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ABSTRACT

Corrosion inhibition effect of newly synthesized schiff’s bases Formalde-
hyde methylene hydrazone, (FMH), N-N'-Dibenzylidenehydrazine, (NDBH),
4- (Dimethylamino) benzal dehyde{ (1E) - [4-(Dimethy amino) methylene}
hydrazone, (DMBH), and 2-furaldehyde [ (1E)-2-furylmethylene] hydrazone,
(FFMH) on mild steel in 2N HCI acid medium, were investigated through
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weight loss and gal vano static polarization techniques. Effect of concentra-
tion and effect of time of immersion on corrosion inhibition efficiency were
part of theinvestigation. The inhibiting performances of all the compounds
werefound to increase with the increase in concentration. The SEM images
of protected steel sampleswith compounds were recorded for morphologi-

ca assessment. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Mild gted isoneof themost important widely used
engineering materia sparticularly for thestructural and
automobile gpplications. However, it undergoescorro-
sion easily inthehumid atmosphereand itsrate of cor-
rosonisquitehighinacidicenvironment. Thus, protec-
tion of mild steel from corrosionisanimportant prob-
lem. Out of several methods, useof chemica inhibitors
isoneof themost practica methodsfor the prevention
of corroson particularly inacidic media. Acid solutions
arewidely usedin chemical laboratoriesand in severa
industrial processessuch asacid pickling, acid clean-
ing, acid de-scaling and oil wet cleansing etci*2.

Corrosion resistance property of steel has been
achieved by using suitableinhibitorsthat control the
metal dissolution when added to theacid mediumin

smdl quantities. Most of thewell known acid inhibitors
are organic compounds contai ning nitrogen, sulfur or
oxygen atoms®7. It has been found that most of the
organicinhibitorsadsorbed onthemetd surface®. This
phenomenonisinfluenced by structure of the organic
compound, nature and surface charge of metal and type
of aggressive e ectrolyte®. Many studies have been
made on the corrosion and inhibition of steel inacid
medi a4, Some Schiff ’s bases have been reported
earlier ascorrosoninhibitorsfor sted >, Thesecom-
pounds, ingeneral are adsorbed onthe metal surface
by blocking the active corrosion sites. A few research
reports’819 revealed that theinhibition efficiency of
Schiff ’s basesismuch higher than that of correspond-
ing a dehydes and amines, and thismay beduetothe
presence of >C=N- group inthe molecules. The pla-
narity (n) and lone pairsof electronspresent on N at-
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Figure2: IR spectraof Schiff’sbases

omsaretheimportant structurd featuresthat determine
the adsorption of these moleculeson themetal surface.
The present work involves synthesi zing and evalu-
ationof corrogoninhibiting effidenciesunder ingtu con-
ditionsof new schiffsbases generated using hydrazine,
N,H, asoneof the precursorswhilevarying the other
reactant like Formal dehyde, for FMH, Benzal dehyde
for NDBH, para dimethyl amino benzaldehyde for
DMBH and Furfurd dehydefor FFMH. The substituted
Hydrazinehasbeeninvestigated for inhibiting ability in
acidic medium by different research groups®23. Inthe
present work performances of the abovesaid Schiff’s
basesarebeing evaluated asinsituinhibitors.

EXPERIMENTAL

Through out thesynthesisof schiff *sbasesAR grade
chemicasand deminerdised water hasbeenused. The
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Proceduresasdescribed in standard literaturewasfol-
lowedinTotoor imitated onidentica line, for product
synthesi§. The prepared compoundswerethoroughly
washed with demineralised water and subjectedtore
crystdlizationindcohol. Thechemicd structuresof the
compound aregiveninfigure 1. ThelR spectraof the
compoundsaregiveninfigure2.

Weight loss measurements

Meta couponsweretaken through all preparative
cleaning method and fina mirror finishwasobtained by
mechanica polishing through different gradesof emery
paper. Metal coupon dimensionsare5x2x0.16 cmand
they measured before and after each experiment. The
following concentrations of the condensation products
ranging from 200 to 800 ppm weredissolvedin 25 mi
polar solvent mixture containing DMF, DM SO andAl-
cohol inratio of 3:1:1. Theorganic solutions prepared
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Figure3: Superimposed polarisation curvesof FMH in cor-
rosivemedium
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Figure5: Superimposed polarisation curvesof DMBH in
corrosivemedium

as said above were added to a known volume stan-
dard volumetric flask containing concentrated HCI suf-
ficient to make 2N corroding medium and rest of the
volumeintheflask was made up with demineralised
water.

Preweighed sted couponswerehungin abovepre-
pared schiff’s base sol ution for variousduration (2hr-
8hr) at 303 K under fully covered condition. A paralel
observationwithout inhibitor compound and rest of the
combination of corroding mediaremaining undtered was
a so made. Experimentswere duplicated every timefor
concurrency. Theinhibiting efficency (%n) of compound
based onweight losswas cal cul ated asper theformula
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Figure 4 : Superimposed polarisation curves of NDBH in
corrosvemedium

06 -

petantial in volls wis

084 4

Figure6: Superimposed polarisation curvesof FFMH in cor-
rosivemedium

W, - W
%n=—4 —x100

1
where, W, isthe weight loss of the coupon in blank
experiment. W, istheweight loss of the couponin cor-
roding medium containinginhibitor to known concen-
tration and for known timeperiod. Theresult wasnor-
maizedtounit area.

Polarization measur ements

Polarization studieswere carried on 1cn?exposed
areaof mild steel coupon. A three-compartment cell of
125 ml capacity was used for carrying out experiment.
Matinum eectrodewasused asauxiliary dectrode, while
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Figure 7 : SEM Micrograph of mild steel surfacein acid
mediumin presenceof different inhibitor (a) FMH (b) NDBH
(9 DMBH (d) FFMH

standard calomd electrode (SCE) was used asrefer-
enceelectrode. Themeta coupon formed theworking
electrode. For galvanostatic polarization experiment
metal surface preparation methodswerefollowed on
identica linesto that of weight lossmeasurements. C-
orrosive medium contai ning different concentrations of
inhibitor was prepared on the samelines asdescribed
inweight loss measurements. The corroding medium
containing inhibitorswasfilled in three-compartment cl
ensuring theexpulsion of air bubblefromthe capillary
tip. Theworking e ectrodewasdigned withitsexposed
arealying very closeto capillary tip.

A DC source(cdibrator Rohnan make), which can
providealowest current step of 10 micro amps, was
used. Anodic and cathodic pol arisation was established
by reversing the polarities between Platinum el ectrode
and working el ectrode. The pol arization datawas col -
lected by scanning between 0.01mA to 15mA ineach
cycle. Beforereversing the polarity the exposed sur-
facewasmildly polished to remove corrosion debris.
The cathodic polarization was always started asfirst
cyclefollowed by theanodic cycle. The open circuit
potentia, (OCP), wasrecorded after dlowing sufficient
timefor thereading to stabilize.

Theinhibiting efficiencies (%n) of inhibitorsbased
on polarization studieswas cd culated usingtheformula

%mn = (1-—)x100
|

0

wherg, i isequivaent corrosion current without inhibi-
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tor andi isequivaent corrosion current with inhibitor.
SEM studies

For knowing the surface morphol ogy of theinhib-
ited stedl surface square specimensof stedl having di-
mensions 10mmx10mmx1mmwereused. The proce-
duresasdescribed inwel ght lossstudieswerefollowed
while preparing surfacesof the specimen steel coupons.
The couponswere hungin 200 ppm inhibitor solutions
for 2 hour duration. After thelapse of designated time
duration the coupons were taken out, water washed
carefully, hot air dried, desiccated and taken to SEM
scanning (JOEL-JEM-1200, EX Il electron micro-
scope).

RESULTSAND DISCUSSIONS

TABLE 1 givestheinhibiting efficiency (%on) asa
function of concentration and time of immersion of
schiff sbases. Inhibition efficiency of dl thecompounds
wasincreased with increasein concentration and im-
mersion time. Inhibition efficiency was reached maxi-
mum value at 800 ppm and abovethis concentration
amost samevaueswereobserved. Inhibition efficiency
vauesareincreased withimmersiontimeupto 8 hours
thenremainsamost same. Thinisolativelayer of inhibi-
tor on meta surfacewasformed anditisconfirmed by
SEM studies. Also the weight loss measurement re-
ved ed theexcd lent stability of theinhibitorsintheacid
medium. To assessthe stability, theexperimentswere
conducted by taking acid solution containing inhibitor
which waskept for 10 daysunder air agitation and no
changeininhibition efficiency val ueswere observed.

TheTafd curvesof anodic and cathodic polariza-
tion of sted couponin corroding mediumwithand with-
out inhibitors superimposed over tafel curveof sted in
corroding mediumaregiveninfigure 3-6. The corro-
sonparametersasarivedthroughinterpretation of Tefel
curvesaregivenin TABLE 2. The compound FMH
shiftscorrosion potential to more positivethan that of
E, vaueof uninhibited stee! surface. The percentage
surface coverage 6, and al so % increased with the
increasein concentration. Thecompound hasinitsstruc-
ture conjugated unsaturated bonds a ong with unshared
el ectronson nitrogen atom, aprerequisite quality for
adsorption/chemisorption on to the metd surface. The
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TABLE 1: Percentageinhibiting efficiencies of inhibitors
through weight lossmethod

Concentration Inhibiting efficiency (%n)

Compound

ppm 2 hours 4 hours 6 hours 8 hours
200 50 58 63 68
400 56 60 67 70
FMH
600 57 61 69 72
800 66 70 71 75
200 45 48 51 55
400 50 54 56 59
NDBH
600 54 58 60 64
800 59 64 66 69
200 52 58 60 63
400 56 59 65 66
DMBH
600 60 61 67 69
800 62 63 69 72
200 26 30 36 40
400 51 55 56 58
FFMH
600 52 57 58 60
800 56 59 60 62

adsorption of organic moleculeson to the surface of
metal proceedswith the displacement of aquamolecules
and whose number isbeing guided by the size of or-
ganic molecules?®!, Absence of bulky groups on the
matrix kinetically favorsthe moleculeto bind on the
metal in an orderly fashion asevidenced by the SEM
figure7a

In case of NDBH compound also % increased
with theincreasein concentration. Themolecule has
bulky aromatic ringinthematrix which could hinder in
smooth deposition on to metal surface as evidenced
through SEM figure 7b. Morphology reveal saspidery
web like coverageall through thefilm. Also the SEM
pi cture showswhitish spots at many |ocationsindicat-
ing substrate getting corroded. The probable protona-
tion of N atominthemoleculehelpsit to chemisorpon
the cathodi c sites of the substrate surfacethere by de-
laying the cathodi c reduction consequently quenching
theanodicdissolutionrate.

The compound DMBH ismore amixed typein-
hibitor indicating theinhibitorsability to block both an-
odicaswell ascathodic corrosion processes. Themol-
eculehastermina aromaticringswithdiakyl aminesub-
stitution, which couldinhibit moleculestericallyinthe
process of adsorption aview supported well by SEM

= Fyl] Peper

TABLE 2: Corrosion parameter sinter preted through polar-
ization curves

-E i0p 0 degree ba bc

Concentration 2 Inhibition
Comp? mv_amps/cm® coverage mv_mv efficiency
ppm Hzﬁ' 446 178 63 114 (%)
200 423 78 056 55 123 56
400 428 65 063 58 133 63
FMH
600 410 60 066 44 93 66
800 425 49 072 55 177 72
200 415 79 056 56 105 56
400 415 71 060 65 116 60
NDBH
600 416 67 062 54 107 62
800 418 61 066 48 88 66
200 439 83 053 67 70 53
400 441 77 057 75 86 57
DMBH
600 447 70 061 77 77 61
800 450 58 067 82 79 67
200 422 109 039 54 105 39
400 427 83 053 74 117 53
FFMH
600 413 79 056 42 120 56
800 426 73 059 55 91 59

figure7c. The SEM picture showsthick deposit of the
compound interspersed with few corrosion product
depostshereand there. Theprotonation acrossN atom
perhaps hel psthemol eculeto bind onto cathodic sites
onthemeta surfacethere by delaying the accompany-
ing cathodic reduction.

The compound FFMH appearsthat itisanodicin-
hibitor. Thesurface coverage6, gradualy increaseswith
the concentration of theinhibitor. The molecular matrix
asshowninfigure lindicatestheextens on of conjuga
tion through heteroatom N. These attributes on the
moleculefavor asteric free, adhesonontothemetd, a
view supported by e ectron micrograph figure 7d. The
SEM picture shows few locations where corrosion
product deposition taking place other wisepicturere-
ved sreasonably well-protected substrate.

CONCLUSION

e Theprepared Schiff ’sbasesact asgood insitu cor-
rasioninhibitorsin HCI medium.

e Thesolubility enhancement of theinhibitorsin cor-

roding mediarequired prior dissolution of the com-

poundsin polar solvent mixture.

Theinhibitive efficienciesincreasewith concentra-
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tionandimmersontime.

e Performance of thecompoundsarereproduciblein
both weight lossand pol ari zation measurements.

e TheSEM picturisstion of thefilm surfaceaddswe ght
to thisview with respect to aboveresults.
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