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ABSTRACT

Sol—-gel nanocomposite coatings have been investigated for copper metal
as a potential replacement for the hazardous and banned hexavalent
chromate conversion coatings. TiO,~CdO nanocomposite thin films
were deposited on copper using the sol-gel method. The sol-gel coatings
were prepared using a sol obtained by the hydrolysis and condensation
of tetra-o-butyl titanate. They were doped with cadmium oxide inhibitor
to provide active corrosion protection. The synthesized coatings were
characterized by X-ray diffraction (XRD) and atomic force microscopy
(AFM). The anticorrosion performances of TiO,-CdO nanocomposite
coatings were investigated in 3.5% NaCl solution by the potentiodynamic
polarization technique Tafle and electrochemical impedance spectroscopy
(EIS). The potential corrosion increases from -210 mV versus Ag/AgCl
(3M) for uncoated copper to -202 mV versus Ag/AgCl (3M) for TiO,-CdO
nanocomposite-coated copper electrodes. The results of this study clearly
ascertain that the TiO,-CdO nanocomposite has outstanding potential to

protect the copper against corrosion in a chloride environment.
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INTRODUCTION

products; it results in the degradation and
eventual failure of components and systems both
inthe processing and manufacturing industries and
in the service life of many components. Corrosion
control of metals and alloys is an expensive process
and industries spend huge amounts to control this
problem. It is estimated that the cost of corrosion
in the developed countries such as the U.S. and
European Union is about 3-5% of their gross
national product [1].

The annual costs related to corrosion and
corrosion prevention has been estimated to combine
a significant part of the gross national product in the
Western world. Although the value of such numbers
is always debatable, corrosion issues are clearly is
important in modern societies. In addition to the
economic costs and technological delays, corrosion
can lead to structural failures that have dramatic
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consequences for humans and the surrounding
environment

Many papers are published each year about
corrosion and corrosion protection of different
metals. Among the metals investigated, the most
important research about corrosion protection
concentrates on copper, since copper is the basis
of modern industry. Copper has been one of the
preferred materials in industry due toiits high electrical
and thermal conductivities, mechanical workability,
and its relatively noble properties. It is widely used
in many applications in electronic industries and
communications as a conductor in electrical power
lines, and pipelines for domestic and industrial water
utilities, including sea water, heat conductors, heat
exchangers, etc. Thus, corrosion of copper and its
inhibition in a variety of media, particularly when they
contain chloride ions, have attracted the attention of
a number of investigators [2].

[CO=EMN This work is licensed under the Creative Commons Attribution 4.0 International License.
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Reports on the corrosion failures of bridges,
buildings, aircrafts, automobiles, and gas pipelines
are not unusual([3].

Corrosion poses a serious economic and
industrial threat, as well as potential danger to
humans. One of the current industrial practices
for corrosion protection is to treat the surface of
metals with chromium-containing compounds.
However, chromium-containing coatings will be
eventually bannedl,2 because of its adverse
health and environmental effects[4].

One of the most effective corrosion control
techniques is the electrical isolation of the anode
from the cathode [5, 6]. Sol gel technology is widely
used for the preparation of inorganic materials from
solutions containing inorganic or metal organic
precursors, which are hydrolyzed to form inorganic
polymers and colloids[7, 8]. Films can be deposited
by spin coating, dip coating or electrophoresis,
with the process repeated to build up coatings
of thicknesses of up to tens of micrometers.
Disadvantages of the sol gel deposition process
are that the sol morphology needs to be carefully
controlled to make sure continuous films and
substrate wetting and that the films require drying
and identifying. This may lead to film shrinkage and
change of the underlying substrate due to the pH of
the sol and the identifying thermal treatments. The
application of ZrO, [9-11], Al,O, [12], TiO,-SiO, [13],
CeO,[11] and CeO,-TiO, [14].

The obtained data also suggested that the
organic-inorganic hybrid gel formulation might be
tuned to contain nonsoluble chromium inhibitors
regulating their effective concentrations within
the coating layer[15]. The quick evolution of
this specific research area and the potential
contribution of sol-gel coatings as a corrosion
inhibition system for metal substrates has led to
several review publications[7]. As alternatives
to the use chromate for corrosion protection of
aluminum aerospace alloys[16], the use of sol-gel-
derived coatings for improved corrosion resistance
of aluminum and steel metal surfaces[17, 18] and
magnesium alloys [19] had also been debated.

The novelty of the work involved is (1) the
synthesis of TiO,-CdO nanocomposites by sol-gel
method instead of electrochemical synthesis, (2)
synthesis TiO,-CdO nanocomposites coatings on
the surface of copper, most of which are synthesized
on the surface of mild steel, (3) Use of TiO,-CdO
nanocomposites instead of TiO,-CeO, and TiO2-
SiO, nanocomposites, and (4) the aim of this study

J Nanostruct 10(1): 52-63, Winter 2020
(o]

is to investigate the inhibition effect corrosion of
the TiO,-CdO nanocomposite coatings synthesized
by sol-gel method on copper in 3.5% NaCl solution
by Tafel polarization, electrochemical impedance
spectroscopy and the temperature effect method.

MATERIALS AND METHODS
Sample preparation

Titania and cadmium oxide sols were prepared
using tetra-o-butyl titanate as precursor, ethanol as
solvent, 37% hydrochloric acid, ethyl acetoacetate
and distilled water, all from Merck Company.

TiO,-CdO sols were prepared using tetra-o-
butyltitanate according to the following procedure:
10 ml ethanol and 2.5 ml ethyl acetoacetate were
mixed at room temperature. Then 2.5 ml tetra-
o-butyl titanate and different concentrations of
cadmium salts (0.15, 0.30, 0.45, 0.60 and 0.75 gr)
were added the solution was stirred continuously
for 2 h. In order to make sure enough degree of
hydrolysis and to acquire homogeneity in the
sol, 2 ml distilled water was carefully added to
the solution within 30 min and kept stirring for a
sufficient time. According to the composition of
the nanocomposite, an appropriate amount of
hydrochloric acid was added to the sol to reach
the required pH for a stable sol.

The copper was used with purity of 299.9 wt%
in the present study. The metal sheet was cut
into rectangular samples of 1 cm x 1 cm x0.1 cm
soldered with Cu-wire for an electrical connection
and mounted onto the epoxy resin to offer only
one active flat surface exposed to the corrosive
environment. Before each experiment the working
electrode was abraded with a sequence of emery
papers of different grades (320- 2000 grain size)
and then electrode substrates were washed with
distilled water, thoroughly degreased with ethanol
and washed with distilled water. After natural drying
in air flow, samples were heated in an oven at 120
°C for 15 min. The samples were then heat-treated
at 300 °C for 60 min to enable oxide conversion and
to remove the solvent and residual organics.

Characterization

For the purpose of X-ray diffraction (XRD) test,
powder samples were prepared by drying the final
sols in an oven at 120 °C for 1 h. XRD patterns
were obtained using JEOL JDX-8030 diffraction
system with Cu K o radiation (A=1.5406 A°).The
morphology of the sol-gel synthesized TiO,-CdO
nanocomposite coatings on copper was analyzed
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Fig. 1. XRD patterns of powder samples having TiO,-CdO (0.75gr) nanocomposition

using a SERON model AIS-2100 scanning electron
microscope (SEM) instrument operating at 10 kV.
Surface morphology of the coatings was examined
using Atomic force microscopy (AFM, Nanoscope
V Tuna D3100).

Electrochemical experiments were carried
out using a standard electrochemical three-
electrode cell. Copper metal acts as working
electrode (WE), silver—silver chloride (Ag/AgCl)
as reference electrode and platinum was used as
counter electrode. Polarization and impedance
measurements were carried out usingan AUTOLAB
model PGSTAT30. The open circuit potential
(OCP) was obtained by immersing the working
electrode in the test solution 3.5% NaCl for 60min.
Electrochemical impedance spectroscopy (EIS)
measurements were carried out at corrosion
potentials (OCP) across the frequency range 100
kHz-10 mHz, with a 10 mV amplitude of waveform.
For potentiodynamic polarization measurements,
potential was scanned in the range -200 to
+200 mV at a scan rate 0.01 mV s™. All data for
electrochemical measurements were analyzed
using the NOVA 1.6 software.

RESULTS AND DISCUSSION
X-ray diffraction

Fig. 1 shows XRD patterns of powder samples
having different constitution and heat treated
at 120 °C for 1 h in air atmosphere. As it can be
seen in this figure, the only phase that is formed
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in the sample having a composition of TiO,—
CdO is CdTiO, and, the TiO, content in TiO,-CdO
nanocomposition, anatase phase is formed in
addition to the CdTiO, phase[20].

3.2. Scanning electron microscopy
analysis

Fig. 2 shows SEM micrographs of the TiO,-
CdO nanocomposite coatings on copper with
0.75 gr. Images show that nanoparticles are
uniform, global and slightly agglomerated. Further
observation indicates that the morphology of
samples is very dense and uniform and may be
beneficial to enhancing the corrosion protection
due.

(SEM)

Electrochemical behavior studies
Electrochemical impedance spectroscopy (EIS)
Electrochemical process taking place at
the open circuit potential was examined by
electrochemical impedance spectroscopy. The
impedance spectra for Nyquist plots were analyzed
by fitting to the equivalent circuit model (Fig. 3).
EIS measurements (Fig. 4) of the copper
electrode at its open-circuit potential after 60 min
of immersion in 3.5% NaCl solution alone and in
the presence of various concentrations of TiO_-CdO
nanocomposite coatings were performed over the
frequency range from 100 kHz to 10 mHz. The
diameter of Nyquist plots increased on increasing
the concentration of TiO,-CdO nanocomposite
coatings indicating strengthening of inhibitive film.

J Nanostruct 10(1): 52-63, Winter 2020
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Fig. 2. SEM images of the (a) abraded copper and (b) sol-gel synthesized TiO,-CdO nanocomposite coated copper with 0.75 gr CdO.

le
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Fig. 3. Equivalent electrical circuit for the corrosion of copper in 3.5% NaCl solation.

The Nyquist plot contains a depressed
semicircle with the center under the real axis,
such behavior is characteristic for solid electrode
which is attributed to surface roughness and
inhomogeneities of metal electrodes. The
existence of a single semicircle shows the
presence of single charge transfer process during
dissolution, which is unaffected by the presence of

J Nanostruct 10(1): 52-63, Winter 2020
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an Ti0,-CdO nanocomposite coatings[21).

The inhibition efficiency obtained from the
charge-transfer resistance is calculated by the
following relation [22]:

R
IE(%) =—19 100 (1)
Rct(c)
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Fig. 4. Impedance spectra of copper in 3.5% NaCl solation with and without the nanocomposite coating.

Tablel. Electrochemical impedance parameters for copper in 3.5% NaCl in absence and presence of TiO -CdO nanocomposite coating

. Q
TiO2-CdO Re Re Vox 105 1Eus%
® @) @cm) (WFem?)
bare 15.32 154 0.78 10.41 -
0.15 16.91 405 0.41 4214 62.0
0.30 24.48 1176 0.51 1179 87.0
0.45 7.19 2322 0.39 2588 93.0
0.60 22.16 2586 0.57 852.9 94.0
0.75 50.00 6340 0.59 31.83 98.0

Where Racc) and R are the charge-transfer
resistances in the presence and absence of the
TiO,-CdO nanocomposite coating.

As it can be seen from Fig. 4, the Nyquist plots
contain depressed semicircles with the center
under the real axis. Such behavior characteristic for
solid electrodes and often referred to frequency
dispersion could be attributed to different
physical phenomena such as roughness and in
homogeneity of the solid surfaces, impurities, grain
boundaries and distribution of the surface-active
sites [23]. Therefore, a constant phase element
(CPE) instead of a capacitive element is used to
get a more accurate fit of experimental data set.
The impedance function of a CPE is defined by the
mathematical expression given below [24] :

ZCPE=Q"'(jw)" (2)

where Q is the CPE constant, v is the angular
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frequency, j> = -1 is the imaginary number and
n is the CPE exponent which gives details about
the degree of surface inhomogeneity resulting
from surface roughness, inhibitor adsorption,
porous layer formation, etc. The CPE, which is
considered a surface irregularity of the electrode,
causes a greater depression in Nyquist semicircle
diagram [22], where the metal—solution interface
acts as a capacitor with irregular surface. If the
electrode surface is homogeneous and plane, the
exponential value (n) becomes equal to 2 and the
metal—solution interface acts as a capacitor with
regular surface, i.e. The main parameters deduced
from the analysis of Nyquist diagram for 3.5%
NaCl solution containing various concentrations
of TiO,-CdO nanocomposite are given in
Table 1. On increasing CdO concentration, the
charge transfer resistance (Rct) increased and
capacitance (Y ) decreased indicating that increasing
CdO concentration decreased corrosion rate. This

J Nanostruct 10(1): 52-63, Winter 2020
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Fig. 5. Anodic and Cathodic polarization curves of copper in absence and present coatings in 3.5% NaCl media.

Table 2. Corrosion parameters of TiO -CdO nanocomposite coated on copper in 3.5% NaCl media.

TiO,-CdO icorr Ecorr Ba Be IE %
(® (MA/cm?)  (mV)  (V/dec)  (V/dec)
bare 330.28 -210 016.0 020.0 -
.150 640.12 =247 041.0 033.0 55.0
0.30 453.1 -288 015.0 019.0 95.0
0.45 101.1 -308 011.0 010.0 96.0
0.60 010.1 -306 033.0 050.0 96.4
0.75 .0011 -202 016.0 015.0 99.9
fact suggests that the inhibitor molecules acted by I -1
adsorption at the metal/solution interface [25]. IE% = _comr_Zeomle) 100 (3)
Tafel polarization measurements corr
The effects of different concentration of TiO,- Where, | and | are the corrosion

CdO nanocomposite on the anodic and cathodic
polarization curves in 3.5% NaCl solution are
shown in Fig. 5.

Typical Tafel plots for the corrosion of copper
in 3.5% NaCl solution and in the presence of TiO,-
CdO nanocomposite are shown in Fig. 5 where their
electrochemical parameters are given in Table 2.

The displayed data clearly show that the
corrosion current density (Icorr) values decreased
in the presence of TiO,-CdO nanocomposite
indicating that the corrosion process of copper
was suppressed in the presence of TiO,-CdO
nanocomposite. However, the lowest Icorr values
were observed in the presence of highest CdO
concentration. The percentage inhibition efficiency
(IE %) for each TiO,-CdO nanocomposite coating
was calculated using the relationship given below
and their values are mentioned in Table 2[26]:

J Nanostruct 10(1): 52-63, Winter 2020
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corr corr(c)

current densities without and with the TiO,-CdO
nanocomposite, respectively.

From Table 2 it is evident that the highest
inhibition efficiency was obtained for TiO,-CdO
nanocomposite (0.75 gr CdO) suggesting that this
nanocomposite could serve as effective corrosion
inhibitors. The values of IE% are in quite good
agreement with the results obtained previously
from EIS measurements.

As can be seen from Table 2, the corrosion
potential for TiO,-CdO nanocomposite coated
copper has shifted to more positive potentials,
about 200 mV vs. Ag/AgCl higher than the
uncoated copper (anodic protection)[27].

Effect of temperature

Temperature has a great effect on the corrosion
phenomenon. Generally, the corrosion current
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Fig. 6. The effect of temperature on the corrosion behavior of copper in the presence of coatings in temperature rang 298-338K.

Table3. Corrosion parameters of copper in 3.5% NaCl solution without nanocomposite coating in temperature rang 298-338K.

Temperature Be Ba

Ecorr

(K) (mV/dec)  (mV/de) (my) icom (WA/Cm?) IE%
298 20 16 195 81.43 -
308 19 127 -183 76.43 -
318 12 172 2250 102.00 )
328 17 354 -322 104.20 -
338 2 18 340 165.15

Table 4. Corrosion parameters of copper in 3.5% NaCl solution with nanocomposite coating in temperature rang 298-338K.

Temperature Be Ba

Ecorr Icorr

() (V/de)  (V/de)  (mV)  (uAfem?) FEs%
298 38 37 -316 4.63 94
308 44 50 -318 6.14 92
318 75 82 -320 14.63 86
328 71 81 -306 14.93 85
338 37 39 -278 51.07 69

decreases with the rise of the temperature. For this
purpose, we made polarization (Fig. 6) experiments
in the range of temperature 298-338K, in the
absence and presence of various concentrations
of TiO,-CdO nanocomposite coatings after 60
min of immersion. The corresponding data are
shown in Table 3&4. From the Tables, it is clear
that the IE(%) increases with the increase of
concentration reaching a maximum value at a
higher concentration (0.75 g CdO). This suggests
that increase in the TiO,-CdO nanocomposite
coating concentration increases the number of
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molecules adsorbed over the copper surface,
blocking the active sites of acid attack and thereby
protecting the metal from corrosion [28].
Ivanov[29] considers the increase of inhibition
efficiency with temperature increases as the
change in the nature of the adsorption mode.
The inhibitor is being physically adsorbed at lower
temperatures, while chemisorption is favored as
temperature increases. Noor et al. [30] suggested
increasing temperature, when chemical changes
occur in the inhibitor molecules, leading to an
increase in the electron density at the adsorption

J Nanostruct 10(1): 52-63, Winter 2020
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Table 5. Activation parameters for the corrosion of copper in 3.5% NaCl solution with and without nanocomposite coating.

AH*ads Ea Asads*
(J mol) () mol?) (J molt K1)
bare 11.82 -14.40 -284.57
Nanocomposite 45.55 -48.01 -195.71

Table 6. Thermodynamic parameters for the adsorption of nanocomposite in 3.5% NaCl solution on the copper at 298K.

Kads AGoads
Method | o1)  (kymolY)
\ " Tafle 9.26 -22.62
anocompostte . oedance  11.63 23.19
0.0
2.0 e By
Voo -4.0 -
r_\f 6.0 - == Nanocompaosite
g 8.0 -
= -10.0 - y =-1.422x-10.469
- T 1.
E 120 R?=0.7561
£ -14.0 - - X .
-16.0 - i g i g
8.0 | ¥=-5:4792x+0.21
: RZ=0.9033
20.0 . ; . .
2.9 3.0 3.1 3.2 33 3.4
1000/T (K1)

Fig. 7. Arrhenius plots for the corrosion of copper in 3.5% NaCl without and with nanocomposite coatings at different temperatures.

centers of the molecule, which causes an
improvement in inhibition efficiency[31].

Thermodynamic activation parameters

In order to calculate the activation energy
of the corrosion process and investigation
of the mechanism of inhibition, gravimetric
measurements were carried out at various
temperatures (298-338 K) in the absence and
presence of TiO,-CdO nanocomposite coatings
3.5% NaCl. The results are given in Table 6. It was
found that the rates of copper corrosion, in free
and inhibited acid solutions increase with a rising
of temperature. The dependence of the corrosion
rate on temperature can be expressed by the
Arrhenius equation[32].

The Arrhenius equation given below was used,
to derive thermodynamic activation parameters
without and with inhibitor[33]:

J Nanostruct 10(1): 52-63, Winter 2020
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I =K

corr exp

(-Ea/RT) (4)

Where R is the gas constant and K is the
Arrhenius constant, E, is the activation energy, T
the absolute temperature. Arrhenius plots of Ln
l.,.. vs 1000/T for copper corrosion in 3.5% NaCl
solution in the absence and presence of TiO,-CdO
nanocomposite coating are presented in Fig. 7.

The slope of Arrhenius plot is the apparent
activation energy (E). The charge in enthalpy (AH)
and entropy (AS) of activation was calculated by
the transition-state equation given below[34]:

corr

1, = RT/Nhexp(AS'/R) exp(-AH"/RT) (5)
Where N is the Avogadro s number and h is the

planck’s constant. The plots of Lnl __/T vs 1000/T
are presented in Fig. 7 straight lines were obtained
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with a slope of -AH, AS values were calculated from
theinterceptsofLn|__/Taxisand are givenin Table
5 [28]. The value E_ is found as -14.40, -48.01 for
3.5% NaCl solution and TiO,-CdO nanocomposite
coatings, respectively. Inspection of results shows
that values of E_ obtained in presence of TiO-CdO
nanocomposite coatings are higher than inhibitor
free solution.

The positive sign of the AH" reflects the
endothermic nature of the copper dissolution
process (Table 6). Large and negative values of
AS” refer to that the activated complex in the rate
determining step represents an association rather
than a dissociation step, meaning that a decrease
in disordering takes place on going from reactants
to the activated complex[35].

Application of adsorption isotherm

From the polarization data, it is can be inferred
that the essential step in the inhibition mechanism
is the adsorption of the nanocomposite coating
on the copper surface; therefore, the observed
increase in corrosion inhibition efficiency results
from improved adsorption of the TiO,-CdO
nanocomposite coating constituents on the
copper surface. To describe the adsorption of
TiO,-CdO nanocomposite coating on the copper
surface, several adsorption isotherms were tested,
including Freundlich, Temkin, Frumkin, Bockris—
Swinkels, Flory—Huggins and Langmuir isotherms.
However, the best agreement was obtained using
the Langmuir adsorption isothermal equation as
follows[36]:
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Cfezl/Kads'}‘C (6)

wre K is the adsorptive equilibrium
constant, C is the concentration of the additives
and © is surface coverage. Surface coverage (6,
i.e. fractional inhibition efficiency) values for
TiO,-CdO nanocomposite coating as determined
by the polarization measurements for various
concentrations of the nanocomposite coating. As
shown in Fig. 8 plotting of C vs. C/ © results in a
linear correlation. The strong correlation (R? >
0.99) suggests that the adsorption of the inhibitor
on the copper surface obeyed this isotherm.
Langmuir adsorption isotherm assumes that the
adsorbed species occupy only one surface site
and there are no interactions with other adsorbed
species[37], features which closely describe the
chemisorption process. It is necessary to mention
here that, the © values obtained from the other
employed techniques also obey the Langmuir
adsorption isotherm[36].

The equilibrium constant for adsorption
process is related to the free energy of adsorption

AG° , is expressed by following equation [38]:
Kads = : exp(— AG‘(’)”’S) (7)
55.5 P RT

Where R is the universal gas constant (8.314
J K mol?), T is the thermodynamic temperature,
55.5 is the molar concentration of water in the
solution expressed in 3.5% NaCl solution.

J Nanostruct 10(1): 52-63, Winter 2020
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'220 nm

Fig. 9. AFM images of specimens: a) polished copper electrode b) pre-treated copper after corrosion c) TiO,-CdO nanocomposite
coated on copper d) TiO,-CdO nanocomposite coated on copper in corrosion media.

The energy of adsorption could not have
been calculated due to the unknown molecular
mass of the TiO,-CdO nanocomposite coating.
The free energy of adsorption values, AG®
were obtained for TiO,-CdO nanocomposite
coating and results show that the values of AG®_
is -22.62 and -23.19 kJ mol-1 for TiO,-CdO
nanocomposite coating in 3.5% NaCl solution by
Tafel and EIS method, respectively. The negative
values AG®° .~ means that adsorption of TiO,-
CdO nanocomposite coating on copper surface
is a spontaneous process and furthermore the
negative values of AG®  _also shows the strong
interaction of the inhibitor molecule onto the
copper surface [38].

Surface analysis

AFM is powerful techniques to investigative
the surface morphology and study the influence
of inhibitors on the generation and the progress
of the corrosion at the metal/solution interface.
AFM images (Fig. 9) of the polished copper and
copper after immersion for 60min in 3.5% NaCl
solution in absence and presence of TiO,-CdO
nanocomposite coating. These images showed

J Nanostruct 10(1): 52-63, Winter 2020

that decrease surface roughness for copper
immersed in chloride solution in presence TiO,-
CdO nanocomposite coatings.

In Fig. 9, (a) presents the bare copper surface
after polishing (before exposure to corrosive
environment); (b) copper immersed in 3.5%
NaCl solution without coating; (c) copper coated
by TiO2-CdO nanocomposite and (d) copper
immersed in 3.5% NaCl solution with TiO,-CdO
(0.75gr) nanocomposite coatings. It could be
observed from the Fig. 8b that the copper surface
was damaged in the absence of the TiO,-CdO
nanocomposite coatings and the surface is rough
and porous. On the other hand, Fig. 8d appears
to be less scratched in the presence of TiO,-CdO
nanocomposite coatings compared with that of the
surface immersed in corrosive medium alone and
the damage of the metal surface has diminished
in presence of the TiO,-CdO nanocomposite
coatings, which is attributed to the formation
of a protective layer by the constituents of TiO,-
CdO nanocomposite coatings. This indicates that
TiO,-CdO nanocomposite coatings hinders the
dissolution of copper and thereby reduces the rate
of corrosion of copper in 3.5% NaCl solution.
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CONCLUSIONS

Sol-gel nanocomposite coatings doped with
CdO inhibitor were developed for corrosion
protection of copper. The coatings were smooth,
crack-free with good adhesion and pencil hardness
and also excellent anti-corrosion properties.

The corrosion current was influenced by CdO
concentration 0.75 gr in the coating. Under static
polarization conditions, the corrosion current of
the coatings increased with CdO concentration
due to the reduced barrier property. However,
a remarkable decrease in corrosion current was
observed after prolonged immersion in NaCl
solution, particularly for coatings with higher CdO
content.

The TiO,-CdO nanocomposite coatings act
as an anodic inhibitor for copper in 3.5% NaCl
solution. The inhibition efficiency increases with
increasing concentration of CdO(0.75 gr) with
the highest inhibition efficiency being 99%. The
percentage inhibition efficiency values obtained
from polarization measurements are comparable
with those obtained from EIS measurements. The
surface analysis via AFM techniques indicates
that the active molecules from TiO,-CdO
nanocomposite coatings absolutely retard the
corrosion on the specimen surfaces.
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