting in synergistic actions that improve corrosion protection.
Surfactants are commonly used in the classic emulsion method to stabilise it for metal
coating [91]. The synergism between the QAS-12 surfactant and NiPNPs additive increases
inhibitor efficiency by up to 98.6% on Q235-MS steel in 15% HCI solution medium [92].

Surfactants are easily integrated into various formulations [93] and applied to metal
surfaces in various ways, making them viable corrosion prevention solutions in multiple
applications. The DBBD ((E)-N-((4"-((benzyldimethylammonio)methyl)-[1,1’-biphenyl]-4-
yl)methyl)-3-(docos-13-enamido)-N,N-dimethylpropan-1-aminium chloride) and QBBD
((E)-1-((4"-(((3-(docos-13-enamido)propyl)  dimethylammonio)methyl)-[1,1'-biphenyl]-4-
yl)methyl)quinolin-1-ium chloride) surfactants can be utilized as corrosion inhibitors for
mild steel in 15% HCI medium with an inhibitor efficiency value of approximately 98%
[94].

7. Biopolymers as Green Corrosion Inhibitors

Because of their corrosion-inhibiting qualities and environmental friendliness, biopolymers
can indeed be used as green corrosion inhibitors [95]. Materials known as corrosion
inhibitors are introduced into various systems to slow down the corrosion rate. Because they
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come from natural sources, biopolymers are seen to be a more environmentally benign option
for corrosion inhibitors than synthetic ones [96]. Biopolymers are advantageous as corrosion
inhibitors because they can coat metal surfaces with a thin layer, are environmentally
friendly, come from renewable materials, and are cheap.

Biopolymers can act as green corrosion inhibitors by making a film. Biopolymers, such
as starch, chitosan, alginate, and cellulose derivatives [97], can create protective films that
shield metal surfaces from corrosive substances like oxygen and water. In 0.25 M H,SO,,
sweet potato starch prevented mild steel from corroding [98]. In 1 M HCI, chitosan was
studied as an eco-friendly mild steel protector, exhibiting an impressive 97.01% inhibitory
efficiency [99]. Sodium alginate is an environmentally benign corrosion inhibitor that
protects mild steel in 1M HCI with 65.58% inhibition efficiency [100].
Hydroxyethylcellulose, a cellulose derivative, can prevent mild steel from corroding in
acidic environments with an inhibitory efficacy of up to 98% [101].

By forming complexes with metal ions, biopolymers can lessen their reactivity [102]
and corrosion susceptibility [103]. Chitosan derivatives create chelating complexes with
metal ions, providing good long-term corrosion protection, such as mild steel in 1 M HCI,
with an 86—-98% inhibitor efficiency [104]. Biopolymers have the ability to facilitate the
process of passivation [105], forming a protective coating on the metal surface to stop further
corrosion. As a cellulose derivative, CMC (carboxy methyl cellulose) can bind free electrons
of oxygen atoms on the surface of Q235 steel in 1 M HCI medium with an inhibitor
efficiency of up to 94.24% [106].

Biopolymers are sustainable substitutes since they are frequently sourced from
renewable resources, including microbes, plants, and animals [107]. Globally, more than
140 billion metric tons of natural polymer materials are produced from agricultural waste
every year, with one of the biopolymer products being polysaccharide [108].

Compared to synthetic corrosion inhibitors, biopolymers are safer for the environment
[109] because they are wusually non-toxic [110] and biodegradable [111].
Thiocarbohydrazide, as a biodegradable cellulose derivative, has a heteroatomic structure,
so it has been known as a green corrosion inhibitor which is applied to steel pipes in the oil
and gas industry with inhibitor efficiency of up to 99% [112]. Chitosan, formed into
nanocomposites, is a non-toxic biopolymer applied as a green corrosion inhibitor in
industrial cooling systems made of steel with an inhibitor efficiency of up to 97.5% [113].

When compared to synthetic inhibitors, biopolymers may be less expensive depending
on the source and method of synthesis [114]. Polysaccharides, as biopolymers derived from
plants, are among the green corrosion inhibitor solutions [115]. Polysaccharides are effective
and cheaper than petrochemical polymer coating materials [116].

Conclusion

There is a need for suitable oleochemicals, such as green inhibitors, given the extensive use
of mild steel and the resulting economic losses due to corrosion. Oleochemicals are a
superior alternative for corrosion inhibition due to their renewability, ease of use,
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environmental benefits, and comparable or superior efficiency compared to petroleum-based
options. Developing an adequate and commercial plant-extract-based green inhibitor
suitable for trial in the fields appears to be a practically beneficial research area with great
potential for its formulation innovation. In this review, some oleochemicals were introduced
in high concentrations of plant-extract-based inhibitors, sometimes required to provide levels
of protection similar to conventional inhibitors. Although most plant-extract-based inhibitors
provide adequate levels of protection, there is still a need to optimize the best formulations,
both in terms of effectiveness and efficiency. An alternative for optimization is conducting
bioactivity screening and performing quantum chemical and molecular dynamic simulations
to identify the most active ingredient of the various phytochemicals in a plant extract.
Afterward, the synergism between these bioactive molecules is essential to understand for
creating an overall superior formulation. Most commercial inhibitor formulations are
typically blends of different chemical compounds. Further research and development into
oleochemical corrosion inhibitors is warranted to optimize their effectiveness and explore
applications for various environments and metals.
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