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Prunus cerasus juice inhibition effects on the corrosion of steel in hydrochloric acid (HCI) solution
were investigated using polarization and electrochemical impendence techniques. The results revealed
that Prunus cerasus juice acts as a corrosion inhibitor in HCI solution. The inhibition efficiency
increased with an increase in inhibitor concentration. The inhibition is attributed to adsorption of the
inhibitor on the steel surface.
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1. INTRODUCTION

Corrosion inhibitors are widely used in industry to reduce the corrosion rate of metals and alloys in
contact with aggressive environments. Most of the corrosion inhibitors are synthetic chemicals,
expensive, and very hazardous to environments. Therefore , it is desirable to source for environmetally
safe inhibitors[1-3]. There are some reports on the inhibition effects of non-toxic compounds on the
corrosion of metals. We have recently reported the inhibition effect of amino acids on the steel [1] and
aluminum [4] corrosion in acidic media. The rare earth metals have been proposed as corrosion
inhibitors [5-8]. The inhibition effects of some non-toxic organic compounds have been also reported
for steel corrosion [9, 10] but they are expensive.

The aim of this study was to investigate the inhibition effect of Prunus cerasus juice as a cheap,
raw and non-toxic corrosion inhibitor on steel corrosion in hydrochloric acid. The electrochemical
measurements were used to evaluate the inhibition efficiencies. In addition, the effect of temperature
on inhibition behavior of the inhibitor was also studied.
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2. EXPERIMENTAL PART
2.1. Materials and samples

Fully ripened Prunus cerasus were purchased from a local market (Tabriz, Iran). The fruits
were washed in cold tap water and then mechanically compressed to obtain corresponding juice. The
juice was then filtered to obtain a homogenous solution. In this process, we obtained 250 ml Prunus
cerasus juice from 0.5 Kg fresh fruit. The extracted juice was kept frozen (<0 °C) in glass bottles until
further experiment. AR grade HCI ( E Merck) was used for preparing solutions. Double distilled water
was used to prepare solution of 1 M HCI for this study. The concentrations of inhibitor were chosen as
0.3,0.6,1,2,3 and 4 v/v%.

Commercially available St-37 steel was used as a working electrode specimen.

2. 2. Electrochemical measurements

Electrochemical experiments were carried out using an Autolab, Potentiostat-Galvanostat
(PGSTAT 30). A three-electrode arrangement was used for electrochemical studies. Working electrode
was prepared from a St-37 steel sheet, mounted in polyester so that the area exposed to solution was 1
cm®. The specimens were polished with emery paper no. 400 to 1200 grade. They were cleaned with
acetone, washed with double-distilled water, and finally dried at room temperature before being
immersed in the acid solution. A saturated calomel electrode (SCE) and a platinum electrode (with
approximately 1 cm’ surface area) were used as a reference and counter electrodes, respectively. For
polarization measurements, the potential sweep rate was 1mV Sec™'. The immersion time before each
measurement was 0.5 h to access an equilibrium potential. The impedance measurements were carried
out in the frequency range of 10 kHz to 10 mHz at the open circuit potential, by applying 10 mV sine
wave ac voltage. The constant phase element (CPE) and the charge transfer resistance (R.) were
calculated from Nyquist plots as described elsewhere [11]. All experiments were performed at room
temperature. In all experiments, the temperature of the solutions were controlled by using a Memert
thermostat (Germany).

3. RESULTS AND DISCUSSION

3.1 Linear polarization

Linear polarization method was used to evaluate the corrosion rate of steel sample in the
presence and absence of the juice. Linear polarization curves of steel in 1 M HCI solution with and
without the juice are presented in Fig. 1. The electrochemical parameters: corrosion potential (Eco),
corrosion current density (L), anodic Tafel constant (b,) and cathodic Tafel constant (b.) were
calculated using GPES software and are given in Table 1. The inhibition efficiencies were calculated,
using the following equation [11]:
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Where the Loy is the corrosion current density in the absence of inhibitor and the Icorrinn) i the
corrosion current density in the presence of inhibitor.
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Figure 1. Linear polarization curves of steel corrosion in 1 M HCI solution with and without the juice
at 25°C.

Table 1. Corrosion parameters in the presence and absence of inhibitor obtained from polarization
measurements.

Inhibitor Ecorr R, b, b, Teorr [E%
Concentration (v/v%) | (mV) | (Q em®) | (mV/dec) | (mV/dec) (Aem™)

0 -480 314 65 100 5.46x10™ -
0.3 -470 266.0 56 94 5.75x107 | 89.5
0.6 -471 3133 58 92 4.93x10° | 90.5
1 -473 320.5 56 90 4.6x10” 91.5
2 -462 330.3 53 91 4.41x10° | 92.1
3 -459 369.8 58 89 4.11x10° | 93.0
4 461 | 4717 62 92 3.39x10° | 94.1

It is clearly observed that the juice reduces the corrosion current density, and the suppression in
current increases as the juice inhibitor concentration increases. Corrosion potential was shifted to the
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positive values in the presence of the juice, but has not been changed significantly with respect to
inhibitor concentrations. Tafel slope values b, and b. were not with affected significantly in inhibited
solution as compared to uninhibited solution. This observation suggests that inhibitor molecules adsorb
on the metal surface by blocking the active sites on the metal surface [10]. The Prunus cerasus juice
contains different organic compounds such as proteins, organic acids (such as ascorbic acid), vitamins,
lipids, carbohydrates, pigments, and some inorganic ions [12] which some of these organic compounds
have been used as organic corrosion inhibitors for metals [13].

Adsorption of organic molecules may be explained by the presence of an oxygen atom (a hetro-
atom), 7 electron of aromatic rings and electron donating groups. The hetro-atoms such as oxygen are
the major adsorption center in organic compounds for its interaction with the metal surface [14]. The
adsorption can also occur via electrostatic interaction between a negatively charged surface, which is
provided by a specifically adsorbed anion (CI') on iron, and the positive charge of the inhibitor [15]

3.2. Electrochemical impedance measurements (ELS)

The Nyquist representation of the impedance behavior of steel in 1 M HCI with and without the
juice is shown in Fig. 2. The existence of a single semi circle showed the presence of single charge
transfer process during corrosion which was unaffected by the presence of inhibitor molecules [11].

The slightly depressed nature of the semi circle, which has the center below the x-axis, is the
characteristics for solid electrodes and such frequency dispersion has been attributed to roughness and
other inhomogeneties of the solid electrode [16]. The charge transfer resistance (R.) and the interfacial
double layer capacitance (CPE) values were derived by using the equivalent circuit shown in Fig. 3.
The equivalent circuit elements calculated by Zview fitting program are given in Table 2. The value of
R, 1s increased from 32.8 to 448.8 Q cm? and corresponding CPE value decreased from 7.84%107 to
2.50x10° uF cm’ without and in the presence of fruit juice. There is relatively good agreement between

the polarization resistances, obtained from both electrochemical methods.
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Figure 2. Nyquist diagrams of steel corrosion in 1 M HCI solution with and without the juice at 25°C.
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Ret
Figure 3. Equivalent circuit for steel in HCI.

Table 2. Impedance parameters obtained by Zview fitting program in 1 M HCI solution with and
without the juice.

Inhibitor R R,
concentration S, ty CPE (pFem?) IE %
VIV %) (2 cm?) (2 ecm?)
0 14 32.8 7.84x107 -
0.3 1.3 223.3 2.34x107 85.17
0.6 1.5 250.3 2.16x10° 86.89
1 0.1 266.4 2.67x107 87.68
2 0.2 274.3 2.26x107 88.04
3 0.1 336.5 2.79x107 90.25
4 0.5 448.8 2.50x107 92.69

3.3. Effect of temperature

The effect of temperature on the inhibition efficiency of steel in 1M HCI containing 4 v/v% of
inhibitor at temperature ranging from 25 to 85°C and also in the absence of inhibitor, after 30 minutes
immersion, was obtained with both electrochemical methods. Polarization and Nyquist plots are
represented in Figures 4 and 5, respectively. The deduced parameters from polarization and EIS
measurements are given in Table 3. The corrosion inhibition effect of Prunus cerasus juice decreases
when the temperature rises to 85 °C. This may be explained due to the structure degradation of existing
organic compounds in the inhibitor. Thermal degradation of Prunus cerasus’s anthocyanine was
previously reported [17].

0.1

0.01

g 0.001
<

,_5' 0.0001
&
=

0.00001

0.000001

-0.7 -0.B5 -0 -0.55 05 -0.45 -0.4 -035 -0.3
Figure 4. Polarization curves of steel corr E(Vvs HCI solution with 4% v/v juice at different

temperatures.
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Figure 5. Nyquist diagrams of steel corrosion in 1 M HCI solution with 4% v/v juice at different

temperatures

Table 3. Effect of temperature on the corrosion inhibition by the juice (4% v/v) obtained from
polarization and EIS measurements.

Polarization measurements

Tem/°C K . e Forr IE %
(Qcem?®) | (mV/dec) | (mV/dec) | (Acm™)
25 471.7 62 92 339x10° | 94.10
35 215.6 99 99 1.01 x 10™ | 92.05
45 137.3 93 90 1.45x 10" | 93.01
55 99.0 90 96 2.04x 10" | 96.69
65 77.1 101 76 244 x 10" | 96.44
85 10.1 104 126 244x10° | 81.02
EIS measurements
Tem/°C Ra CPE n IE%
(Q em®) (@Fem?)
25 448.8 250%x 107 | 0.8454 92.69
35 184.7 1.62x10° | 0.8169 92.37
45 129.3 277x10° | 0.8560 94.39
55 63.1 530x10° | 0.8396 95.51
65 51.1 6.36x 10° | 0.8560 94.15
85 11.0 6.42x10° | 0.8339 84.29
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4. CONCLUSIONS

Results obtained from both electrochemical methods showed that the Prunus cerasus juice acts as

an inhibitor for corrosion of steel in hydrochloric acid media. Corrosion inhibition action of Prunus

cerasus juice increased as its concentration increases. Inhibition of steel in HCI solution by Prunus

cerasus juice is attributed to adsorption of the phytochemical compounds in this juice. The reduction

of corrosion inhibition efficiencies by increasing the temperature, may be due to thermal degradation

of its organic content especially degradation of anthocyanine pigments.
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