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Abstract : Theinfluenceof Sodium Benzoate (SB),
Potassium lodide (K1) and Thiourea(TU), onthein-
hibitiveeffect of Benzotriazole (BT) and Tolyltriazole
(TT) inacidic medium (pH3) wasinvestigated and
Electrochemical Impedance Spectroscopy (EIS),
Potenti odynamic Pol arization and Open Circuit Po-
tential (OCP) methodswereused. Resultsshowed that
theinhibitiveeffect of BT and TT increased synergi-
cally inthe presence of these additives. Fromtheval-
uesof R, C, andR , it wasfound that the synergistic
effect of additivesfollow theorder KI>SB>TU intheir
optimum concentration. Upon addition of these addi-

INTRODUCTION

Application of Corrosion Inhibitorsisamong the
most important methodsin protecting metal surfaces
from corrosion. The inhibition properties of
Benzotriazole on copper wasfirst introduced in 1947
and sincethen thischemical anditsderivativeshave
been used widely as copper and copper alloys corro-
sioninhibitorsand anti tarnish agents¥. Further more
Benzotriazoleanti corrosion propertieshas also been
investigated on other metals, such as carbon stegl>9,

tives, asynergistic effect on inhibition performance of
BT and TT wasobserved asindicated by impedance
and polarization transient curves; also it wasfound
that the OCP shifted towards more positive potentia s
after adding these chemicals. The strong adsorption
of Benzotriazoleand Tolyltriazole on the metal sur-
face, which also contributes on the corrosion inhibi-
tion of substrate have been concluded.
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cobalt®” brasg®9, a uminum(® and other aloys*Y.
For copper protection, the most widely used in-
hibitorsareBT and TT29, Whilethese chemica sshow
an excellent effect on corrosion protection, however a
high concentrationis needed to achieve adesirable ef-
fect, making the processeconomically and environmen-
tally lessdesirable. However by adding small amounts
of other supplementary chemica ssuch assaltsof wesk
carboxylic acids, halideionsand other organic materi-
assuch asamines, alower concentration of inhibitor
sol ution withamore pronounced effect isrequired*’#,
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Investigations show that, inhibitors protect the
metal surfacethrough adsorption of inhibitor molecules
(through hetro atoms such as Oxygen, Nitrogen and
sulfur) onthemetal surfacd'®?, andit isbelieved that
these additives enhanceinhibition performance of in-
hibitor compounds by hel ping them to adsorb stron-
ger onthemetd substrate¢24, However human and
environmental safety isaconcernwithal variousin-
dustries involved with the consumption of
benzotriazoles. These compounds al so may present
an environmental problem dueto their appreciable
water solubility, persistence under environmental con-
ditions, and toxicity to microorganismsand plants®!,
so reducing the concentration of these chemicalsin
solutionswhile maintaining theinhibition propertiesis
very desirable.

Theam of thisstudy istoinvestigate theenhance-
ment action and synergistic effect of chemica's, Sodium
Benzoate, Potassium lodide and Thioureaonthe cor-
rosion inhibition propertiesof BT and TT on copper
surfacesinacidic solution.

EXPERIMENTAL

In order tofind the optimum concentrationsof BT
and TT, for copper corrosionin acidic media, weight
|ossmeasurementswere carried out using copper plate
with 0.5x70x14mm dimensions dipped in 500 ml of
each solution (containing different concentrationsof BT
and TT) at room temperaturefor 30 days. Beforeeach
experiment, el ectrodeswas abraded withwet SIC pa-
per (grades 600-1200), polished with emery paper to
mirror surface, then washed with doubledistilled wa-
ter, degreased with acetone, dried and finaly immersed
intest solution.

Electrochemical measurementswere carried out
using ZAHNER/ IM6-ex Potentiostat/Gal vanostat in-
strument equi pped with three el ectrode system. Satu-
rated calomel electrode (SCE) was used asreference
electrode, two graphiterods as counter el ectrode and
acopper metal mounted inresin with 1cn? surfacear-
eas, asworking one. A fineluggin capillary wasplaced
closetotheworking e ectrodeto minimizethe IR drop.
All thechemica swereof analyticd grade.

Inimpedance measurements, thegpplied frequency
ranged from 60 kHz to 10 mHz and impedance data

were obtained at the open circuit corrosion potentia of
theworking el ectrode.

Theé ectrode potentiad wasallowed to stabilizefor
30 minutesbefore Sarting the experiments. The poten-
tial sweep ratewas 1 mVs?* whichwas scanned prima-
rily in the cathodi c direction from the corrosion poten-
tial and subsequently intheanodic direction.

RESULTSAND DISCUSSION

Weight loss measurements

Immersion test Resultsfor copper, inacidic solu-
tionwith variousconcentrationsof BT, aregiveninFig-
ure 1. Thedataindicatethat inhibition actions of the
both inhibitorswere enhanced asthe concentration of
inhibitorsincreased inthe sol ution. Tolyltriazole showed
good resultsinlow concentrationsascompared to BT,
however it may be concluded that areasonable perfor-
mance obtained only when ahigh concentration of in-
hibitorswere used. The corrosion of copper wasinhib-
ited at 1200 ppm of BT or at 250 ppmof TT.

Impedanceresults

Impedance spectrameasured at OCP arerecorded
after 30 minimmersion at room temperature. Nyqui st
diagramsof copper in solutions containing 400 ppm of
BT incombination with theadditives, sodium benzoate,
potassiumiodide, and thioureaaregivenin Figure 2.

Figure 3 shows the result of impedance tests of
copper inthesolutions containing 200 ppmof TT and
individua additives.

TheNyquist plotsinthecaseof copper inthesolu-
tionswith BT show only onetimeconstantintherange
of appliedfrequency and exhibit adepressed loopwhich
suggest asmilar corrosion mechanism. FromFigure 2
and Figure 3itiscanbeseenthat thesemicircleswhich
correlated with dielectric properties and thickness of
thebarrier film, are not well defined. Inall casesthe
length and diameter of the cordswhichisrelated to
chargetransfer resistance, increased after addition of
additivesthenit can be concluded that moreresistive
filmson the copper surfacewasformed.

Synergistic effect onthecorrosioninhibition prop-
ertiesof theinhibitorsin combinationwith each additive
wasseen. The R, values obtained in the presence of
400 ppm BT/ TU were 7.18 E4 (10 ppm TU), 90.3
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E4(5ppmTU) and2.06 E5Q cm? (Lppm TU) andin
the presence of 200 ppm TT/ TU were 8.78 E4 (10
ppm TU), 1.08 E5 (5 ppm TU) and 2.50 E5 Q cn? (1
ppm TU). Theseresultsindicate that high concentra-
tionsof TU haveadetrimentd effect ontheinhibition
performanceof TT whileat low concentrationsasyn-
ergistic effect isobserved. The EIS spectrafor copper
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inthepresenceof theinhibitorsand additiveswereana
lyzed by fitting to theequivaent circuit by usng Z-view
softwarewhichisshownin Figure4. Thecircuit com-
prisesaconstant phase e ement, achargetransfer re-
sistance and asol ution resistance. TheAC impedance
parameters derived from equivalent circuitsare pre-
sentedinTABLE 1.
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Figurel: Theweight losspercent of copper specimensvs. BTA and TTA concentration in acidic solution
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Figure4: Theequivalent circuit used to fit theimpedance
spectra

TABLE 1: The AC impedance parametersderived from
equivalent cir cuits

inhibitor Rx10°/ohm cm? Ca/ pF em™
BT 1.14 2411
BT/TU 2.06 2.201
BT/SB 2.63 2.187
BT/KI 3.07 1.819
TT 1.65 1.990
TT/TU 2.50 1.872
TT/SB 3.48 1.643
TT/KI 4.63 1.489

Results show that charge transfer resistance in-
creased after addition of additivesand va uesof double
layer capacitance decreased. Formation of protective
film onthe surface of copper retarded € ectron transfer
from themetd to the solution and causetoincreasein
thechargetransfer resistance. It can be concluded from
ElSresultsthat copper corrosion inhibitors have not
good performance at |ow concentrations but incorpo-
ration of one of the additives at low concentrations,
remarkably improvestheinhibition performance of the
mixtures

Figure 5 showsthe phase angl e between the cur-
rent and potential . For copper in acidic solution com-
prising BT, BT/KI, TT and TT/KI, therelated values of
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0__ are67.6, 78.3, 78.5 and 81.8 respectively and
thereisjust one peak in the plotswhich representsthat
the system has onetime constant. Appearing thetime
consgtant in the phase angle may be dueto theformation
of thinresigtivefilm onthemetd surface. Increasingthe
valuesof 0__ inthepresenceof additivesisrelated to
the enhancing theinhibitor adsorption on the copper
surfacewhichinturnledto an enhanced corrosion pro-
tection.

Potentiodynamic polarization studies

Polarization curveswere recorded at room tem-
peraturewith copper having an exposed areaof 1cm?.
Theworking el ectrodewasimmersed in test solution
(in the presence and absence of optimum concentra-
tion of additives) and allowed to stabilizefor 30 min.

Thecathodicand anodic polarization curvesof cop-
per intheacidic solutioninthepresenceof BT or TT
withany of additivesare shownin Figure6 and Figure
7 and related el ectrochemical parameters such ascor-
rosion current density (I_, ), corrosion potentia (E_ )
and Tafel slopes(Pa and Bc), arepresentedin TABLE
2. Itisevident that inthe presence of additivestheca
thodic and anodic curveswere shifted to more positive
potentia region, whichismore pronouncedinthecase
of BT/KI and TT/KI polarization curvesand it may be
related to more stabl e protectivefilm onthe surface of
copper. Inal cases at the anodic branch, the current
has not increased asthe potential goesto morepositive
values, indicating that the protectivefilm onthe el ec-
trode surface hasamoreresistive nature under these

conditions.
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Figure5: Phaseanglebetween thecurrent and potential for copper in the presenceof inhibitor sand additives
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Figure7: Potentiodynamic curvesfor copper in

TABLE 2: Electrochemical parameter sfor copper inthepres
enceof additivesand inhibitors

inhibitor

ECOH

(MV)/SEC (nA

cor a BC
em?) (mVdec) (mV dec?)

BT
BT/TU
BT/SB
BT/KI
TT
TT/TU
TT/SB
TT/KI

-247
-231
-207
-182
-234
-226
-192
-120

18.73
11.42
9.83
4.37
16.52
9.42
6.14
213

260
272
293
310
269
283
325
342

146
172
193
220
168
189
230
246

Open circuit potential measur ements
OCP curvesfor copper in acidic solution contain-

T T T T 1

-0.2 -0.1 0 0.1 0.2
E(V)/SCE
thepresenceof TT with thethreetypesof additives

during 1800 sec. EISand Polarization resultsconfirm
that the combination show amuch better inhibitive per-
formancethan that of asoleinhibitor.

The OCP curvesfollow similar regimesimplying
that after afew secondsthe passivation layer on cop-
per isformed and afull protection hastaken place
(alwaysthe potentials shifted to positive direction).
Inthecaseof BT, itisclear that adsorption of this
inhibitor on metal surface has been completed after
about 300 second’s immersion, but in the solution
with additivesthefull adsorption seenwithinfirst sec-
onds. The adsorption of inhibitor/additive combina-
tion onthe metal substrate caused theformation of a
passive layer which enable usto use low concentra-
tion of inhibitors (mixing with additives) to protect

inginhibitorstogether with complementary additivesare  the metal instead of using higher concentrations of

presented in Figure 6. All measurements performed

soleinhibitors.
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Figure8: OCP curvesfor copper in acid solution with BT and with additives
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Figure9: OCP curvesfor copper in acid solution with inhibitorsTT and with additives

CONCLUSION

BT and TT aregood corrosioninhibitorsfor cop-
per metal, though increasing theinhibitors con-
centration causeanincreasinginther performance,
asindicated by weight loss measurementsand EIS
curves but higher concentrations of these chemi-
casrisesan economical and environmental safety
concerns.

Theefficency of twotestedinhibitorsimproved s g-
nificantly after adding any types of investigated
chemical swith optimum concentrations of 1ppm
TU, 300 ppm K1 and 250 ppm SB. However, an
optimum mixtureof theseinhibitorswiththe pro-
posed additivesresultsin requirement of |ower con-
centrationsof inhibitorsto reach desired corrosion
inhibition efficiency.

The OCP curves shifted towards more positive
potentid safter addingthesechemicas,implyingthat
after afew secondsthe passivation layer on cop-
per isformed and afull protection hastaken place.

[1]
[2]
[3]

[4]
[5]
[6]
[7]
8]
[9]

REFERENCES

R.Ravichandran, S.Najundan, N.Rajendran;
App.Surf.Sci., 236, 241-250 (2004).
E.P.Banczek, P.R.Rodrigues, 1.Costa; Surf. &
Coat.Tech., 201, 3701-3708 (2006).
M.M.Mennuccia, E.PBanczeka, PR.P.Rodriguesb,
|.Costaa; Cement and Concrete Composites, 31,
418-424 (2009).

SJin-Jie, SWei; Acta Phys.Chim.Sin., 27, 1457-
1466 (2011).

E.Hur, A.Arslan, H.Sakarya, D.Hur; Anadolu
Uni.J.Sci. Tech.-A App.Sci.Eng., 12, 1-10 (2011).
D.Gallant, PMichel, S.Simart; Electrochim.Acta,
52, 4927-4941 (2007).

H.S.Lu, X.Zeng, J.X.Wang, F.Chen, X.P.Qu;
J.Electrochem.Soc., 159, 383-387 (2012).
S.Mamas, T.Kiyak, M.Kabasakaloglu, A.Koc;
Mat.Chem. & Phys., 93, 41-47 (2005).
R.Ravichandran, S.Nanjundan, N.Rgjendran; Anti-
Corros.Meth.Mat., 52, 226-232 (2005).

[10] G.Bereket, A.Pinarbasi; Corros.Eng.Sci.Tech., 39,

308-312 (2004).



ChemXpress5(1), 2014

31

[11] S.M.Milié, M.M.Antonijevié, S.M.Serbula,
GD.Bogdanovi¢; Corros.Eng.Sci.Tech., 43, 30-37
(2008).

[12] S.Tamilselvi, S.Rajeswari; Anti-Corros.Methods
Mat., 50, 223-231 (2003).

[13] PGFox, GLewis, PJ.Boden; Corr.Sci., 19, 457-467
(1979).

[14] R.Subramanian, V.Lakshminarayanan; Corros.Sci.,
44, 535-554 (2002).

[15] N.K.Allam, E.A.Ashour, H.S.Hegazy, B.E.EI-
Anadouli, B.GAteya; Corros.Sci., 47, 2280-2292
(2005).

[16] F.S.De Souza, A.Spinelli; Corros.Sci., 51, 642-649
(2009).

[17] U.Rammdt, SKoehler, GReinhard; Corros.Sci., 50,
1659-1663 (2008).

[18] S.A.Umoren, Y.Li, FH.Wang; Corros.Sci., 52,
2422-2429 (2010).

ORIGINAL ARTICLE

[19] T.K.Emranuzzaman, S.Vishwanatham,
GUdayabhanu; Corrs.Eng.Sci.Tech., 39, 327-332
(2004).

[20] D.Lahem, M.Poelman, F.Atmani, M.G.Olivier;
Corrs.Eng.Sci.Tech., 47, 463-471 (2012).

[21] Z.L.Lu, Y.B.Qiu, X.P.Guo; Corrs.Eng.Sci.Tech.,
44, 43-50 (2009).

[22] H.Amar, J.Benzakour, A.Derja, D.Villemin,
B.Moreau, T.Braisaz; Corrs.Eng.Sci.Tech., 41,
291-296 (2006).

[23] M.R.Vogt, R.Nichols, O.M.Magnussen, R.J.Behm;
J.Phys.Chem.B., 102, 5859-5865 (1998).

[24] W.Polewska, M.R.Vogt, O.M.Magnussen,
R.J.Behm; J.Phys.Chem.B., 103, 10440-10451
(1999).

[25] W.Giger, C.Schaffner, H.P.E.Kohler; Environ.Sci.
Technol., 40, 7186-7192 (2006).



