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Abstract

Deterioration of metals in the form of corrosion is the major problem faced in almost all industries. Annual cost of corro-
sion world-wide has been estimated to exceed 3% of world’s GDP. Corrosion control of metals is an activity of economic,
environmental, aesthetic, and technical importance. Zinc, one of the most important non-ferrous metals, has a wide range of
applications in industry as well as in domestic sectors. It is used as a coating material on steel and iron. Corrosion of zinc and
galvanized articles can be prevented by using chemical inhibitors. Even though they are proven to be effective for industrial
applications, environmental hazards resulted as a consequence cannot be ignored. Over the last decades, research is more
focussed towards the use of environmental friendly green inhibitors. In this regard, plant extracts have become important as an
environmentally acceptable, readily available, and renewable source for a wide range of inhibitors. This review consolidates
and documents an overview of the application of plant products as corrosion inhibitors for the corrosion mitigation of zinc.
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1 Introduction

Corrosion of metals and its alloys employed in various sec-
tors is an unstoppable but a controlled process. Zinc is cur-
rently the fourth most widely consumed metal in the world
after iron, aluminium, and copper. It has strong anticorrosive
properties [1]. Major application of zinc is in the process of
galvanization, which is the process of coating thin layers
of zinc to iron or steel to prevent rusting. Zinc is combined
with copper (to form brass) and with other metals to form
materials that are used in automobiles, electrical compo-
nents, and household fixtures. It is also used in batteries,
in toys, as pigments, activator, and catalyst and also has a
wide range of applications in pharmaceuticals [2]. Numer-
ous field and laboratory studies of zinc in atmospheric envi-
ronments have resulted in the ISO classification system,
which is used for practical purposes in order to predict the
corrosion rates of zinc in different corrosive mediums. Zinc
has been extensively studied for a better fundamental under-
standing and is today probably the most investigated metal
from an atmospheric corrosion perspective [3]. Zinc owes
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its high degree of resistance to atmospheric corrosion to
the formation of insoluble basic carbonate films. The cor-
rosion of zinc in water is largely controlled by the impuri-
ties present in the water. The foreign substances in natural
waters affect the structure and composition of the resulting
films and corrosion products on the surface, which in turn
control the corrosion of zinc. In distilled water, which can-
not form a protective scale to reduce the access of oxygen
to the zinc surface, the attack is more severe than in most
types of domestic or river water, which do contain some
scale-forming salts. Zinc in contact with acid and strong
alkaline solutions causes rapid corrosion. Certain salts, such
as the dichromate, borates, and silicates, act as inhibitors to
the aqueous corrosion of zinc. Moisture content stimulates
corrosion action. SO, and chlorides have a corrosive action
because of the presence of water-soluble and hygroscopic
salts [4].

Proper corrosion prevention regulations enable to abol-
ish severe damages which include loss of economy, water
resources, ecological pollution, and lack of human values
[5]. In industries, acidic solutions are used for pickling,
descaling, cleaning, and drilling operations in oil and gas
explorations. These processes not only clean the surface
but also dissolve it to a certain extent leading to consid-
erable material loss and are prone to corrosion [6]. Inor-
ganic inhibitors like phosphate, chromates, and heavy metal
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containing compounds are restricted because of the toxic-
ity of these compounds to the human health and the sur-
rounding. The disposal of these compounds into the marine
environment can also pose a threat to the aquatic life [7].
Synthetic organic compounds are extensively used and pro-
vide a promising efficiency against corrosion of the metal.
However due to high manufacturing cost and toxicity con-
cern, their usage is becoming less and the focus is turning
towards the usage of eco-friendly green inhibitors. There are
wide classes of green inhibitors. They include plant prod-
ucts, amino acids, biopolymers, surfactants, ionic liquids,
essential oil, etc [8].

2 Need of Green Inhibitors for Corrosion
Control

Synthetic compounds containing multiple bonds and het-
eroatoms are effective inhibitors. However, some of the
organic inhibitors are reported to be either costly or toxic.
Toxicity may arise either during the preparation or during
the applications. Sometimes toxicity of the inhibitor can
cause jeopardizing effects on human beings or on the envi-
ronment. In additions to this, some inorganic compounds
like chromates reported to exhibit extremely good anticorro-
sive property, but are highly toxic to both human beings and
the environment. The safety of human health and environ-
ment should be of prime importance. In this regard, there is
continuous urge to replace toxic inhibitors by environmental
friendly inhibitors [9]. Over the last one decade, research
is more focussed towards the environmentally benign, eco-
friendly inhibitors. These are known as green inhibitors.

Green corrosion inhibitors are eco-friendly compounds
which do not contain heavy metals or other poisonous
compounds. They are known as site-blocking elements or
adsorption site blockers, due to their adsorptive properties.
The term “green inhibitor” or “eco-friendly inhibitor” refers
to the substances that have biocompatibility with the natural
environment [10]. Also, an increasing research is going on
for the effective utilization of natural products, such as plant
extracts, essential oils, surfactants, and biopolymers as envi-
ronmentally friendly corrosion inhibitors [11].

Among various classes of green inhibitors, plant products
emerged as effective and efficient corrosion inhibitors [12].
Plant extracts are regarded as green inhibitors with biologi-
cal origin. Over last decades, they are replacing the synthetic
organic and inorganic inhibitors. These extracts contain large
amount of tannins, alkaloids, flavonoids, etc., which are rich
sources of organic compounds.

Every tropical region has its own cultivation and tons of
waste is being produced from the agricultural waste. The
biowaste material left after utilization of nutritious com-
pounds will serve as effective inhibitors for protection of
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the metal surfaces [13—17]. These can be used as corrosion
inhibitors at a considerable low cost. Some of the examples,
include rice husks [18], solid waste from fresh leaves of
banana, sugarcane, and water melon hard core [15], water-
melon rind, seeds, and peel [16], tomato peel waste [17],
glycolipids produced from sunflower oil cakes and pineapple
waste [19], and the seeds of Phoenix dactylifera [20] which
are thrown as waste, are used as corrosion inhibitors. The
effective utilization and extraction of the phytochemicals
from these sources do not require huge financial assistance
and work can be carried out at effective low cost with good
inhibition efficiency. Thus, plant extracts can be considered
as effective green inhibitors with environmental and eco-
nomic benefits.

Reports are available for diverse applications of plant
products in industries where the non-hazardous behaviour is
mentioned. A few examples being the use of seeds of Phoe-
nix dactylifera as corrosion inhibitor for steel [20], sweet
potato stems, and lettuce flower stalks (Chinese patent) [21].
The plant products that are used served as an effective tool
in material saving because most of them showed promising
inhibition efficiencies [22-25].

Even though few review papers are available for using
various plant products for corrosion control of mild steel,
stainless steel, aluminium, and its alloys, copper no compre-
hensive literature is available for the use of plant products as
corrosion inhibitor for zinc. Zinc being an important non-
ferrous metal finds a wide range of applications. This short
review gives vivid account of application of plant products
for corrosion mitigation of zinc in various acidic, alkaline,
and neutral medium. This enables the corrosion engineers
and material scientists to easy access the early literature, its
content, and recent updates contributing to sustainable and
green manufacturing.

In this overview, initially a brief account of corrosion
behaviour of zinc and corrosion control of zinc using chemi-
cal inhibitors is reported. It is followed by a detailed account
for the use of plant products as green inhibitors for corro-
sion mitigation of zinc in various acidic, alkaline, and nearly
neutral mediums.

3 Corrosion Behaviour of Zinc

Zinc undergoes intense corrosion at pH below 6 and above
12. In between 6 and 12 pH, it undergoes very slow corro-
sion. Zinc is highly susceptible to acid corrosion. Acids are
used for pickling [26], descaling [27], and cleaning the metal
surface [28]. Cleaning of metals with dilute mineral acids is
a mandatory protocol in all industries before they are used
for applications. Corrosion behaviour of zinc and its inhibi-
tion studies in various acid mediums such as hydrochloric
acid, sulphuric acid, phosphoric acid, sulphamic acid has
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been extensively studied [29]. In alkaline solutions, zinc dis-
solves slowly, forming zincate ions and evolving hydrogen
[30]. Different types of electrolyte had been tested on zinc
such as sodium hydroxide and potassium hydroxide. Each of
alkaline media can produced corrosion product such as zinc
hydroxide carbonate, zinc oxide, and zinc hydroxide [31,
32]. The combination of moisture, oxygen, and salt, espe-
cially sodium chloride, damages metal worse than rust does.
This corrodes, or eats away, the metal, weakening it and
causing it to fall apart [33]. Saltwater attacks the metal lead-
ing to its corrosion. Various methods have been employed
for the effective inhibition of corrosion in salt water [34].

4 Corrosion Inhibition of Zinc with Organic
Inhibitors

Organic inhibitors generally have hetero atoms. O, N, S, and
P are found to have higher basicity and electron-donor abili-
ties and thus act as corrosion inhibitor. O, N, S, and P are
the active centres for the process of adsorption on the metal
surface. The use of inhibitors is one of the best options of
protecting metals against corrosion [35]. These inhibitors
build up a protective hydrophobic film adsorbed molecule on
the metal surface, which provides a barrier to the dissolution
of the metal in the electrolyte [36].

The inhibiting effect of some of synthetic organic com-
pounds like ethoxylated fatty acids, organic phosphonium
and ammonium compounds, m-substituted aniline-N-sali-
cylidene, ziprasidone, semicarbazide, ethylenediamine N,
N'-di (p-methoxybenzylidene), 2-[4-(methylthio) phenyl]
acetohydrazide, and ethoxylated fatty alcohols on the cor-
rosion of zinc has been recently reported by several authors
[37-44].

5 Corrosion Inhibition of Zinc with Plant
Products

The mechanism of action of green inhibitors depends on the
structure of the active ingredient that is present and many
theories have been put forward to explain it [45]. The active
constituents of natural inhibitors vary from one plant spe-
cies to another but their structures are closely related to their
organic counterparts. For example, pepper contains an alka-
loid piperine [46], garlic contains allyl propyl disulphide
[47], fennel seeds contain limonene (20.8%) and pinene
(17.8%) followed by myrcene (15%) and fenchone (12.5%),
mustard seeds contain an alkaloid berberine [48], soya bean
contains tannins, pectins, flavonoids, steroids, and glyco-
sides, carrot contains pyrrolidine, and castor seed contains
the alkaloid ricinine [47]. In eucalyptus oil, the active ingre-
dient is monomtrene-1,8-cineole. Gum exudate has a variety

of active ingredients like volatile monoterpenes, hexuronic
acid, neutral sugar residues, canaric and triterpene acids. It
also contains reducing and non-reducing sugars. Garcinia
kola seed extract possess bioflavonoids along with unsatu-
rated fatty acids, primary and secondary amines. The extract
of calyx has the presence of ascorbic acid, pigments, amino
acids, flavonoids, and carotene [9].

Plant extracts contain polar or hetero atoms such as S,
N, O, P, and aromatic rings, favouring the adsorption by
donor—acceptor interaction between x electrons of donor
atoms S, N, O, P, and aromatic rings of inhibitors, and the
vacant d-orbitals of metal surface atoms. Because of adsorp-
tion of inhibitor molecules on the metal surface, protective
film is formed that isolates the metal from the aggressive
environment [49]. Thus, corrosion is controlled. The sche-
matic representation of the action of plant products is given
in Fig. 1.

In the present short review, a detailed account of green
inhibitors which are used exclusively to control the corrosion
of zinc are documented.

5.1 Achillea fragrantissima (Lavender Cotton)

Achillea fragrantissima is a small perennial herb belongs
to the family Asteraceae. Ali et al. studied the corrosion of
zinc in 0.5 M HCI using aqueous extract of Achillea fra-
grantissima as the inhibitor. The corrosion rates were cal-
culated using weight loss, hydrogen evolution, and polariza-
tion measurements. The inhibition efficiency was found to
increase with increase in concentration and decrease with
increase in temperature. The adsorption of Achillea fra-
grantissima constitutes on a zinc surface followed Lang-
muir adsorption isotherm. Maximum efficiency of 82% was
observed for 800 ppm inhibitor concentration. a-Thujone
(60.9%), p-thujone (9.1%), sabinene (4.1%), and camphor
(3.7%) were characterized as the main constitutes (Fig. 2).
The extract acts as inhibitor due to adsorption of its compo-
nents on the metal surface. Therefore, one can conclude that
the major component; Thujone may be responsible for the
inhibitive action of the extract. The other components may
act in synergism with the major one [50].

5.2 Aloevera

Abiola et al. studied the effect of the extract of Aloe vera
leaves on the corrosion of zinc in 2 M HCl solution using
weight loss technique. Aloe vera extract inhibited the
corrosion of zinc in 2 M HCI solution and the inhibition
efficiency increased with increase in concentration of the
extract but decreased with increase in temperature. An
efficiency of 67.1% was observed for 10 v/v inhibitor con-
centration at 30 °C. The adsorption of the inhibitor mol-
ecules was consistent with Langmuir adsorption isotherm.
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Aloe vera contains several biologically active compounds
aloin A, aloin B, and aloe emodins. The molecular struc-
ture of aloin reveals an anthraquinone link to a pentose
with 5 oxygen atoms, and aloe emodins show heterocy-
clic organic compounds with nitrogen or oxygen atoms
(Fig. 3). The inhibition effect of A. vera may be due to
the presence of these organic compounds in the extract.
Since A. vera contains several compounds, synergistic and
antagonistic effects may play an important role on the inhi-
bition efficiency of A. vera as an inhibitor [51].

5.3 Ocimum tenuiflorum (Tulsi)

Sanjay et al. studied the corrosion inhibition properties
of Ocimum tenuiflorum leave extract as a potential green
inhibitor of zinc corrosion in H,SO,. The results showed that
different concentrations of the O. tenuiflorum extract have
inhibited zinc corrosion and that the inhibition efficiency
varied with the concentration of extract and temperature in
H,SO, medium at 0.5 N, 1.0 N, and 2.0 N at 30 °C and
60 °C. A maximum of 86.2% efficiency was observed for
333 K. It was found that the content of the main constitu-
ents was p-bisabolene (13-20%), 1,8-cineole (9-33%), and
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methyl chavicol (2-12%), which varied during development
of the plant [52].

5.4 Trigonella foenum graecum (Fenugreek)

Abdel-Gaber studied the inhibitive effect of fenugreek (Trig-
onella foenum graecum) seed extract on the corrosion of
zinc in aqueous solution of 0.5 M sulphuric acid at 30, 35,
40, and 45 °C. Fenugreek seed extract works as anodic type
inhibitor and was used as effective inhibitor for the corro-
sion of zinc in sulphuric acid media. Inhibition was found
to increase with increase in concentration of the extract but
decreases with increasing temperature. The corrosion resist-
ance is due to the formation and adsorption of organozinc
complex onto the metal surface. The chemical constituents
responsible for corrosion control are lysine and L-tryptophan
(alkaloid), diosgenin (steroidal saponin), and 4-hydroxyi-
soleucine (an amino acid) (Fig. 4). Fenugreek seed extract
worked as an anodic type inhibitor and could effectively
inhibit the corrosion of zinc in sulphuric acid environment
[53].

5.5 Cannabis (Hemp)

El-Housseiny studied the corrosion inhibition of zinc in
0.5 M sulphuric acid using the extract of cannabis plant.
Inhibition efficiency was found to increase with the increase
in inhibitor concentration. Cannabis extract containing 20%
ethanol was used for the studies. The maximum inhibition
efficiency was found to be 90% for 10 ppm of the inhibitor

Fig.4 Major constituents of
Trigonella foenum graecum
extract. a Lysine, b L-trypto-
phan, ¢ 4-hydroxyisoleucine, d
diosgenin

HoN 0

w

NH,

in 0.5 M sulphuric acid. The adsorption of the inhibitor mol-
ecules was consistent with Flory—Huggins isotherm [54].

5.6 Moringa oleifera (Drumstick Tree)

Dass et al. studied the corrosion of zinc in 0.5 M hydrochlo-
ric acid medium using the leaf extract of Moringa oleifera.
The inhibition efficiency was increased with the increase
in the extract concentration. The maximum inhibition effi-
ciency was found to be 67.50%. The functional groups such
as —C=0, C=N, C-OH, C=C, Ph—OH present in the organic
compounds of the leaf extracts mainly contributed to the
inhibition effect. The presence of organic compounds like
alkaloids, saponins, tannins, and phenols were responsible
for the corrosion inhibition activity [55].

5.7 Mansoa alliacea (Garlic Vine)

Suedile et al. studied the corrosion inhibition of zinc in 3%
NaCl using ethanol extract of Mansoa alliacea. Studies
were carried out using linear polarization and electrochemi-
cal impedance spectroscopy. Potentiodynamic polarization
curves indicated that the plant extract behaves as mixed-type
inhibitor. The adsorption behaviour followed the Langmuir’s
adsorption isotherm. The extract obtained gave inhibition
around 90%. The inhibition activity was due to the presence
of flavonoids in the crude extract [56]. Schematic representa-
tion of various active constituents is shown in Fig. 5.
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Fig.5 Major constituents of Mansoa alliacea extract. a Apigenin,
b luteolin, ¢ 9-methoxy-alpha-lapachone, d 4-hydroxy-9-methoxy-
alpha-lapachone

5.8 Nypa fruticans Wurmb (Mangrove)

Orubite et al. studied the corrosion inhibition of zinc in
hydrochloric acid by extract of Nypa Fruticans Wurmb.
Optimum inhibition efficiency for zinc in the presence of
Nypa fruticans Wurmb extract was 36.43%. Methanolic
extract of the Fresh leaves of Nypa fruticans Wurmb was
used for the studies. It was suggested that the inhibition
was due to the presence of bulky nitrogen containing
groups or tannin. The adsorption of constitutents of Nypa
Jfruticans on zinc surface followed Langmuir adsorption
isotherm [57].

5.9 Mangiferaindica (Mango)

Ugi et al. studied the adsorption characteristics and the
inhibition efficiency of flavonoids, alkaloids, and tan-
nins extracts of Mangifera indica leaves on the corro-
sion control of zinc sheets in 5 M sulphuric acid solution.
At 30 °C, the extract offered an inhibition efficiency of
96.2%, 85.3%, and 70.6% in alkaloids, flavonoids, and
tannins, respectively. The functional groups such as
—C=0, C=N, C-0OH, C=C, Ph—OH present in the organic
compounds of the leaf extracts mainly contributed to the
inhibition effect. Dass et al. studied the corrosion of zinc
in 0.5 M hydrochloric acid medium using the leaf extract
of Mangifera indica. The inhibition efficiency increased
with the increase in the extract concentration. Maximum
inhibition efficiency was found to be 58.75%. The pres-
ence of organic compounds like alkaloids, saponins, tan-
nins, and phenols were responsible for the corrosion inhi-
bition activity [55, 58].
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5.10 Allium cepa (Red Onion)

James et al. studied the corrosion of zinc in 2 M hydrochlo-
ric acid solution by using acetone extract of red onion skin
(Allium cepa). Quercetin is one of the flavonoid compounds
found in red onion skin. It is a compound with conjugated
system and contains heteroatoms and carbonyl groups that
are electron rich which can serve as a good adsorption site
onto the metal surface thereby inhibiting the corrosion of the
zinc. Inhibition efficiency of the extract increased with the
concentration and temperature [59]. Structure of quercetin
is shown in Fig. 6.

5.11 Lupinus (Lupin)

Abd-El-Naby et al. studied the corrosion mitigation of zinc
by using lupine seed (Lupinus) extracts 0.5 M sodium chlo-
ride medium at 30 °C. A maximum efficiency of 89.1% was
obtained for 40 ppm concentration of the inhibitor. The
adsorption of the inhibitor molecules was consistent with
Langmuir adsorption isotherm. Lupine seeds contain up to
5% quinolizidine alkaloids; the important chemical constitu-
ents responsible for the inhibition are lupanine, multiflorane,
and sparteine and the schematic representation is shown in
Fig. 7 [60].

5.12 Damssisa

Abd-El-Naby et al. studied the corrosion activity of zinc
by using Damssisa extracts in 0.5 M sodium hydroxide and
0.5 M sodium chloride medium at 30 °C. A maximum effi-
ciency of 59.5% and 90.7% was obtained for Damssisa at
1000 and 15 ppm in 0.5 M sodium hydroxide and 0.5 M
sodium chloride medium, respectively. The adsorption of
the inhibitor molecules was consistent with Flory—Huggins
isotherm. The important chemical constituents of Damssisa
include lactones, damsin, ambrosin, and coumarins (Fig. 8)
[60, 61].

5.13 Hifabar
Abd-El-Naby et al. studied the corrosion activity of zinc by

using Hlfabar extracts in 0.5 M sodium hydroxide and 0.5 M
sodium chloride medium at 30 °C. A maximum efficiency
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Fig.7 Major constituents of
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of 60.2% and 94.7% was obtained for Hlfabar at 1400 and
40 ppm in 0.5 M sodium hydroxide and 0.5 M sodium chlo-
ride medium, respectively. The adsorption of the inhibitor
molecules was consistent with Langmuir adsorption iso-
therm. The important constituent responsible for the inhibi-
tion activity are hydroxyl-a-eudesmol derivatives (Fig. 9)
[60, 61].

5.14 Origanum majorana (Water Marjoram)
Sobhi evaluated the effect of water marjoram (Origanum

majorana L.) for the corrosion inhibition of zinc 1.0 M
HCI solution. Inhibition efficiency increased with the

(b) (c)

) /O
=

(b) (c)

CH,
H,C
OH TIAES
H3C CHa H;C
(a) (b)

Fig. 10 Major constituent of Origanum majorana extract: a thymol, b
cis-sabinene hydrate

concentration of the inhibitor. Maximum efficiency of 92.5%
was obtained for 500 ppm inhibitor concentration. The
important chemical component responsible for corrosion
control is thymol and cis-sabinene hydrate (Fig. 10) [62].

5.15 Azadirachtaindica

Sanjay et al. studied the corrosion of zinc using Neem
(Azadirachta indica (AZI)) leave extract as a green inhibitor
in sulphuric acid medium. The results revealed that the inhi-
bition efficiency varied with the concentration of the inhibi-
tor and the temperature. Maximum efficiency of 83.58% and
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81.25% was obtained at 30 °C and 60 °C, respectively. The
important constituents of the extract include alkaloids, fatty
acids, and nitrogen and oxygen-containing compounds [63].

5.16 Tagetes (Marigold)

Chauhan et al. studied the corrosion behaviour of zinc using
the plant product of marigold (Tagetes) that is Nyctanthes in
0.5 M HCI. Studies were carried out using Cyclic-Voltameter
and potentiometry technique and the data obtained showed
that the inhibition efficiency increased with the increase in
extract concentration. Schematic representation of various
active constituents of nyctanthes is shown in Fig. 11 [64].

5.17 Coriandrum sativum (Coriander)

Neha et al. evaluated the corrosion inhibition studies of zinc
in 0.5 M HCI using extracts of coriander seeds and also the
incorporation of zinc oxide nanoparticles with coriander
seed extract. The results revealed that Np-natural inhibitor
was more effective than natural inhibitor. A large number of
organic compounds found in the extract were responsible
for corrosion inhibition. Maximum efficiency of 93.01% and
89.41% was obtained for Np-natural inhibitor and natural
inhibitor, respectively [65].

5.18 Brown Seaweed

Wang et al. studied the corrosion behaviour of zinc in natural
sea water using different concentrations of Fucoidan. Poten-
tiodynamic polarization and electrochemical impedance
studies were conducted. Maximum efficiency of 92.9% was
observed for 120 mg/1 of the extract. Fucoidan is extracted
mainly from brown seaweeds and is a heteropolysaccharide
containing fucose units and sulphate groups (Fig. 12). The
adsorption followed Langmuir adsorption isotherm [66].

Fig. 11 Major constituents of CHg

nyctanthes

(a)
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6 Summary and Future Recommendation

Corrosion inhibition capacity of different plant extracts is
discussed in detail. In all the reported literature, corrosion
and inhibition studies were done both by classical method
and electrochemical methods. Weight loss method and
hydrogen evolution methods are most preferred classical
methods. Among electrochemical methods, potentiody-
namic polarization method and electrochemical impedance
spectroscopy methods are widely adopted. In some of the
literature, it was obvious that there is an effort to isolate the
single most active constituent which is responsible for cor-
rosion inhibition process. Unless and otherwise stated, in all
literature, synergistic effect of all the constituents is reported
to be responsible for corrosion inhibition process. In all the
studies, kinetic and thermodynamic parameters were evalu-
ated and discussed in detail. Surface studies were done by
SEM and EDX techniques. Adsorption of the inhibitor on
the metal surface was further confirmed by taking FT-IR
spectrum of the inhibitor and corrosion product (Table 1).
Even though many references are available for using plant
products as corrosion inhibitor, the use of other classes of
green inhibitors like surfactants, amino acids, ionic liquids,
and biopolymers for corrosion control of zinc is highly lim-
ited. Umoren et al. [67] have reviewed and reported utility
of variety of biopolymers for the corrosion behaviour of
different metals. In our group, Charitha et al. [68—71] have
carried out corrosion inhibition studies on aluminium alloy
and aluminium composite material by using novel carbohy-
drate biopolymers like pullulan, inulin, starch, and dextran.

CHj

NH w
3 NN Zen

CHs CHs
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SN Zen
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Table 1 List of different plant products used for the corrosion control of zinc in different mediums
Plant extract Medium Methods Adsorption isotherm Maximum  Refs
efficiency
(%)
Achillea fragrantissima HCl Weight loss, hydrogen evolution and polari- Langmuir 82 [50]
zation measurements
Aloe vera HC1 Weight loss Langmuir 67.1 [51]
Ocimum tenuiflorum H,SO, Thermometric method and weight loss - 86.2 [52]
Trigonella foenum graecum H,SO, Potentiodynamic polarization and electro- - 76.9 [53]
chemical impedance spectroscopy
Cannabis H,SO, Potentiodynamic polarization and electro- Flory—Huggins 95 [54]
chemical impedance spectroscopy
Moringa oleifera HCI Measurement of absorbance - 67.5 [55]
Mansoa alliacea NaCl Linear polarization and electrochemical Langmuir 90 [56]
impedance spectroscopy
Nypa fruticans Wurmb. HC1 Weight loss Langmuir 36.4 [57]
Mangifera indica H,SO, Gasometric method and weight loss Langmuir 96.2 [55, 58]
HC1 Measurement of absorbance 58.75
Allium cepa HCI Weight loss - 70 [59]
Lupinus NaCl Potentiodynamic polarization and electro- Langmuir, Flory—Huggins 89.1 [60]
chemical impedance spectroscopy
Damssisa NaOH Potentiodynamic polarization and electro- Flory—Huggins 59.5 [60, 61]
NaCl chemical impedance spectroscopy 90.7
Hifabar NaOH Potentiodynamic polarization and electro- Langmuir 60.2 [60, 61]
NaCl chemical impedance spectroscopy 94.7
Origanum majorana HC1 Thermometric method, weight loss, poten- ~ Langmuir 92.5 [62]
tiodynamic polarization, and electrochemi-
cal impedance spectroscopy
Azadirachta indica H,SO, Gravimetric - 83.5 [63]
Tagetes HCl Cyclic-Voltameter, potentiometry - - [64]
Coriandrum sativum HCl Cyclic polarization measurement and poten- — 93.1 [65]
tiodynamic polarization
Brown seaweed Natural seawater Potentiodynamic polarization and electro- Langmuir 92.9 [66]

chemical impedance spectroscopy

Further these biopolymers were also used to enhance the
coating characteristics of epoxy resin [72]. Biopolymers
emerged as effective eco-friendly inhibitors because of
their structure containing large number of electron donating
groups, non-toxicity, biodegradability, and eco-friendliness.
The use of these biopolymers as corrosion inhibitors for zinc
is not much explored. In addition to this, there is a wide
scope for using different classes of green inhibitors like sur-
factants, amino acids, and ionic liquids for the corrosion
control of zinc and galvanized articles.
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