| P _ RNI No. RAJHIN/2007/26996
= : - ISSN 0976-7452 Raaso
= - Refreed Journal

FcIfaudl AATRTD A ufehr

qu-16, 31cp-3, STe1 SIcls 3Tl 2023




RNI No. RAJHIN/2007/26996
ISSN 0976-7452Raaso

ag-16 3k - 3 S-S - -2023

YA o eI, Y4 A1 SS9, TR (TSEH)

/ (T ) )

| * UL UL WMt - gd o, deder garfen favafammed, seag (TSeE)

P (@eTEwR HUSH ) 5

* 9. faur sureama ~ W, 3fieTE U WA e faam,
e favafarmed, SER (T5.)

* WU UEE SUTEAE | - uflg AifgcaER a1 gekl foaw, g (95 wew)

* Y. Eroh, Wiy — o s, sfier T wefl aam T et
ST (T1.)

* S T 3ETe ~ yd T GeTee, SR YR, TSR (TSTET)

* 2. R fawr - TeurEd, favmeas, weET seEEe o,
TeTRIa Al FeTfaee, SmmT (TE.)

* . &= gt ~ el vy, T forvim, wfersht oo wetfarererd, SR

* T, OITT 2R, fasm ~ 37T wE farmeey, gi=ees farm, dieE weifare,
IS

* oI o yehtyt fammell - g gemw v, w=a < e, +E el




Traiv- ghivera, weaha, e vd aofa @ Senfis afterafie qd - 16 , 31 -3, S, Heilg 30T 2023

U 34 AAED
1. dar s
graref
EPpardeT dldct FIICYE 3Tt AT U8 Saleilotl, 3oidZ

V¢ Uelet JeIeh
ST, Fcgorar oAt
Ag-3iraret
EPparTes alact FEICYE 3iTth ATF U8 Saeilciiat], Ioiae

v HEEID AFACh

2T, fersbrar orat

Vc s HAeE
HPBA PAR AT

¢ FHuESR/AkE
TATAUBIT BT
FoTel AT,
3maHe, 9 faER,
HIETETE, 3EFR-06
TIATY : 0145-2426610
e-mail : rasoajmjournal@gmail.com

¢ 5
gear oraf HATA 3=t e,
Wﬁ'{m, SIS, ASTHT

132, Yaadl diale,
3GTHT GIHTY : 0145-2442701
* aftfes JER=TET - 500 5. (IR 37F) T3 &G - 600 B. (AR 3iH)

BUAT 3 /FIoe/FA3iTER M JT 20T, YebTers, SiTaerel uficihered,
3T6THT- 305006 P ATH Aol |

weRTYTR - sfrmdt e ot 51,1509, 3 faww, wera, e g ey gor Her, TSy
AT | WY TE qEeh- offaet 3ot T gy i o fued, S, s @ qiEe

(2)



Triv- ghivera, weah, wfee vd qofa @ Senfis afterafie T - 16, 31 -3, 5, Feilg 30T 2023

Green Corrosion Inhibitors from Natural
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1. Introduction

Corrosion is an unavoidable and costly problem that affects metals used
in industrial, agricultural, household, and infrastructural applications. It results
in material degradation, economic loss, and environmental hazards. According
to global estimates, nearly 3-4% of GDP is lost annually due to corrosion-related
damage. Traditional corrosion inhibitors -such as chromates, nitrites, amines,
and phosphate-based additives-are effective but often toxic, non-biodegradable,
and environmentally unsafe.

In recent years, the focus has shifted toward green corrosion inhibitors
(GCls), derived from plants, natural polymers, microorganisms, and agro-waste
materials. These natural materials are inexpensive, renewable, eco-friendly, and
compatible with sustainable development goals. Green inhibitors are rich in
organic molecules containing heteroatoms(N, O, S), aromatic rings, alkaloids,
polyphenols, and flavonoids, which adsorb onto metal surfaces and form
protective films.

This article discusses the chemistry, mechanism, efficiency, and recent
research developments related to natural-source green corrosion inhibitors.
2. Chemistry Behind Green Corrosion Inhibition

Green inhibitors typically function by adsorption on metal surfaces. Their
chemical constituents contain:

[1-electrons (aromatic rings, unsaturated bonds) Lone pairs on oxygen,
nitrogen, sulfur atoms (in alkaloids, amino acids)

Polar functional groups (-OH, -COOH, -NHZ2), Tannins and polyphenols,
which form coordination complexes with metal ions

These chemical groups allow natural molecules to interact with metal
surfaces through physisorption, chemisorption, or mixed adsorption
mechanisms, forming a thin protective barrier that reduces oxidation and
dissolution of metal ions.
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3. Mechanism of Action
Green corrosion inhibitors follow multiple protection pathways:
3.1. Physical Barrier Formation

Organic molecules from plant extracts adsorb onto metal surfaces and
create a compact hydrophobic film, blocking electrolyte access and oxygen
penetration.

3.2. Complex Formation with Metal lons

Polyphenols, tannins, and amino acids form stable chelate complexes with
Fe2+ or Fe3+ ions on steel surfaces, reducing their reactivity.

3.3. Surface Charge Modification

Adsorption of natural molecules alters the surface energy and
electrochemical potential, making the metal less susceptible to corrosion
reactions.

3.4. Antioxidant Action

Many plant molecules possess antioxidant properties that neutralize free
radicals, reducing oxidative corrosion pathways.

4. Plant-Based Natural Corrosion Inhibitors

Plants are the most widely explored source of green inhibitors due to their
rich secondary metabolites.

4.1. Leaf Extracts
Leaves contain high amounts of flavonoids, glycosides, and phenolic acids.
Examples:

Azadirachta indica (Neem) contains azadirachtin and nimbin. rich in
anthocyanins and tannins.

Lawsonia inermis (Henna) contains lawsone, a quinone molecule.

These compounds adsorb effectively on mild steel and aluminum,
providing 80-95% inhibition efficiency in acidic media.

4.2. Seed and Fruit Extracts

Seeds contain oils, proteins, and alkaloids.

Pomegranate peel extract - rich in ellagic acid and punicalagin.
Grapefruit seeds - contain limonoids and polyphenols.

Black pepper - contains piperine, which enhances adsorption through its
aromatic ring and nitrogen atom.

4.3. Bark and Wood Extracts

Bark is rich in tannins (excellent chelating agents).

(47)



Traiv- ghivera, weaha, e vd aofa @ Senfis afterafie qd - 16 , 31 -3, S, Heilg 30T 2023

Acacia nilotica
Terminalia arjuna
Mangrove bark extract (Rhizophora species)

Tannins offer strong chemisorption and show >90% inhibition in many
studies.

5. Natural Polymers and Biopolymers

Biopolymers are gaining attention because they form strong, uniform
protective layers on metal surfaces.

5.1. Chitosan- Derived from chitin (crustaceans), containing amine
groups. Forms chelate layers on iron and steel; efficiency: 80-92%.

5.2. Starch and Cellulose Derivatives

Hydroxypropyl cellulose and carboxymethyl cellulose can b-ind strongly
with metal ions. These polymers are biodegradable and non-toxic.

5.3. Proteins and Amino Acids

Amino acids like cysteine and methionine contain sulfur and nitrogen,
enhancing adsorption.

6. Microbial and Algal Corrosion Inhibitors
6.1. Algal Extracts
Marine algae contain polysaccharides and polyphenols.

Brown algae (Sargassum sp.) provide phlorotannins that inhibit iron
corrosion in saline environments.

6.2. Bacterial Biopolymers

Some bacteria produce natural polymers (like EPS - extracellular polymeric
substances) that act as surface-protective agents.

7. Agro-Waste as Corrosion Inhibitors

Utilizing agricultural waste aligns with green chemistry principles.
Examples:

Banana peels

Tea waste

Rice husk extract

Groundnut shells

These waste materials contain tannins, flavonoids, and lignin that act as
natural inhibitors.
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8. Factors Influencing Efficiency
The performance of natural inhibitors depends on:

Extract concentration Higher concentration generally increases protection
up to an optimal limit.

Temperature - Higher temperatures may cause desorption, reducing
effectiveness.

Solvent used for extraction Ethanol extracts usually show higher efficiency
than water extracts.

Metal type and surface condition Smooth surfaces allow stronger
adsorption.

pH and corrosive medium Acidic solutions require stronger inhibitor
concentrations.

9. Advantages of Natural Corrosion Inhibitors
Eco-friendly and biodegradable

Low cost and easily available

High inhibition efficiency (70-97%)

Non-toxic and safe for industrial applications

Renewable and sustainable

Minimal environmental impact compared to synthetic inhibitors
10. Limitations and Challenges

Complex composition of plant extracts may cause variable results
Less stable under extreme temperature conditions

Large-scale extraction andstandardization are required

Need for long-term durability studies. Modern research focuses on
nanomaodification, synergistic blends, and green solvent extraction to overcome
these challenges.

Conclusion

Green corrosion inhibitors derived from natural sources present a
promising, sustainable alternative to toxic synthetic inhibitors. Their rich chemical
composition, eco-friendly nature, and high efficiency make them ideal for
industrial applications ranging from structural steel protection to oil and gas
pipelines. While challenges such as standardization and long-term stability
remain, ongoing research is rapidly improving their applicability.

The shift toward natural inhibitors aligns with green chemistry, sustainable
materials engineering, and global environmental safety goals. As industries move

(49)



Traiv- ghivera, weaha, e vd aofa @ Senfis afterafie qd - 16 , 31 -3, ¢, FeA8, 300 2023

toward cleaner technologies, green inhibitors will continue to play a major role
in corrosion control.
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