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ABSTRACT

The paper presents the results of corrosion behanad brass in artificial tap water (ATW) and thehibitor effect
of mineral compound (M1) using two different electremical methods were used, classical potentiadima
measurement and electrochemical impedance speopgs¢EIS). The inhibitory effectiveness of corrasio
increases with the concentration of inhibitor andaches 86 % at 40 ppm. Potentiodynamic polarinatio
measurements indicate that M1 compound is cathiygie inhibitor. Appropriate electric equivalent ciit model
was used to calculate the impedance parameters.vahees of the charge transfer resistance, obtaifreth
impedance plots of brass, increased with increasihghitor concentration but those of capacity o tdouble layer
decrease, leading to the formation of a protectilve.
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INTRODUCTION

Copper and its alloys exhibit high electrical ahdrtmal conductivity, high formability, machinabyliand strength,
hence they are extensively used as a material atingeand cooling systems, potable water pipesieglheat
exchanger tubes, wire, screens, shafts, roofingtitgs, stills, tanks and printed circuits. Brass bheen widely
used for shipboard condensers, power plant condeasel petrochemical heat exchangers [1-3]. Thesterrals

also have good corrosion resistance to acids dsawelhloride-containing media [4-7]. Dezincifiaati of brass is
one of the well-known and common processes by mehndich brass loses its valuable physical andharical

properties leading to structural failure. Brassestachnologically important materials used du¢htir excellent
properties and have been highly studied, partiularterms of dezincification [8],Localized or fiitg corrosion
[9,10] and stress corrosion cracking [9]. Differenethods have been used to diagnose, evaluatecantcl

corrosion problems including distribution and plunthsystem design considerations, water quality ifitadions,

corrosion inhibitors, cathodic protection, and gagg and linings [10-12]. Many results suggest fihesivation of
brass may be attributed to the formation of a cemmassive layer on brass consisting of mixtureZrdd and

Cu,0y, and with a composition strongly influenced by #mons of the solution [13-15].
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One of the most important methods in corrosiongmiddn is to use inhibitors [16-19], inhibitors st be of low

toxicity and easily biodegradable in order to meevironmental protection requirements. Like CaCthese
substances act as cathodic inhibitors and prodeled¢ively thick films on the surface of the metaddahave been
used. Usually the films incorporate the corrogwaducts, as well as varying amounts of CagClhe successful
formation of an inhibiting film and its continuedad performance depend on a number of variabless&d must be
clearly understood and carefully controlled. Enmirgental restrictions imposed on heavy-metal basetsion

inhibitors, oriented scientific researches towastadying non-toxic and environmentally friendly Guzsion

inhibitors [20,21] and inhibitor used in drinkingater was limited.

The objective of this study was to test anvironmentally acceptable mineral inhibitor Mapily to the
carbonated mineral rock, that would simultaneoushhibit corrosion by forming the continuous dsjpoand
adherent on the metal surface. The inhibiting grembnce was evaluated by potentiodynamic curves and
electrochemical impedance spectroscopy (EIS).

MATERIALSAND METHODS

Sample and preparation

The metal sample used in this study was brass (fational Drinking Water Office) used as tap waf€he
working electrode used having the chemical commos#s wt (%) 56.24 Cu, 40.494 Zn, 2.345 Pb, 0l2240.2135
Sn, 0.114 Ni, 0.051 Al, 0.008 Mn, 0.003 As, and0Q.® Si. This electrode was embedded in epoxy résavjng a
geometrical surface area of 2.2%exposed to the electrolyte. Prior to the measunésnéhe exposed surface was
pre-treated by using decreased emery papers gddfe 00, 1000, 1200 and 1500) and then rinseddwpld
distilled water.

Electrolyte

The experiments were carried out using artificeg twater (ATW) simulating the average compositidnthe
drinking water. The mineral base composition was0(Ing/L CaCl.2H,0, 40 mg/L MgSQ .7H,O, 60 mg/L
MgCl,.6H,0, 20 mg/L NaN@, 470 mg/L NaCOs; 25 mg/L KNQ) already used by other researcher [22].
Electrolyte pH was fixed at 7.6 + 0.2 by titratiori M HCI.

It is recognized that the high chloride, low harshand low alkalinity waters are particularly pratezincification
of brass, which justifies the choice of this watdt.experiments were performed at room temperafdgs + 2K).

Mineral compound characterization
Our study was focused to study the inhibition ohenal compound M1 as green inhibitor on brass nmutated
drinking water which composition indicated typeai (Figure 1).
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Figurel: The XRD patternsof calcite
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Electrochemical measurements

The electrochemical measurements were carried siog & potentiostat/galvanostat (Volta lab PGZ3@&1)hree-
electrode electrochemical cell and instrumentagomployed are standard and have been reported b@@feA

saturated calomel electrode ((SCE) E = 0.24 V/SHHR)uggin capillary minimized the Ohmic drop. A Rire was
used as counter electrode. Brass electrodes werneguced in the corresponding electrolyte at -SGE for 5 min
to begin with a reproducible surface. Then, theteteles were kept at the corrosion potentigh{Hor 0.5 h. The
passive layer was stable and the open circuit fiateemained constant.

The potentiodynamic current-potentiel curves werded by changing the electrode potential autcaibt from
-1000 to 1000 mV/SCE with scan rate of 1 mV. &lectrochemical impedance spectroscopy (EIS) teire
performed at E,. The response of the electrochemical system texaitation with a frequency ranging from 100
KHz to 10 mHz and peak to peak amplitude of 10 maéwmneasured with data density of 10 points perdiecehe
impedance data were analyzed and fitted with thaulsition Z-View 2.80, equivalent circuit softwarall the
measurements were carried out in air saturatedieofuand at ambient temperature (298 + 2 K). Eagieriment
was performed in a freshly prepared solution anth \&i newly ground electrode surface. The experimeamre
repeated to ensure reproducibility.

RESULTSAND DISCUSSION

Open circuit potential measurement

The values of open circuit potential of brass etets at different concentration of M1 are presarfigure 2 at 298
K. The results illustrated that the open circuatgmtials are shifted towards more positive ditettior the blank
and in presence of inhibitor at 20 ppm. Clearlg ihitial OCP is -0.268 V in blank solution, andeafincreasing
rapidly. About 400s later, the value is almost ¢tansat -0.120 V as time goes on, almost the sgipeaance was
obtained in the presence of inhibitor at 20 ppm.eWkests are conducted in the presence of inhjldecreased
potential is observed to negative values all theemmarked as the inhibitor concentration is impurtarhe
evolution of the free potential, in this case, aades the formation of a protective layer film. Thal at 30 ppm and
40 ppm inhibitor has an intermediate evolution, abnstability (600 sec and 800 sec respectivelyipfeed by a
free ennoblement potential reflecting the formatiba protective film [24].
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Figure2: Open circuit potential asa function of exposuretimein ATW solution with different concentrations of M1

Potentiodynamic polarization

Fig. 3 presents the potentiodynamic polarizatiorves of brass in ATW solutions without and with feient

concentrations of M1. It can be seen that the leksdrode displays a Tafel behavior of anodicarghAs shown in
the inset of Fig. 3, the Tafel line of the anodagpization curve is extended to the electrode makbelow the
corrosion potential, and then a vertical line isdmgparallel to the Y-axis at the corrosion poténtiehe

electrochemical parameters can be obtained fronpdive of intersection [25]. In addition, the Tafdbpe can be
obtained by the Tafel extrapolation method in adaace with the literature [26-29]. The electroctahi
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parameters such as corrosion current density),(Icorrosion potential (&, vs. SCE), cathodic Tafel slopf.),
anodic Tafel slopep() and the inhibition efficiencynp,%) are given in Table 1. The inhibition efficienfyr each
concentration of inhibitor is calculated using ED:

i — 1
Mrages (Y0) = M x100 )

ICOIT

where {.; and iy are the corrosion current densities for brasstrelde in the ATW solutions without and with
M1, respectively.
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Figure 3: Potentiodynamic polarization curvesfor the brasselectrodein artificial tap water (ATW) containing different concentrations
of M1

It is known from Figure 3 that both the anodic aadhodic reactions of brass corrosion were supedess the
presence of the studied inhibitor in artificial tapter (ATW) and the suppression effect increasith tlve increase
in the concentrations of inhibitor. The optimum centration used is 40 ppm. In the cathodic rangssotied
oxygen in the solution takes over the cathodictiea®f brass in ATW media as shown in the follogvifq. (2)

O,+2H,0+4€ - 40H 2)

In the anodic range, the dissolution of brass inkiing water is widely studied by several authonsl & shown
[13,15]:

Zn - Zit*+2¢é 3)
Zn** +2H,0 - Zn(OH),+2 H (4)
Or

Zn+ H,0 - ZnO+2 H +2¢ (5)
Then the dissolution of copper for the copper ofatenation CyO and CuO:

Cu+H,0 - CuO+2H +2¢ (6)
Cu,0+20H « 2CuOr H Or2e (7)
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Table 1: Potentiodynamic polarization parameters of brassin artificial tap water (ATW) solutionswithout and with the addition of M1
at different concentrationsat 298 K

Conc. -Ecorr leorr ﬂc ﬁa NTafel

(ppm) (MV/SCE) (uAlcn?) (mV/dec) (mV/dec) (%)
Blank 00 114.9 3.97 80.5 71.3 —
20 192.9 1.92 194.5 99.7 51
M1 30 422.6 0.89 153.0 170.3 79
40 443.6 0.67 129.4 139.2 84

The shift of E,,, values towards negative direction in the presefiddl (Table 1 and figure 3), can be explained by
the domination of cathodic reaction inhibition [30lhe change of potential in the negative directtam be
attributed to the dissolution of native oxide aadhe rapid formation of protective film on the &sasurface, acting

as barriers to the diffusion of oxygen moleculesfrthe solution to the brass surface. Howevers itlearly
observed from the Fig. 3 that this inhibitor reduudmth the anodic and cathodic current densitiedicating the
inhibiting effect of the compound. The increasepinand . are related to the decrease in both the anodic and
cathodic currents. This indicates that the M1 &ddinhibit the corrosion process of brass effetyivand their
ability as a corrosion inhibitor is enhanced agrtbencentration is increased.

It is widely acknowledged that an inhibitor candassified as an anodic-or cathodic-type when tiange in g,
value is larger than 85 mV (SCE) [31,32]. If diseent in &, is < 85 mV, the inhibitor can be seen as mixed
type. In comparison with the brass in the blanle Hy,, values move more in the negative direction, arel th
displacements are more than 85 mV (SCE). Thergifocenfirms that M1 is cathodic-type corrosiomiinitor and
hinders the cathodic reaction by adsorbing on thedsurface.

Electrochemical | mpedance Spectroscopic measurements

To further study interfacial changes at the brasfase with and without inhibitor addition, eleath@mical
impedance measurements have been carried out4 [Sigows the obtained Nyquist plots of brass irfieidl tap

water (ATW) solutions containing different inhibitooncentrations ranged from 20 ppm to 40 ppm &ft&rh of
immersion. The semi-circular depression in the Nstgdiagram was attributed to the heterogeneitthefsurface,
the surface roughness and the existence of twerdiit processes having practically the same retaxtitne. The
increase in the diameter of the arc indicated thate is the improvement of a more capacitive serfalm,

promoting the formation of the protective layer.
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Figure 4: Nyquist plots of brass specimensin artificial tap water (ATW) solution containing various concentrations of inhibitor.
Symbols: Experimental data and Red continuouslines: Fitting data
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Figure5: Proposed equivalent circuits for impedance analysis and interpretation of brasssATW solution system. Equivalent circuit for
having (a) one semi circle (b) two semicircles in impedance spectra

It is clear observed from these figures that Nygpists yield only one slightly depressed semiieirin the
uninhibited solution and low concentration inhikitsolutions. This indicates that the brass corrogio blank
solution is mainly controlled by a charge trangiencess [33]. Electrical equivalent circuits used rhodeling of
this metal/solution interface have one semi-cireckpresented in Fig. 5a. One semi-circle in Nyqdisigrams
associated with the relaxation process of the doldfer dominated and obtained, Ras a sum of the electric
double layer and adsorption layer effects becausg ¢ould not be split up [34]..Rs the charge transfer resistance
whose value is a measure of electron transfer adhessurface, Rs the diffuse layer resistance, and GR&the
constant phase element of the double layer. Haeestim of B and R resistances are equal tg Rhich is the
polarization resistance (R Ry + Ry). The second loop that can be observed in the Nydiagrams of inhibitor
free solutions was related with the oxide layerbvass formed in ATW-solution. In these cases thveeee no
inhibitor molecules in the solution, so the filmsigance Rshould not take part in the polarization resistanc
expression. The total resistance may be stated afRR +R+ R, and CPEwas related to the oxide film of brass.
The Nyquist plots contain depressed semicirclel thi¢ center under the real axis; such behavichnasacteristic of
solid electrodes and often referred to as frequelispersion. This type of Nyquist diagram was cbedzed by
distributed capacitance. It is necessary to usenstant phase element, CPE, instead of double Emacity to
account for the non-ideal behavior [34]. The CPé&frent is used to explain the depression of thecii@pae semi-
circle, which corresponds to surface heterogerreisylting from surface roughness, impurities, diatmns, grain
boundaries, adsorption of inhibitors, and the [jBB]. The deviation of Nyquist from the ideal belmvof the
metal-solution interface could be explained by #tacking of the big-bodied molecule to the OHP {@ut
Helmholtz Plane) layer.

The impedance of this element is frequency deperatehcan be mathematically expressed as Eg. (8):

1
ZCPE I 8
Y, (jw)

where Y, is the CPE constant, n is the CPE exponent. lidsstjuare root of -1, and is the angular frequency.
Depending on the value of n, CPE can represergistaace. n is a measure of non-ideality of theacipr and has
a value ranging from -1 to 1 [36].

The equivalent circuit related to the electrochehfrocess which has two loops in the Nyquist diagis given in
Fig. 5b. Here, the polarization resistancg) (R equal to the sum of the charge transfer rsist (R), diffuse layer
resistance (B, R, the oxide film resistance that formed on bras$aserand film resistance {R/alues (R = Ry +
R4+ Rox + R) and CPEwas the capacitance of both oxide and complexIflyer.

As seen from Fig. 4, the,Ralues increased with the M1 concentration, witigh be attributed to the formation of
a protective over-layer at the metal surface, whiebomes a barrier for the mass and the chargsféran

The electrochemical and fitting parameters for sohs with and without M1 are listed in Table 2.c&eding to
Table 2, decreases in the CPE values and increéasies R, values were related to the adsorption of M1 mdiscu
onto the metal surface and the formation of anléisd adsorption layer.

Table 2: Impedance parametersfor brasscorrosion in ATW-solution at different concentration of M1

Conc. Rs CPEy Ret+Ry CPE Ri+Rox Rp Neis
(ppm) (Qcmd) Yx10(S'Qcmd) ng  (Qcmd)  Yx10P(SQcm?) o Qcmd  (Qcnd) (%)
Blank 00 201.8 1.9926 0.71 4761 — — — 4761 —
20 321.7 1.0762 0.66 10234 0.6570 0.88 229 104637.2 5
M1 30 281.4 0.8999 0.70 18456 0.3349 0.65 10567 2290 83.6
40 312.1 0.2877 0.71 32421 0.1525 0.67 10950 433789.0

The inhibition efficienciesrgs) were calculated by using the difference betwéerréal impedance values at lower
and higher frequencies according to the followiggadion.
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e (9%) =22 B 100
(inh)

(9)

where Rinny and R are polarization resistance values with and withibl1, respectively.
CONCLUSION

In this study, inhibitive behaviors of mineral coooymd M1 was used as green inhibitor for brass fifical tap
water (ATW)have been investigated and following outcomes h@en obtained:

v Inhibition performance values increase with inciiegi$nhibitor concentration M1 and have shown dmibition
corrosion maximum of 89 % at 40 ppm.

v According to the results, the mineral inhibitor Mas a significant effect on the shift potentialues in negative
direction. Therefore, it is concluded that the mth@ompound M1 acts as the cathodic- type inhibito

v" Impedance diagram shows that the size of the loggedance increases with presence inhibitor, twestemits
time were detected, confirming the formation ofratective layer which results the continuous depmsil adherent
on the metal.

v" The measures EIS and polarization curves are id ggoeement.
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