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ABSTRACT

The inhibition effect of MGD (Malachite green dye) on the corrosion of mild steel was studied by weight loss,
Potentiodymanic polarization and FTIR spectra. The absence and presence of Zn?* was studied. MGD alone has
some inhibition efficiency of 76%. Increasing the concentration of MGD and Zn#, the efficiency has increases.
Theinfluence of the TSC (Trisodium citrate) on the corrosion inhibition of MGD+Zn?* system was studied and the
IE is 100%. Present study was aimed to investigate the inhibition efficiency of MGD-Zn?-TSC in controlling the
corrosion of carbon steel immersed in agueous sol ution containing 60 ppm Cl-. Potenti odymanic polarization study

and FTIR showsthat protective film formed on the metal surface.

INTRODUCTION

A survey of literaturereved sthat thegpplicability of
organic compoundsascorrosoninhibitorsfor mild sted
inacidic mediahas been recognized for alongtime. A
large number of organic compounds, particularly those
contai ning nitrogen, oxygen or sulphur inaconjugated
system, areknownto be gpplied asinhibitorsto control
acid corrosion of ironand stedl. Theinhibition process
has been shown to occur viainhibitor adsorption iso-
thermandtheeffidency of theinhibitorsstrongly depends
on the structure and chemica characteristics of the
adsorbed inhibitor layer formed under particular experi-
mental conditions. Although dyeshave been extracted
from natural sourcesfor centuries, it wasnot until 1856
that asynthetic dyewas produced commercidly*2. Dif-
ferent kindsof dyesareknown viz. heterocyclic dyes
(e.g. safranine T, methylene blue); xanthenedyes(e.g.
eosin, thymol blue, phenol phthaein, phenol red) ; an-
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thraquinonedyes(e.g. dixarinred S) and azo dyes(e.g.
methyl red, congored, methyl orange). Of all thedyes,
azo dyes are a class of compounds that are strongly
coloured. They canbeintensdly ydlow, red, orange, blue
or even green, depending onthe exact structure of the
molecule. Because of their colour, azo compoundsare
of tremendousimportanceasdyes. Infact, about half of
thedyesinindustria usetoday areazo dyes, whichare
mostly prepared from diazonium salts3. Theadsorption
of corrogoninhibitor dependsmainly on phys co-chemi-
cd propertiesof themoleculessuchasfunctiona group,
dericfactor, molecular Sze, molecular weight, molecular
structure, aromaticity, € ectron density at the donor at-
omsand orbital character of donating e ectrons*® and
aso, onthedectronic structureof molecules®*., Inhibi-
torsaregeneraly used for reducethe corrosive attack
onmetdlicmateria to control themeta dissolution. Most
of thewell-knowninhibitorsareorganic compoundscon-
taining nitrogen, sulphur and /or oxygen atoms. It has
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been observed that themost of theorganicinhibitorsact
by adsorption onthemetal surface4.

EXPERIMENTAL PROCEDURE

Prepar ation of specimens

Carbon steel specimens(S, 0.0267%; P 0.067%;
Mn 0.4%; C 0.1% and rest iron) of thedimensions1.0
x 4.0x0.2 cmwere polished to mirror finish, degreased
with acetone and used for weight loss method and sur-
faceexamination studies.

Weight loss

Carbon stedl specimenswereimmersedin 100 ml
of an aqueous sol ution containing 60 ppm Cl-and vari-
ous concentration of MGD in the presence and ab-
sence of Zn?** (as ZnSO,.7H,0) for aperiod of one
day. Influenceof TSC (Trisodium citrate) on theinhibi-
tion efficiency of MGD + Zn?* system. Theweight of
the specimen before and after immersion was deter-
mined using Shimadzu balanceAY 62. Thecorrosion
inhibition efficiency wascd culated using equation
IE=100(1-w,/w,)%

Wherew, isthecorrosionrateintheabsenceof inhibitor
andw, isthecorrosionrateinthe presence of inhibitor.

Potentiodymanicdynamicpolarization study

Thisstudy wascarried out in athree el ectrode cell
assembl e connected to el ectrochemical analyzer. The
standard calomel e ectrode (SCE) was used asrefer-
encedectrode, platinum e ectrodewas used asacounter
electrode and working electrode. All potentialswere
measured versus SCE.

FTIR spectra

The carbon steel specimensimmersedin various
test solutions for one day were taken out and dried.
Thefilmformed onthe meta surfacewascarefully re-
moved and thoroughly mixed with KBr, so asto make
it uniformthroughout. The FTIR spectrawererecorded
inaPerkin Elmer 1600 spectro photometer.

RESULTSAND DISCUSSION

Weight lossstudy

Thecorrosioninhibition efficiencies(IE) of Maa
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chitegreen dye(MGD) in controlling the corrosion of
carbon stedl immersed in aqueous solution containing
60 ppm CI- both in the absence and presence of zinc
ion. Theinfluence of TSC of MGD-Zn* wasstudied
and |Ewasfound to 100%. Thevauesindicatethat the
ability of MGD-Zn?*-TSC asagood corrosioninhibi-
tor. ThevaluesaregiveninTABLE 1to 4. MGD (250
ppm) adonehasinhibition efficiency (IE) 76%increas-
ing the concentration of Zn?* shown theincreasing effi-
ciency. 250 ppm of MGD and 200 ppm of Zn?* has
97% efficiency. Increasing the concentration of MGD-
Zn?* showsthehigher efficiency.

TABLE 1: Corrosionrates(CR mdd) carbon steel immer sed
in an aqueous solution containing 60 ppm of Cl- and the
inhibition efficiencies(l E) obtained by weight lossmethod.

Cl'ppm MGDppm Zn*ppm CRmdd IE%
60 0 0 18 -
60 50 0 7.74 57
60 100 0 6.84 62
60 150 0 5.58 69
60 200 0 4.86 73
60 250 0 4.32 76

TABLE 2: Corrosion rates(CR mdd) carbon steel immer sed
in an aqueous solution containing 60 ppm of CI-+ MGD +
Zn? and theinhibition efficiencies (I E) obtained by weight
lossmethod.

Cl'ppm MGDppm Zn*ppm CRmdd IE%
60 50 200 13.14 27
60 100 200 9.90 45
60 150 200 6.30 65
60 200 200 2.70 85
60 250 200 0.54 97

TABLE 3: Corrosion rates(CR mdd) carbon steel immer sed
in an aqueous solution containing 60 ppm of CI-+ MGD +
Zn? + TSC and theinhibition efficiencies (I E) obtained by
weight lossmethod.

Cl'ppm MGD ppm Zn*ppm TSC ppm CRmdd IE %

60 50 50 50 1125 37
60 100 50 100 6.30 65
60 150 50 150 0.90 95
60 200 50 200 100
60 250 50 250 100

Influence of TSC on theinhibition efficiency of
MGD-Zn? system

It isobserved that when TSC isadded theinhibi-
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tion efficiency of MGD-Zn?* systemincreases. Thein-
creasein IEismore pronounced at 250 ppm of TSC.
Synergidtic effect existsbetween M GD-Zn?* system and
TSC (250 ppm MGD) alone has 76%. 250 ppm of
MGD and 200 ppm of Zn?* has 97% IE. When 250
ppm of TSC is added, their combination has 100%
inhibition efficiency.

TABLE 4 : Influence of increasing concentration of
inhibitors. Immer sion period-two days.

Inhibition CR mdd I1E %
MGD(250 ppm) alone 4.32 76
MGD(250 ppm)+ Zn?* (200 ppm) 054 97

MGD(250 ppm)+ zZn** (200 ppm)+TSC(250 ppm) Nil 100

I nfluenceof immer sion period on inhibition effi-
ciency

ThelE of MGD (250 ppm)-Zn?*(200 ppm)-TSC
(250 ppm) systemisfoundto TABLES. Theinhibition
efficiency decreasesastheimmersion period increases.
Thisindicatesthat theprotectivefilmformedonthemetd
surfaceisunableto withstand the continuousattack of
corrosiveions present in aqueous sol ution containing
60 ppm CI-.
TABLE5: Influenceof immersion period on theinhibition
efficiency of theM GD (250 ppm)-Zn(200 ppm) +T SC (250
ppM).

Immersion period (Days) 2 3 6 8

Adqueous solution containing 60 ppm CI”

CR mdd

Aqueous solution containing 60 ppm ClI'+MGD
(250ppm) +Z n2+(200 ppm) + TSC(250 ppm) CR mdd
1E%

Open circuit potential (OCP)

Onesimpleway to study thefilm formation and
passivation of mild stedl inasolutionisto monitor the
open-circuit electrode potentid asafunction of time. A
riseof potentia inthe positivedirection indicatesthe
formation of apassivefilm and asteady potentia indi-
catesthat thefilm remainsintact and protective. A drop
of potentid inthenegativedirectionindicatesbregksin
thefilm, dissolution of thefilm, or nofilm formation.

18 16.28 13.39 8.68

- 072 216 3.24

100 9% 88 82

Analysisof potentiodymanic polarization curves

Pol arization study has been used to study thefor-
mation of protective film on the metal surface. The
Potentiodymanic polarization curves of carbon steel
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immersed in an agueous sol ution contai ning 60 ppm of
Cl-intheabsenceand presence of inhibitorsshownin
Figurel.

The corros on parametersnamely corros on poten-
tid (E_,,) Tafel dopesb_(cathodic) and b, (anodic) lin-
ear polarization resistance (LPR) and corrosion cur-
rent(l ) aregivenin TABLE 6 that when carbon stee!
immersed in an agueous sol ution contai ning 60 ppm of
Cl-, thecorrosion potential is-612mv VS SCE (Satu-
rated calomel electrode). The LPR valueis2.09x10°
ohm cm?. Thecorrosion current valueis2.075x<10A/
cm?. When 250 ppm of MGD, 200 ppm of Zn?" and
250 ppm of TSC are added to the above environment,
the corrosion potential isshifted to thenoblesidedue
totheformation of protectivefilmonthemetd surface.
It isobserved from TABLE 6 that the LPR valuein-
creases and the corrosion current value decreases.
These observations suggest theformation of aprotec-
tivefilmonthemetal surface. Thispreventsthecorro-
sonof metal.
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Figurel: Polarization curvesof carbon stee immersed in

varioustest solutionsa) 60 ppm Cl (Blank) b) 60 ppm CI-+

MGD (250ppm) +Zn?* (200 ppm) ¢) 60 ppm CI- + MGD

(250ppm) +Zn?* (200 ppm) + TSC (250ppm).
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Analysisof FTIR spectra

FTIR spectrahave been used to analyze the pro-
tective film formed on the metal surface. The FTIR
spectrum of pureMGD, MGD-Zn?* and MGD-Zn?-
TSC isshownin Figure 2a, 2b, 2c. FTIR spectra of
control mal achite green showed the specific peak in
finger print region (1500 to 500 cm?) for the mono
substituted paradi substituted benzeneringswhichis
supporting to the peaks at 1564 cm? for the C=C
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stretching of thebenzenering. Alsothepeak at 1168 represents the formation of primary and secondary
cm* for C-H stretching of asymmetric CH, groupis  amines. Thesharp peak at 790 c* for distributed ben-
given the perception of structure of malachitegreen. zenederivativesindicatesaromatic nature of amines.
The C=C stretching frequency appearsat 1599 cm.
Thissuggest that M G coordinated with Fe*-M G com-

ol |
N N plex.
§ The peak at 1384 cm? isdueto Zn-O stretching.

The—OH stretching frequency appears at 3350 cm™

This suggest that the formation of Zn(OH), On the

metal surface. The C=0 stretching frequency of TSC

‘ has shifted from 1599 cm* to 1590 cm™. This shift

indicatesthat the carbonyl oxygen atom was coordi-

nated to Fe?* resultsin theformation of Fe**-MGD,

The FTIR spectrashowed peak at 1278 cmi for  Fe**-TSC complex on the anodic sides of the metal
C-N stretching with supporting peak at for NH stretch  surfacel?5161,

TABLE 6: Corrosion parameter sof car bon steel immer sed in an aqueous solution containing 60 ppm of Cl-obtained from
potentio dynamicpolarization study.

Schemel: Sructureof M GD.

System Eerr MV Vs SCE  b,mV/decade b.mV/decade LPR ohmcm? | Alcm?
Adqueous sol ution containing 60 ppm CI” -612 210 189 2.09%10°  2.075x10°
Aqueous solution containing 60 ppm ) 5 6
CI" + MGD (250ppm) +7n? (200 ppm) 640 196 204 3.11x10 1.397x10

Aqueous solution containing 60 ppm CI™ +

- 5 -6
MGD (250ppm) +Zn?* (200 ppm) + TSC (250ppm) 659 419 211 4.38x10 1.312x10
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Figure2a: PureMGD.
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Figure2b: PureMGD +Zn%.
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Figure2c: PureMGD +Zn* +TSC.

M echanism of corrosion inhibition

Inview of theaboveresults, thefollowing mecha-
nism may be proposed for the corrosion inhibition of
carbon steel immersed in an aqueous sol ution contain-
ing60 ppm Cl-.

Theformulation consisting of 250 ppm of MGD
and 200 ppm of Zn?*, 250 ppm of TSC in aqueous

solution contai ning 60 ppm Cl- containing MGD-Zn#,

TSC-Zn?* complex insolution.

() When carbon steel isimmersed in this solution
MGD-Zn?, TSC-Zn?* complex diffusesfromthe
bulk of the sol ution towardsthemetal surface.

(i) Onthemeta surfaceMGD-Zn?, TSC-Zn?* com-
plexisconvertedinto Fe*-MGD, Fe**-TSC com-

plex
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(iii) Zn*-MGD, Zn*-TSC+Fe**—»>Fe?*-MGD, Fe*-
TSC+Zn?*

(iv) The released Zn?* combines with OH- to form
Zn(OH) onthecathodic Sites.
Zn**+20H—Zn(OH),

CONCLUSION

Malachite green along with Zn* and TSC (Triso-
dium citrate) actsasacorrosion inhibitor system for
carbon stedl in agueous sol ution containing 60ppm Cl-.
Itsefficiency increased dueto thetransporting ability
for Zincion throughtheformation of MGD-Zr?*, MGD-
Zn?*-TSC systemisfound to decrease astheimmer-
sion period increases. A suitable mechanism hasbeen
proposed for the corrosion inhibition based onthere-
sultsof polarization study and FTIR spectra
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