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Abstract
The electrochemical performance of three coppeyallvas investigated in simulated marine solutiohuped
by sulfide ions. Polarization techniques and e@stiemical impedance spectroscopy, EIS, were usadac
examination and morphological studies were employée results showed that the Cu-10Ni-10Zn allognzre
stable than the other two alloys. The alloy surfaes covered by a barrier layer protecting it froowmrosion.
The thickness and resistance of the barrier lagenéd on the Cu-10Ni-10Zn alloy increases with itti¥ease
of the immersion time. The mechanism of the comogirocess and the barrier film formation was dised. A
comparison was made between the electrochemichilisteof the three alloys in sulfide polluted chide
solution. The incorporation of Ni in the @b barrier film leads to its stabilization and thalslity is enhanced
by the presence of Zn. The results leads to themetendation of the Cu-10Ni-10Zn alloy for applicais in
sulfide polluted marine environments.
Keywords: Copper alloys, EIS, Polarization, SEM, Passiles:

1. Introduction

The physical properties of copper-based alloysvary attractive and lead to their application in a
several technologically important industries. Thghhcorrosion resistance and reasonable price lea/éo their
use as materials for condensers and heat-exchahgs in power-generation industry, especially whene
marine water is used [1, 2]. The corrosion behadigpends essentially on the barrier film formedtumn alloy
surface. Most of the barrier films formed on metafsl alloys are suffering from accelerated cormosiden
exposed to seawater because of the aggressivehthss chloride ions. It is well known that the deafication
of Cu-Zn alloys in the presence of chloride ionsnigre pronounced in the zinc-rich phase. Al is camiy used
in condenser tubes to decrease the rate of theda®eaation process and a ratio up to 2 wt. % ofwils found to
be necessary. The presence of aluminum increasesafosion resistance of the alloy, especiallyéutral
solutions; it provides good wear properties andstaace to high temperature oxidation [3, 4]. Ttreicture of
the barrier film formed on Ni containing Cu alloyssimulated seawater was found to consist of ay@ts. An
outer CuO layer with chemisorbed water moleculed @maces of chloride ions, and an inner,Quayer
containing Ni* and N?* [5-7]. The good corrosion resistance of the CuNAlalloys in neutral solutions is due
to the presence of a more stable protective layeduomina, which builds up quickly on the surfacesp
exposure to the corrosive environment and the passn process is based on the fact that aluminaméa
greater affinity towards oxygen than copper anamsilerable stability of AD; than CyO in neutral solutions
[8-10]. The essential role of Ni in the passivat@Cu-Ni alloys was attributed to its incorporatimto the Cu
(1) oxide which is formed as corrosion product [1The incorporation of nickel ions reduces the namobf
cation vacancies that normally exist in Cu (I) axid2]. In marine solutions, copper and its allays facing
service corrosion problems due to sulfide pollutioich is present in the form of hydrosulfide (H#®ns in
nearly neutral media. These ions are known to ptentle corrosion of copper and its alloys [13-15]lfide
pollution of seawater at the coastal areas occur from industrial waste discharge,ldgiwal and
bacteriological processes in seawater (seaweednenarganisms or microorganisms, sulfide reduciagtéria).
It has been reported that the corrosion rate opeoplloys increases by a factor of 10-30 timesuHide
polluted seawater [16]. The aggressiveness ofdguibns, especially, in chloride solutions to ektanetallic
constructions, especially those containing Cu makesinvestigation of the electrochemical behawbrCu-
ternary alloys like Cu-10Al-10Zn, Cu-10AI-10Ni ar@-10Ni-10Zn an important subject worthy of intaresi
investigations.

The objective of this paper is to evaluate the @sion rate and corrosion resistance of some copper
ternary alloys in 3.5% NacCl polluted by sulfide $orThe mechanism of corrosion processes takingepdache
electrode/solution interface will be discussed, anthtegorization of the three investigated allagsording their
stability in this aggressive medium can be mades ildcommendation of the best material for indulstria
applications in sulfide polluted marine water imain task.
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2. Experimental details
The working electrodes were made from commerciadgrCu-Al-Zn, Cu-Al-Ni and Cu-Ni-Zn rods,
mounted into appropriate glass tubes by two-compbapoxy resin leaving a surface area of 0.2 fntontact
the solution. The mass spectrometric analysis@fthactrodes used is presented in Table 1.
Table 1. Mass spectrometric analysis for the different tetele materials in mass%.

Sample Cu Al Ni Zn Mn | Sn Fe Si Mg

Cu-10AI-10Zn| 79.14| 10.40| 0.00| 10.20| 0.01| 0.02| 0.21| 0.01 0.01
Cu-10AI-10Ni| 76.00 11.28| 9.95| 0.10 | 0.02] 0.14| 2.26] 0.24 0.01
Cu-10Ni-10Zn| 81.31] 0.60 | 8.07] 9.71 | 0.01] 0.02] 0.06] 0.22 0.00

The electrochemical cell was a three-electrodeglalés cell, with a platinum counter electrode aatliated
calomel, SCE, reference electrode. Before eachrempat, the working electrode was abraded usingesgive
grades of emery papers down to 2000 grit. The mldetwas washed thoroughly with distilled waterd an
transferred quickly to the cell. The electrocherhiteeasurements were carried out in a stagnantralbtu
aerated 3.5 (mass, m/volume, v) % NaCl containingpgh S solution. The polarization experiments and
electrochemical impedance spectroscopic investigativere performed using a Voltalab PGZ 100 “Alime”
Potentiostat/Galvanostat. The potentials were nredsagainst and referred to a saturated calometarte
electrode, SCE, (0.245 V vs. the standard hydragectrode, SHE). The polarization experiments weneied
out at a scan rate of 5 mV* and the cyclic voltammetry measurements were edmut using a scan rate of 10
mV s’in the potential range -800 to 500 mV. The totapadance, Z, and phase shéff,were measured in the
frequency range from 0.1 to ’1Biz. The superimposed ac-signal amplitude was 10p®&k to peak. Each
experiment was carried out at least twice. Detaflexperimental procedures were as described eksenio0,
17].

3. Results and discussion
3.1. Cyclic polarization measurements

The cyclic voltammograms for the Cu-alloys undereistigation were recorded in a stagnant naturally
aerated neutral 3.5 (m/v) % NaCl containing 2 ppifide solution at a scan rate of 10 mV and 25°C. The
concentration of sulfide ion was always controllet readjusted each 15 min, since it is well kndhat the
half-life time of sulfide ion of initial concentriah of about 4 ppm in air saturated seawater isiaB6 min [18].
Fig. 1 presents the results of potential cyclinghie potential range -800 to +500 mV. For comparide CV of
pure Cu was recorded under the same conditionpeegknted as inset in Fig.1. For Ni containingyed]oCu-
10AI-10Ni and Cu-10Ni-10Zn the CV curve is charaized by a single anodic peak and one cathodic peak
whereas the Cu-10Al-10Zn shows a clear anodic peaka small shoulder, like that obtained with caoppe
Generally, cyclic voltammograms for copper and maagper alloys often show two anodic peaks in dtbor
containing solutions (cf. Fig. 1 inset), the firstrelated to the formation of CuCl film on the mlesurface. The
breakdown of this film by the complexation-dissadat and copper oxidation results in the second p&ale
presence of only one anodic peak for the alloyshmexplained on the basis of formation of aluminama/or
zinc hydroxide/oxide layer along with the CuCl o€ layer, which prevents its breakdown [19, 20]e T
aluminum and/or zinc hydroxide layer prevents tiveat copper-chloride reaction on the surface, sadnly
one anodic peak could be recorded. For Cu-alloygaiming Ni the dissolution of copper is inhibitezkpecially
in the presence of Zn, and so a large cathodic pealesents electro-reduction of the soluble cogpecies [21].
The cyclic voltammograms of the alloys in chloriselutions containing sulfide ions have the sameegan
shape like those recorded in chloride solutiong frem sulfide ions, which means that the mechani$rthe
corrosion process does not change. In the presefsealfide ions the anodic peak height increaseglwh
emphasizes an increase in the corrosion rate.
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Fig.1: Cyclic voltammograms of Cu-10Al-10Ni, CuAlg10Zn and Cu-10Ni-10Zn alloys in a stagnant
naturally aerated neutral 3.5 % NaCl containingpgh(8” solution at 25C and scan rate of 10 mVs
Fig.1: (inset) Cyclic voltammograms of Cu in a stagt naturally aerated neutral 3.5 % NaCl contagirrppm

S solution at 25C and scan rate of 10 mVs

3.2. Potentiodynamic polarization measurements

The potentiodynamic polarization curves of the ¢haloys immersed in stagnant naturally aeratedraku
3.5% (m/v) NaCl solution polluted by sulfide ionsegresented in Fig. 2. The characteristic parammettthe
corrosion of the three alloys i.e. the corrosioteptial, E,, the corrosion current density,,,, the anodic, 3,
and cathodic, 3, Tafel slopes and the rates of corrosion wereutaled and presented in Table 2. The Tafel
slopes were calculated from the linear anodic amthadic branches of the Tafel lines. The corrosiarrent
density and corrosion potential were extrapolatednfthe intersection of the Tafel lines. Tihg was used for
the calculation of the corrosion rate in mmgccording to the Faraday’s law:

Corrosion rate (mm$) =k X icor (MACM?) x (M g mol/ n /d (gcm?)

The factork includes the Faraday’s constant, and the metrictame conversion factorsl is the densityM the
molecular mass amithe number of equivalents (number of exchangectreles in the corrosion process).
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Fig. 2: Potentiodynamic polarization curves forTQAI-10Ni (----), Cu-10AI-10Zn

(__ ) and Cu-10Ni-10Zn (.....) alloys in a stagnaaturally aerated neutral 3.5 % NaCl containingpih S
solution at 25C and scan rate of 5 mVs

Fig. 2: (inset). The corrosion current densitytloé three different alloys after 240 h immersion istagnant
naturally aerated 3.5 % NaCl containing 2 ppfrs8lution at 25C.
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Table 2: Polarization parameters and rates of corrosich@flifferent Cu- alloys after 240 h of electroderiersion
in stagnant naturally aerated neutral 3.5 % Na@taiaing 2 ppm Sat 25°C.

Alloys Ecor/ MV | o /HACMZ | R/ mV 3. /mV Corr.Rate/um y'1
Cu-10AI-10Zn -641 64 200 -139 760
Cu-10AI-10Ni -609 30 146 -101 348
Cu-10Ni-10Zn -610 16 219 -90 187

The presence of Ni in the Cu-alloy shifts its poiEnto more positive values, especially, in thegance of Zn.
Also, the corrosion rate of the Cu-10Ni-10Zn allsyess than one fourth of the Cu-10Al-10Zn all@xides of Ni,
Zn and the corrosion products form a compact lagdrerent to the alloy surface [22]. Comparisorhefdorrosion
rate of the three investigated alloys in the pelluthloride solution, presented as corrosion ctidensity, is shown
as inset in Fig. 2. The effect of addition of siéfiions to chloride solution on the corrosion bétraef the alloys is
clearly presented on Fig. 3. It presents the pmdyhamic polarization curves of the alloy, nam€ly-10AIl-10Zn,
in chloride solutions free and containing sulfi@msg. The potentiodynamic polarization curves of diiger two
alloys are similar. It is clear that the additidnsalfide ions to the chloride solution increaskes torrosion current
density; also, it shifts the corrosion potentiahtore negative values.
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Fig.3: Potentiodynamic polarization curves for QAL10Zn alloys in a stagnant naturally aeratedtra 8.5 %
NacCl in absence (___) and presence (-----) of 2 fprsolution at 25C and scan rate of 5 mVs

For comparison, the characteristic parameters @fcthrrosion of the three alloys in chloride 3.5\ n% NaCl
solution free from sulfide ions are presented ibl&&.

Table 3: Polarization parameters and rates of corrosidheflifferent Cu- alloys after 240 h of electroderiersion
in stagnant naturally aerated neutral 3.5 % NaQbanC.

Alloys Econr/mV icor / MACM2 R, /mV R, /mV Corr.Rate/um y™*
Cu-10AI-10Zn -510 23.3 129 -144 274
Cu-10AI-10Ni -464 7.4 122 -118 88
Cu-10Ni-10Zn -442 0.8 77 -112 9

The accepted cathodic reaction occurring on Cu@Gntbased alloys in agueous solutions is alwayessmted by
the oxygen reduction [7]:

Q@+ 2H20 + 4e— 40H 1)
The anodic dissolution and film formation on Cufaoe in chloride solutions can be represented byéehctions [7,
22, 23]

Cu+2Ch CuG, +¢€ (2

It was suggested that the presence of g@tthe metal surface leads to hydrolysis reacimhthe formation of
Cuw,0 [23] according to:

2CuGl + H,O — CwO + 4CI +2H" (3)
In Al containing alloys the surface dissolutionAifleads to an additional passivation process anchdtion of

Al,Os according to [23, 24]:
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Al+4ClI > AICI,_+3¢ 4)
2 AlCl,. +3 H,O — Al,0; + 6H + 8 CI (5)
Chloride ions are capable of destroying theQillayer at the first step, which allow Al to disselinto the
solution and hence higher corrosion rates wererdecb
AI** (in AlLO,. nH,O crystal lattice) + CI — AI(OH),Cl + 2H"  (6)
or
AI**(iin AlLO,. nH,O crystal lattice) + 2Cl— AI(OH),Cl,. + 2H"  (7)
Progression of the above reactions causes the dweeakof the AJO; layer in some places. The formed
hydroxyl aluminum chloride hydrolysis causes loaeidity which increases the corrosion rate [24].
AICl, +2 H,0 — AI(OH),Cl,.+ 2H™+ 2CT (8)
In the Zn containing alloys a passivation proces®lving the formation of  Zn-oxide is taking pta
according to [25]:
Zn+H,O — ZnO +2H+ 2€ 9
In the presence of Ni, Riwhich are formed from the alloy dissolution, amedrporated into the crystal lattice
of Cu,0 [26, 27]and the number of cation vacancies decreases mdtieasing the nickel content [12]. Ni from
the alloy segregates into the LQubarrier layer via a solid state reaction and" Niteract with mobile cation
vacancies which leads to a decrease in the iomdudivity and an increase of the electronic cotigtitg of the
barrier film and its corrosion resistance thus ieased [28, 29].
In sulfide containing solutions H®ill be formed:

S + H,0 < HS + OH (10)
HS will combine with the metallic copper to form adsarbed precursor of the oxidation reaction:
Cu + HS — Cu(HS)ags (12)

The coupled anodic dissolution is then regmésd by Eq. 12, which is followed by disstion and
recombination processes [30]

Cu(HS) — Cu(HS) + e (12)
Cu(HS)— Cu'+ HS (13)
2Cu+ HS +OH — Cw,S + H,0 (14)
and the overall reaction is therefore:
4Cu + 28 + O, + 2H,0 — 2CuS + 40H (15)

However, the presence of uprevents dramatically the protective effectivanesCyO film which is always
formed in aqueous solutions, and so the resistahtke passive film decreases in sulfide pollutatbdde
solutions. Under conditions of low (SHand high Cl the formation of the soluble chloride complex, Cu®y
the reaction with the surface imtermediate, Cu(gk could compete with the film formation reactior8]1
Dissolution as CuGlvia Eqg. 16, when SH concentration is low at the Cu alloy surface, dolglad to the
transport of Clithrough pores to the G®/solution interface. At higher SHtoncentration, Ci$ formation
would occur via Eq. 17 and this reaction will doatim at the film/electrolyte interface:

Cu(HS).4s+ 2CI — CuChb. + HS + € (16)

2CuCl. + HS — 2CuS +4Cl+ H* 17)
Such a transport-deposition process would accaamthfe fine particles, which nucleate and grow loa &lloy
surfaces at short times.

3.3. Electrochemical impedance spectroscopy, EIS

To confirm the polarization measurements, EIS itigations were carried out. The impedance data of
the three different alloys were recorded after B40f electrode immersion in the stagnant, naturabyated
neutral 3.5 (m/v) % NaCl solutions containing 2 pfh Fig. 4 presents these data as Bode plots, shise t
format enables equal presentation of all impedatet@ and the appearance of the phase angle assiéivaen
parameter for any interfacial phenomena explid@¥]. In this solution, the Bode plots of the aldoghow two
phase maxima, the major one at lower frequencidsttam other as a shoulder at high frequencies. Sabhavior
indicates the presence of two time constants repiggy the electrode processes. The impedance vadata
analyzed using software provided with the impedasystem where the dispersion formula was used.aFor
simple equivalent circuit model consisting of agil combination of a capacitor,yCand a resistor, R in
series with a resistor,Rrepresenting the solution resistance, the eldetimpedance, Z, is represented by the
mathematical formulation:

Z =R+ [Ra/ {1+ (2nf RuCapa}] (18)

wherea represents an empirical paramef®t ¢<1) andf is the frequency in Hz [32].
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Fig.4: Bode plots of the different alloys after 2h0immersion in a stagnant naturally aerated @5 %
NaCl containing 2 ppm?Ssolution at 25C.
Fig.4 (inset): Equivalent circuit model used forpiedance data fittind?.= solution resistance, R= charge-
transfer resistance 4C = double layer capacitance,R passive film resistance, angiC = passive film
capacitance.

To account for the presence of a passive film,ithpedance data were analyzed using the equivalenitc
model shown in Fig. 4 (inset), where another comtiém R; C; representing the passive film resistarigeand
the porous passive film capacitan€®, was introduced. The calculated equivalent cirgaitameters for the
different alloys are presented in Table 4. The toupstant at the intermediate frequencies is catgih from the
R.Cq combination while that at low frequencies is dadghe R C; combination. The passive film resistanig,
of the Cu-10Ni-10Zn alloy is higher than that redmdt for the other two alloys, which is in agreemeith the
polarization experiments. The effect of the immamnsiime on the stability of the barrier layer, esplly on the
Cu-10Ni-10zn alloy surface was investigated. Figarésents the Bode plots of this alloy in the sl@fpolluted
chloride solution up to 10 days. The changes inphase maximum with time indicate the differenaeshie
relaxation time constants at different exposureeinF-rom the corresponding phase angle Bode ptatan be
seen that the angle values at the low frequencyg Zocrease with the immersion time, which indicades
decrease in the corrosion rate of the alloy witheti The same was also recorded with the other tlogsalt is
also clear that the total impedance increases thighincrease of the immersion time which indicdtest the
protective film formed on the Cu-10Ni-10Zn alloydmenes more stable with time. The increas&kofmay be
explained by the formation of copper sulfide whiotects the alloy surface against continuous &iwro The
equivalent circuit parameters for the three différalloys at different time intervals of electrogemersion are
presented in Table 4. The data presented in thie ghow that the barrier film resistance of the XDINi-10Zn
alloy is more than double that of the Cu-10AI-10%mMich emphasizes its stability. The calculatedigadfa is
approximately 1, which means that the barrier lagdrehaving like an ideal capacitor [32, 33].

loq /L1 en)
Phase { deg.

log (Fi Hz)

Fig.5: Bode plots of Cu-10Ni-10Zn alloy after diféat times of immersion in stagnant naturally ssgateutral
3.5 % NaCl containing 2 ppnf'$olution at 25C.
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Table 4: Equivalent circuit parameters for the different-&lloys after electrode immersion for differemhé
intervals in stagnant naturally aerated neutrak8.HaCl containing 2 ppm &t 25°C.
Cu-10AIl-10Zn alloy (a

Time /h Rs Rct Cdl o, Rf Cf (17}
1Q IQcn? | JuF cm? kQ cm?® | JuF cm?
24 4.1 320 249 1.00 1.6 123 1.00
48 4.1 250 201 0.99 1.9 498 1.00
72 4.2 276 288 0.95 2.1 560 1.00
240 9.1 531 946 0.99 2.0 595 1.00
Cu-10AI-10Ni alloy (b
Time /h RS Rct Cd| (1.5 Rf Cf [ 7]
Q /Qcn? | JuF cmi? kQ cm® | JuF cm?
24 6.8 600 106 1.00 1.1 1409 1.00
48 3.7 879 52 0.98 1.4 1159 0.99
72 5.2 864 29 0.95 1.8 735 1.00
240 4.6 291 11 0.99 2.4 725 1.00
¢) Cu-10Ni-10Zn alloy
Time /h R Rct Cdl (V5] Rf Cf 07}
IQ IQc [UF cni® kQ ¢ JUF cm?
24 5.1 665 96 1.00 2.1 750 0.99
48 5.2 262 19 1.00 3.1 254 0.99
72 4.2 268 37 0.95 3.9 127 1.0
240 37.9 307 33 0.95 4.2 238 0.99

The electrochemical investigations have shown thatCu-10Ni-10Zn alloy has the lowest corrosion
rate in the sulfide polluted chloride solutions,igthcan be explained by the anodic reaction ofalh@y in this
solution. The polarization curves of the differetibys have almost the same shape which meangtthat
electrochemical performance of the three alloyagproximately the same. In this case, the disswiutif Cu
represents the rate controlling step. In the Altabning alloys, surface ionization of Al is eastean that of Zn
and Ni and a compact alumina layer can be formddctwinhibits the continuous dissolution of coppén
chloride solutions this layer is susceptible t@aektand destruction, and so the corrosion ratdefalloy is
relatively high [33]. In the presence of Zn and Wirthe situation is different. The barrier Qulayer is a p-type
semiconductor containing cation vacancies as thim mefects. NiO is also a p-type semiconductor, nehe
ZnO is an n-type semiconductor containing an exaassstitial zinc atoms in the non-stoichiometciempound
Zn.,;0 (6>0). According to the Solute Vacancy Interactionddb(SVIM), the presence of Ni with copper leads
to its segregation in the @D layer [34]. Also, zinc ions may be incorporatedboi cation vacancies normally
present in the deficient structure of Quaccording to:

ZnZn (m)+ chl(ox) = ZnCu. (OX) +2€ (19)
where Zn, (m)is a zinc atom in a regular metal site,/M0x) is a negatively charged cation vacancy i th
oxide film, and Zg,* (0x) is a positively charged Zn cation occupymgnetal lattice site. Charged solutes would
interact electrostatically with oppositely chargadbile cation vacancies that lead to the formatibma neutral
species and thus to a decreased number of cataamois.

Zn cu’® (OX) + ch/(ox) = [ ZnCu ch] (20)

It is possible that instead of the incorporatiotoination vacancies, zinc ions may simply subsgifior Cu
ions in the CyO lattice leading to the formation of positivelyatljed incorporated zinc ions. In that case the
following one-electron reaction would occur:

CuCu (OX) + ZnZn (m) = ZnCu' (OX) te (21)

With increasing nickel content in Cu-xNi alloysgetie is a tendency for a greater proportion of Mi replace
Cu’ in Cw0 [11]. Consequently, the contribution is to a imerrease in the ionic resistivity (the annihilatioh
positive holes is smaller) rather than the incogpion into vacancies, which needs two positive sidteachieve
electro-neutrality and this leads to higher comwasiesistance as confirmed by the potentiodynaroiarfzation
experiments and the EIS investigations.

3.4 Surface examinations

The surface morphology of the three alloys was stigated by SEM after 72 h of alloy immersion in
sulfide free and sulfide containing chloride sadas. This time was chosen to be sure that the cairfa
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morphology does not subjected to any remarkableghaThe results of these investigations for Cu{i03¥n
and Cu-10Ni-10Zn alloys are presented in Figs.d@arrespectively.

a s after 72 h immersion in stagnant
naturally aerated neutral 3.5 % NaCl containingph(8™ solution at 25C.

It is clear that the sulfide containing solutiorrésnarkably aggressive as can be seen on the SEleif Fig.

7. In the sulfide containing solution a granulaydr with relatively large sized grains is formed the alloy
surface (cf. Fig. 7 A and B) compared to the smeog8urface recorded for sulfide free solutions kif. 6 A
and B). It is also important to notice that therosion products formed on the surface of the dkffie alloys in
the chloride solutions containing 2 pprfi &e relatively more than those formed on the saliogs in absence
of sulfide. The surface of Cu-10Al-10Ni alloy after immersion in the test solution was
subjected to EDAX analysis as an example and the results of this investigation
1S

presented in Fig. 8, which reveal that the surface film of the alloy is containing
sulfide beside Chloride.

I [ [ m i I [

i i i
(CPSBHES DTwAd Lsecdid  Crisgold V20 [FSZanm. | | [ I T

Fig. 8: EDAX analysis of the Cu-10AI-10Ni alloy aftimmersion in naturally aerated 3.5% NaCl sohutio
containing 2 ppm Sat 25°C.
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These results confirm the polarization and impedangestigations which means that the addition b Zn
to the copper increases the corrosion resistandehance the stability of the alloy even in sulficentaining
chloride solutions increases. Therefore, the CuilINn alloy can be recommended as a constructiatenal
for sulfide polluted marine environments.

Conclusions

Investigation of the electrochemical behavior of-TAI-10Zn, Cu-10AI-10Ni and Cu-10Ni-10Zn
alloys in sulfide polluted chloride solutions hasteown that the corrosion rate of the Cu-10Ni-10Hoyais less
than one fourth of the Cu-10AI-10Zn alloy. The H#riess and resistance of the passive film formethmnalloy
in the same solution are remarkably larger tharsehof the passive film formed on the other twoaloThe
dissolution of copper is inhibited in the Cu-allayentaining Ni, especially in the presence of ZntHe presence
of Al, the formed AJO; barrier film is easily destroyed in chloride saduts and the destruction is enhanced by
sulfide ions. It is proposed that the incorporatadrNi in the CyO barrier film leads to its stabilization and the
stability is enhanced by the presence of Zn. Feritidustrial applications, it is recommended to GselONi-
10Zn alloy in sulfide polluted marine environments.
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