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ABSTRACT KEYWORDS
The electrochemical behavior of Cu-30Ni aloy wasinvestigated in aerated Electrochemical impedance
NaCl 3% in presence of ammoniasol utions containing 3-amino-1,2,4-triazole spectroscopy;
(ATA) and 3-4’-bitriazole -1,2,4 (BiTA), separately and mixed. For the ca- Triazole;
thodic processes, the addition of ATA, BiTA and mixture dows down mark- Polarization curve;
edly the reduction reaction of dissolved oxygen, and the cathodic processis Inhibiting efficiency;
controlled merely by the hydrogen evolution. For the anodic processes, the Cupro-nickel.

addition of ATA, BiTA and mixture suppressed compl etely the current peak
observed at the active-passive transition revealed in their absence, and the
passive current plateau is observed directly from the corrosion potential.
Therefore, the addition of ATA, BiTA and mixture reduces both the anodic
and the cathodic partial currents of the corrosion process. The inhibiting
efficiency of mixtureishigh, morethan 98%, and even enhanced in presence
of ammoniac. It wasfound also that thisinhibiting effect increased with the
immersion period. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION Organicinhibitorsarelargely used, with success, to

protect copper and copper alloysfrom the corrosion.

Copper anditsadloysarelargely used inindustrial
gpplicationsbecauseof their high eectrica andtherma
conductivities, and dso because of their relaively good
resi stance againgt thecorrosion. Infact, theionization
potentia of copper ismore anodic than the hydrogen
evolution process, and in presence of oxygenandin
neutral medium, astableoxidewill cover the surface of
thesealoys. However, in presence of some pollutants
suchaschlorine, sulphideor anmoniacin chlorideme-
dium, these materials may suffer asevere corrosion.

Many papersreported that organic compounds con-
taining nitrogen and their derivativessuch asamines™?,
amino acidg'®, contai ning sul phur®23 and many
othersshowedinhibition effect for thecorrosion of Cu
and Cudloysindifferent media. Unfortunately, most of
these compounds are synthetic chemical swhich may
bevery expensive, toxic and hazardousto living crea
turesand environment e.g. benzotriazole (BTAH)* and
itsderivativesare excellent corrosioninhibitorsfor Cu
and itsaloysbut these are toxicl’>,
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Generdly, thecorrosion effect produced by amix-
ture of two or moreinhibitorsrarely correspondstothe
sum of individua effects. Instead, we observe adis-
proportionateincrease or adecreaseinindividual ef-
fects. According to Horner and Réttger!*®, theinhibi-
torsof cationic and anionictypeact on different sites
from ametal in acorrosive medium. Consequently, a
mixtureof thesetwo typesof inhibitorsshould show an
additive or aphenomenon of synergy of theindividual
anticorrosveeffects.

Gonzalez and coll.** showed asignificant syner-
gidticeffect between theethylxanthate of potassumand
the benzotriazole against corrosion of the copper in
0,1M NaCl inthepH range 7-11. The ethylxanthate of
potassium increases the compactness of the passive
movieformedin the presence of the benzotriazole. On
the other hand, Sockalingum et d "> have shown that
benzotriazol e and tolytriazol e coadsorbent to the sur-
face of copper when present smultaneoudy inthesame
solution. Accordingto theseauthors, thetolytriazolefilm
isformed preferentidly at Sitesnot covered by thefilm
of benzotriazole.

Thestudy of e ectrochemical behavior of copperin
mixtures3-amino 1, 2, 4-triazole (ATA) with 1-hydroxy-
benzotriazole(BTAOH), 3-amino 1, 2, 4-triazole (ATA)
with Benzotriazole (BTAH) and Benzotriazole (BTAH)
with 1-hydroxy-benzotriazole (BTAOH), inasolution
of chlorinated borate (0.2 M NaCl) showedthat, inthe
caseof (ATABTAH) and (BTAH, BTAOH), theme-
dium has the same behavior asthe only BTAH and
BTAOH and ATA improvesefficiency BTAH against
theanodi c dissol ution of copper. Tothemixture (ATA
BTAOH), themeasured current densitiesarelow. The
shape of the pol ari zations curvesiscomparableto that
of theATAto 10 mM. The BTAOH improvesthe effi-
ciency of ATAZY,

Thus, the presence of two or moreinhibitors may
lead to the devel opment of afilm more protectivethan
that formed in the presence of each compound. It
seemed then interesting to study the electrochemical
behavior of themixture (ATA + BiTA) against corro-
sion of thealloy Cu-30Ni in NaCl 3% inthe presence
of ammoniawill bereported.

EXPERIMENTAL CONDITIONS

A classicdectrochemical cdl withthree-e ectrode

==  Pyl] Peper

configuration wasusedinthisstudy: aplatinumgridas
counter electrode, arotating disk of Cu—-30Ni as work-
ing electrode, and Ag/AQCl in 3M KCI (SSE) asrefer-
enceelectrode. All potentialsin thispaper arereferred
tothiseectrode.

Theworking el ectrode was made of cylinder rod
of Cu—30Ni (Good fellow) of 12.5mm in diameter. A
cylinder rod of about 1 cm height wasfixed to astain-
less-steel shaft, and then thelateral part was covered
with a cataphoretic epoxyamine base paint (PPG;
WT724 + P962). First, the paint was deposited at a
constant voltage of 180V during 4 min, and then cured
at 180 &%C for 30 min. After that, the electrode was
embedded into an epoxy resin (Buhler; Epoxycure),
and worked out to the cylinder shape, the outer diam-
eter of whichwas 21 mm. Only thecross-section of the
alloy rod embedded in the epoxy resin was used to
form arotating disk electrode. The cataphoretic coat-
ing alowed avoiding any infiltration of electrolyte be-
tween themetal and epoxy resin interface. Just before
each experiment, the el ectrode surface was abraded
by emery-paper up to 1000 grade.

The corrosion test solution was prepared with de-
ionized water and reagent grade chemicals: 3wt %
NaCl + 0.05M NH40H + 0.05M NH4CI. ThepH of
thisbuffer solutionwas9.25. ATA (Fluka; Purum) was
used asrece ved without any further purification, BiTA
was synthesi zed.

The surface morphol ogy of the electrodewas ex-
amined with ascanning e ectronic microscope (SEM;
LelcaStereoscan 440), and e ement anal yseswere per-
formedwith EDAX (Princeton Gamma-Tech).

RESULTSAND DISCUSSION

Surfacefilm formed upon Cu-30Ni surface by cor-
roson

Figure 1lapresentsthe surface morphol ogy after
24 h of immersion in ammoniac containing NaCl 3%
solutioninabsenceof ATA (referencesolution). It can
be seen that the alloy surface is covered by spongy
corrosion products. In contrast, in presenceof BiTA,
ATA and mixture (Figure 1b, c and d), most no cor-
rosion isrevealed, and the grooves dueto theinitial
surfaceabrasionremain clearly visible after 24 him-
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mersion. Some precipitates observed are NaCl crys-
tal sgppeared because of insufficent surfaceringng. The
comparison of thesefiguresrevealsamarked inhibiting
efficiency of inhibitors.

Figure 2apresentstheresultsof EDAX analysis.
Thecopper, nickd, chloride, and oxygen weredetected
at thedectrodesurfacefor thealloy specimenimmersed
inthereference solution during 24 h, ascan beseenin
Figure2b, cand d. If the electrode was dipped in the
solution containing 1mM of inhibitors, the pesk dueto
the oxygen decreased dramatically. In contrast, C and
N peaks appeared in this sol ution, which suggest the
adsorption of inhibitor on the el ectrode surface. The
formation of athininhibitor filmisinagreement withthe
SEM observations.

Thecorrosion ratewill beeva uated quantitatively
first by polarization curvesthen by e ectrochemical im-
pedance spectra

Polarization curves

Cathodicand anodicpolarization curvesof Cu-30Ni
dloy corrosonin 3% NaCl polluted by ammoniacinthe
absenceand presence of theexaminedinhibitors, were
plotted after 30 min of immersontimeat freecorrosion

BiTA

e
- -r""‘: s
Photo No. =127

ATA pH=92
Figurel: SEM pictureof Cu-30Ni electr odesurfaceafter 24himmersionin 3% NaCl pH 9.25 (corrosion test solution), (a)
Blank, (b) BiTA, (C)ATA, (d) ATA+BITA.
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potentid. Theeffect of thetested inhibitorswasstudied.
Va uesof associated e ectrochemica parameterssucha
corrosion potentid (E_, ), cathodic Tafel Sop (b)), cor-
rosion current dendity (I, ) andinhibition efficiencies
(E%) for thetested inhibitors at the concentrations 1 mivi
and10mM aregiveninTABLE 1.

Anodiccurves

Theanodic polarization curvesof theaction of mix-
ture (ATA + BiTA) arepresentedin Figure3and 4. On
the samefigures arerepresented the curves recorded
inthe presenceof ATA and BiTA done. Theaddition of
mixtureto thecorrosion test solution decreasestherate
of alloy dissolution. The current peak, observed at -
200 mV in absence of mixture, disappearsby increas-
ing theinhibitor concentration while moving towards
more positive potential values.

When themixtureof inhibitorsispresent inthe so-
lution at aconcentration of 10 mM, theanodic curveis
modifiedand presentsapassvedoman, whichisclearly
observed compared to blank essay. Thiseffect can be
explained by the fact that the product tested acts by
adsorption on the surface of the material and contrib-
utesto an establishment of anodicfilmformation. This

10-3M Photo No.= 7
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Figure2: EDAX spectraaobtained of Cu-30Ni electrode surfaceafter 24 himmersionin 3% NaCl pH 9.25 (corrosion test

solution), (a) Blank, (b) BiTA, () ATA, (d) ATA+BITA.

passivity isbroken with anodic overtension higher than
100 mV for ImM of mixtureconcentration. Thiseffect
can beallotted to the destruction or the desorption of
film formed by the mixture on the surface of the elec-
trode.

Cathodiccurves

Cathodic curvesof Cu-30Ni aloy in aerated 3%
NaCl solution polluted by ammonia, without and with
the tested inhibitors are shown in Figure5 and 6. A
small current peak, at “0.36 V versus Ag/AgCl, can be
noticed whenimmersedin thereferencesolution. This
peak may correspond to the reduction of corrosion
productsformed at the open-circuit conditionsbefore
potentia sweep'®,

In presence of inhibitors, theaction of the mixture
(ATA, BITA) dsoresultsinadecreaseof current den-
gtiesfrom 1 mM of the mixture, with disappearance of
the peak cathodic recorded in theabsenceof inhibitor.
The disappearance of this peak can be explained by
theformation of acomplex mixed-dloy - (ATA, BITA).

We also notethe appearance of awiderangeof linear-
ity, assgnedtothe Tafeienfid d. Thisshowsthat there’s
achangeinthekineticsof interfacia processes, more
pronounced with thecombination of bothinhibitors.

At high concentrations(ATA, BITA), the cathode
current density ismuch lower.

Theextrapolation of cathodi ¢ polarization curveto
theopen-circuit corrosonpotentia E__alowed evalu-
ating the corrosion current density. Theresultsare sum-
marizedin TABLE 1. Theinhibiting efficiency E in per-
cent was cal culated according to thefollowing expres-
don:

0

E = 100 x Icorrlo_lcorr

| ®

corr

wherei)  andi_, stand, respectively,tothecorro-

sion current density without and with inhibitor.
Theseresults show that the addition of mixturein

the solution isaccompani ed by adecrease of the cur-

rent density valuesin thevicinity of the corrosion po-

corr
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TABLE 1: Effect of BiTA,ATA and mixtureon theelectrochemical kineticsof Cu-30Ni in aerated 3% NaCl pH 9.25

] 1ImM 10 mM
Medium
be (MV/dec) Ecor (mVAg/AgCI) lcorr (WA cm—Z) E (%) be (mV/dec) Ecor (mVAg/AgCI) lcorr (WA cm—Z) E (%)
Blank - 267 - 298 91,3 - -267 -298 91,3 -
BIiTA - 213 -214 45 95 -195 -197 1,96 97,8
ATA - 198 - 217 1,7 98,1 -219 -215 1,33 98,5
ATA+BITA - 220 - 153 181 98 -201 -151 14 98,4

tentid. Theinhibition &ficienciesreached 98%a 1 mM
of mixture

Electr ochemical impedance spectroscopy (EI1S)

Wewill firstly determinethe effect of theinhibitor
concentration for agivenimmersiontime, here0.5 h,
and then theinfluence of immersion period will beesti-
mated.

I nfluence of concentration

Theimpedancediagramsin Nyquist plot for differ-
ent inhibitor concentrationsare presented in Figure 5
and 6. The high frequency part of impedanceisdis-
played with an enlarged scalein theinsert. It can be
noticed that theimpedance modulusincreased draméti-
calyinpresenceof inhibitor.

Though not clearly separated, these diagramsmay
be split into two capacitanceloops. However, in con-
trast to the case of copper e ectrode®, withthealloy

TABLE 2: Theresultsof non-linear regression for theim-
pedance spectrapresented in Figure7and 8

Medium Re , Ry , G B R , Ca , E
(L2.cm?) (k.cm) (uF.cm™) (k.cm?) (uF.cm™) (%)

Blank 9.31 0.450 145

ImM
BiTA 1562 2054 58 4591 138 90.2C
ATA 32,88 0.169 173 11.164 17  95.9¢
ATA+BIiTA 277 0.150 29.9 17.427 228 9742

10Mm
BiTA 10.118 2.299 26.4 7.058 29.09 93.62
ATA 9.43 170 11.71  20.695 16 97.82
ATA+BITA 28 727 114 17.924 121 97.5C
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electrode, the addition of inhibitor doesnot induce a
new time congtant, they remained alwaystwo. Theim-
pedance spectraare then analyzed with anon-linear
regression ca culaionwithaSimplex dgorithmwithtwo
R-C ladder circuits. The calculation resultsare pre-
sented in TABLE 2. The equivalent circuit and the y2
function used are given elsewhere?*?, Whereasthe
low frequency elements arerel ated to the oxidation—
reduction contribution of the corrosion products (R -
C)). Thereisno contribution of thelatter coupleinthe
absenceof inhibitor. Moreover, thevaluesdetermined
for thiscouple from the numerical simulations of the
diagramsare not discussed in thetext sinceit appears
that they are scattered probably due to the fact that
they arelikely ascribed to corrosion products.

Inthe context of adetailed study published el se-
where?2#1 | the spectraobtained in the presence of the
mixture present al so three capacitiesloops. Evenif we
do not distinguish clearly threeloops, the adjustment of

0014
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" 1E4+
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—o—10°MATA L
—o—10°M BIiTA

—s—10°M ATA + 10°M BiTA

Current density (A/cm
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Figure3: Anodic polarization cur vesof Cu-30Niin 3% NaCl

in presence of ammonia (pH 9.25) without and with thetested

inhibitor sat theconcentration 1 mM, Q=1000 rpm; |dE/dt|=

30m/Vs.
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parameters can be made correctly only with three con- ottt
stantsof time. 0014
Inthistable, R indicatesthe € ectrolyteresistance. .
Athighfrequencies thefirst loopcharacterizedbyRand ¢
C.isassociatedwiththedidectricfilmsurface thesec- 3 4
ondloopisattributed to thechargetransfer resstance R £ s
gno! t_he double layer capacitance C - Inpresenceof g . \ s I
inhibitor, C, decreases, corresponding to thesurface £} ,, # —
coverageby inhibitor observed by EDAX andyss. § IETy gﬁ 4 :::1:::
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'5 Figure6 : Cathodic polarization curvesof Cu-30Ni in 3%
< 4 NaCl in presenceof ammonia (pH 9.25) without and with the
%" 1E59 tested inhibitor sat the concentration 10mM, 2 =1000 rpm;
< 5 [dE/dt|=30m/Vs.
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Figured: Anodic polarization curvesof Cu-30Ni in 3% NaCl g 30 min
in presenceof ammonia (pH 9.25) without and with thetested > 104 . |
inhibitor sat theconcentration 10mM, Q=1000 rpm; [dE/dt| £ o™
=30m/Vs % —o—10"M BiTA
" E ——10°M ATA
R S S S ST S SR E— / —o— 10°M BiTA+10°M ATA
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00'1E ?w 10 20 30 40 50
PR 15-31: Real part (kOhm.cm’)
"g Figure7: Impedancediagramsof Cu-30Ni in the corrosion
2 test solutionin absenceor in presenceof 1mM of ATA, BiTA
2 15.5,: and mixtureafter 30 min of stabilization period. £ = 1000
rpm
T iEsy i .
g \ y I 17.924 KQcm?in presence of 1 mM and 10 mM of
3 i +1o:xm mixture respectively. Thissignificant increase can be
€54 ( ‘ e ETA interpreted by effective protection of thealloy by the
o) mixture.
04 ' —0'.3 ' -OI,2 ' O' 1 i 0!0 ' O.I1 i D?Z ' 0?3 i 04

Potential (V/Ag/AgCl)
Figure5: Cathodic polarization curvesof Cu-30Ni in 3%
NaCl in presenceof ammonia (pH 9.25) without and with the
tested inhibitor sat the concentration 1 mM, Q =1000 rpm;
|[dE/dt|=30m/Vs

If weinterpret theaction of themixtureby thevaria-
tionof R, theexamination of thediagramscan be noted
that theR increased from 0.450 KQQcm?*to 17.427 and

Influenceof theimmersion time

Figure 9 and 10 presentsthe evolution of imped-
ance spectrawith respect to theimmersion period.

Ascanbeseeninthisfigure, theimpedancedia
gramintheNyquist plot becomeslarger withtime. The
increase of the polarization res stance with theimmer-
sion period isoften reported for theinhibiting action of
heterocyclic on copper corrosion?-311,
Research & Reotews On
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Figure8: Impedancediagramsof Cu—30Ni in the corrosion
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and mixtur e after 30 min of stabilization period. 2 = 1000
rpm
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Figure9: Evolution of impedance spectrawith immersion

period. Cu—-30Ni in the corrosion test solution in presence of
1mM of mixture. 2 =1000rpm

These diagrams show acapacitive behavior of the
interfaceinthefrequency rangeexamined. Themodule
of theimpedance at agiven frequency increaseswith
time and with the concentration of themixture.

The spectraobtained inthe presence of themixture
al so present three capacitiveloops. Evenif you do not
clearly distinguish between thethreel oops, the adjust-
ment of parameterscan not be done properly with three
time constants. Figures 9 and 10 shows, for different
immersion timesand for both concentrations studied,
thefitted curves are superimposed to the experimental
curveswdl. Theevolution of the characteristic param-
eters associated with the capacitiveloop withtimeis
summarizedin TABLE 3. Thistablea so presentsthe
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values of characteristic parameters obtained of mea-
sured impedances, by operatingin smplex.

Thefirstloop a high frequencies, characterized by
R, and C, isassociated with the diel ectricfilm surface.
TABLE 3 showsthat theevol ution of the parametersis
similar for both concentrationsin combinationwith dif-
ferent values. For aconcentration of 1 mM inamix-
ture, thereisanincreaseinres stanceof thefilm changes
from 150.86 QQcm? for 30 minutesimmersion 452.1
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Figure10: Evolution of impedance spectrawith immersion
period. Cu—-30N:i in the corrosion test solution in presence of
10 mM of mixture. 2=1000rpm

TABLE 3: Variablesrepresenting experimental EI Sdatain
presence of mixturefor £ =1000rpm

Medium Time R¢ Ci R: Ca E’
(h) (@cm?) (uF.ecm? (kQ.cm?d (uF.cm?) (%)
0,5 0.450 145
2 - 0.372 171
Blank
4 - 0.196 123
24 - 0.177 90.1
0,5 150,8 29.9 17.427 2,28 97.42
Mixture 2 1745 20 17.872 10.7 97.92
1mM
4 165 11.7 28.792 10.6 99.32
24 452 6 22511 14.1 99.21
0,5 72,7 11.4 17.904 12.1 97.49
Mixture 2 108,5 9.3 21.745 6.9 98.29
10mM
4 114 7.9 31.589 6.01 99.38
24 201.9 7.6 252 640 1.37 99.93
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‘Qcm? after aday of immersion. Inthe presenceof 10
mM, thisresistanceis 72.665 Qcm?gprées 30 minutes
of immersion. For animmersiontimeof 24 hoursit was
201.9Qcm? Inparallel, theability of thefilm C de-
creases withtime, indicating athickening of thefilm
formedwiththeimmersgontime Thesevduesaresmdler
for aconcentration of 10 mM. Thisindicatesthat the
filmformedwith 10mM inhibitor inthemixtureisthicker
than the other concentration.

The second |loop obtained in medium frequencies,
indicatesthe presenceof the protectivefilm onthesur-
face of theadloy. Thisloopischaracterized by (R, C,)
for thedoublelayer capacity (C,) in parallel withthe
chargetransfer resstance (R ). Theevolution of these
two parametersisshowninthe TABLE 3.

Ascanbeseeninthisfigure, theimpedancedia-
gramintheNyquist plot becomeslarger withtime

For both concentrationstested, therewasasignifi-
cant increase of the chargetransfer res stancefromthe
immersion of thedectrode. It goesfrom 0.450 kQ2.cn?
without mixtureto 17.427 kQ.cm? and 17.904 kQ2.cm?
in the presence of 1 mM and 10 mM of mixturere-
gpectively. Ascan beseeninthistable, thisresistance
becomeslarger withtime, indi cating an empowerment
of mixturetheinhibitors (ATA + BITA). Any timethe
values of R recorded in the presence of 10 mM are
moreimportant. Thisva uereachesamaximum 252.640
kQ.cm?after 24 hoursof immersiontime.

Thevalues of the double layer capacity (C,) de-
creasewith the concentration and withthetime. These
va ues correspond to the capacity of doublelayer inthe
presenceof themixturefilm.

Thevauesof inhibition efficiency (E”) for different
immersiontimeinthe presenceof 1 mM and 10mM of
mixture (ATA+BITA) aregroupedin TABLE 3iscal-
culated by:

i 0
E =100x R ORt

@

t

where R/ and R? arerespectively chargetransfer re-

sistance with and without inhibitor, corroborate those
obtained with the stationary curvesof polarization.

Inthewhol e cases, the protective effectivenessis
higher than 99%. Furthermore, theinhibiting efficiency
tendsto increasewithimmersion period.

= Pyl Paper
Synergism consider ation

Synergidicinhibition effect of inhibitorstakesplace
whenthetota action of compoundsishigher than the
sumof eachoneindividualy.

Thesynergism parameter (S wascal culated using
thefollowing equation:

S= 1- (771 + 772)
1- N142

where 7, isinhibition efficiency of BiTA, 7, istheinhi-
bitionefficiency of ATAand 77, isinhibition efficiency
of BiTA+ATA. Thevalue of Sis calculated as 1.98
whichisgreater than unity indi catesthat the enhanced
inhibition efficiency isdueto synergistic effect of BiTA
and ATAE34,

The values of faradic capacity (TABLE
4) recorded at different immersion times are lower
than those calculated in the absence of the
inhibitor. These values are lower in the presence of
10mM. This shows that the complex formed with the
mixture is more protective and adhering to this
concentration (R, large).

3

DISCUSSIONS

Electrochemical study showed that the mixture
(ATA+BITA) product tested isagood corrosion in-
hibitors, against Cu-30Ni corrosion in 3% NaCl pol-
luted by ammoniaat pH 9.25. The mixtureactsat the
sametimeon theanodic and cathodic e ectrochemical
processes. Polarization curves showed that theinhibit-
ing effect of thiscompound resultsinaclear reduction
of the cathodic and anodic current dendty va ues espe-
cidlyinthevicinity of corrosion potential. At 10 mM,
thealloy presentsadomain of passivity wider than that
obtained inthe presence of 1 mM. Thisshowsthat the
complex formed in this concentration ismore protec-
tive. On the cathodic branches and for both studied
concentrations, theaction of themixture (ATA, BiTA)
a soresultsadecrease of the current densitiesvauesin
thevicinity of thecorrosion potential from 1mM. This
decreaseisaccompanied by the disappearance of the
peak raised in the absence of mixtureandwhichisdue
to the reduction of CuCl, on other hand can be ex-
plained by theformation of acomplex aloy - (ATA,
BiTA)?32, These resultswere confirmed by imped-
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ancetestswhereit was observed that the effect of in-
hibitor additionisdistinguished by anincrease of the
resistance and astrong reduction of the el ectrochemi-
cal interface capacity value. The specters of imped-
anceswerealso adjusted by acircuit 3R-C. For both
concentrationstested, therewasasignificant increase
of thechargetransfer res stancefromtheimmersion of
theedectrode. It goesfrom 0.450 k2.cm? without mix-
tureto 17.427 kQ2.cm? and 17.904 kQ.cm? inthe pres-
enceof 1 mM and 10 mM of mixturerespectively. As
can beseeninthistable, thisres stance becomeslarger
with time, indicating an empowerment of mixturethe
inhibitors (ATA + BITA). These obsarvationsprovethat
(ATA, BiTA) acts by formation of a protective com-
plex filmonthe surface of thedloy that improveswith
time. Theanalysisof e ementsby EDAX confirmsthe
presence of thiscomplex onthe surface of thealloy.

CONCLUSION

The comparativeanaysisof theresultsobtainedin
thiswork with the examined inhibitors, namely ATA,
Bi TA and their mixture showsthat:

TheATA, BiTA and mixtureact a thesametimeon
thereactionsanodic and cathodic of theprocessof cor-
rosion. Indeed the cathodic domainischaracterized for
the examinedinhibitors, by decrease of the current den-
sty vauesinthevicinity of the corrosion potential and
disappearance of the cathodic peak, recorded in the
absence of inhibitors. The anodic polarization curves
show adecreaseof thecurrent dengity valueswith dis-
appearance the current peak recorded in the absence
of theexamined inhibitors. For both concentrations, the
actionof ATAislimitedtolow anodic overvoltage. While
the BiTA and the mixture show agood protection, even
in the strongest anodic overvoltage. The shape of the
curverecorded in the presence of themixtureiscom-
parabletothat inthe presenceof BITA done. Thissug-
gestsanimprovement theefficiency of BITA by theATA,
in other wordsthereispreferential adsorption of the
BiTA onthesurface of thealloy and theATA improves
theres stance of thefilm formed.
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