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Abstract The corrosion resistance of passive film is correlated with its semiconducting properties,

which can be measured by the Mott–Schottky analysis in high frequency domain. In this study, the

semiconducting behavior of passive films formed on pure copper in aqueous NaOH solutions was

investigated using Mott–Schottky analysis. The polarization curves suggested that pure copper

shows comparable passive behavior in NaOH solutions with different concentrations. Also, the

potentiodynamic polarization curves showed corrosion current densities reduction with decrease

in concentration of NaOH solutions. In Mott–Schottky analysis, no evidence of n-type semicon-

ducting behavior was found, indicating that oxygen vacancies and copper interstitials do not have

a significant population density in the passive film. Also, this analysis indicated that with the

decrease of NaOH concentration in the solution, the acceptor density of passive films increases.
� 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research

Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

1. Introduction

Copper is extensively used in industrial and corrosion preven-

tion applications. This metal is the most common multi-
component construction material used in the chemical and
petrochemical industries. Therefore, there is a permanent inter-

est in studying the passivation of this metal in different corro-
sive environments. The passivation of copper in alkaline
solutions is of great interest because of the scientific impor-

tance of this phenomenon [1–3].
During the last decade, the passivation behavior of the cop-

per in alkaline solutions has been investigated in relation to the

protective characteristics of passive films and the electrochem-
ical production of copper oxide layers [4–6]. Studies on the cop-

per oxide passive films using different characterization methods
such as X-ray diffraction, and X-ray photoemission spec-
troscopy have indicated that the composition of the copper

oxide passive films depends on many variables such as pH,
presence of aggressive anions, and aerating conditions [7–9].

Generally, there are many industrial processes in which
copper has to withstand corrosive conditions in solutions of

high to medium concentrations of hydroxides while these con-
centrated solutions can affect the passivation behavior. There-
fore, the passivation behavior of copper in the alkaline

solutions needs to be fully understood [9].
The main objective of this study is to investigate the

semiconducting behavior of passive films, formed on pure

copper in NaOH solutions, by using Mott–Schottky analysis.
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Furthermore, the point defect model (PDM) is used to deter-
mine the experimental data. This work includes investigation

of the passive region of copper in NaOH solutions, determina-
tion of the semiconductor character, and estimation of the
dopant levels in the passive films.

2. Experimental procedures

All pure copper (99.99 wt.%) samples were polished up to

1200 grit, rinsed in distilled water, and dried with air just
before each electrochemical measurement. The electrochemical

measurements were carried out in aerated alkaline solutions
with four different NaOH concentrations (0.050, 0.010,

0.005, and 0.001 M) at 25 ± 1 �C using a conventional three-
electrode flat cell.

The counter electrode was a Pt plate, while the reference

electrode was Ag/AgCl saturated in KCl. Electrochemical
measurements were obtained by using the lAutolab Type
III/FRA2 system. Also, for the data analysis, the NOVA soft-

ware was used.
Prior to electrochemical measurements, working electrodes

were immersed at open circuit potential (OCP) for 900 s to form
a steady-state passive film. Potentiodynamic polarization

-0.25

-0.15

-0.05

0.05

0 100 200 300 400 500 600 700 800 900

Cu-0.050 M NaOH

Cu-0.010 M NaOH

Cu-0.005 M NaOH

Cu-0.001 M NaOH

Time / Sec 

E
 / 

V
A

g/
A

gC
l

Figure 1 OCP plots of pure copper in NaOH solutions.
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Figure 2 Potentiodynamic polarization curves of pure copper in NaOH solutions.
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