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INHIBITORS FOR PREVENTION OF CORROSION OF METALS

IN SEA WATER — AN OVERVIEW

M. Manivannan®*, S, Rajendranl®¢l and A. Suriya Prabhald
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An accepted practice is the use of inhibitors in the corrosion control of metals and its alloys which are in contact with any aggressive
medium such as sea water. Inorganic and organic compounds have been studied for their corrosion control potential; these studies reveal
that the inhibitors especially with the polar atoms such as P, N, S and O showed excellent inhibition efficiency (IE). The inhibitors adsorbed
on the metal surface through the polar atoms; protective films are formed. The protective films have been analyzed by surface
characterization studies such as UV, fluorescence spectra, FTIR, SEM, EDX, Raman spectroscopy, Auger electron spectroscopy, XRD,
XPS and AFM. Adsorption of the inhibitors obeys various adsorption isotherms. The IE has been investigated by electrochemical studies
such as polarization, impedance spectroscopy, open circuit potential and cyclic voltammetry, etc. The conclusion of this article gives vivid
account of both inorganic and organic compounds which are used as corrosion inhibitors for various metals and its alloys in

natural/artificial sea water medium.
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Introduction

Corrosion is a natural, spontaneous and thermo-
dynamically favourable process. It can be controlled, but it
cannot be prevented completely. It means corrosion
mitigation and control methods shall be properly selected to
meet the specific environment and operational condition.
Depending upon the metal/environment combinations,
different types of inhibitors are used in suitable
concentrations. The use of inhibitors is an important method
of protecting materials against corrosion.

Sea water is the well known aggressive medium
containing high chloride ions causing severe corrosion
problems. Various inorganic and organic compounds have
been tried and reported as inhibitors for metals and its alloys
in neutral chloride medium. The inhibitors contain hetero-
atoms such as P, N, S and O coordinate with the corroding
metal ions, through their electrons and hence protective
films are formed on the metal surface so that corrosion is
prevented.!-116

Inhibitors

Both inorganiC CompOUndsl4’ 16, 17, 21, 24, 32, 38, 55, 60, 63, 74, 76, 80,
81,95, 100, 101, 110 - and organic compounds — naturally available
5, 22, 62, 88, 89, 113, 116 and synthesized Compoundsl-4, 6-13, 15, 18-20,

23, 25-31, 33-37, 39-54, 56-59, 61, 64-73, 75, 77-79, 82-87, 90-94, 96-99, 102-109, 111, 112,

114,115 have been used to control the corrosion of various
metals and its alloys in natural/artificial sea water medium.
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Metals

The inhibitors have been used to control the corrosion of
various metals such as Fe,12 18 24.27,38,71,73,98,100 carhon steel,
2,3,5,8, 13, 15, 23, 32, 40-43, 54, 55, 58, 62, 63, 67, 70, 74-76, 86, 96, 99, 110, 112, 113,

115 mild Steel,l' 4, 35, 44, 45,57, 61, 72, 106 stainless Stee|79, 80, 83, 85’ Al
and its a"OyS 9, 10, 14, 16, 21, 37, 56, 60, 66, 69, 95, 101, 103, 107, 111 Zn and

itS a“oyS 17,77 Cu and |tS alloySG, 7,11, 19, 20, 22, 24-26, 28-30, 33, 34, 36,
39, 46-53, 59, 64, 65, 68, 73, 78, 81, 82, 84, 87-94, 97, 102, 104, 105, 108, 109, 114, 116
and Ni and its alloys?* %' in natural/artificial sea water
medium.

Medium

The inhibition efficiency (IE) of various inhibitors, in
controlling corrosion of metals and its alloys in natural sea
water mediuml, 2,5, 6,21, 27, 34, 35, 62, 67, 69, 70, 77, 80, 81, 88-90, 101, 103,
104 and artificial sea water medium? 4 7-20. 22:33, 36-61, 63-66, 68, 71-
76,78, 79, 82-87, 91-100, 102, 105-116 have been studied.

Additives

Along with the inhibitors, substances like EDTA 1, AP
and MgZ+ 37 Ca2+ 3, 427 Zn2+ 4,13,15,2358, 71, 72’ thiosulphate 87
docosanol **, KI 4, sodium benzoate *, oxalic acid “°,
sulphides %2, carbon black %, Ni?* %8, cysteine 1 and SiO, *°
have been used to enhance the corrosion inhibition process.
Moreover, ammonia,?®1% ethanol,?® 53 7> 8 dijlute NaOH,*?
toluene®® and acetic acid®® have been employed as solvent
for the dissolution of inhibitors.

Temperature

The IE of various inhibitors have been evaluated at room
temperature,1'38’ 40, 41, 43-62, 64-71, 73-87, 89-98, 100-116 and also at
higher temperatures 3% 42. 63, 72,81, 88, 95,99
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pH

The IE of various inhibitors have been evaluated at neutral
H 1-39, 41, 53-86, 88-93, 96, 98, 99, 101-108, 110-112, 114-116 and also at pH

4.0,40956.8526.0,8919 65 7.0and 9.0,° 8.0 and 4.6113,
Methods

Various methods have been used to evaluate the IE of
inhibitors. Usually, weight loss method,® 2 5 6 8 10, 13-15, 19-21,
28, 29, 34, 39, 46, 49, 50, 52, 54, 62-64, 68, 71, 72, 80, 83, 85, 90, 92, 94, 111, 116 H

variation, 3 46.49.1% potentiodynamic polarization,®10. 12 4. 17-
26, 28-31, 33-37, 39-42, 45-50, 52-56, 58-76, 79, 81, 83, 85-87, 91-99, 101-105, 108-116

electrochemical impedance spectroscopy,5 7 10-12. 14,20, 22,23, 26,

28-33, 35-38, 40-42, 44-48, 50, 52, 54, 56-62, 64, 66, 67, 69, 70, 73, 74-76, 78, 82, 86, 87,
91-99, 102-107, 109, 110, 112-116 open circuit potential,24' 37, 38, 56, 63, 73,

7898, 115 chronoamperometry,3” 19 inductively coupled
plasma atomic  emission  spectroscopy,®>%*  cyclic
voltammetry,” % 2129, 3L, 37,53, 55,77 glectrochemical frequency
modulation,®* %% 4 quartz crystal analysis,®” 52 68 molecular

stimulation,®® 14 gravimetry,®’ thermogravimetric analysis,*

8 stalagmometry,’” electrochemical noise analysis,* 16 9
electron probe microanalysis,*” 1! coupling test,®, kinetic
model technique,?” capillary gas chromatography,® growth
curve method,!and scanning vibrating electrode technique®
have been employed.

Adsorption isotherms

The adsorption behaviour of the atoms/ingredients present
in the inhibitor over the metal surface has been investigated
and the type of adsorption isotherm such as Langmuir
adsorption isotherm,z’ 5, 10, 12, 34, 35, 52, 59, 64, 66, 68, 73, 88, 89, 104
Freundlich adsorption isotherm,® Frumkin adsorption
isotherm,® and Temkin adsorption isotherm,® 8 have been
proposed, and it is supported by various thermodynamic
parameters such as changes in free energy, enthalpy and
entropy.

Surface analysis

The protective films formed on metal surface, during the
process of corrosion protection of metals by inhibitors, have
been analyzed by various surface morphological studies
such as UV-visible spectroscopy,l® 2. 62 8. 8, 8, 94

fluorescence spectroscopy,* % 1> Raman spectroscopy,®® ™,
FTIR 7,13, 15, 20, 25, 28, 41, 43, 49, 53, 62, 70, 71, 86, 88, 89, 94, 104 EDX 14, 28,

39, 46, 55, 56, 70, 76, 77, 87, 102, 104, 116 XRD 2, 10, 13, 32, 51, 86, 88, 90, 95, 98,
16 Auger electron spectroscopy,® 2 7 XPS,12 17: 23, 24, 48, 55, 65,
74, 83, 85, 100, 112 ESCA 92,94 STM 12,35 SEM 10, 14, 22, 24, 28, 32, 34, 39,
46, 51, 52, 55, 56, 60, 68-70, 72, 76, 77, 84, 90, 92, 94, 95, 98, 101, 102, 104-107, 115
and AFM,30. 41, 48,53, 62, 93, 96, 112, 113 |t hag heen observed that
the protective film consists of the metal-inhibitor complex at
the anodic sites of metal surface and in some cases, Zn(OH).
is deposited on the cathodic sites of the metal surface, if
Zn?* is used along with the inhibitor.

Plant and animal materials

Extracts of various parts of the plants such as leaves,3
flowers®? and seeds,?> ® and animal products such as
honey,® protein'®® and fungicides''® have been used as
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corrosion inhibitors since they are eco-friendly, non-toxic,
bio-degradable and cost effective.

Solvents

Solvents such as water® 22 6289 and ethanol,® have been
used to extract the ingredients present in plant and animal
products.

A list of various inhibitors that have been used as
corrosion inhibitors for sea water is given in Table 1.

Conclusion

This review paper will be useful to a researcher who
would like to select inhibitors to control corrosion of metals
and its alloys in sea water. Especially this will be useful,
when sea water is used in cooling water system.
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