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ABSTRACT

The importance of steel protection against corrosionin acidic solutionsis
increased sinceiron material sarethe commonly exposed metalsinindustrial
environments. This review highlights the application of Schiff bases and
their metal complexes as potential corrosion inhibitors and the factors
© 2013 Trade Sciencelnc. - INDIA

govern their use.

INTRODUCTION

Corrosionisan afflicting problem associated with
every use of metals. The damageby corrosion results
inhighly cost for maintenance and protection of materi-
asused. Itisacongtant and continuous problem, often
difficult to eliminatecompl etely because M etalsgener-
aly tendtomovetoitsorigina state by corrosion pro-
cess. Preventionwould be morepractica and achiev-
ablethan -complete elimination!*¥. Amongthesevera
methods of corrosion control and prevention, theuse
of corrosioninhibitorsisvery popular.

Metd sarewiddy used asthe constructiona mate-
rial inmost of themgor industriesparticularly infood,
petroleum, power production, chemical and electro-
chemica industries, especialy stedl duetoitsexcdlent
mechanical propertiesand low cost. Themajor prob-
lemof stedl isitsdissolutioninacidicmedia Corrosion
of metalsand sted in acidic agqueous solutionsisone of
themgor areasof concernin many industrieswherein
acidsarewidely used for gpplicationssuchasacid pick-
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ling, aciddeaning, acid descding, and oil well acidizing.
Because of genera aggressivenessof acid solution, the
materiasof construction arebeing corroded easily.
Itisvery important to add corrosioninhibitorsto
prevent metal dissolution and minimizeacid consump-
tion14, Most well known acid inhibitorsare organic
compounds contai ning nitrogen, sulfur and oxygen a-
oms. Theinhibiting action exercised by organic com-
pounds on the dissolution of metallic speciesisnor-
mally related to interactions by adsorption between the
inhibitorsand themeta surface. Thegood inhibitor has
many advantagessuch ashighinhibition efficiency, low
price, low toxicity and easy productioni314,
Corrosoninhibitorsare compoundswhich control,
reduce or prevent reactions between metalsand cor-
rosvemedia. Many efficient organicinhibitorshave -
bondsintheir Sructuresaswell asheteroatomssuch as
nitrogen, oxygen and sul phur. Among those are Schiff
bases and their metal complexes. Lone pair of elec-
trons on nitrogen in acompound hasbeen reported to
render acompound an efficient corrosion inhibitor for
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metasand alloys. Inacidic environment, organic com-
poundswith more than one heteroatom containing -
electronsexhibit highinhibiting propertiesby providing
electronsto interact with metal surface. Other factors
including thes ze of themol ecul e, theenvironment and
nature of the metal, experimenta parameterssuch as
inhibitor concentration, molecul ar structureand nature
of thesubstituentsin themoleculeitsalf should dso be
considered.

Schiff bases can act as Lewis bases by donating
their lone pair(s) of electrons aswell as any n-elec-
tronsto themetal. Adsorption of Schiff basesonthe
metd surfacewill then protect and cover themetd from
corrosiveenvironment and henceinhibit corrosion.

Schiff basesascorrosion inhibitorsfor steels

Asarepresentative type of these organicinhibi-
tors, imidazoline derivativesand their quaternary am-
monium salts. Inhibition of these organic compoundsis
attributed to the interaction of mild steel surfaceand
inhibitor moleculesviatheir adsorption on the metal
surface. Inhibitor adsorptionisinfluenced by:

(a) Natureand surface charge onthe metal

(b) Typeof aggressvemedia

(c) Natureof interaction with meta surface

(d) Presence of heteroatoms such as nitrogen, oxygen
phosphorousand sul phur.

(e) Multiplebondsand aromatic rings

N.A Negm and coworkers™ investigatesthe cor-
rosion inhibition properties of two quaternary
isoxazolium Schiff basesagainst hydrochloricacid me-
diausing gravimetric, polarization and ectrochemicd
impedance measurements. Resultsindicatethat thecor-
rosion of carbon steel in 0.5M HCl solutionsissignifi-
cantly reduced upon the addition of the cationic
isoxazolium Schiff baseinhibitors. Theinhibition effi-
ciency increased withincreasing concentration and the
akyl chainlength of theinhibitor. The potentiodynamic
pol arization resultsshow that thetestedinhibitorsacted
asamixed-typeinhibitorsand effectively suppressboth
anodic and cathodic processes through the adsorption
on carbon steel surface.

Electrochemica impedance spectroscopy showed
theformation of high capacity doublelayer actsasca-
pacitor at themeta surface. Dataobtained from weight
lossand dectrochemi cd measurements showed that the

@Wu'c CHEMISTRY co—

compounds have goodinhibiting propertiesfor carbon
sted in0.5M HCI solution.

A. Yurt(*® and coworkersstudiestheinhibition ac-
tivities on a series of Schiff bases containing
hereroaromatic substituents. The compounds act as
anodicinhibitorsandthevariaionininhibitiveefficency
mainly dependson thetype and nature of the substitu-
entspresent intheinhibitor molecule.

Heteroatoms such asnitrogen, oxygen and sul phur
are capable of forming coordinate covalent bond with
meta owingtotheir freeeectron pairsand thusacting
asinhibitors. Compoundswith n-bondsaso generaly
exhibit good inhibitive propertiesduetointeraction of
n-orbital with metal surface. Schiff bases with RC=NR'
asgenerd formulahaveboth thefeaturescombined with
ther structurewhich may thengiverise particularly po-
tentid inhibitors,

Inthestudy, polarization measurements showed that
all tested Schiff bases causes adecreasein the corro-
sion current and shifting of corrosion potentialsto noble
directioninsuchaway that theinhibition beunder an-
odic control.

Inhibition efficiency of the Schiff bases decrease
withtemperatureand its decreaseleadsto increase ac-
tivation energy of the corrosion process. Impedance
measurementsat E_ showed acapacitiveloop related
to didectric propertiesof the surfacefilm.

Increasing the chargetransfer resistance, R, values
of inhibitor withincreasein the concentration of Schiff
basesshowsthat inhibitiveabilitiesof inhibitorsdepends
on the adsorption of moleculeon meta surface. The
adsorption of Schiff baseson carbon sted in0.1M HCI
solution obeys Temkin’s adsorption isotherm.

Four types of adsorption may take place by or-
ganic moleculesa metd/solutioninterface. (1) Electro-
static attraction between the charged moleculesand
charged metal. (2) Interaction of uncharged electron
pairsinthemoleculewiththemetd. (3) Interaction of
n-electronswiththemetal. (4) Combination of (1) and
(3. Inacidic solutioniminegroup aswell asnitrogen
atomsin heteroaromeatic ring can be protonated. Physi-
cal adsorption may take place dueto el ectrostaticin-
teraction between protonated formsof Schiff basesand
(FeCl"),,, species. Coordinate coval ent bond forma-
tion between el ectron pairsof unprotonated Satomsin
heteroaromatic ring and metal surface cantake place.
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Chemisorption of Schiff basesduetointeraction of their
n-orbitals with metal surface occurs following
deprotoni sation step of the physically adsorbed proto-
nated formsof Schiff bases. Thedifferencein protec-
tion action can beattributed to the presence of different
substituentsto azomethine (—C=N-) group. Presence
of electron rel easing wt-el ectron excessring causesin-
creaseof eectron density of —C=N- group which gives
a better protective action of steel surface. The tem-
perature effect over therange 20 - 60°C illustrate that
theinhibition efficiency werefound to decrease astem-
peratureswereincreased. A decreaseininhibition effi-
ciencieswiththeincreaseintemperaturemight bedue
to weakening of physica adsorption. Physical adsorp-
tionininhibition of corrosion of carbon stedl inacidic
solutionissmall but important becauseit ispreceding
stage of chemi sorption of Schiff baseson carbon sted.

Aysal Yurt and co-workersin 2010 examined the
effect of three Schiff bases derived from
phenoxypropanes on the corrosion of mild steel in
HCI 8, Electrochemical measurement show that inhi-
bition efficienciesincreasewithincreaseininhibitor con-
centration. Thisimpliesthat inhibition action of inhibi-
torswere mainly dueto adsorption on steel surface.
Theadsorbed mol eculesmechanicaly screenthecoated
part of themetd surfacefrom theaction of thecorrodent.
Additiondly, cd culated quantum chemica parameters
indicatethat Schiff bases adsorbed on sted surface by
chemicd mechaniam.

S. Bilgicand N. Caliskan studied theeffect of two
Schiff basesN-(1-toluidine)salicylddimineand N-(2-
hydroxyphenyl)sdicylddimineon chromium-nicke sted
insulphuric acid medid®?. The differencein the ad-
sorption behaviour of thetwo Schiff bases can beten-
tatively attributed to the structures of these molecules.
Supposing these mol ecul es are attached to the solid
surfacethrough coordination bondsformed by thedec-
tron-donating N or O atoms, N-(1-toluidine)
sdlicylaldimine might be attached to the surface with
onesiteleavingtheother donor atom freetoforminter-
molecular hydrogen bondswith the moleculesof the
second layer. However, the Schiff base N-(2-
hydroxyphenyl) sdlicyla diminehastwo closdly-spaced
OH groups that may well be used in forming an in-
tramolecular hydrogen bond, in which case only the
C=N group would beavailableto link themoleculeto
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thesurface. Inthiscircumstance multilayer adsorption
would beunlikely and obedienceto the Langmuir iso-
therm becomes reasonabl e. Chemi sorption involves
charge sharing or charge transfer from the inhibitor
mol ecul esto the surface to form acoordination bond.
Infact, eectrontransfer istypical for transtion metals
having vacant, low-energy electron orbitals. Electron
transfer can be expected with compoundshavingrela-
tively loosely bound electrong??. The number of -
eectronsinthesystemisthenlikely tobethedetermin-
ing factor inthe adsorption process. Ironiswell known
for itscoordination affinity to nitrogen and oxygen beer-
ing ligandg?+%, Thereforeadsorption on sted may aso
beattributed to coordination through phenolic OH and
C=N groups. Efficient adsorption of theinhibitor mol-
ecules may be either due to = -electrons of the aro-
matic system or e ectronegative donor atoms, N and
O. Theinhibition efficienciesof both Schiff basesshow
amost the same pattern. Thisisexpected, takinginto
account thesimilar structuresof thetwo molecules.
Chloride-substituted salicya damine Schiff bases
wereinvestigated for their inhibiting propertiesfor sted
by Kaan C and coworkers?¥. It wasfound that when
theconcentrationsof theinhibitorswereincreased, the
inhibitor efficiencieswerea so increased with increaes-
ing surface coverage. Thissuggeststhat themolecules
may first be chemically adsorbed on the surface and
cover somesites of the electrode surface, then prob-
ably formmonomolecular layers, onwhichtheinsoluble
product (by forming acomplex) of theironionsform
and theinhibitor grows, thereby protecting these sites
from atack by chlorideions. Theortho-> para- >meta-
relaionshipintermsof inhibitor efficiency isduetothe
complexation and coordination effect. Whenan elec-
tron donor group, suchasaCl-ion, issubstitutedinthe
ortho-position, the Schiff basetendsto behavelikea
tridentateligandintheform ONCI, whichradicaly in-
creasesthecomplex formation constant. Iron (I1) inthis
casetendsto formacomplex with thetridentateligand
in octahedral coordination®28, Thusthe main factor
affecting theinhibition characteristicsof 2Cl-Risthe
tridentate ligand which tends to form amononucl ear
tridentate Fe (1) complex. Apart fromthis, the ortho-
positionisclosest to the C= N group. The presence of
the electron donating group in thisposition increases
thedectron dengity on thenitrogen of theC=N group®”.
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On the other hand the para-positionissimilar to the
ortho-position through resonance but isfurther away
from the C= N group. The ligand tends to form a
didentate structureintheform ON. Inthis caserather
than formation of atridentate complex adidentate com-
plex resultsand themain factor affecting theinhibition
efficiency isthebasicity of thecomplex aone.

The meta-position hasno effect through resonance
and showsthelowest inhibition adthoughittoo canform
adidentate structure.

S. Chitraand coworkerswork on four dianaline
Schiff bases?. Their inhibiting action on corrosion of
mild steel in 1M sulphuric acid at 30°C was investi-
gated by various corrosion monitoring techniques. A
preliminary screening of theinhibition efficiency was
carried out using weight loss measurements.
Potenti odynamic pol arization studies showed that the
Schiff baseswere mixed typeinhibitors. The effect of
temperature on the corrosion behaviour of mild sted in
1M sul phuric acid with the addition of the Schiff bases
was studiedin the temperature range from 40-60°C.
Theadsorption of these compoundsonamild sted sur-
facefrom sul phuric acid obeyed the Langmuir adsorp-
tionisotherm. Thedecreaseininhibition efficiency with
increasein temperature and thelessnegative AG®_
values suggest predominant phys sorption of the Schiff
base molecul es on the steel surface. Weight loss data
reveal that thelossinweight of mild steel specimens
decreaseswith increasinginhibitor concentration. Hence
for thefour inhibitorstheinhibition efficiency (IE) in-
creaseswith theincreasein concentration. Inrelation
to temperature dependence, it wasfound that theweight
lossincreased linearly withtheincrease of temperature
intheabsence andinthepresence of inhibitors.

Theinhibitor efficiency wasa so determinedfor the
dianiline Schiff basesusing gasometric method fromthe
volume of gascollected in the absence and presence of
inhibitorsat 30+1°C for the corrosion of mild steel in
1M sulphuric acid. The volume of gas collected de-
creased with theaddition of inhibitors. Therate of ca-
thodi ¢ hydrogen evol utionreaction duetotheincreased
leve of inhibitionleadsto thedecreaseinthevolumeof
hydrogen gasevolved suggesting that theinhibitor effi-
ciency increaseswithincreasein the concentration of
theinhibitorssmilar toweight lossmethod.

M. N. Desai and hiscoworkers studied the corro-
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sioninhibition of seven different Schiff basesderived
principally from benzaldehyde, anisaldehyde,
sdlicya dehydeand cinnamica dehyde® in 1- 6M HCI
mediaagainst mild steel. The Schiff baseshave been
foundto bevery effectiveinhibitorsfor thecorrosion of
mild steel in HC1 solutions. In genera the protective
action of theinhibitor improveswith anincreaseinin-
hibitor concentration and with anincreasein HC1 con-
centration. All these compounds seemto function as
inhibitors by being adsorbed on metal surface. They
obey the Freundlich adsorptionisotherm.

Theactivation energies of the Schiff basesstudied
arelessthan thosein uninhibited acid, indicating that
theefficiency of theseinhibitorsimproveswithanin-
creaseintemperature.

All the compoundsreduce cathodic current needed
for the protection of themetal. It isinterestingto note
that in many casesthe efficiency of theinhibitorsare
identical intheabsenceof externd cathodic current but
inthe presence of impressed cathodic current the ad-
sorption characteristics of one of the substancesim-
proves, so that the protective current isreduced.

Schiff base complexesascorrosion inhibitors

Relatively few studieson Schiff basemetal com-
plexesascorrosioninhibitors appear intheliterature.
A. M.Abdel Gaber and coworkersreportsthe effect
of the Schiff base N,N’-bis (salicylaldehyde)-1,3-
diaminopropane (Salpr) and its corresponding cobalt
complex on the corrosion behavior of steel in 1M
sulphuric acid solution™, Resulltsreved that theremight
benon-ideal behaviour in the adsorption processes of
Co (Sdpr) complex onthested surface. The Co(Sapr)
could displace more water moleculesfrom the steel
surface than the corresponding Salpr. The bulky
Co(Salpr) molecule could cover morethan oneactive
site. If the adsorption processinvolvesoverlap of oc-
cupied ligand non-bonding orbital with meta empty in-
ner d or f orbital, acoordinate type bond formed and
the processistermed chemisorption®l. Thissituation
can arisein caseswheretheinhibitor moleculescontain
lone pairsof electrons, multiple bonds, or conjugated
n-type bond system(s>-34,

Onthe other hand, some organicinhibitors could
react with metal ionsresulting fromthe corrosion pro-
cessto form ana ogous compl exes spontaneoudy that
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may decrease or increasethe corrosion rate. Thein-
hibitive effect of Salpr and Co(Sa pr) wasattributed to
the adsorption over the metal surfaceviathefreead-
sorption centersin the molecule. The higher binding
(equilibrium) constant value of Co(Sdpr) complexin-
dicated that it ismore efficient inhibitor than the corre-
gponding Schiff base. Itisworthwhiletoinvestigatethe
stability of Co(Salpr) complex inthetest solution be-
fore studying itseffect on the corrosion behaviour of
mild sted. Thestability of Co(Sa pr) complex at 20°C
wasstudied using spectrophotometry techniqueinwhich
the UV—visible absorption spectra was measured for
the complex in absol ute ethanol and intest solution (1
M sulphuric acid containing 10% (v/v) ethanal), there-
sultant curveswere thereafter compared to that of al-
coholic Sapr solution. Theco-complexisof smilar trend
in both ethanol and sulphuric acid solutionsinwhich a
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shoulder appear a 219 nmfollowed by adistinct band
at 251 256 nm and another broad band at 379 nm.
The complex-acid solution bandshavelower intensity
than the complex-al coholic solution that may beattrib-
uted to apartia hydrolysisof the complex insuch me-
dia. The absorption bands of the Salpr appeared at
215, 258, and 332 nm. Thedifferencein the absorp-
tion behaviour for the Sa pr and its corresponding com-
plex confirmsthe stability of Co(Sa pr) complex inthe
acid solution. The potentiodynamic pol arization curves
and Nyquist plotsfor sted in 1.0 M sulphuric acid so-
|ution containing different concentrationsof Co(Sapr)
at 20 °C gave the same characteristics that have been
discussed inthe presence of Salpr suggesting that the
Co(Sapr) could beclassified as cathodic typeinhibitor
and the dissolution process occurs under activation
control.

TABLE1

No. Compound Media Metal Reference No.
1 2-aminoisoxazole Schiff base derivatives HClI  Carbon steel 1
2 Thiophene and Benzothiazole derivatives HCl  Carbon steel 2
3 Phenoxypropane Sciff bases HCl  Mild steel 4
4 Salicylaldimine Schiff bases H»SO, Chromium-nickel steel 5
5 Salicyadamine Schiff bases HCl  Steel 10
6 Dianiline Schiff bases H,SO, Mild steel 14
7 Benzadehyde, anisaldehyde, salicyaldehyde and cinnamicaldehyde Schiff bases HClI  Mild steel 15
8 Benzylidene and Salicylidine Schiff bases HCl  Aluminum 16
9 N,N’-bis (salicylaldehyde)-1,3-diaminopropane H,SO, Steel 20
10 N,N'-bis (salicylaldehyde)-1,3-diaminopropane cobalt complex H,SO, Steel 20
11 ACBAI and its metal complexes HNO; Mild steel 25

2-((pyridin-2-ylimino)methyl)phenol,
12 2-((hexadecylimino) methyl)phenol, HCl  Carbon sted 37

2-((4hydroxyphenylimino) methyl)phenol, and
1-(4-(2 hydroxy benzylidene amino) phenyl)ethanone

Surgj B. Ade and coworkers studiesthe effect of
the Schiff base 4-Chloro-2-(2-oxo-1, 2-dihydroindol-
3-ylideneamino)-benzoic acid (ACBAI) and their Cd
(I, Ti (1V), Zr (IV) and Hg (1) metal complexeson
mild steel in 0.1N HNO, acid solutionsusing weight
lossmethod™!. The study reveal sthat the compounds
haveinhibition propertiesdueto adsorptionto themeta
surface, thusacting asblanket preventingmild sted from
coming into contact with theacidic corrosiveenviron-
ment. Theresultsof percentageinhibition efficiency in-
dicatethat [Cd(I1) ACBAI] complex isagood inhibi-
tor. [Ti(IV) ACBAI], [Zr(IV) ACBAI], and [Hg(Il)

ACBAI] complexeshavelessinhibition efficiency.
However, studies about the effect of metal com-
plexesascorrosioninhibitor for stedl in acid solution
appearedintheliterature are extremely limited®37,
Thetablebe ow summarizesthereviewedwork in
terms of compounds, mediaand themetalsstudied

CONCLUSIONS

1 Thisreview highlightstheapplication of Schiff bases
and their metal complexesas potential corrosion
inhibitorsfor stedl, and thefactorsgoverntheir use.
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Most of Schiff’s base reported here act as good
corrosioninhibitorsfor sted inacidicmedia
Thecorroson inhibition efficiency depend onthe
corrosive medium, acid type, acid concentration,
PH, type of inhibitors used, and their interaction
withthemetd.

Theuseof Schiff’s base metal complexes as Cor-
rosioninhibitorsfor metalsarelimited and are of
red promise.
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