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Abstract The behavior of S235 metal, a general purpose metal construction material in Senegal, has been
studied in perchloric acid solution in the presence of gum arabic from Senegal as a corrosion inhibitor.
The protective power of this compound has been evaluated by electrochemical methods (stationary polarization
curves and electrochemical impedance spectroscopy), at different inhibitor contents. We have considered testing
gum arabic as an aqueous corrosion inhibitor. Electrochemical tests show that the values of the corrosion parameters
vary with the content of gum arabic. An optimal inhibitory efficacy of approximately 88% is obtained for this
substance, thus demonstrating the inhibitory nature.
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1. Introduction
Corrosion is a harmful phenomenon that affects all
kinds of materials (metals, ceramics, polymers) in various
environments (aqueous media, atmosphere, high temperatures)
[1,2]. Corrosion phenomena depend on a large number of
factors such as: the nature and structure of the material,
surface treatments (mechanical, chemical, electrochemical,
etc.), the environment and its chemical characteristics,
temperature, microorganisms, the hydrodynamic regime to
which the material is subjected and the constraints which
are imposed on it.
Corrosion of a metal in aqueous environments results
from oxidation but not necessarily due to the oxygen
dissolved in the water. Oxidation can also occur when
other chemical species, especially particularly aggressive
ions are present (chloride, sulfate, nitrate, ammonium,
carbonate ...). This is how organic inhibitors, based on
sodium benzoate and other salts of substituted aromatic
acids and fatty acids have been proposed by Kuznetsov et
al. [3,4,5,6]. Most of these inhibitors have been shown
to be effective from a certain "critical minimum
concentration" [7]. More recently, certain minerals are
increasingly used as inhibitors of steel corrosion. These
are different classes of clays used in the form of
nanocomposites incorporated into coatings [8,9]. Natural
clays have been used as an ecological inhibitor [10]. Due
to the new directives on environmental protection, natural

inhibitors such as gum arabic are by far the most suitable
for the benefit of other mineral inhibitors than organic.
The mineral inhibitors are generally chromates and nitrites
which are considered toxic and carcinogenic. Several
studies have shown that the gum arabic behaves as an
effective inhibitor for carbon steel in a hydrochloric acid
solution [11]. The inhibitory efficacy of gum arabic has
also been studied in sulfuric acid [12,13]. A synergistic
study of gum arabic and potassium iodide for the
corrosion of carbon steel in sulfuric acid has given very
good inhibitory efficacy [14].
Our present study consists in studying the corrosion
behavior of the general construction metal, S235, widely
used in Senegal. The objective is to establish the ability of
gum arabic to effectively inhibit the corrosion of building
material S235 in a 1 M solution of perchloric acid
(HClO4).

2. Experimental Conditions and Methods
We used S235 steel, supplied by the Industrial
Development Center of Senegal (IDC). Remember,
S235 steel is a building material with the conventional
minimum yield strength 235 N/mm2 or (Mpa). Its
centesimal chemical composition is indicated in Table 1.
The steel was cut using a Gruchoir universal shear, in the
form of plates with a surface area of 3.6 cm2.
The electrochemical measurements were carried out on
samples coated in "Epoxy Steel" type resins.
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Table 1. Chemical composition of steel, as a percentage of elements
other than iron [15]
Designation

C

Mn

N

P

S

Cu

S235

0.17

1.40

0.012

0.04

0.04

0.55

Before each test, the sample undergoes a
pretreatment, which consists of polishing the surface
of the metal with sandpaper of increasingly fine particle
size (180-320-400-600-1200) followed by rinsing with
distilled water and drying in the open air.
The electrolyte used is a solution of perchloric acid
HClO4 with a concentration of 1 M. This electrolyte is
obtained by diluting in distilled water a commercial
solution of perchloric acid whose mass percentage is 70%
and density 1.68.
For each test, an amount of gum arabic ranging from
0% to 0.6% is added relative to the volume of acid used to
monitor the behavior of the metal and the inhibitory
effectiveness.
The inhibitor used for this study is gum arabic. A
natural product, Acacia senegal, very abundant in the
south and east of Senegal. Gum arabic is a complex
polysaccharide which is in the form of a branched chain.
It’s a compound; either neutral or slightly acidic, which is
in the form of a mixed salt (calcium, magnesium and
potassium) of polysaccharidic acid. Figure 1 shows the
molecular structure of gum arabic [16].

Figure 1. Chemical structure of gum arabic

The electrochemical measurements were carried out
using a three-electrode assembly: a platinum grid as a
counter electrode, an Ag / AgCl reference electrode and
the working electrode made up of the sample. The
different experimental measurements are carried out using
a palmsens 4 potentiostat controlled by the PSTrace 4.8
software.
The corrosion of S235 metal and the effectiveness of
gum arabic were studied by the potentiodynamic method,
the scanning speed being fixed at 0.5 mV / s and the
equilibrium time 300 seconds. The working electrode is
kept immersed beforehand at the free corrosion potential
for one hour with magnetic stirring. The determination of
the electrochemical parameters (icorr, Ecorr, Rp, ba and bc)
from the Tafel polarization curves, is done using a

non-linear regression by the PSTrace 4.8 software,
according to the Stern equation. Geary after correction of
the ohmic drop. The inhibitory efficacy is calculated from
the following formula [17];

=
IE

0
icorr
−i

corr

0
icorr

× 100

(1)

i0corr and icorr being the corrosion current densities without
and with inhibitor, respectively.
In the same way as the potentiodynamic method, the
plotting of the electrochemical impedance diagrams was
carried out using the PSTrace 4.8 software with a signal
amplitude of 10 mV. The frequency range explored varies
from 5000 Hz to 100 mHz. The inhibitory efficacy was
evaluated using the equation [17];

IE
=

RP − RP0
× 100
RP

(2)

R P and R0P representing the charge transfer resistance in
the absence and in the presence of inhibitor, respectively.

3. Results and Discussion
3.1. Monitoring of Abandonment Potentials
The evolution of the free potential or the potential for
abandonment during a corrosion test is a first clue to
estimate the possible gravity of the degradation during the
immersion of the metal. The sample is immersed in the
solution and the potential for free corrosion of the working
electrode is measured as a function of time during the
duration of the immersion. Its evolution provides information
on the processes taking place at the metal/electrolyte
interface. This allows to assess the stationarity of the
corrosive system. Figure 3 represents the plots of the
abandonment potentials of the metal S235 in the corrosive
medium of perchloric acid without and with gum arabic of
variable propositions from 0.05% to 0.6%.
These results clearly show the effect of the
concentration of the inhibitor on the corrosion potential.
We calculated the difference between the corrosion
potentials in the presence and in the absence of inhibitor
(∆E) grouped in Table 2. It can be seen that ∆E is positive,
whatever the inhibitor content. Corrosion potentials are
therefore slightly shifted to more anodic month values
with the addition of the inhibitor.
Gum arabic therefore appears to be a mixed inhibitor.
∆E increases with the inhibitor content up to the optimal
value of 12.20 mV and decreases beyond.
The results of the various dropout potential
measurements show that the attack or dissolution of the
steel is more intense in the solution without inhibitor.
The potential for free corrosion decreases during the
first few minutes, which may be due to the dissolution of
an oxide film formed on the surface [18].

Table 2. Corrosion potential Ecorr (V / Ag / AgCl) measured of S235 steel in perchloric acid (1 M) at different concentrations of inhibitors
Inhibitor content (%)
Ecorr (mV/Ag/AgCl)
∆E (mV)

0
-0,42885
0

0.05
-0,42417
4,68

0.1
-0,42053
8,32

0.2
-0,41948
9,37

0.3
-0,4171
11,75

0.4
-0,41665
12,20

0.5
-0,41954
9,31

0.6
-0,42006
8,79
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Figure 2. Monitoring of the corrosion potential of S235 steel in HClO4 at
different concentrations of gum arabic

It also appears that the final potential increases with the
inhibitor content, but seems to decrease after a certain
inhibitor content: 0.4%. At this optimum content, the
protective film is probably deposited on the steel, which
automatically leads to the same reduction in corrosion.
Figure 2 also shows that the inhibition reaches its
maximum value at 0.4%.
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The experimental results also show that there is a slight
displacement of bc and ba in the HClO4 solution (1M). It
can therefore be suggested that the mechanism of
corrosion has not changed with the addition of the
inhibitor [21].
We also note that the cathode Tafel lines are parallel,
thus indicating that the process follows a charge transfer
mechanism [22].
The introduction of the inhibitor into the perchloric acid
solution does not modify the mechanism of evolution and
reduction of hydrogen on the surface of the steel.
The strong decrease in current density respectively
without the inhibitor (574 μA / cm2) and with 0.4% of this
product (79 μA / cm2) is due to an inhibiting activity of
gum arabic on the steel interface.
The inhibitory power increases with the concentration
of the substances and reaches a maximum value of
86.23% for a content of 0.4% in gum arabic. This
inhibition rate is very satisfactory and modifies the
electrochemical behavior of steel in the vicinity of Ecorr.
All the electrochemical parameters drawn from these
curves are grouped in Table 3.
Table 3. Electrochemical parameters from intensity-potential curves
of steel in the absence and in the presence of gum arabic
C Ecorr
icorr
Rp
Vcorr
IE
b (mV/dec) bc (mV/dec)
(%) (mV) (μA/cm2) (Ω) a
(mm/year) (%)

3.2. Polarization Curves

0

It is clear from the free corrosion potential monitoring
curves that the abandonment potentials stabilize after 25 to
40 min of immersion for all concentrations. We have
therefore chosen an equilibrium time of 30 minutes for the
polarization measurements.
The stationary polarization curves, in the absence and
in the presence of the different inhibitor concentrations are
represented in Figure 3.
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Figure 3. Stationary polarization curves of S235 steel in HClO4 (1M), at
different concentrations of gum arabic inhibitor

It can be seen that there is a small variation in the
corrosion potential as a function of the concentration of
the inhibitor. The inhibitory nature of gum arabic is
therefore mixed. Indeed, it is established that an inhibitor
can be classified as cathodic or anodic type if the
displacement in Ecorr during the addition of the inhibitor is
greater than 85mV compared to the corrosion potential of
steel in uninhibited medium [19,20]. On the other hand for
our study, the maximum displacement is 22 mV.

Gum arabic is a highly water-soluble polysaccharide,
containing a hydroxyl functional group (-OH), and a
carboxyl functional group (-COOH) [23].
In an acid solution such as 1M perchloric acid
solution (HClO4), the carbonyl compound (C ═ O) can be
protonated and the molecule then exists in the form of
polycation. The anions of ClO−
4 tend to be adsorbed on the
surface of the steel, which leads to a negative charge on
the surface of the steel. The formation of positively
charged protonated species facilitates the adsorption of the
compound on the surface of the metal by the electrostatic
interaction between the gum arabic molecule and the
surface of the steel (physisorption).

3.3. Electrochemical Impedance Spectroscopy
(EIS)
We have also studied the corrosion of the S235 material
by SIE, in the presence and absence of gum arabic. Figure 4
and Figure 5 represent the electrochemical impedance
diagrams respectively in the Nyquist and Bode plan of the
steel in the solution of perchloric acid (HClO4 at 1 M)
with different inhibitor proportions, recorded after 2 h of
immersion at room temperature at the abandonment
potential in the frequency range from 5000 Hz to 100 mHz.
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In the Nyquist plan, the impedance diagrams in the
presence of an inhibitor show the appearance of two
indistinguishable capacitive loops with a significant
increase in the bias resistance. At high frequencies, the
size of the capacitive loop increases with concentration the
gum arabic. This is attributed to the formation of an
inhibitor film which has a barrier effect against aggressive
ions [24].
At low frequencies, the addition of the inhibitor causes
an increase in the value of the polarization resistance RP
(the size of the loop between the high frequency and the
low frequency) which presents a non-monotonic variation
as a function of the content of inhibitor. The highest value
is obtained for 0.4% (192.24 Ω.cm2) (Table 4). This can
be attributed to load transfer [25].

Table 4 also shows that the transfer resistance increases
up to the content of 0.4 % of gum arabic. At this
concentration, the charge transfer resistance (Rct) is 192.24
Ω.cm-2 and an inhibitory efficiency (IE) of 87.62 %.
Beyond this content, the inhibitory power decreases as the
amount of gum arabic increases.
The equivalent circuit (Figure 6) includes an electrolytic
resistor (Rs), a charge transfer resistor (Rct) and a constant
phase element (CPE) [27]. The parameter CPE replaces
the capacity of the double layer (Cdl) in order to give a
more precise adjustment to the experimental results [28].

Table 4. Results of EIS measurements with the potential for
abandonment in the absence and presence of gum arabic
Rs
(Ω.cm2)

C (%)

Rct
(Ω.cm2)

CdL
(μF.cm-2)

EI
(%)

0

2.85

25.32

235

0.00

0.05

3.47

118.16

84.34

78.54

0.1

3.62

127.38

69.65

80.12

0.2

3.20

137.30

55.14

81.73

0.3

3.45

185.73

31.5

86.43

0.4

3.82

192.24

24.3

87.62

0.5

3.90

171.21

38.80

85.19

0.6

4.02

88.21

150

71.21

The decrease in the double layer capacity (Cdl) from
235 to 24 μF.cm-2, is explained by a decrease in the local
dielectric constant and / or an increase in the thickness of
the electric double layer, resulting from the adsorption of
gum arabic molecules on the metal interface.
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Figure 5. Bode curves (a) and phase angle (b) of the corrosion of S235
steel in 1 M HClO4 at different concentrations of gum arabic
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Figure 4. Nyquist diagrams of corrosion of S235 steel in 1M HClO4
acid at different concentrations of gum Arabic

Bode diagrams (Figure 5a) indicate the existence of an
equivalent circuit containing a single element of constant
phase in the metal / solution interface. The increase in
absolute impedance at low frequencies in the Bode
diagrams confirms that protection is better at high
concentrations of the inhibitor. The observation of a single
phase peak (Figure 5b) in the center frequency range
shows the existence of a single constant, linked with the
electric double layer [26].

R ct
Figure 6: Electrical circuit for modeling the impedance spectra

4. Conclusion
During this work, we studied the influence of corrosion
inhibition of S235 steel in a solution of perchloric acid
(HClO4) of 1M concentration in order to protect
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installations against corrosion. This study was carried out
electrochemically.
Corrodability tests were performed by monitoring the
free corrosion potential, Tafel polarization and by
electrochemical impedance spectroscopy measurements.
Measurements by monitoring the corrosion potential show
a permanent attack on the steel in the absence of gum
arabic and for a certain content in the presence of the
inhibitor. The study also showed that the rate of corrosion
is reduced by about 88% through the use of a natural
inhibitor, gum arabic. The results obtained show that this
inhibitor acts as a mixed inhibitor and has an efficiency
of the order of 88% for an optimal concentration of
0.4%. The evolution of the impedance diagrams in
the Nyquist plane as a function of the concentrations
of natural inhibitor confirms the formation of a
protective layer, which results in the increase in the
charge transfer resistance together with a decrease in the
capacity of double layer. The results obtained by the
Tafel method are in agreement with those obtained by
electrochemical impedance spectroscopy measurements
with an inhibitory efficiency of the order of 88% to 0.4%
of gum arabic.
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