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ABSTRACT

The corrosion inhibition effects of newly synthesised Schiff’s basesfrom 2-
hydrazinobenzimidazole for copper in 1N sulphuric acid was evaluated us-
ing weight loss and Tafel polarisaton method. Theinteraction of these mol-
ecules with the copper was studied by FTIR method. The inhibitive action
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of the Schiff’s bases was due to their adsorption on the metal surface. The
inhibitor efficiency was found to depend on the charge density on the at-
oms of the functional group. The Schiff ’s bases were found to be acting as

anodic inhibitors
INTRODUCTION

Copper anditsalloysareincreasingly used inin-
dustriesfor their excellent heat and therma conductivi-
tiesand workability. However their efficiency decreases
with time dueto formation of scale over the surface.
Periodica andregular cleaningisdoneto preservether
conductivity by using sulphuric acid aspickling agent.
Thisleadsto acidic corrosion of the metal whichre-
ducesthelifetime. Organicinhibitorsareusedto pro-
tect the surface from such corrosion. Theinhibitor in-
hibitsthe corrosion by forming protectivelayer over
themeta surface. Recent sudieshavesuggested Schiff’s
basesto be effective corrosioninhibitor for copper and
itsdloyd*7. Schiff ’sbasesare easily synthesized and
can bemodified accordingly.

Theaim of thisstudy isto synthesi se Schiff bases
2-(benzimidazolyl-2’-amino) imino ethanone (HBIE),
2-(benzimidazolyl-2’-amino) imino-1,2-dimethyl
ethanone (HBIME) from 2-hydrazinobenzimidazole
(HB) andto evauatetheir corrosion inhibition proper-
tieson copper in sulphuric acid medium by usngweght
lossmethod, €l ectrochemica techniques.

EXPERIMENTAL

The copper metal used in this study was 99.9%
pure. Theworking copper € ectrodeswere cut into cy-
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lindrical rodsand covered with aralditeleaving 1 cm?
areaexposed after welding with copper wire. Theex-
posed surfaceswereground with 150,320,400,600 and
1000 grade emery paper before each use. The elec-
trodeswerepolished by 4/0 polishing paper and cleaned
with acetone.

The Schiff ’sbaseswere synthesized asfollows by
using Merck/sdfineAR chemicals.

2-hydrazinobenzimidazol ewas synthesi zed by mix-
Ing 2-merceptobenzimidazoleand hydrazine hydratein
ethanol medium and refluxed for 4 hours. White
coloured crysta swereformed which wererecrystdlised
fromethanal (Figurel). HBIE wassynthesized by mixing
a coholic solution of HB and ethanolic solution of gly-
oxal and refluxed for 4 hours. A brick red precipitate
wasformed (Figure 2). HBIM E was synthesi zed mix-
ing a coholic solution of HB and ethanolic sol ution of
diacetyl and refluxed for 4 hours. A yellow coloured
precipitate wasformed (Figure 3). Boththecompounds
wererecrystallised with ethanol before use. Thecom-
poundswereanalysed for C, H, N by using semi-mi-
cro combustion method for carbon and hydrogen and
Kjeldahl’smethod for nitrogen (TABLE 1). Theinhibi-
tor solutions of 10 ppm,50 ppm and 100ppm in 1N
sulphuric acid were prepared.

TheTafd polarization studieswerecarriedout in
electrochemica work station (CHI) using platinumwire
as counter electrode and saturated calomel el ectrode
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asreferencedectrode. The FTIR studiesweredonein
Shimadzu-FTIR-8400S.

RESULTSAND DISCUSSION

The weight loss values for copper in IN H.SO,
andfor different concentrationsof HBIE and HBIME
after keeping for 12 hoursareshownin TABLE 1. It
showsthat inhibitor efficiency increaseswith increase
ininhibitor concentrations. Theefficiency of HBIME
moleculesininhibiting corrosion of copper inH,SO, is
found to be more than those of HBIE molecules.

Theanodic and cathodic Tafel polarization curves
for copper in 1N H,SO, at 10, 50,100 ppm concen-
trationsof HBIE areshownin Figure4. Thecorrosion
parametersare shownin TABLE 3. Theresults show
that with increasein concentration of theinhibitor, the
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inhibition efficdency isincreasing. Themaximuminhibi-
tion effidency is86.9% for 100ppm of HBIE. Thecor-
rosionpotentia shiftsinthepostivedirectionindicating
dominanceof anodicinhibition by themolecules. Fig-
ure 5 showsthe effect of increase of concentration of
HBIME oninhibition efficiency. The parametersare
showninTABLE 3. Themaximum efficiency isfound
to be 91.8% for 100 ppm of HBIME molecules. The
positive shiftsof corrasion potentia sindicate predomi-
nanceof anodicinhibition of HBIME molecules. Both
themoleculesinhibit corrosion by blocking theanodic
sitesonthemeta surface by forming protectivelayer
overit. Thismay involvetransfer or shareof chargefrom
themol ecul estothe metal surfacetoformacoordinate
typebonding. The presence of & ectron donating func-
tiond groupsinthecompound canincreasethee ectron
density on C=N group of the Schiff” bases®. Both
mol ecul es possess atomswith charge densitiesto co-
ordinatewith themeta . Theinhibition efficiency of
HBIME isfound to be morethan that of HBIE. This
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TABLE 1: Analytical dataof inhibitors

Inhibi tor %C %N %H
HBIE 36.98 38.39 0.32
HBIME 35.57 45.57 0.24

TABLE 2: Weight lossvalues
imnibior EO% WIS ety 06)

INH,S0, 0.0086 -

10 0.0031 63.9
HBIE 50 0.002 76.7

100 0.0012 86

10 0.0026 69.8
HBIME 50 0.0015 82.6

100 0.0008 90.7

may be dueto presence of methyl groupsinthe mol-
eculeswhichincreasethe chargedensity on N- and O-
atoms. Asthed ectron density increases, theinhibition
efficiency increases?. Theincreasein e ectron density
enhancesthe corrosioninhibition efficiency character-
isticsof HBIME molecules.

TheLangmuir adsorptionisothermis % — ACe™*
= Kc, Where6 = surface coverage, C= inhibitor con-

centration, a.= molecul ar interaction and K= adsorp-
tion congtant.

Theaboveequation can berqoresentedas% —Cc+t

Theplotsof C/ 6 and Caregivenfor HBIE (Figure
6) and for HBIME (Figure 7). The isotherms show
good agreement with the experimenta results. TheK
vauesfor HBIE and HBIME arecal culated from the
isotherm and found to be 31.15x10° and 40x10° dm?/
mol respectively. Thehigher valuefor HBIME may be
atributed to higher adsorption capability ascompared
to HBIE molecules*?. Thevauesof changesin ad-
sorption freeenergy A G° arecd culated from K values
as per equation K = eA®YR" and are found to be -
25.64kJYmol for HBIE and -26.25kJYmol for HBIME.
Themorenegativevauefor HBIME can beattributed
to more adsorption ascompared to HBI

TheFTIR spectraof the synthesi zed Schiff’ bases
and the compounds scrapped from the surface of cop-
per aretaken. Thisprovidesinformation on themode
of bonding betweenthemeta andinhibitor molecules 2-
hydrazinobenzimi dazoleexhibitsbandsat around 3230
cnr* which can be assigned to symmetric and asym-
metric stretching modeof vibration of NH, group over-
lapped byseoonday NH, group. Bandsat &round 1250
and 1030 cmr! may begned tonew C-N and N-N
sretching respectively. Formation of HBIEand HBIME
from HB bringsabout significant changesin the spec-
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Figure4 : Tafel curvesfor copper in 1N
TABLE 3: Tafel polarsation parameter sfor copper in 1N
H,SO, with different concentrationsof HBIE and HBIME

I nhibitor Conc. Ecorr lcorr Inhibition
(ppm) (MV/SCE) (uAlcm2) efficiency (%)
1IN H,SO, -116 6.1 --
10 -98 21 65.5
HBIE 50 -91 13 78.7
100 -109 0.8 86.9
10 -93 1.8 70.5
HBIME 50 -88 1.0 83.6
100 -107 0.5 91.8
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Figure5: Tafel curvesfor copper in 1N
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Figure6: Langmuir isothermfor HBIE
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Figure7: Langmuir isothermfor HBIME

tra Thenotablefeatureisthe disappearance of bands
dueto NH, stretching and deforming vibration. Ap-
pearance of two new bands at 1670 and 1551 cm®
may be dueto new C=0 and new C=N bondsin the
inhibitor molecules. Inthe scrapped compound, avery
broad band with center of gravity at around 3470 cm?
indicatesthe presence of water mol eculeswhich may
be coordinating with the metal. The broadness of the
band may be dueto intramolecular H-bonding. The
position of band duetonew C=N _ . and new C-N
oelc with benzimi dazolem0|ayreman unchanged point-
Ing to their non participation in the bonding wi th the
metal. The new C=N and C=0 band has shifted by
10-20cm* in both the scrapped compound indicating
bonding of inhibitor moleculeswith metal. Thissup-
ported further by appearance of new bandsinthelower
frequency region. Two bandsat 520 and 450 c* may
be assigned to new M=0 and new M-N stretching vi-

bration respectively.
CONCLUSIONS

Both the synthesized Schiff ’s bases have shown
good inhibition propertiesfor copper corrosionin 1N
H,SO, medium. Theinhibition efficienciesare 91.8%
and 86.9% for 100 ppm of HBIME and HBIE mol-
ecules. Theinhibitiveaction may be attributed to ad-
sorption of the moleculeson themetal surfacethrough
O and N atoms. The adsorption process obeys the
Langmuir’sadsorption isotherm. The efficiency was
found to very in accordancewith chargedensity onthe
atomsof the molecules. Theefficiencieswerefoundto
increasewithinhibitor concentrations.
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