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Abstract

The copper electrode potentials measured by tha ojeuit potential method in strongly aerated sohs of
SO, CI, Br, I, CrOs2, CO5?, and NQ with difference concentrations, till steady steatues are attained. The
copper electrode potentials of the all experimartsease from negative to more positive valuesciaitig oxide
film growth. The copper oxide film thickness atmimaximum value at low and high concentrations aathe
aggressive and inhibitive anions respectively. fidte of oxide film thickening is determined by uke relation:
E =a+ blogt, where a and b are constants. Bheantration of the inhibitive anions, Gi© COy? and NG
that can withstand a certain concentration of tigre@ssive ions, , GIBr, and I, varies due to the relation: logC
inn. = A + n logC .44, Where A and n are constants. The all experimemts investigated at 26 in all
electrolytes.
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Introduction

Corrosion of metals has been a persisting problemsociety and, hence, it is an important area séaech.
Therefore, metallic plating such as zinc, nicketl dheir alloys have been widely used to protectatselike
copper against corrosion, for many y&arghin top chromate conversion coatings and phdspbaatings on
electrodeposited metal coatings enhance the comasisistance of copper, iron and mild $té&lCopper has
been widely used for many applications includingpanotive and electronic industries. However, itrodes in
aggressive media such as, ™" and Cl. There are studies aiming to develop better qualiiatings for
anticorrosive applications. Copper protection hagrb carried out using organic inhibité4 conducting
polymer coating$®*, and formation of thick oxide film onto the surfaof heavy metafs). According to the
theoretical potential-pH diagraffi§ the corrosion behavior of copper in aqueous meejends on the presence
and/or the absence of oxidizing agents. Thus, utraksolution, anodic oxidation of copper invohepassive
region related to the formation of CuO layer. Tha af the present study is to investigate the pitgyed by the
type of anions and their concentration in the psscef oxide film growth on copper. Thus, the opéauit
potential of the copper electrode was followed withe in solutions of S§, CI, Br, I', CrO;?, COy? and
NO, till steady state values were reached. Usefotlesions regarding the rate of oxide film growth the
metal surface.

Experimental

Material and Sample Preparation:

The copper working electrode is a disk with surfacea 0.1 cf The copper electrode was cut as a cylindrical
rode of pure copper and mounted into glass tutsppfopriate diameter with epoxy resin. The diskemg was
polished prior to any experiment with 800 grit Si@per, rinsed with distilled water and polishedhwétn
acetone-saturated paper towel to remove any gegas@roduce a relatively scratch free, smooth,ysbimface.

It was then rinsed with triply distilled wat&?.

The Electrolyte M edia:

All chemicals were of analytical grade. Bi-distillevater was used to prepare all solutions of 5@I, Br, I,
CrO,%, CO;%, and NQ. The anions were used in the form of their sodiatts, at concentrations ranging
between 16 and 10'M.

The Electrolytic Cell and Potentials M easured :

A conventional two-electrode/one-compartment gleeds consisting of a copper disk, and Ag/AgCI elede,
were used as working and reference electrodes atdaplg. The cell has a double wall jacket throughich
water, at the adjusted temperature, was circuldiEhsurements were carried out at a constant teyper
25+1 °C. The copper electrode potential (mV) of the aiberiments measured by the open circuit potential
method by use wenking potentiometer type PPT Zivel to Ag/AgCI electrode.

The potential of the copper electrode was follovasda function of time in strongly aerated solutiofighe
tested anions till steady state values were atfailleanother set of experiments, the copper @detwas first
equilibrated in solutions of Ct3, CO;?, and NQ with varying concentrations until steady stateeptiils were
reached. Increasing amounts of the aggressive, &litsBr, I', were then added to each solution, allowing
always sufficient time after each addition for #sablishment of steady potentials. The steadg gtatentials
were considered as those values, which did notgghlg more than + 1mV in 10 minutes.
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Vigorous agitation of the solution was performed gassing a stream of oxygen ( two to three bubpbs
second ) for 10 minutes before the immersion ofelleetrode and during the whole duration of theeeixpent.
Results and discussion

Figures (1,2) and (3,4) display the variation opper electrode potential, as a function of time alattrolyte
anions concentrations, in strongly aerated solatiohSQ? CI aggressive anions and G NO, inhibitor
ions respectively to reach steady state valuesewérsible potential. Similar curves are reported dther
aggressive and inhibitor anions such as; Brand CQ? respectively. This case was simply related to form
thicker oxide film; associated with insulator projes, with time. Hence, the copper electrode pitagrof each
experiment, increases with increase the thicknésemper oxide film to reach steady state valueevkrsible
potential; E;. It is essential to note also that the oxide filonmation rate increases with decrease the
concentration of electrolyte anion of aggressivadimeln the word, the thickness of copper oxidenfattains
maximum value at low concentration of each aggvesanion. This case was simply related to the coitrgre
between oxide film formation by oxygen in solutiand its destruction by the electrolyte aggressiviers>.
The results indicated that the copper oxide filmfation depended on the nature of electrolyte anion
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Fig.1. Variation of the open circuit potential of the @lectrode with time in aerated P80, solution with
different concentrations.
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Fig.2. Variation of the open circuit potential of the Electrode with time in aerated NaCl solution witfiedent
concentrations.
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Fig. 3. Variation of the open circuit potential of the @lectrode with time in aerated JGxO, solution with
different concentrations.
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Fig. 4. Variation of the open circuit potential of the @lectrode with time inaerated NaM®olution with
different concentrations.

Figure (5) displays a variation in steady stateeptidl (E;) of copper electrode with logarithm of aggressive
anions concentrations. The figure shows that tbadst state potentials {fr developed by the copper electrode
decrease linearly with increase the aggressivenan@mncentrations. This case was simply relatedhéo
corrosion rate of copper increased than the ratxiofe film growth with increase the molar concatitins of
aggressive anions according to the follow reldtfyn

EBi=a—-blogc e 1)
Where a, b, are constants and,Hs the steady state potential. Alsg Eelated to the follow equation,
E=0,+D,+E e (%)

Where, E is the copper oxide film potential difference atitangeable with oxide film growth during each
experiment. Bothb,; and®, are the phase boundary potentials difference amopger oxide film and, copper
metal and also electrolyte respectivabs. unchanged during the experiment because it depamdise types of
electrode and its oxif®. But, @, unchanged for each experiment; in one type oftreeligte, but changed with
change the electrolyte anions. Figure (5) shows thiat the values of OE./ 0 log cagg(slope) increases in the
order of NaSO,< NaCl<NaBr< Nal. This means that the thicknessagper oxide film increased in the same

18



Chemical and Process Engineering Research Www.iiste.org
ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) iy
\Vol.14, 2013 ||S E

order. In the other word, the corrosion rate ofpmpmetal increased in the opposite order. Thisnséaat the
corrosives degree of anions toward copper incraasée order, k Br<Cl'< SQ;”.
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Fig.5. Variation in the steady-state potential;,Eof the Cu electrode with the logarithm of camtcation of
N&SQO, NaCl, NaBr and Nal.

Figure (6) clears that the steady state poterdi@geached from negative values indicating oxide repair and
growth.
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Fig.6. Variation in the steady-state potential,Fof the Cu electrode with the logarithm of cortcation of

Na,CrO, , NaCO; and NaNQG.

This case was simply related to the rate of oxitla §rowth on copper increased than the rate ofamet

corrosion with increase the molar concentrationimloibitor anions according to the follow relation,
Ee=a+bhlogc,

where a and b are constants. The constantr@present the steady state potential of Cu eldetio 1M anion

solution. This means that the inhibition efficierafythe tested anions toward copper metal increatiee order,

NO,, CO;” and CrQ™,

Figures (7-10) Show the open circuit potential y&jies linearly with the logarithm of the immersitme t (in

minute) according to the follow relation,
E=a+blogt

where g and I3 are constants in the presence of the corrosivardriliitive anions. The curves of figures (7,8)

represent the behavior in solution of 8@, and NaCl, and, as examples of the behavior ofatjgressive
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anions. The curves of figures (9,10) representtiteavior in solutions of N&rO, and NaNQ as examples of
the inhibitive anions. Figures (7,8) reveal tha siteady state potentialsy(Eof copper metal, in solutions of the
aggressive anions, $6) CI, Br and I, go to more noble potential with decrease the enmations. This case
was simply related to the oxide film healing anitkbning. The bvalues of equation 4 decrease with increase
the aggressive anion concentration. The valueszoinbsolution of constant aggressive anion conesiotn,
increase in the order $®< CI < Br < I".
Figures (9,10) show that, in solutions of the iith/e anions: Cr@? CO;? and NQ, the values of E become
more noble at higher concentration of these ionise B values increase with increase inhibitor anion
g:oncentrzation. In solutions of constant inhibitaram concentration, dvalues increase in the order N@ COy

< CrO~.
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Fig. 7. Variation of the open circuit potential of the @lectrode with log time, t, in aerated JS&, solution
with different concentrations.
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Fig. 10. Variation of the open circuit potential of the €lectrode with log time, t, in aerated NajN§blution
with different concentrations.

The copper electrode potential go to more noblesnnimmersed in strongly oxygenated solutions ofstiudied
ions. This denotes that the pre-immersion air far@gnish oxide film on the metal surface is ndfisient to
impart passivity in these me# Moreover thickening of the oxide film continuestiisteady state values are
reached(®*?% anodic reaction. On the other side the reduatiboxygen represents the cathode reaction of the
corrosion process in oxygenated media accorditigetdollow reaction,

Q+2H,0 +4é <========> 40H = @ - (5)
The necessary electrons for reaction in equatiare5acquired from the ionization of the Cu atomememg the
oxide phase to growth it as follow reaction,

2CU <========> 2Cf+4e - (6)

2CIF + 2H,0 <========> 2Cu+4H - (7
The Cu? ions interflow the oxide film to oxide /olution interface to form a new oxide®Y. Abd El Kader and
Shams El Dift® assumed that, under the influence of strong étefiglds, a detectable ionic currentdan
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follow. Under such a high field strength, Ohm’s ldaes not apply, and ion transfer is governed byfdmiliar
Giintherschulze and Betz relationsfip

Y ®),
where K, and B are constants for forward reaction and Hhéseffective field strength. Under the open circui
conditions, the electric fields are assumed toinaig from the specific adsorption of anions on tixide
covered met&®. An image charges of the same magnitude but obsifpsign will be created by induction at
the oxide metal interface. These charges promate tansfer through the oxide film on the metalfeste.
However the potential difference (E) equdls+ @, + E. But ®; and®, are constants during the oxide growth.
Hence, the value of;[Ean replace by E. So equation 8 was replaced,to be

i=K. e 9),
where the field strength H in eqlation 8 is s(bstit ted by the term E /8, where E is the measured open circuit
potential of the copper electrode relative to the reference Ag/AgCl electrode and 9 is the thickness of the oxide
film. The potential value (E) of copper electrodereases to more noble with increase the coppéediim. So
the field strength E /8 remains constant specially at the initial stages of oxide film growth®®. Abd El Kader and
Shams El Dift® derived a relation which describes the variatiothefopen circuit potential (E) with time,

E = constant + (2.363/B) logt ~ —=m--eemeen (10,
whered is the rate of oxide film thickening per [nit decade of time. The valle of B eqlals (nf/RT)a” @ where
a is the transfer coefficient (@<1) anda” is the width of the energy barrier. Assuming 0.5 and5™ =1.0nm,
then B = 39nm\V.. From the slopes of the (E versus logt) curveigoies (7-10) and the like, the values of the
rate of oxide film thickening on copper surfacesoiutions of difference concentrations of the wasi studied
anions, have been calculated and listed in table 1.

Table 1: Rate of oxide film thickening)", in solutions of different concentrations of theams, nm per unit
decade of time.

Table (1) clears that the values of the rate ofl@film thickening5 °, in solutions of the aggressive anions,SO
2 CI, Br and I, is found to depend on the anion type and conagamis. Thus the rate of oxide film growth
decreases with increase the aggressive anion coatien of each type. This behavior was simply tedato
increase the oxide film dissolution. However, th&erof oxide film thickening on copper electrodeconstant
aggressive anion concentration decreases in ther,ofd> Br > CI > SQ° This sequence related to the
aggressivity of each anion type toward the coppetiamit clears also that the rate of oxide filrickieningd’, in
solutions of the inhibitor anions, Cy& CO;? and NQ, increases with increase the inhibitive anion
concentration of each type. However, the rate adefim thickening on copper electrode in constaiibitive
anion concentration increases in the order, NOCQO;? < CrO;2. This sequence was simply related to the
inhibition efficiency of each anion type toward tt@pper metal.

The steady state potentials of Cu electrode cateullan oxygen saturated solutions of inhibitive SperQ?,
CO,;? and NQ, of difference concentrations before and afteritamtd different weights of aggressive ion {(Cl
for each concentration of the same inhibitive iBimilar experiments repeat with addition differemegights of
another aggressive ions, Bind I in each inhibitive ion of difference concentrason

Figures (11-13) represent a relation between tsedgtstate potentials of Cu electrode in each itivgbion of
difference concentrations with difference weightsofdium chloride, grams. Similar curves of NaBr al
were also obtained.
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Fig. 11. Variation of steady state potential of the Cu &tede in aerated solution of different concentnadiaf
Na,CrO, before and after additive amounts of NaCl.

-300
-350
-400
A —=— 0.03M NaCO,
-450 —e— 0.05M
S 500k —A—0.1M
2 ——0.15M
:?v -550 —o—0.2M
E -600
% L
w” -650 - N
-700
I Y
-750
-800 I " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " ]

000 004 008 012 016 020 024 028 032 036 040
weight of NaCl, grams

Fig. 12. Variation of steady state potential of the Cu &tmde in aerated solution of different concentnadiaf
Na,CO; before and after additive amounts of NaCl.
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Fig. 13. Variation of steady state potential of the Cu &tmde in aerated solution of different concentnadiaf
NaNGO, before and after additive amounts of NaCl.

These curves could be used to determine the caatient of the passivating anions that can withstarértain
concentration of the aggressive ions. These figakesr also that the steady state potentials, medsa the
absence of the aggressive ions, increase slighttyimcrease the concentrations of the passivdiimgbiting)
anions in solution. At the same time, the changeaténtial rate at the inflexion points of the asvs inversely
proportional with the concentration of inhibitingians. This phenomenon was simply related to iitjaitting
corrosion onto Cu electrode easily in dilute intiffy solutions than in concentrated ones. It i®etal to note
that the solution required more aggressive ion$ witrease the concentrations of inhibiting anidfigures
(11-12) and similar curves of other aggressive mai@veal also that the amount of aggressive Nal@d, NaBr
and Nal required to cause inflexions in the potd#itime curves and initiation of pitting corrosiam Cu
electrode in the presence constant concentratiamefinhibitor increases in the order €IBr< I'. This order
is in accordance with the aggressiveness of ttase On the other side, the amount of one typeggfessive
salt required to cause inflexion in the potentialet curves on Cu electrode in the presence diferémhibitors
of constant concentration increases in the ordep NOCO;? < CrO,2. This means that the efficiency of
passivating anions against corrosion increasdseimitder NG < CO;% < CrQ,2 It is essential to note from the
curves of figures (11-13) that there is no defirgtéical corrosion potential, above which the cepmnetal
retards attack and below which it undergoes casrosTherefore, the choice of such potential todien as a
basis for comparison is thus arbitrary. But théiahpotential of copper electrode, in aggressiedia, depends
on the ambient concentration of the inhibitive asioTherefore the choice of a constant potentialafib
solutions is not free from error. Shams El Din akiod El Haleerff>?® assumed that pitting corrosion is
operative to the same extent in all solutions wiieough of the aggressive anion is added to displecaitial
potential to the active direction by a constanuegalTherefore, the inflexion point of each curveasidered
the starting potential (OmV displacement); criticatrosion potential.

Figures (14-16) display the variation of logarithinhibitors anions concentration as a function afalathm
aggressive anions concentrations at the inflexiomtp (OmV displacement) and after them, more regat
potentials than the starting potentials namely 200, and 300mV.
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Straight lines are obtained satisfying the follelation,

Loggn.=A+nlog gy 00 e (12),
where A and n are constants. The values of n liersolutions of Cr¢¥, CO;? and NQ;, in the presence of the
aggressive halide anions' r and I are listed in table2.

Table 2: The values of the exponent " n" of equation (11)

According to the theoretical derivation of equat{@d) by Shams El Din and Abd El Hale®¥® as well as the
prediction assumed by Brasér n is found to be the ratio of electrical chargéshe inhibitive to aggressive
anions. Equation (11) holds not only the pointinéiéxion, but also the points at other more acfpiedentials as
long as they are referred to the starting potestiakasured in the aggressive free solutions. T@plelears that
the values of n in the case of Gaand CQ? is more or less than in case of N®ns. However, in Cr¢¥ and
CO;5?, the values of the expected n are lower thanxpeated value 2. Thus, n has values ranging fr@86lto
1.30 in the case of these two inhibitive anionssdase was simply attributed to the partial eristeof CrQ™
and CQ? in monovalent forms, HCrDand HCQ @7,

Conclusions
The following conclusions can be drawn frdms twork:

1 - There is a competition between oxide film fotima by oxygen in solution and its destruction lggaessive
anions.

2 -The rate of oxide film thickening depends ondh@n types and its concentration.

3 - Copper oxide film formation rate increases viittrease the concentration of inhibitive anions

4 -The steady state potentialgdeveloped by the copper electrode decrease linedgHyincrease the aggressive
anions concentrations.

5 -The steady state potentials are reached fromtivegvalues indicating oxide film repair and growt

6 -The steady state potentials vary linearly wité ibgarithmic of anions concentration.

7 -The concentration of inhibitive anions that carstain certain concentration of aggressive ani@rges
according to: Logig. = A + n log Ggq, Where A and n are constants.
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