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Effect of some newly synthesized modified ketonic resins on corrosion inhibition of stainless steel (SS) and copper (Cu) was
investigated in acidic medium. Carboxyl, hydroxyl, and carbonyl functionalized resins have been coated on metal electrode as a
thin film by dipping method. Corrosion characteristics of coating on SS (304 L) and Cu were investigated by polarization, open-
circuit, and impedance measurement. These measurements performed at different time and the stability of polymeric coating were
tested with time in acidic medium. The resin coating was able to protect both the SS and copper.

1. Introduction

The corrosion of metals is an enormous economic problem.
Thus, efforts to develop more efficient and environmentally
compliant methods to prevent corrosion have been ongoing
throughout this century [1]. Often, the best strategy to
control corrosion of an active metal is to apply a protective
surface coating. Polymers occupy a very specific place
amongst anticorrosion techniques. Polymers combine good
chemical resistance with impermeability to different media
and unusual deformation characteristics [2, 3]. Thermoplas-
tic polymers include several applications in coated systems,
as powder coatings [4], anticorrosive paints in automotive
industry, and clean room applications [5]. Polyolefins have
been widely used for this purpose. In the field of alkyd resins,
solvent-borne paints are the most used in the market [6].
Polymer coatings provide corrosion protection by acting as
a barrier layer between the substrate material and the envi-
ronment [7–9]. It is well known that surface characteristics
are an important factor determining the corrosion stability
of the organic coatings [10–13]. This factor also affects
the deposition behavior of the coatings. Although there are
plenty of resins on the market, modern coating technology
is focused to the need of development of high-performance
polymeric materials [14–19]

Realization of the barrier and inhibition and electro-
chemical mechanisms of anticorrosion protection with the
help of polymers not only allow a profound improvement in

the anticorrosion protection of metal parts, but also come
close to the creation of “smart” anticorrosion plastics and
anticorrosion systems.

There are different techniques for corrosion measure-
ments one of which is electrochemical one. After the
publication of Menges and Schneider [20], applications
of electrochemical impedance spectroscopy (EIS) become
a powerful nondestructive tool for the evaluation of
coating properties and their changes with exposure time
[3, 21–30].

Resins with functional groups were synthesized in our
previous study [31–33]. The aim of this work was to investi-
gate corrosion performances of these carboxyl, hydroxyl, and
carbonyl functional group containing ketonic resin coatings
on SS and copper. The corrosion behavior of bare and resin-
coated SS and copper in 1N H2SO4 solutions was determined
by EIS technique and polarization curves. Although the use
of Tafel extrapolation is not recommended for polymer-
coated electrode due to ohmic drop through the film, these
measurements were performed for qualitative information
and icor and Ecorr changes for different polymeric coatings
were compared each other and bare electrode.

2. Experimental

2.1. Materials. Sulphuric acid, nitric acid, dichloromethane
(DCM), acetone, ethyl alcohol are all analytical grade and
used without further purification. Resins used are given
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MA-AFR (maleic anhydride modified acetophenone formaldehyde resin)

BPDA-AFR (biphenyl-tetra carboxylic dianhydride modified acetophenone formaldehyde resin)

DDSA-AFR (dodesenyl sucsinic anhydride modified acetophenone-formaldehyde resin)
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Scheme 1: The molecular structure of the first group resins (MA-AFR, BPDA-AFR, DDSA-AFR).

names and abbreviations in Schemes 1, 2, and 3 and they
were synthesized as described previously [31–33].

2.2. Measurements. Electrochemical measurements were
performed in three-electrode system by using Parstat 2263
model potentiostat. Ag/AgCl, Pt wire, copper, and stainless
steel were used as reference electrode counter electrode, and
working electrodes, respectively. All potentials were given
versus Ag/AgCl reference electrode. Metals were immersed
into resin solutions, which are dissolved in dichloromethane,
and thin films with different thicknesses (5, 15, 35 μm) were
obtained. The thicknesses of the coatings were measured

by micrometer. Anodic and cathodic polarization curves
of these films were experienced in 1 N H2SO4 medium,
and corrosion currents were calculated from Tafel extrap-
olation. All impedance spectra were measured at open
circuit potential in the same medium frequency range
between 105 and 5 · 10−3 Hz with an applied ac signal of
10 mV.

3. Results and Discussion

Anodic and cathodic polarization curves of coated and bare
stainless steel and copper are obtained and given in Figure 1.
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As-CB6FR (acetylated cyclohexanone-bisphenol-C-formaldehyde resin)
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Scheme 2: The molecular structure of the second group resins(CB6FR, BenzCB6FR, As-CBAcFR).

When the corrosion potentials of coated electrode were
compared with bare SS, it could be concluded that corrosion

potentials are mainly changed in anodic direction with resin
coatings. This result showed that resin coatings prevent
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Scheme 3: The molecular structure of the third group resins(CBZA-FR, CCAF, As-CBAcFR).

anodic reaction by acting as a barrier layer between electrode
surface and corrosion environment.

There is an only small shift in corrosion potentials of
CBZA-F, BPDA-AF (From −470 mV to −468 and −465 mV
resp.,). This result indicates that resins inhibit both anodic
and cathodic reactions. CB6F is the only resin that results in
a shift in cathodic direction suggesting protection of cathodic
reaction. Current densities of coated electrodes compared to
the bare one decreased as expected.

Corrosion potentials of resin-coated copper changed
generally in negative direction as compared to bare copper
(Figure 1). Although corrosion rate decreased and high

inhibition was obtained, corrosion potential has almost not
changed with MA-AF, CCAF, and AsCBAsF resins. These
results indicate both anodic and cathodic inhibition.

Although the use of Tafel analysis is not suggested for
polymer coated electrode, it is performed to follow Ecor and
icorr changes qualitatively and to gain information on coating
by comparing to bare electrode.

The open circuit potentials (OCPs) of bare and resin-
coated samples were monitored in 1 N H2SO4 solution for 3
hours. The variation of OCP versus time for bare electrodes,
coated SS, and copper electrodes were shown in Figures 2(a)
and 2(b) respectively.
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Figure 1: Polarization curves of bare and resins coated SS (a) in copper; (b) in 1 N H2SO4.
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Figure 2: Variation of the open circuit potential versus time of bare and resin coated SS (a) in copper; (b) in 1 N H2SO4.

The OCP values of coated steel are decreased initially,
and the value for coated electrode shifted to noble direction
compared to bare electrode. The result suggests that coating
is able to passivate the SS surface. OCPs of bare and coated
electrode stay almost constant after 33 minutes indicating
stable behavior.

OCP of bare copper is higher than resin-coated electrode
indicating a retardation of cathodic reaction that is the H2

evolution in our case. Stainless steel is more active than

copper. Coating mainly inhibited the anodic reaction, and
anodic potential shift was observed for SS. However, for
copper coating seems to inhibit mainly the cathodic reaction.

EIS has established a very useful method for evaluating
the polymer-coated metal system [3]. Inhibition of the cor-
rosion of the substrate metal can be detected by measuring
double layer capacitance (Cdl) and polarization resistance
(Rp). The parameters obtained from these measurements are
listed in Tables 1 and 2.
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Figure 3: Bode (a) and Nyquist (b) diagram for resin coated SS.
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Figure 4: Bode (a) and Nyquist (b) diagrams for bare and resin coated copper.

Figures 3(a) and 3(b) depict the typical Bode and Nyquist
impedance plots obtaining for the bare and resin-coated
SS electrodes at an open circuit potential after 60 minutes
immersion in 1 N H2SO4.

High-frequency intercept of semicircle on the real axis
yields the solution resistance (Rs) and low-frequency region
yield the sum of Rs and Rp. All these calculated values
for SS electrodes were summarized in Table 1 for bare
and coated SS. Polarization resistances of resin-coated SS
electrodes increased according to impedance results. These
results showed that protective film was obtained on the metal
surface. Coatings are expected to overcharge surface reducing
the pore density leading to the reduction in capacitive
effect.

The semicircles are generally associated with the relax-
ation of the capacitors of electrical double layers with their
diameters representing the charge transfer resistance. CBZA-
F seems the largest curve with biggest diameter which means
the highest polarization resistance. (Figure 3(b)). Rp can be
attributed to the electric resistance of ionic transfer through
coating pores. As the film thickness increases, Rp values
increase due to increase in electric resistance as expected
(Table 1).

Impedance measurements results for copper electrode
also showed that after coating, protecting film was formed
and polarization resistance increased (Figure 4, Table 2).

When the coatings were compared with conventional
paint, it can be easily seen that they are effective as much
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Table 1: Impedance parameters of bare and resin-coated SS in 1N H2SO4.

Electrode Cdl/A (F/cm2) Rs (ohm)
Rp (ohm)

15 μm 35 μm

bare 1.0× 10−3 3 433∗ 433∗

MA-AF 7.1× 10−8 3 109460 717296

BPDA-AF 2.6× 10−6 2 16727 117662

DDSA-AF 3.2× 10−6 7 107340 1416359

CB6F 6.0× 10−7 1 40569 126519

BenzCB6F 0.2× 10−6 10 93191 150047

AsCB6F 5.4× 10−6 3 10620 2618637

CBZA-F 0.6× 10−3 3 27127 212068

CCAF 6.4× 10−7 1 110209 218858

AsCBAsF 2.5× 10−6 14 24609 569829
∗For bare electrode thickness is zero.

Table 2: Impedance values for bare and coated copper.

Electrode Cdl/A (F/cm2) Rs (ohm)
Rp (ohm)

15 μm 35 μm

bare 2.7× 10−6 2 8316∗ 8316∗

MA-AF 1.1× 10−6 7 10540 19600

BPDA-AF 8.9× 10−7 5 18330 30369

DDSA-AF 2.6× 10−6 11 21483 58327

CB6F 1.6× 10−6 2 9543 39672

BenzCB6F 3.5× 10−6 53 34388 662790

AsCB6F 2.8× 10−6 24 32760 58175

CBZA-F 7.7× 10−6 44 29337 2673309

CCAF 5.4× 10−6 7 31608 55077

AsCBAsF 6.4× 10−6 11 10713 32640
∗For bare electrode thickness is zero.
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Figure 5: Nyquist diagrams for bare, resin, and paint coated copper.

as even paints contain some additives that increase their
resistance and performance (Figure 5).
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Figure 6: SEM pictures for SS (a) uncoated (b) DDSA coated.

3.1. Scanning Electron Microscope. Figure 6 show surface
SEM images of the bare (a) and DDSA resin coated (b) SS
electrodes, respectively. Coatings have continuous spaghetti-
like structure. The morphology of the coating appeared to
be independent of the underlying metal and the films are
homogeneous and uniform.
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4. Conclusion

Nine different ketonic resins have been successfully coated
onto both stainless steel and copper. We can clasified resin
into three group: first, MA-AF, BPDA-AF, DDSA-AF, second:
CB6F, BenzCB6F, AsCB6F, and third: CBZA-F, CCAF, As-
CBAsF. Each group has a main skeleton with different
functional groups. When the Rp values of the first group
compared they are increased in the order of DDSA-AF >
MA-AF > BPDA-AF for SS electrode and DDDA-AF >
BPDA-AF > MA-AF for Cu electrode. Although for thinner
films (15 μm) the Rp values of DDSA-AF and MA-AF-
coated SS are very close, as the thickness increase DDSA-
AF coating became more effective. This result suggests that
as the number of –COOH group increases, and long alkyl
chain introduced the structure, well-adherent and more
resistive coating can be obtained for SS. On the other hand
DDDA-AF seems the most effective coating for copper for
both thicknesses, supporting the importance of functional
groups (number of –COOH group and long alky chain)
on the anticorrosive capacity of resin. For second group
resin, although –COOH group that bound to aliphatic chain
(AsCB6F) are effective for SS, presence of phenyl ring seems
(BenzCB6F) to inscrese the effectivenes of –COOH group for
copper. For third group, AsCBAsF resin as thicker coating
seems the most effectives one for SS and CBZA-F resin
coating is effective for copper.

All resins seem to be effective and stable in the protection
of SS and copper by acting a physical barrier. The ability
to provide corrosion protection appeared to be substrate
specific that comes from the differences in the compactness
and porosity of the films. In conclusion these resins will be
used as a surface coating material in acidic medium that had
not been done before.
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