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ABSTRACT

The effect of synthesis N-decyl-3-amino-1,2,4-ot@noted (TH) on the corrosion behavior of copper-zinc 60 - 40
(Brass) in NaCl 3% solution has been investigate@38 K in presence and in absence of sulphide ioising
weight loss measurements, potentiodynamic polaoizatimpedance spectroscopy (EIS) methods and curfa
characterization. Polarization measurements showext the organic compound investigated act as miygpe:
inhibitor retarding both anodic and cathodic reamti The impedance results show a change on theosionr
mechanism of brass in the presence of inhibitopr@priate electric equivalent circuit model was dge calculate
the impedance parameters. Changes in the impedseareaneters are related to the adsorption of organhubitor

on the metal surface, leading to the formationrotgctive film. This film depends on the immergiore. Inhibition
efficiencies obtained from different studied methatk in good agreement. Inhibition efficiency a@5% can be
obtained at 0.5 mM of inhibitor and after 60 minimimersion time.
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INTRODUCTION

According to their good corrosion resistance intridwaggressive media and their ability of procegsbrasses are
widely used in industries, particularly as condessend heat exchangers in power plants [1-3]. Wh&ss is
dipped in a media containing chloride ion, an inbt# film of cuprous chloride is adsorbed on thaskrsurface.
The copper ions can pass into the solution by dismtionate reaction or it can dissolve with thenfation of
complexes with CuGl[4, 5]. The formation of stable @D is possible inside the pores of CuCl layer. Assult,
the brass surface becomes enriched with copperevidding impoverished by zinc during corrosion [bhese
changes make brass surface less resistant to iortb®n copper in media containing chloride [@ideed, in the
presence of oxygen, chlorides, sulphates or nérairs are exposed to localized corrosion [7, 8welver, the

corrosion resistance of these alloys depends ngtam their chemical composition but also on theiemment
medium nature [9-14].

Substantial improvement in brass passivity can dl@esed using corrosion inhibitors. Most of the Malown

corrosion inhibitors are organic compounds contajrpolar groups having nitrogen, sulfur and/or @tyg@toms
and heterocyclic compounds with polar functionalugrs and conjugated double bonds [15-18].
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The aim of this work is to study the effect of dd of N-decyl-3-amino-1,2,4-triazole (TN10) oretlorrosion
resistance of the Cu-40Zn in 3% NaCl solution & pinesence and in the absence of sulphide ionstr&tbemical
techniques such as polarization curves, electrot@nmpedance spectroscopy (EIS) combined withghieloss
measurements and surface characterization haveusedrto characterize the inhibiting effect.

MATERIALS AND METHODS

2.1. Materials
The working electrode was commercial brass Cu60Zi#@ chemical composition (wt %) was: 60Cu%, 38Zn%
2Pb.

2.2. Solutions

The solutions used in this study were preparedgus@agent grade chemicals and ion-exchanged wales.
standard aggressive medium was 3% NaCl. The sépiods & were added as M& in solution to the
concentration of 2 ppm.

2.3. Inhibitor

The TN (Figure 1) was prepared under the conditions eftthnsfer catalysis solid-liquid phase alkylatafri3-
amino-1,2,4-triazole using as alkylating agentl&flahalide in dimethyl formamide at ambient tempieire and as
base potassium carbonate, bromide, tetra-n-Buthyh@nium as catalyst.
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Figure 1: Chemical structure of the investigated Ndecyl-3-amino-1,2,4-triazole (TNo)

2.4. Weight loss measurement

Gravimetric experiments were performed with rectdag Brass coupons (5 cm x 3 cmx 0.3 cm). The ®olut
volume was 300 mL of 3%NaCl solution, with and with inhibitor during 5 days at room temperature3(R9. At
the end of the tests, the specimens were carefidshed with distilled water and adherent corrogimoducts were
removed by immersing the coupons in 6%SB, for 20s. Then, the coupons were rinsed with déstilwater,
cleaned with acetone, dried and then weighted. iDatgl experiments were performed in each case lananean
value of the weight loss was reported.

The corrosion rat€Rand the percentage of inhibition efficiengys (%) over the exposure period were calculated
using the following equations [19]:

CR=87.6XL(1)
DxAXt

Where Wis the weight-loss in (mg),the immersion time in (hours), the coupons area in (nD the density of
the specimen in (g/c

CR - CF
Ecr = ~©cr R x100(2)

WhereCR andCR,, are the corrosion rate values in the absenceratigtipresence of inhibitor respectively.
2.5. Potentiodynamic polarization method
The measurements were carried out in a three etixtrelectrochemical cell with a platinum countecteode and

an Ag/AgCl electrode as reference. The workingtebele was a rotating disk consisting of cylindri¢@0Cu-Zn)
samples with 0.78chtross-sectional area. The rate of rotating eldetwas 1000rpm.The potential scan rate was 1
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mV/s. For all the experiments, the surface prattinent was carried out by grinding with emery pefi€ (grades
120, 600 and 1200) and rinsed with distilled wéiefore use.

The potential polarization studies were carried osing on PGZ100 potentiostat. The working elearahs
initially immersed in aerated solution at room temwgiure and allowed to stabilize for 1 hour at opénuit
potential. Then the cathodic and anodic curves wexerded.

The inhibition efficiency were calculated using fo#owing formula:
. O -
I -
0/ — corr corr
E%-= BT x100 ©)

corr

Wherei’ _and i are the corrosion current densities obtainedératbsence and in the presence of the inhibitor,

corr corr
respectively.

2.6. Electrochemical impedance spectroscopy (EIS)
Electrochemical impedance spectra (EIS) were chroigt at the open-circuit potential f using a potentiostat
PGZ100. The measuring ranged from 100 kHz dowrODtonHz, were applied in these tests which were peréd
in the potentiostatic mode at the corrosion pottiatiter 1 hour of immersion time. Data were pnéseé as Nyquist
plots. E % were calculated using the following dopra
(I RO
E%-= R“—O x100 (4)

t
where R, and R, are the charge transfer resistance in the presernttéhe absence of THrespectively.

2.5. Surface analysis

The surface morphology of the electrode was perarby using scanning electron microscope (SEM: d.eic
stereoxam 440). After 24 hours of immersion withl avithout inhibitor, the specimens were cleanechwibuble
distilled water and dried at room temperature keforbe examined by SEM technique.

RESULTS AND DISCUSSION

3.1. Weight-Loss Method

Table 1 Shows the corrosion rate and inhibition efficiermfyBrass by weight-loss measurements at different
concentrations of inhibitor in NaCl 3% solution the presence and in the absence of sulphide ionmeoan
temperature (298K). The inhibition efficiency inases andCR decreases with the increase of inhibitor
concentration. The optimal efficiency reaches 94&% 95.1% at 0.5 mM concentration of ;fMithout and with
sulphide ions respectively.

Table 1: Weight-Loss results for Brass in NaCl 3%alution in the presence and in the absence of suljgle ions at different
concentrations of TN at 298K

Solution [TN1q (mM) | CR (<107 mm-year?) [ Ece (%)

0 5.06 -

0,

3%NacCl 05 0.28 94.5

0 10.73 -
0.01 2.75 57.7
3%NaCl+2ppm & .02 To5 53
0.1 055 89.4
05 0.47 95.1

3.2. Potentiodynamic polarization method

3.2.1. Effect of sulphide ions

3.2.1.1. Polarization curves

Figure 2 presents the cathodic and anodic polévizaiurves obtained separately from a potentisdechn E,. in
the absence or in the presence of 2 ppnfof S
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Figure 2: Cathodic and anodic polarization curves bbrass in aerated 3%NaCl medium without and with dpm of & at 298K; Q =
1000rpm; | dE/dt | =1mv/s

For cathodic polarization curves, the addition olphide ions was accompanied by an increase ofcthieent
density values near to the corrosion potentiathin presence of sulphide ions, the cathodic cunesved a shape
similar to that obtained in the 3% NaCl solutiomdapresent a current diffusion plateau characterist the
dissolved oxygen transport to the electrode.

The corrosion current density was determined byelTaktrapolation of the current density-potentiatve after
correction of diffusion, by using the following ation (5) [20, 21]:

1. 1.1
S+ (5)
L,

Where:

I: current density at mixed process.
I : corrected current density.

I,: limited current density.

Values of electrochemical parameters such as dorrgsotential (k,), cathodic Tafel slop ¢p and corrosion
current density (l,,) are given iriTable 2

Table2. Corrosion inhibition parameters of brass inaerated 3% NaCl solution without and with additionof 2 ppm of $" at 25°C.

Solution Ecorr (MV/AG-AgCD) | I con(nA/cm® | b(mV/dec)
NaCl 3% -232 12.93 -176
NaCl 3% + 2ppm 5 262 27.41 214

The corrosion current density increases from 12193cmi? without sulphide to 27.41 pA c¢mwith 2ppm of
sulphide, corresponding to 55% increase of theostwn rate. This result indicates that sulphidetamdinduces an
acceleration of the dissolution mechanism of brass.

For the anodic branch, we note an increase of tineist density values. This shows the acceleragifert of the
sulphide ions on the anodic reaction. This cureedibits a maximum and then increased again. Tlagimum
current, was explained by the formation of CuCl,@uand/or CuS film that protects the copper from a further
dissolution as the diffusion limiting current by Cly [22-24] .The subsequent current increase is du¢hd¢o
dissolution of copper in cupric ions [25-29].

3.2.1.2. Electrochemical impedance spectroscopy

Figure 3(A) presents Nyquist plot of impedance speof Cu—40Zn alloy in aerated 3% NacCl solutiortmand
without 2 ppm of sulphide at corrosion potential fEafter 1 h of stabilisation time.
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Figure 3: Impedance diagrams of Cu—40Zn in the cowsion test solution in the absence and the presenafesulphideions after 60 min of
stabilisation period. Q = 1000 rpm

The impedance spectra in the absence of sulphitepresents one capacitive loop that can be atdbio a charge
transfer process [30, 31]. The value of associasibtance is about 1.4Dkcnf. The capacity is in the order of
112uF.cri.

On adding sulphide ions to the 3%NacCl solution, ithpedance diagram changes in shape and size. iigeach
may be split into two capacitance loops. Howeuercantrast to the case of copper electrode as ngréectrode
[32], the addition of sodium sulphate induces a neve toonstant. In other study [33], the impedance tspén
presence of pollutant such as ammoniac present#épacitive loops and the first loop can be attgdub a charge
transfer processThe electrical equivalent circuit consists of twargdlel R and C as proposed in Figure 3B. Re
represents the electrolyte resistancg, @nd R, represent the coating capacitance and the reséstatated to the
electrolyte passing through the coating defect tnedcharacteristic frequency at the maximum ofithaginary
part, respectively. & is the double layer capacitance, andiRthe charge transfer resistance. The impedance
parameters were calculated and listed in Table 3.

The circuit elements are defined as follows:

R : Electrolyte resistanc&(cnr)

R: : Film resistance due to the ionic conduction tigtoinhibitor layer Q cnt)
C; : Film capacitance due to the electronic insutaproperty (F crf)

R : charge transfer resistand@ ¢n)

Ca : Double layer capacitance at the metal electedlyterface (F cif)

Table 3: Parameters determined from diagrams presegd in Fig. 3

Solution Re(@Qcmd) | R (kQcnd) | G (uFem® | R (kQcmd | Cy (UF cmid)
NaCl 3% 13.48 - - 1.41 112
NaCl 3% + 2ppm 3 12.52 277.4 194 0.047 3609.4

According to the results presented in table 2,whleie of the polarization resistance increases fid®Q cnf
without sulphides to 320 cnt with sulphide ions. These results are in good ergent with other work [34-36]
showing that the presence of a small quantity dptsde has a large catalytic effect on the oxygeduction
reaction. The presence of £) which is an electronic conducting species, endbrrosion products layer, induce a
rise to a double layer capacity [32].

3.2.2. Effect of N-decyl-3-amino-1,2,4-triazole (JJN

3.2.2.1. Polarization curves

The cathodic and anodic polarization curves of brdstained in 3% NaCl solution containing or ndphkige ions
and with various TR, concentrations are presented in Figures 4A and i@ range of T, concentrations
investigated in this work was limited since theukdlity of the synthesized compound was quite Idet{veen 0.5
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and 0.7 mM). All of these curves were obtainedrafteh of immersion time of the electrode in theceialytic
solution at open circuit potentigtgc).

Current denslty (Afem?)
Gurenluensity (A )

Figure 4: Cathodic and Anodic polarization curves ébrass in aerated 3%NaCl without and with sulphideions in the presence of Th at
298K; ©=1000rpm; | dE/dt | = 1mv/s

Addition of the investigated compound to the salmtinduces a decrease of cathodic and anodic ¢utessities
for all the concentration with displacement of ttegrosion potential towards more positive values. &5 mM of
TNy, a large linear domain is obtained, indicating @dification of the cathodic process kinetic contidalues of
electrochemical parameters such as corrosion pakdit,,), cathodic tafel slope {p corrosion current density
value (ko) and inhibition efficiencies (E %) for various a@mtrations of Thhare given in Table 4.

Table 4: Corrosion inhibition parameters of brass h aerated 3% NaCl solution without and with addition of TNy, at various
concentrations at 298K

Solution [TN1g (MM) | E corr (MV/IAG-AGCI) | I o (nA/cm?) | b, (mVidec) | E (%)
Blank 262 27.4 214 -
0.01 255 11.2 251 59.3
0.05 253 6.9 219 74.9
3%NaCl+2ppm $ 0.07 240 3.4 220 87.6
0.1 206 1.85 204 93.3
05 191 0.85 146 96.9

These results show that the values of cathodicl B&dpe pc) change with inhibitor concentrations. The inhdoit
efficiency of TNy attained a maximum value of 96.9% at 0.5 mM. Thiibition efficiency increases with

increasing concentration of inhibitor, indicatirtat a higher surface coverage was obtained inwicolwith the
optimum concentration of inhibitor.

Anodic polarisation curves presented in Figure BBws also a change in the shape of polarisationesumay
correspond to a likely change in the nature and odtanodic reaction. Indeed, the addition of,J it different
concentrations in a corrosive solution in preseoftsulphide ions, leads to a substantial decredsbeoanodic
current density values and corrosion potentialtsiofvards positive one. This confirms the estaltisht of a

passive state of the brass in the presence gf, Thich reduces its dissolution in 3%NacCl solutiorthe presence
and in the absence of sulphide ions.

For a TN, concentration higher than 0.07 mM, the anodic eusvmodified and presents a passive domain, which
is clearly observed compared to blank essay. Tiféstecan be explained by the fact that the prodested acts by
adsorption on the surface of the material and dmurtts to an establishment of anodic film formatidhis passivity

is broken with anodic overtension. This effect denattributed to the destruction or the desorptibithe film
formed by the Th, on the surface of the electrode.

Figure 5 shows the variation &f as a function of lo§ of TNy, wheref is the surface coverage.
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Figure 5. Frumkin isotherm model of TNy, on Brass surface

The TN10 adsorbs on the Brass surface accorditiget&rumkin isotherm model and the free energydsbegption,
is equal to -30 kJ/mol.

3.2.2.2. Electrochemical impedance spectroscopy

Figure 6 shows the impedance spectra collectedrassBelectrode in 3% NaCl solution with sulphidesian the
presence of different Tfj concentrations. The insert presents high frequetoeyain of EIS in enlarged scale. By
adding of inhibitor, the impedance display of thec&ode in TNy containing the solution changes in shape and
size, on the other hand it can be noticed thatitiedance modulus increased in the presence dfiiahi This
impedance reaches approximately 8Ddat in the presence of 0.5 mM T These diagrams show the presence of
at least two different contributions. The firsiagated in the high frequency ¢Rs) and can be associated with the
character of the dielectric film formed by the amipn products, reinforced by the presence of itdikand the
ionic conduction through the film pores. The secatdnedium frequencies (FCy) attributed to the ability of the
double layer at the electrolyte-Brass interfacethet bottom of the pores, coupled charge transfsistence.
However, these diagrams can not be explained with tvo R and C circuits displayed in Figure 4, ghds, a
third R—C circuit was added. The use of such actedal equivalent circuit is in agreement with grevious works
[32]. Finally, at low frequencies, a third input which the elements ¢(Ry) are related to the oxidation—reduction
contribution of the corrosion products. Moreovége values determined for (&) from the numerical simulations
of the ac diagrams are not discussed in the tegest appears that they are scattered probablyaltiee fact that
they are likely ascribed to corrosion products.

The results of non-linear regression calculatiothvda Z view method are superimposed in Figure @ e
calculated variables are presented in Table 5.
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Figure 6: Impedance diagrams of Cu—40Zn in aerate8%NacCl, with sulphide ions, in the presence of vadus concentrations of TN, at
298K; © = 1000rpm

Table 5: Parameters determined by non-linear regreson of the results presented in Figure 6

Solution [TN1g (MM) | R(Qcmd) | Re (kQcmd) | Ci (UF cm?) | Ry(kQ e | Ca(UF cm?) | E(%)
0 12.52 2845 99.4 146.2 1193 :
0.01 10.11 697.1 9.13 1.995 75.52 92.6
0.05 10.34 904.2 6.226 3.980 71.44 9d.3
3%NaCh2ppm $ 0.07 11.41 1.253 4522 6.659 63.17 97.2
0.1 10.08 1.330 1.071 55 910 56.92 9d.7
05 13.15 2.652 0.538 100 200 35.69 99.8

The film resistance |Rncreases, globally, with Tfjlconcentration whereas thev@lue decreases. The surface film
formed in presence of TRlis therefore thicker and less permeable. FromRhealues calculated by a non-linear
regression, the inhibiting efficiency increaseshwitN;, concentration. The inhibiting efficiency is evakee
according to the equation (4). The inhibiting e#fitcy was close to 99.8% when 0.5Mm (fWas added in the
sulphide containing test solution. Its efficiensyalready as high as 90% when only 0.01mMgliNas present in
the solution. The inhibiting efficiency determinieg the EIS is close to that evaluated from the adithpolarization
curves. The value of {lecreases with T{y concentration, which will be explained by a snralieea of brass
directly in contact with electrolyte beneath therosion product layer or a less conducting natditie film.

Figure 7 presents the effect of the immersion timéhe impedance spectra at the corrosion poteiitia inhibitor
concentration was set at 0.5 mM. The shape of thesees is very similar to that obtained when wvagyihe
inhibitor concentration. The polarization resis@an@etermined at the low frequency limit of the &dpnce
spectrum) changes from about 0.1Mn¥ after 1 h to approximately 0.22cn? after 24 h immersion. This increase
illustrates the protective effect of the Jg\which is reinforced with the immersion time.

The results of non-linear regression calculatiothwa Zview method are superimposed in Figure 7, toed
calculated variables are presented in Table 6.
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Figure 7: Impedance diagrams of Cu—40Zn in aerate8%NacCl with sulphide ions in the presence of 0.5 mMf TNy at various
immersion times at 298K;Q = 1000rpm

Table 6: Parameters determined by non-linear regreson of the results presented in Figure 7

Time Re Re G Rat Cu
(h) | @cmd) | kQcmd) | (UF cm? | (kQcmd) | (UF cm?)
1 13.15 2.652 0.538 100 200 35.69
4 10.32 4.375 0.509 150 300 26.4§
24 10.21 7.835 0.507 217 600 18.24

Figure 8: SEM picture of Cu—40Zn electrode surfacafter 24 h immersion in aerated 3%NacCl in the presece of sulphide ions, (A) in the
absence and (B) in the presence of TN

3.3. Surface composition analysis

Figure 8A presents the surface morphology of Braf®r 24 h of immersion in 3% NaCl solution coniag
sulphide ions and in the absence of;J feference solution). It can be seen that sporgsosion products cover
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the alloy surface. In contrast, in the presenc&Mf, (Figure 8B), almost no corrosion is revealed, t&lgrooves
due to the initial surface abrasion remain clegitjble after 24 h immersion. Some precipitateseobsd are NaCl
crystals, because of insufficient surface rinsifige comparison of these two figures reveals a neaikkibiting
efficiency of TN.

CONCLUSION

An investigations on the effect of adding N-decy&Bino-1,2,4-triazole (TN10) to 3%NaCl solution taining
sulphide ions reveal that it is an excellent infoibfor Brass.

The presence of 2 ppm of sulphide ions accelethtedissolution of the brass in 3%NacCl solution &atis to the
formation of sulphur rich, non-protective film &etsurface.

The inhibitor acts on the anodic and cathodic ebtettemical processes. Polarisation curves showed ttte
inhibiting effect of this compound results in aaleaeduction of the cathodic and anodic currentsigrvalues
especially near corrosion potential. A remarkalpleibiting effect of TNy is observed when its concentration is
higher than 0.1 mM. These results were confirmednyyedance tests where it was observed that tleetedif
inhibitor addition is distinguished by an increasfethe resistance and a strong reduction of thetrelehemical
interface capacity value. Inhibition efficiency this compound depends on its concentration. Indiéedisorbs on
the Brass surface according to the Frumkin isothaodel.

The protective effect improves with immersion tinagd reached values as high as 99% after 24 h rokision
time. Addition of TN, inhibitor modifies the characteristics of the ifidee Brass in 3%NaCl in presence of
sulphide ions. All these lead to propose formatibatrong inhibiting film, which could protect tmeetal.
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