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ABSTRACT

Dueto the extensive use of aluminum in variousfields, it is worthwhile to
review the efforts done by researchersto protect aluminum from corrosive
mediums and to investigate the corrosion inhibitors that support this goal.
This review summarizes part of the contributions made to the literature in
corrosioninhibitorsof aluminum.  © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Aluminumisoneof theworld’s most commonly used
metals. Itslightness coupled with itsstrength, conduc-
tivity, barrier propertiesand itsexcellent corrosionre-
sistance hasal beenitsmost important advantagesand
themain reasonsfor the continual growthintheusage
of duminum.

Untreated  uminum hasvery good corrosonress-
tanceinmogt environments. Thisisprimarily becaused u-
minum formsathin, but effective oxidelayer that pre-
ventsfurther oxidation. However, low or highpH vaues
(normally lessthan 4 and morethan 9) lead totheoxide
layer dissolving and consequently rgpid corrosonof au-
minum. Inorganic acidsand strong akainesolutionsare
thusvery corrosivefor aluminum. Acidic solutionsare
used for pickling, chemica and e ectrochemica etching
of duminium. Therefore, inhibition of duminium corro-
sioninacidic mediahasagreat importance®3. One of
themost common methodsto protect metdsagaingt acid
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corrosionisthe use of organic compounds containing
functiona groups, heteroatomssuchas(P, S,N and O),
and r electrons in their structure, as inhibitorg>3,

Schiff bases could be considered as good corro-
sion inhibitors because of the presence of the C=N-
group, an electron cloud onthearomatic ring, and the
€lectronegativenitrogen, oxygen and sulphur atomsthat
may be attached to the molecul €34, Increasing popu-
larity of Schiff basesinthefield of corrosioninhibition
science based on the ease of synthesisfrom relatively
inexpensvedtarting-materid sandtheir eco-friendly or
low toxic properties®”. Thesemoleculesnormdly form
very thin and persistent adsorbed filmsthat lead to a
decreasein thecorrosion rate dueto the s owing down
of anodic, cathodic reaction or bothi®. Theefficiency
of theinhibitor dependson the environment, inwhichit
acts, the nature of the metal surface, and the structure
of inhibitor itsdif.

All chemicd structuresof thereviewed Schiff bases
aresummarizedin TABLE 1.
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TABLE 1: Schiff basecorrosioninhibitorsin hydrochloricacid solutions
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Schiff base

Type of

Type of

abbreviation Molecular structure inhibitor __aluminium metal __Reerence
H
A N_é@ Cathodic Aluminium 9
B OC—N—CHZCHZN:EO Cathodic Aluminium 9
c ONzéOOCHS Cathodic Aluminium 9
D mco@ C=N—CH,CH, N—ﬁOOCHg Cathodic Aluminium 9
CH3
C_N H gz CH,CH
Afesh 2=113 AA3102 Aluminiumaloy 13
OH
O
C=N—N—S —CH,CH,
Salesh - AA3102 aluminium aloy 13
OH
Cl
H O o
Cl-Salesh CH:=N—N—S —CH,CH3 - AA3102 aluminium aloy 13
OH
Br
H O2 o
Br-Salesh C=N—N—S —CH,CHj; - AA3102 auminium aloy 13
H
OH
HO
MP AN N%C Mixed  Alumimium 16
| H
N
H3;C =
HO
N jij\ . -
MBP | I c Br Mixed  Alumimium 16
H
N
H;C =
HO
N & jij\ . .
MCP | AN c Cl Mixed  Alumimium 16
H
N
H;C =
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: Type of
SCh'ff.ba.SE Molecular structure _Ty_pe_of aluminium Reference
abbreviation inhibitor metal

OCH3
E Mixed  Alumimium 1
N_C
OCHg
CHs

F @ : : Mixed  Alumimium 1
O

G @ : : Mixed  Aluminium 1
OCHj;

H Mixed  Aluminium 1

N=— C
sB co COOH - Aluminium )
Hs (3RS)
SB-PEG 3CO‘©7C=N4©7COO*WHZCHZO*IR ] Aluminium
anoate
Alk 3RS

n =9, 45 and 68 ethylene oxide units
R = decanoate, hexadecanoate, octadecanoate, oleate

Brng()H HO—§ »—Br
B HC:NE E \ O—/_O_\—O Cathodic Aluminium 23
C"Qfo'* HO—§ Y—ali

TC HC=

HO
< \>—OH
HC

N=—CH Cathodic Aluminium 29

ey

HO Cl
CF—4<:2——OH
D2 He=N o N=CH Cathodic Aluminium 29

;
3
;

Cathodic Aluminium 23

D1

;
S

e, Onganic CHEMISTRY
Au Tudian Yournal




274

Schiff s bases and their metal complexes as corrosion inhibitors for aluminum

OCAIJ, 10(7) 2014

Mieroreview ==

Schiff base Molecular structure Typeof 1ypeot Reference
abbreviation inhibitor aluminium metal
HO Br
Br4Q70H
D3 N—CH Cathodic  Aluminium 29
HC=N_ O Q
ainals'
Cl
0-CANB Mixed Al-Pure 31
C—N
H
HO
APh-CI Cathodic Aluminium alloy 32
Cl C—N
H
HO
APh-OCH3 Cathodic  Aluminium alloy 32

H

SCHIFFBASESASCORROSION INHIBI-
TORSFORALUMINUM

Gamal K. Gommaand MostafaH. Wahdan stud-
ied theinhibition efficiency of the Schiff basesA (aniline,
N benzylidene) derived from benza dehydeand aniline,
a second compound B (ethylenediamine, N,N’-
dibenzylidene) derived from benzal dehyde and ethyl-
enediamine, a third C (aniline, N-(p-
methoxybenzylidene) derived from anisaldehyde and
aniline, and afourth compound D (ethylenediamine,
N,N-di-p-methoxybenzylidene) derived from
anisadehydeand ethylenediaming® ascorrasioninhibi-
torsfor duminiuminhydrochloricacid solution. Their
results show that the efficiency of all the compounds
increaseswithincreasinginhibitor concentration. Addi-
tion of each compound shiftsthe corrosion potential in
the negativedirection; inwhich it hasbeen moreevi-
dent at higher concentrations. Thismeansthat thein-
hibitorsused are considered to be cathodic inhibitors.
The efficiencies of the compounds used were cal cu-
lated from gravimetric data. Studies on the effect of
temperature ranging from 30-50 °C reveal that the in-
hibition efficienciesof al the compoundswerefound

@Wu'c CHEMISTRY —

toincreasewithincreasingtemperature. Suchinhibitors
areof practica interest whereretardation of corrosion
at elevated temperatures is desired. According to
Machul*9, thekinetics of such corrosion process ac-
quiresthe character of adiffusion process, inwhich at
higher temperaturethe quantity of inhibitor present at
themeta surfaceisgreater thanthat at |lower tempera-
tures. It was suggested™ that the enhancement of the
inhibition efficiency at higher temperaturesmay bedue
tothehigher activation energy availablefor adsorption,
andthehigher rate of diffusion of inhibitor molecules.

Singh et a.[*2 consider that with increasing tem-
perature somechemical changesoccur intheinhibitor
mol ecules, |eading to anincrement in the e ectron den-
Stiesat the adsorption centersof themolecule, causing
animprovement intheinhibitor efficiency.

Owingtotheacidity of themedium, thebasic com-
pounds cannot remainin solution asfree bases, and it
may therefore be assumed that at |east inthefirst few
moments of contact between the metal and the solu-
tion, they exist at theinterfacein the cationic form, at-
tached to theanodic points; itisalso possiblethat the
akalinity produced at the cathodic Stesfavorsthefree
base, which would then be generally adsorbed on the
metal surface.
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A.Aytae, U O Zeman and M. Kabasakaloglu in-
troduced the Schiff bases 2-hydroxyacetophenoneetan
sulphonyl hydrazone, Salicyla dehyde etansul phonyl
hydrazone, 5-bromosalicylal-dehyde-
etansul phonylhydrazone and 5-chlorosdicyla dehyde-
etansul phonylhydrazone aseffective corrosioninhibi-
torsfor AA3102 aluminiumin 0.1M HCI™, Thebe-
havior of these compoundsas corrosioninhibitorswas
investigated by hydrogen evol ution and theimpedance
methods. Thehydrogen evolution tests showed that the
corrosion resistance was gresatly enhanced in presence
of inhibitors. These resultswere confirmed by theim-
pedance measurementswhereit was observed that the
effect of inhibitor addition appearsby anincreaseinthe
resistance and, adecreasein the capacity of interface.
It issuggested that their effects depend on their con-
centration and themol ecular structures. Themaximum
inhibition efficiencies were obtained for the 5-
bromosalicylal dehydetansul phonylhydrazon and 5-
chlorosdicyld de-hyde-etansul phonyl hydrazone by both
methods. Br-Saleshisthe most efficient inhibitor and
reduced the hydrogen evolution compared with other
Schiff bases. It isalso shown that the corrosion rates
decreasewith the addition of theseinhibitorscompared
with standard sol ution and the corrosion rates decrease
withincreasinginhibitor concentration. With theexcep-
tion of Afesh, theimpedance diagrams show perfect
semi-circlesindicatingabarrier layer formed onthe
surfaceand achargetransfer processmainly control-
ling the corrosion of aluminium for Salesh, Cl-Salesh
and Br-Salesh at high frequency region and aninduc-
tiveoneat low frequency region. For Afesh, samecir-
cular Nyquisticdiagramisobtai ned for high concentra-
tion. Infact the presence of these Schiff basesenhances
the value of chargetransfer resistancein 0.1M HCI
solution.

Adsorption of these Schiff bases probably occur
on bare surfacewith oxygen consumption since at the
beginning of the hydrogen evol ution measurement the
volume of the corrosion system decrease at constant
pressure. After theconsumption of dissolved oxygenin
the solution, the hydrogen evol ution beginssowly. For
maximum adsorption efficiency theremust beoptimum
concentrationsfor Schiff basesand dissolved oxygen
inacidic solution. According to the structures of these
Schiff bases convenience of complex formationisin-

= M jcroreview

creased in the order of Afesh > Salesh > Cl-Salesh
>Br-Sdeshandisinthereverse order of inhibitor effi-
ciency. In order to get a better understanding of the
electrochemical processonthemetal surface, adsorp-
tion characteristicsat room temperaturewered so stud-
ied for Salesh, Afesh, Br- Salesh and Cl-Salesh. Itis
well known that thisprocessisclosely related to the
adsorption of theinhibitorsmolecules and the adsorp-
tion depends on the molecular structure™#*S.,

Theprotection ability of these Schiff bases, isgiven
intheorder of Afesh < Salesh < Cl-Sdlesh <Br-Salesh.
Cl- Salesh and Br-Salesh arethe most effective ones,
sincethey have el ectronegativeatomsaschlorineand
bromine asa parasubstituent on phenol ring.

When aphenol has chlorine and bromine substitu-
entsin paraposition, oxygen moleculeasaradical is
tied to the hydroxyl group of benzeneringand then Cl
or Br phenolicradical isformed. Resonancein these
adsorbed phenolic radica smakes stabileradica struc-
tureand dectron barrier againgt dissolutionof duminium
atoms.

Themodg effectiveinhibitor isBr-Sdesh snceit has
higher molecul ar weight than Cl-Salesh. Dispersion
forcesassist to adsorptionin addition to other adsorp-
tionforces. Methyl group on Afesh makessteric hin-
drance on the adsorption of these mol eculeson the sur-
face.

A.Yurt, S. Ulutas, H. Dal pioneered aresearchto
Investigate the e ectrochemical and theoretica aspects
of three Schiff bases—2-[2-aza-2-(5-methyl(2
pyridly))vinyl]phenol (MP), 2-[2-aza-2-(5-methyl (2-
pyridly))vinyl]-4-bromophenol (MBP), and 2-[2-aza
2-(5-methyl (2-pyridly))vinyl]-4-chlorophenol (MCP)
—on the corrosion of aluminium in 0.1 M HCI®®, The
authorsa so used potentiodynamic and linear polariza
tion methods. It wasunderstood from pol arization curves
that the Schiff basesactsasamixed-typeinhibitors. It
isasoproposedthat thevariaionininhibition efficiency
va uesdependson thetypeof functiona groupssubsti-
tuted on benzenering. It wasfound that the presence of
bromine and chlorineatomsinthemolecular structure
of studied Schiff basesfacilitate the adsorption of mol-
eculeon auminium surface. The correlation between
theinhibition efficiencies of the Schiff basesand their
molecular structure hasbeen investigated using quan-
tum chemical parameters obtained by MNDO semi-
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empiricd SCF-MO methods. Theseresultsindicatethat
adsorption of sudied Schiff basesdependsonthecharge
dengity of adsorption centersand dipole moments.

Results a so suggest that al studied Schiff bases
can be classified asmixed typeinhibitorswith apre-
dominantly cathodic action. Inhibition efficiency values
reveal that, inhibition efficiency increaseswith anin-
creasein the concentration of additive. Thissuggests
that theinhibitor molecules are adsorbed on theAl/so-
[ution interface wheretheadsorbed mol eculesmechani-
cally screen the coated part of the metal surfacefrom
the action of the corrodent. Theincreasein inhibition
efficdency observed a higher inhibitor concentrationin-
dicatesthat moreinhibitor moleculesare adsorbed on
themeta surface, thus providing wider surface cover-
age and these compounds are acting as adsorptionin-
hibitor. Theinhibition efficiency va uesof theexamined
Schiff bases follow the order MCP > MBP > MP.
Obtained results also show that addition of all of the
examined Schiff basescausesincreasein polarization
resistance. Inhibition efficiency vauesca culated from
potenti odynamic polarisation and linear polarisation
methodswere not equal but thetrendsare almost the
same.

H. Ashassi-Sorkhabi, B. Shabani, B. Aligholipour,
and D. Saifzadeh used polarization, dectrochemica im-
pedance spectroscopy (EIS) and weight lossmeasure-
mentstechniquesto exploretheeffect of the Schiff bases
benzylidene-(2-methoxy-phenyl)-amine (E), (2
methoxy-phenyl)-(4-methyl-benzylidene)- amine (F),
(4-chloro-benzylidene)-(2 methoxy-phenyl)-amine (G)
and (4-nitro-bezylidene)-(2-methoxy-phenyl)-amine
(H) onthecorrosion of aluminumin1M HCIY, These
synthetic compounds have attracted much attention
because of their excellent inhibition efficiency. Maxi-
mum inhibition wasobtained for 0.01 M Schiff baseE.
Resultsshow that theinhibition efficiency increaseswith
decreasingintemperatureand increasing in concentra-
tion of Schiff base. Polarization curvesreved that the
used inhibitorsaremixed typeinhibitors. The surface
adsorption of the Schiff bases|eads to adecrease of
doublelayer capacitanceaswell asanincrease of po-
larizationresistance. Theinhibitor performance depends
strongly on thetype of function groups substituted on
benzenering. The adsorption of used compoundson
the a uminum surface obeysal angmuir isotherm and
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hasaphyscd mechanism.

Someresearch works' revedl that inhibition effi-
ciency of Schiff baseismuch greater than correspond-
ing aminesand ddehydes. Thismay beduetothe pres-
ence of a—C=N- group in the molecules. The authors
posited that thefirst stage of theunderlying mechanism
isthe adsorption of theinhibitorsonto the meta sur-
face. The processes of adsorption of inhibitorsarein-
fluenced by the nature and surface charge of themetd,
thechemica structureof organicinhibitors, thedistri-
bution of chargein themoleculeand thetypeof aggres-
siveédlectrolyte. Thechemisorptionsaretheprinciple
typesof interaction between organicinhibitorsand the
meta surface89, Potenti odynamic polarization curves
indicatethat all used Schiff bases have effect on both
cathodic and anodic reactions of corrosion process.
Therefore, these compounds could be classified as
mixed type (anodic/cathodic) inhibitorswith apredomi-
nantly cathodic action. According to results, theinhibi-
tion efficiency increaseswith inhibitor concentration but
decreaseswithtemperature. Increasing of inhibition ef-
ficiency withtheincrease of inhibitor concentrationin-
dicatesthat, these compoundsare acting asadsorption
inhibitor. Decreaseininhibition efficiency withincrease
intemperature can beexplain by desorption of inhibitor
moleculesonthe metd surface. By substitution of the
electron donating group such as CH,- and Cl- in the
benzenering of inhibitors, theinhibition efficiency de-
creases. Thisfact may beexplaned by the adsorption
mechanism of these compounds on thea uminum sur-
face. It appears that the physical adsorption playsa
fundamental roleininhibition process. Inacidic media
Schiff base compoundsexist intheform of protonated
species. It isassumed that Cl- anionisfirst adsorbed
onto thepositively charged metal surfaceby columbic
attraction. Then the Schiff bases can be adsorbed
through € ectrogtatic interactionsbetween the positively
charged mol ecules and the negatively charged metal
surface®. The presence of electro-donating group on
the Schiff base structure decreases positive chargeon
the protonated mol ecul e and decreasesthe adsorption
of moleculeson themetal surface. The adsorption of
these compounds is spontaneous and hasaphysical
mechanism becausedl AG_, dataarenegativeand less
than40kJmole.

Non-ionic Schiff baseamphiphiles of p-aminoben-
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zoicacidwasreported asinhibitorsof duminum (3RS)
corrosonin4N HCl by Nabel A. Negm, and Mohamed
F. Zaki?Y, The surface and corrosioninhibition activi-
tieswere correlated to the chemical structuresof the
inhibitors

Theauthorsclarify that theinhibition efficiency in-
creased by increasing the number of repeated methyl-
enegroupsin the hydrophobic chains. Schiff basepoly-
ethyleneglycol showed themaximum corrosioninhibi-
tion efficiency at 55.28%. Comparison between the
corrosion rate of the different hydrophobic chains
showed thefollowing trend: ol eate > stearate> palmi-
tate > decanoate. Thisbehavior could be attributed to
twofactors. Frg, thesurface activity of theseinhibitors
at theinterfaces. Second, thelonger hydrophobicchains
neighbored to each other can easily overlapped. That
formsacondensed nonpolar layer consistsof thealkyl
chains. Thislayer faced the polar aggressive medium,
hence good i sol ation occurred and the corrosion pro-
cess stopped. Thepresenceof coiling inthesechains
(in case of saturated chains) and/or unsaturation sites
(incaseof oleic acid derivative) enhancesthe mentioned
overlapping. That effect appearsobvioudy inthecase
of stearate and oleate derivatives (SB-2000-18 and
SB-2000-0l eate). Increasing the adsorption tendency
(intermsof adsorption free energy), directingthein-
hibitor molecul estowardsthe metal/corrosivemedium
interfacewheretheinhibitor moleculesact asabarrier;
hence corrosion process steadily decreased. Since, the
hydrogen evol ution and weight losstechniqueswere
used to assurethe accuracy and the reproducibility of
theresults, the two techniquesishighly comparable
havingvery closevaues.

Themechanism of theinhibition processes of the
corrosioninhibitorsunder cond derationwasthought to
be the adsorption one. The process of adsorptionis
governed by different parameters depend dmost onthe
chemical structure of theseinhibitors. Theadsorption
processisoccurred either physicaly or chemicdly. Itis
al so pointed out that theinhibition efficiency increased
by increasing thedoses of theused inhibitorsuntil the
maximum valuesat 100 ppm. Then, theefficiency de-
creased gradually by increasing theinhibitor concen-
trationto 200 or 400 ppm. That indicatestheformation
of neat layer of inhibitorsa themetal/solution interface
at thelower concentrations. Thedensity of thislayer
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increases by increasing the dose to 100 ppm. Thede-
creasein corrosion inhibition efficiency a higher doses
indicatesthat the adsorption isnot in successivelayers
dueto theformation of the micellesat higher concen-
trationg?. It was concluded that longer hydrophobic
chainsand shorter polyethyl ene oxide chainsincreases
thecorrosioninhibition efficienciesof thecorrosonin-
hibitors. Also, it can be said that theinhibition mecha
nismisaphysical oneand thereisacritical concentra-
tionfor theinhibitorsto producethe maximum efficiency.

Aysd Yurt, and Ozlem Aykin studied theinfluence
of diphenolic Schiff basesonthecorrosonof Al in0.1M
HCI using potentiodynamic pol arisation and el ectro-
chemica quartz crystal microbal ance measurements®.
Resultsshow that inhibition efficienciesincreasewith
increaseininhibitor concentration. Thisreved sthat the
inhibition occursthrough adsorption of theinhibitor
molecules on the metal surface. Adsorption of these
inhibitorsfollows Temkin adsorptionisotherm. Thecor-
rel ation between theinhibitor performancesand their
molecular structures hasbeen investigated using quan-
tum chemica parametersobtained by MNDO (modi-
fied neglect of diatomic overlgp) semi-empiricad method.
Cd culated quantum chemical parametersindicatethat
Schiff basesadsorbed on d uminium surfaceby chemi-
ca mechanism.

Polari zation studiesindicatethat investigated com-
pounds can bed assified ascathodicinhibitord®®), The
corrosion current densities are dependent on the con-
centrations of theinhibiting agents, and current densi-
ties decrease as concentration of the Schiff basein-
creases. Thisresult may berelated to the adsorption of
the Schiff basesat the active sitesof duminium surface,
retarding thecorrosonreaction. Theincreaseininhibi-
tion efficiency observed at higher inhibitor concentra-
tionindicatesthat moreinhibitor moleculesareadsorbed
onthemetd surfacethus providingwider surface cov-
erage and these compounds are acting as adsorption
inhibitor. In order to investigate the adsorption process
of TC and TB on theauminium surface, several ad-
sorption isothermsweretested for the description of
adsorption mechanism. Thebest fitted straight linewas
obtained for the plot of surface coverageversusnatural
logarithm of inhibitor concentration. Thissuggeststhat
the adsorption of Schiff bases on electrode surface
obeyed Temkin adsorption isotherm227,

- @W CHEMISTRY

Hn Tndéan g%wumé



278

Schiff s bases and their metal complexes as corrosion inhibitors for aluminum

OCAIJ, 10(7) 2014

Mieroreview ==

Thermodynamic adsorption parameter showsthat
the corrosioninhibition effect of thetwo tested inhibi-
torsisdueto their chemisorption onto the aluminium
surface blocking the corrosion process. Schiff bases
can be chemisorbed on the aluminium surface by the
interaction of unshared electron pairsof N and O at-
omswith the metal and by the interaction of p-elec-
tronswith the metal . Consequently, the adsorption of
inhibitorsistheresult of theformation acoordinate co-
vaent bond between N atomsand metal, and/or isdue
tothep-dectronswhich areeasly trandated to dorbita
of metd atom along to p-system. Polari sation measure-
mentsindicatethat inhibitor performanceisaffected by
molecular Sructureof inhibitor. Thevariationinthein-
hibition efficiency of investigated Schiff basesdepends
on the presenceof different electronegative substitu-
ents, such asBr and Cl atoms, in the molecular struc-
tureof TB and TC, respectively. Thisfact showsthat
adsorption ability of moleculesonto themetal surface
should berelated with e ectronegativity vauesof sub-
dituents. According to the Pauling’s scale, the electrone-
gativity vaue of Cl (3.16) is higher than that of Br
(2.96)8, Therefore, the presence Cl atomsinstead of
Br atomsinthemolecular structure of Schiff baseleads
to agreater changein thevaluesof the charge density
on imine (—C=N-) group, oxygen and also benzene
ring that arerespons blefor adsorption. Thefrequency
changeof Al electrodein acidictest solution containing
inhibitor immediately increased inthefirst minutesand
remained approximately constant thereafter. Thisisan
indication that Schiff baseswere chemically adsorbed
and remained ontheauminium surface. Additionof TB
produces better protection, against corrosion of alu-
minium, than TC. Thisfact can be dueto adifferent
packing density of inhibitor onto themetal surfaceand
also showsthat inhibitor performanceand inhibition
mechanism are affected by molecular structure. More
surfaceinformation wasdrawn from scanning e ectron
micrographs. Aluminum specimensafterimmersion 24
hin0.1M HCI suffer severe corrosion dueto the ag-
gressive attack by HCI. the specimensimmersedinthe
inhibitor solutionsarein better conditionshaving smooth
surfacescompared with that of surfaceimmersedin0.1
M HCI done. Thisindicatesthat in presenceof thein-
hibitor, therate of corrosion was suppressed and that
therewasagood protective film adsorbed on speci-
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mens’ surface, which was responsible for the inhibition
of corrosion. Thevariationin the protection action be-
tween TC and TB should be related with the slight
morphologica difference between the protectivefilms
formed from TB and from TC on the metal surface.
protectiveadsorbed layer onduminium surfaceobtained
in the presence of TC ismore porous than layer ob-
tained inthe presence of TB. Dueto the porous struc-
ture of adsorbed TC layer, it may not provide sufficient
protection against to the attack of aggressiveionsto
metal surface. Thisobservationisingood agreement
with thed ectrochemica measurements.

Theauthorseventually concludethat diphenolic
Schiff basesbehave asefficient cathodicinhibitorsfor
theacidic corroson of duminium. Their inhibition effi-
cienciestend toincreasewith increasinginhibitor con-
centration. Theinhibition action of the studied com-
poundsis mainly dueto their adsorption on the alu-
minium surface. Regarding the EQCM measurements,
the decreaseinthecorrosion rate of aluminiuminthe
presence of Schiff basesindicate that adsorbed pro-
tectivelayer formed ontheauminium surfaceisperss-
tentinthe0.1 M HCI media. Thevaluesof standard
free energy of adsorption and therel ationship between
theinhibition efficiency va uesand ca culated quantum
chemica parameterssuggest that these Schiff basescan
be adsorbed on a uminium surface by chemica mecha
nism. Chemisorption of Schiff basesinvolvessharing
electrons between the N atoms and vacant p-orbitals
of duminium.

It wasleftto Serpil Safak, Berrin Duran, Aysd Yurt,
and Gulsen Turkoglu to determinetheinhibition effi-
ciency of 1,5-big 2-(2-hydroxybenzylideneamino) phe-
noxy]-3 oxopentane (D1), 1,5-big[2-(5-chloro-2-
hydroxybenzylideneamino) phenoxy]-3 oxopentane
(D2) and 1,5-bis[2-(5-bromo- 2-
hydroxybenzylideneamino) phenoxy]-3-oxopentane
(D3) onduminium corrosionin 0.1 M HCI™®, The&f-
fect of these compounds against the corrosion of alu-
miniumwasexpounded on thebasi sof e ectrochemica
impedance spectroscopy, Tafel polarisation and scan-
ning €l ectron micrascopy techniques Thestudy isclosdy
related to that done by Aysdl Yurt, and Ozlem Aykinon
diphenalic Schiff basesdescribed | ater, and established
that the compoundsexhibit inhibitor propertiesand ad-
sorption of these compoundswasfound to accord with
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Temkin adsorptionisotherm. Polarisation curvesindi-
cated that the studied Schiff baseswere cathodicin-
hibitorsand the effectiveness of theseinhibitorsde-
creased intheorder of D3> D2 > D1. Quantum chemi-
ca calculationswere performed to providefurther in-
gghtinto theinhibition efficiencies determined experi-
mentally.

Theimpedance study indicatesthat the corrosion
of duminiumin0.1M HCl solutionismainly controlled
by chargetransfer processand formation of aprotec-
tivelayer onthe metal surface. Increaseininhibition
efficiency withincreasinginhibitor concentrationindi-
catesthat, moreinhibitor moleculesare adsorbed on
themetd surface providing wider surface coverageand
these compoundsact asadsorptioninhibitors. Theca-
culated values of free energy AG® point out that the
adsorption of compounds occurs by chemisorption.
SEM imagesobtained inthe presenceof inhibitorsshow
that, the addition of these compoundsmodifiesthefea-
turesof thelayer at the metal surface. The damage of
metd surface hasdiminished inthepresenceof inhibi-
torsand rough, corroded auminium surface displaces
to much smooth surfaces; especidly D3 compound has
the much smooth surface compared to the others.

On the other hand, there are much lessand very
small cracksonthesurface of duminiumwith D2 and
D1 compoundsthan that of surfaceimmersedin0.1 M
HCIl done. Thismay be dueto protectivefilm forma
tion by adsorption of these compounds on the metal
surfacethat thefilmisresponsiblefor theinhibition of
corrosion. Asaresult, theinhibitor moleculeshinder
thedissolution of duminium by formingorganicfilmon
the metal surfaceand thereby suppresstherate of cor-
roson, asindicated by SEM images. Through thequan-
tum chemical calculationsit wasshownthat calculated
parameterswere correl ated with the experimental re-
sultsandit wasfoundthat inhibition efficiency increased
with the higher energy HOM O and lower AE (LUMO
—HOMO) valuest®!, Comparative study of thesein-
hibitorsshowsthat theinhibition efficiency followsthe
order: D3> D2 > D1 and the order of protection effect
isthesamefor both e ectrochemicd and computationa
methods. Thedifferenceintheinhibition efficienciesof
three compoundsliesintheir structureand electrone-
gative bromineand chlorineatomsfacilitatetheadsorp-
tion of moleculeon thea uminium surface.

= M jcroreview

Inarecent scientificarticle, A.S. Patel and cowork-
ers reported the potent inhibitory effect of o-
Chloroaniline-N-benzylidene (0-CANB) toward the
corrosion of Al-Purein 1.0 M hydrochloric acid®Y,
Corrosioninhibition wasstudied by chemica method
(weight loss) and e ectrochemicd techniquesincluding
pol arization method and el ectrochemical impedance
spectroscopy (EIS). Therewas evidencethat thein-
hibitor isgood in acidic mediaand theinhibition effi-
ciency upto>99%in 1.0 M HCl was attained. Polar-
Ization measurement reveal ed that the investigated in-
hibitor isamixed typewith apredominant action on
cathode. Impedance measurement a so showed that the
chargetransfer resistanceincreased and doublelayer
capacitancedecreased with anincreaseintheinhibitor’s
concentration. Obtained resultsabout inhibition effi-
ciency fromweight loss, polarization study and EISare
in good agreement with each other. The adsorption of
theinhibitor onthe metal surfaceintheacid solution
wasfound to obey Langmuir’s adsorption isotherm.

Theresultsdemondtrated that theinhibitor inhibited
the corrosion of Al-Purein 1.0 M HCl at 35+ 0.5 °C
for an exposure period of 60 min. Increasing the con-
centration of 0-CANB, increasesin theinhibition effi-
ciency (%l E) up to amaximum vaueof >99% at 0.5%
inhibition concentration. Therefore, it could beconcluded
that theinhibition wasfound to depend oninhibitor’s
concentration. Theinhibitory action of 0-CANB against
Al- Pure corrosion can be attributed to the adsorption
of itsmoleculeson Al-Pure surface, which limitsthe
dissolution of thelatter by blockingitscorrosion sites
and hence decreasing theweight loss, withincreasing
efficiency asthe concentration increases. Also results
reved that theinhibition efficiency increaseswithinhibi-
tor concentration but decreaseswith temperature. In-
creasing of inhibition efficiency with theincrease of in-
hibitor concentration indicatesthat, thiscompoundis
acting asan adsorption inhibitor. But decreaseininhibi-
tion efficiency withincreasein temperature can be ex-
plained by desorption of inhibitor moleculesonthemeta
surface at higher temperatures. Activation parameters
from Arrhenius-type plot suggest physical adsorption
of theinhibitor molecules on the metal surface. Ob-
tained resultsabout inhibition efficiency fromweight | oss,
pol arization study and EISarein good agreement with
each other.
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SCHIFFBASE METAL COMPLEXESAS
CORROSION INHIBITORSFORALU-
MINIUM

In contrast to Schiff bases, perusd of theliterature
show relatively very few articlesthat described the ef-
fect of Schiff basemeta complexesascorrosoninhibi-
torsfor duminium, and theareastill deservesextraef-
fortsand remainsapromising field of research.

Toinvestigatetherel ationship between corrosion
inhibition and formation constants of -Cl and -OCH,
subgtituted 2-aminophenaol Schiff basesand their Cu(ll),
Co(I1) and Ni(I1) complexes, Nuresn Sari and Aylin
Aytac conducted aresearch to probetheinhibition ef-
ficiency of these compounds by means of
potenti odynamic polarization and impedance tech-
niques®. Theinhibition efficienciesobtained from Tafd
plotsand EIS methodsarein good agreement. Thepro-
tonation constants of the Schiff basesand stability con-
stants of the metal complexes have been determined
potentiometrically in 1:1 methanol: water solutionat 25
°Cand 0.1 M KClionic strength. In this study, it seems
that the Cu(ll) complex has highest formation constants
andisbestinhibitor for Al alloyin0.1 M HCI.

Polarization curveindicatesthat the Schiff bases
and their metal complexesact ascathodic inhibitors.
Thevariaionininhibitiveefficiency manly dependson
thetype and the coordination structures of the metal
complexesand the substituents present in theligands.

According to the structures of these metal com-
plexestendency of complex formationisincreasedin
the order of Cu(ll) >Ni(I1) > Co(Il) and theinhibitor
efficiency isof thesameorder.

Thedifferenceintheinhibitive efficienciesof the
(APh-Cl) and (APh-OCH,) may be traced to the ef-
fect of the substituent groupsin changing the electron
activation of thearomatic ring, which may have better
adsorptivity totheinhibitor. The conjugation patternin
themetal complexesmay |ead to higher efficiency. The
results of inhibitor efficiency indicatethat copper(ll)
complexes shows more efficiency than the other com-
plexesdueto conjugation.

CONCLUSION

Althoughthereview isnot completdy surveyed dl

thetremendousefforts put to investigate Schiff bases
ascorrosioninhibitors, the purpose of performing such
areview isto highlight generd cluesabout what differ-
ent structures of Schiff bases can play in suppressing
corrosonof duminiuminacid medium. Itisclearly evi-
dent that:

1 Theinhibition of the studied compounds depends
mainly ontheir chemica structuresand substituents
associated withit. In generd,

2 Thepresenceof chorineor bromineatomsfacili-
tatesthe adsorption on aluminium surfaceand re-
tard the corrosion process.

3 Notdl compoundswith similar chemical structure
havethesameinhibition action.

4 Themost effective corrosion inhibitorsarethose
compounds containing hetero atomslikenitrogen,
oxygenand sulfur inadditiontoaromaticringwhich
can ad their adsorption onto metal surfaces.

5 Compounds of high molecular weights such as
amphiphiles arelikely toeffectively cover moresur-
facearea(dueto adsorption) of themeta thuspre-
venting corrosion from taking place.

6 Schiff basemetal complexesarenot yet fully tested
for corrosioninhibition, and theareadtill isof vita
importance.
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