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Abstract
This research involves study effect of MnO™ anion addition as inhibitor on the
polarization behavior of (70%Cu-30%2Zn) aloy in salt and basic medium ( 0.6 M
NaCl & 0.6 M NaOH) by potentiostatic method where Tafel slopes and corrosion
rate (Rmpy) and inhibition efficiency (El%) for each salt and basic environments
were measured .

Result of the tests shows that the values of Tafel slopes and corrosion rate
decreases with adding the MnO™ anion in two solutions, the Inhibition efficiency of
70%Cu-Zn30% aloy in NaOH solution more than that observed in NaCl solution.
which means that the basic media is more corrosive Cu-Zn aloy even after the
addition of inhibitor.
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I ntroduction
opper and copper aloys are frequently used to reduce the bacteria
materials  largely used in content[1,2].The electrochemical
drinking distribution  systems behavior of Cu-Zn alloys (brass) has
where sodium hypochlorite is been studied extensively over a wide
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range of experimental conditions in
reation to passivation and inhibition
corrosion [2,3]. In neutral and akaline
solutions the passivation of brass
involves the electroformation of a
complex ZnO.xH,0O and Cu,O layer, as
concluded from electrochemical [4].In
general, passivity breakdown depends
strongly on the composition of the alloy.
In chloride solutions, the first step of the
anodic dissolution of Cu is the
formation of complex CuCl*. In
addition, it was found that during anodic
polarization, there is always equilibrium
between a thin layer of CuCl and a
dense layer of dissolved CuCI* [5].
Corrasion inhibitors are widely used
to prevent the dissolution of copper. In
this application, the inhibitors should be
innocuous for human consumption;
Inhibitors that prevent the corrosion
process depend upon the nature of the
metal and environment. Numerous
oxyanions [CrO;,, M0O,, TcO4 MNOy,
NO,, etc.] are known to act as inhibitors
of metal corroson in neutral and
alkaline media. Their inhibiting action is
often associated with the formation of
insoluble compounds, “healing” the
passive film on the metal [6,7].
Potassium permanganate is selected as a
corrosion inhibitor for copper alloys due
to its easy availahility, non-toxic nature,
cost effectiveness, algaecide property,
and remarkable corrosion inhibition
efficiency[8].Severa  reports  have
pointed out that the permanganate ion is
not effective in preventing corrosion on
the surface of Cu alloys a low pH
values [9,10] but at high pH values, Mn
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is capable of inhibiting the corrosion of
Cu-based aloys, which is probably due
to the fact that the reduction of Mn(V1I)
in neutral and alkaline media typically
leads to the formation of MnO. , a less
soluble species. KMnO, is widely used
in passivation baths, in acid pickling,
and in chemica descaling. KMnO, was
studied as an effective inhibitor for
aluminium copper, and brass[11,12].
The present work aims

(1) Characterize the effect of
permanganate anion as corrosion
inhibitors of Cu-Zn alloy in NaCl and
NaOH solution using eectrochemical
methods.

(2) Establish the role of these anions
improving the passive film resistance to
the corrosion caused by chloride ions in
neutral medium.

2- Experimental part

Experiments were carried out in 0.6
M NaCl and 0.6 M NaOH solutions in
absence and presence of different
concentrations of potassium
permanganate. All  solutions were
prepared from double distilled water,
All experiments were carried out at
room temperature (25°C).

The brass (70Cuw/30Zn) was used in
the present work as working electrodes
was prepared by metallic cast with rod
shape ,which put in the holder to
insulate al sides except one side with
surface area lcn?. The openside
polished manually to a mirror finish
with abrasive papers used 200, 400, 600,
and 1000 mesh grit and finaly with
cloths and aumina, rinsed in distilled
water and stored in desiccators.
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Polarization  experiments  were
performed on WINKING M Lab
Potentiostat from Bank-lektronik with

eectrochemical standard cdl  with
provision for working electrode
(Brass),auxiliary electrode (Pt

electrode), and a Luggin capillary for
connection with an saturated calomel
electrode (SCE) as reference eectrode.
Electrochemical measurements were
performed with a potentiostat at a scan
rate 0.5mV.sec-1.Galvanostatic
experiments were performed with the
range of current density between -80
and +20 mA. The main results obtained
were expressed in terms of the corrosion
potentials (Ecor) and corrosion current
density (icorr) in addition to measure the
Tafel dlops, The rate (Rmpy) of
corrosion in a given environment is
directly proportional with its corrosion
current density (icorr) in accordance
with therelation[13] :

R (mpy) =0.129 * i(corr) *(e/p)

Where:

R (mpy : COrrosion rate (mil per year or
mm per year) , i : COrrosion current
density (microamp/cnt or amp/cnT) e
alloy equivalent weight
(gram/equivalent)

p : alloy density (gramvcnr)

Efficiency of Inhibitor were
calculated using equation[14]:

El% = 1-[ (i inn.) / (icorr.)]¥100
Where:
E.| : Efficiency of Inhibitor
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Icor) - Currentdensity without Inhibitor
I ¢y : Current density with Inhibitor
3- Results and Discussion
§ Polarization Behavior
The potentiodynamic  polarization
curve of brassin 0.6 M NaCl and 0.6
M NaOH solution containing (0.01 and
0.07)M of KMnO, is shown in Fig. 1.
and Fig.2.The corrosion potential (Eer)
and corrosion current density (icon),
calculated using the Tafel extrapolation
method are given in Tablel. this
behavior consist of two main regions
were cathodic and anodic Tafel regions.
At cathodic region, below section,
reduction reactions can occur which
involves reduction of hydrogen ions in
addition to reduction of oxygen:
O,+4e+2H,0 — 40H

while at anodic region, upper section;
dissolution of brass can occurs which
involves oxidation the copper and zinc
metals to metal Chlorides and produce
two eectrons.

Cu*+2e — Cu

Cu'+e - Cu
Cui”+e— Cu+
The effect of adding increasing

amounts of permanganate anions to 0.6
M NaCl and 0.6 M NaOH , The values
of corrosion current density, corrosion
potential, corrosion rate, cathodic Tafe
slop and anodic Tafel dop decreases by
the addition of inhibitor in solution. the
addition of KMnQO, shifts the Egn
towards more negative values and
increases the iy shows in Figs.l,2;
higher the concentration of KMnO,,
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higher the shift in E. and larger the
decreases in iy Vaues. The corrosion
rate decreases from 11.727to 6.752
mils/year when the concentration of
KMnO, is increased from (Oto
0.07 M) in 0.6 M NaCl and in 0.6 M
NaOH decreases from 22.067 to
7.548 mils /year .

Thus, adding increasing the inhibitor
anions adding to 0.6 M NaCl and NaOH
on the potentiodynamic polarization
curves was investigated Figure 1.
indicates that the increasing of MnO*
concentration leads to decreasing the
corrosion rate. This result is suggesting
that these anions are acting as corrosion
inhibitors for the brass alloy in NaCl and
NaOH solution. The calculated
inhibition efficiency (IE%) from the
corrosion rate can be indicated in Table
1. and Fig.3 The inhibition efficiency of
MnO* ion increases with increasing of
their concentrations. The inhibiting
effect of that anion can be explained on
the basis of the competitive adsorption
between these anions and the aggressive
Cl" ions on the passive electrode surface
and thus retards their corresponding
destructive action [9]. The inhibitive
anions may be incorporated into the
passive layer on the alloy surface,
forming an improved stability against
the aggressive ions. The increase of the
Mn content (from inhibitor) in the
passive layer leads to a significant
increase in corrosion resistance [10,11].
The protective properties of of
permanganate  anion is  directly
dependent on the pH of the solution, an
increase in the concentration of KMnO4
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is accompanied by an increase in the pH
and consequently an increase in the
stability of the passive film obtained
,The corrosion rate of Cu-Zn alloys in
basic solution is higher than that in
presence of MnO* anion from the
corrosion rate of aloy in sat solution,
Figure (45 shows Photographs
microscopy of the barss surface after
examining the corrosion with and
without  addition inhibition to the
solutions and that shows for corrosion is
less when adding permanganate anion as
an inhibitor to the basic solution
compared with the corrosion occurred
to the aloy in salt solution, which was
less than with the addition of inhibitor
this is congistent with the results of the
inhibition efficiency (IE%)of brass ,This
can be illustrated through , The
protective properties of of permanganate
anion is directly dependent on the pH of
the solution, an increase in the
concentration of KMnO4 is
accompanied by an increase in the pH
and consequently an increase in the
stability of the passive film obtained
Which leads to a decrease in corrosion.
4-2 Conclusions

1. The permanganate act as
inhibitors for the corrosion of the
brass alloy samples.

2. The values of corrosion current
density, corrosion  potential,
corrosion rate, cathodic Tafel slop
and anodic Tafd slop decreases
by the addition of inhibitor.
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3 .The rate of corroson with
permanganate anion for brass in
basic medium is more than the
rate of corrosion in salt medium .

3. Efficiency of Inhibitor in basic
solution is higher than that in
presence of MnO* anion from the
Efficiency of Inhibitor for alloy in
salt solution.

References

[1] A. G. Gad-Allah, M. M. Abou-

Romia, M. W. Badawy and H. H.

Rehan," Natureand corrodability of

thin oxide films formed on niobium

in  NaOH solutions',J. Appl.

Electrochem., 21(1991) 829.

[2] J. Morales, G. T. Fernanndez, P.
Esparza, S. Gonzdez, R. C.
Salvarezza and A. J," Inhibitory
action of 8-HYDROXYQUINOLINE
on the copper corrosion process’,
Arvia, Corros. Sci., 37 (1995) 211.

[3] Wiliam D.Cdllister Jr." materials
science and Engineering” Dep. of
Metallurgical Engineering, the
University of Utahwith  specia
contributions by David G.Rethwisch
john wiley& sons,2007.

[4]. J. Mordes, P. Esparza, G. T.
Fernanndez, S. Gonzalez, J. I. Garcia,
J. Caceres, R. C. Salvarezzaand A. J.
Arvig" Kinetics and Mechanism of
p-BrassDealloyingin Aqueous0.5M
Sodium Chloride Solution Derived
from Combined Scanning Tunneling
Microscopy and Electrochemical
Data", Corros. ., 37 (1995) 231.

3324

[5]. J. Crousier, L. Pardessus and J.-P.
Croussier,” Comparative study of
organic inhibitors of
coppercorrosion”,"” Electrochim.
Acta, 33 (1988) 1039.

[6] V. S Sgi and S. M. A.Shibli,

"Mitigating Corrosion of Mild Steel

by Sodium Tungstate Based
Inhibitors in Neutral Aqueous
Medium" Trans. SAEST., 37(2002),
pp. 17-24.

[7] C. R. Alentgano and I. V. Aoki,
"Localized Corrosion Inhibition of
304 Stainless Steel in Pure Water by
Oxyanions Tungstate and
Molybdate", Electrochimi. Acta.,
49(2004), pp. 2779-2785.

[8] J. Michael Franklin, C. David White,
and S. Hugh lIsaacs, "A Study of
Carbon Steel Corrosion Inhibition
by Phosphate lons and by an
Organic Buffer Using a Scanning
Vibrating Electrode", Corros.Sci.,
33(1992), pp. 251-260.

[9] Michad Crouse and E. Albert
Miller, M. G. Pujar, and Kunigahalli
L. Vasanth, "Evaluation of
Potassium Per manganate
(KMnO4) as a Green Corrosion
Inhibitor/Sealant for Anodized Al
2024 and Al 6061 at Different Ph
Values', Corros., 7(2002), pp. 7-
11.

[10] S V. Olenik and Yu. I.
Kuznetsov, " Corrosion Inhibitors
in Conversion Coatings', 1V”,
Protect. Met., 43(2007), pp. 391-
397.

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

.& Tech. Journal, Vol.29, No.16, 201

Effect of MNO™ Anion Inhibition on
Corrosion of (70% Cu-30% Zn) Brass
in Salt and Basic Solutions

[11] Abdel Salam Hamdy and Anna

Maria Beccaria, " Chrome-Free
Pretreatment for  Aluminium
Composites’, Surf.nterf. Anal.,

34(2002), pp. 160-163.

[12] J. R. Ibars , J. L. Polo, D. A.
Moreno, C. Ranninger, and J. M.
Bastidas, " An Impedance Study on
Admiralty Brass Dezincification
Originated by Microbiologically
Influenced Corrosion”, Biotech.
Bioengi., 87(2004), pp. 855-862.

[13]. V. I. Pokhmurskyi, L.
Kwiatkowski, 1. M. Zin, S. B. Lyon,
L. M.Bilyi, and M. B. Ratushna
" Corrosion Protection of Aluminum
Alloys by Inhibiting Pigments',
Mater. Sci., 42(2006), pp. 573-578.

[14]. S. A. M. Refaeyl, A. M. Abd El
Malak, H. T. M. Abdel-Fatah, and F.
Taha, " Corrosion and Inhibition of
Cu-Zn Alloys in NaCl Solution by
Using Per manganate and Phosphate
Anions', Int. J. Electrochem. ci.,
2(2007),pp. 563-571.

[15]. G. Wranglen, Introduction to
Corrosion and Protection of Metals.
London: Champman and Hall, 1985,
p. 236.

[16]. Hamilta de Oliveira, Fernando M.
Reis, Clarice T. Kunioshi, Jesualdo
L.Rossi, and Isolda C." Corrosion
Performance of Al-Si-Cu
Hypereutectic Alloys in a Synthetic
Condensed Automotive Soluti ",
Materials Research, Vol.8,No.2,
Apr./June2005,p.155-159.

3325

[17]. M. Abdallah 1, M. Al- Agez 1 and
AS  Fouda,” Phenylhydrazone
Derivatives as Corrosion Inhibitors
for -a-Brass in Hydrochloric Acid
Solutions', Int. J. Electrochem. Sai.,
4 (2009) 336 - 352

[18]. S. Rajendran, S. P. Sridevi, and
N. Anthony, " Corrosion Behavior of
Carbon Steel in Polyvinyl
Alcohol", Anti-Corros. Methods
Mater ., 52(2005) , pp. 102-107.

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

.& Tech. Journal, Vol.29, No.16, 201 Effect of MNO™ Anion Inhibition on
Corrosion of (70% Cu-30% Zn) Brass
in Salt and Basic Solutions

Table (1) : Effect of varying concentrationsof KM nO, on the corrosion behavior of brass
in 0.6 M NaCl solution and 0.6 NaOH solution evaluated by
polarization and El% studies.

S. Solution | Con. inhibitor | Ecor (mv | lcorr (uA.crg‘ R (mpy) -bc | +ba IE%
) )
1- NaCl 0 1327 80.64 11.727 | 4545 | 1585 | O
2- | NaCl + KmnO* 0.01M 596 365.14 11.249 | 252.8 1145 40721
3- | NaCl + KmnO* 0.07M 456.4 219.17 6.752 | 235.8 1872 | 42.465
4- NaOH 0 1398 716.26 22067 | 683.3 | 3655 0
5- NaOH + 0.01M 1270 521.17 16.057 608 | 343.3 26.749
KmnO*
6- NaOH + 0.07M 1085 245 7548 | 5624 | 313.3| 65.745
KmnO*
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Figure (1) Potentiodynamic polarization curve of brassin (0.6M) NaCl solution
containing varying concentrations of (0.01 to 0.07) KMnQO,

3327

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com
http://www.pdffactory.com

.& Tech. Journal, Vol.29, No.16, 2011 Effect of MnO™ Anion Inhibition on
Corrosion of (70% Cu-30% Zn) Brass
in Salt and Basic Solutions

E corr

k J

e
]

Figure 2. Potentiodynamic polarization curve of brassin (0.6M)
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NaOH solution containing varying concentrations of(0.01 to 0.07) KMnO,

L

@—MNaCl+ KMnO4

—&— NaOH+ KMnO4

inhibition efficiency {1E%)

] T
O 0.0z 0.04 .06 0.3

concentrations of KnOd

Figure 3. inhibition efficiency (IE% ) with concentration of KmnO,

Figure.4 Photographs of Sample after corrosion by salt solution NaCl
(a) without inhibitor (b) with inhibitor at concentration (0.07M) KMnO,

3329

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

. Journal, Vol.29, No.16, 201 Effect of MNO™ Anion Inhibition on
Corrosion of (70% Cu-30% Zn) Brass
in Salt and Basic Solutions

a b

Figure. 5 Photographs of Sample after corrosion by basic solution NaOH
(a) Without inhibitor (b) with inhibitor at concentration (0.07M) KMnO,
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