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Chenopodium extract was examined as a corrosion inhibitor for Cu in 1M HNOs by utilizing chemical
and electrochemical techniques. The results displayed that Chenopodium extract (CE) could play
important role as a corrosion inhibitor for Cu in 1 M HMOa. The protection efficiency (PE) increases
with rise of the CE concentrations (reached to > 92%) due to the adsorption of the CE molecules on the
Cu surface. Furthermore, it was recognized that the adsorption obeyed Langmuir isotherm. The
polarization data showed that this CE acts as mixed kind inhibitor. In addition some thermodynamic data
were measured and explained.
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1. INTRODUCTION

Cu is a metal that has a varied range of applications because it’s excellent thermal conductivity
and mechanical properties. It is utilized in electronics, for manufacture of wires, tubes, sheets, and also
to form metal alloys. Cu is a comparatively noble metal. However, it reacts easily in ordinary, oxygen
inclosing, environments. The probability of the Cu corrosion protection in various aqueous solutions has
attracted many researchers so until now several possible inhibitors have been examined. Corrosion
protection can be distinct as substances that are present in little quantities to the environment in order to
decrease further dissolution of the metal. While the inhibitor selecting depends on various factors, for
example, its toxicity, cost, accessibility and environment friendliness necessity to be considered. During
the recent two decades a lot of consideration has been paid to area of "green inhibitors”. A large portion
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of the examinations were directed near search for cheap, effective molecules with little or ‘zero’” impact
on environment and human health [1- 4]. Many authors reported the use of plant extracts as save
corrosion inhibitors for various metals and alloys under different environments, such as: Citrus
aurantium for Cu in HNOg [5], Ceratonia siliqua for Cu in HNO3[6], Ailanthus Altissima for Zn in HCI
[7], Artemisia Judaica Herbs for carbon steel in HCI [8], Cassia italic for carbon steel in H2SO4 [9],
Ferula Hermonis for SS430 in HCI [10], Berry Leaves for Cu in HNO3 [11], tetraclinis articulate for
mild steel in HCI [12], Punica Granatum for Al in HCI [13], Cleome Droserifolia (Samwah) for mild steel
in HCI [14], Cassia Angustifolia (Senna) Fruit for mild steel in HCI [15] and Rumex Vesicarius L for
carbon steel in H.SO4 [16]. The use of CE as corrosion inhibitor is due to: it is biodegradable, do not
contain heavy metals or toxic compounds, inexpensive, readily available, renewable as well as
environmentally friendly.

The current study aims to evaluate the corrosion inhibition properties of CE as eco-friendly
corrosion inhibitor on the electrochemical behavior of Cu in aqueous nitric acid at different temperatures.

2. EXPERIMENTAL METHOD
2.1 Materials and Solutions

Table 1. Describes chemical conformation of the Cu in percentage weight

Element | Sn Fe Ag Bi Pb As Cu
Wt% | 0.001 | 0.01 0.001 | 0.005 | 0.002 | 0.0002 | The rest

The experimental methods were done in 1 M HNOs solution with and without various
concentrations of Chenopodium extract

2.2 Plant Extract Preparation Method:

Chenopodium ambrosioides L., popularly known as Santa Maria herb and Paico, is a medicinal
plant which, for centuries, has been popularly used for its medicinal properties [17]. The wide use of the
Santa Maria herb is due to the presence of high levels of ascaridole in the seeds, leaves, and stem. It is
mainly used for the treatment of ascaridiasis, and has been demonstrated to be effective in the control of
Ascaridia sp. in Japanese quails [18]. Few authors have reported the efficacy of the aqueous extract
against gastrointestinal nematodes in small ruminants [19] and hexane and dichloromethane extracts
against Toxocara canis larvae [20]. A Plant utilized in this assignment collected from the Sadat city
desert, Egypt. Chenopodium were pre washed and then dried in air at room temperature away from direct
light. The extract was obtained by soaking 200 g of the Chenopodium powder with 70% methanol for
48 hr. The powder was removed by filtration to get clear filtrate consequently, the filtrate was vaporized
under vacuum, and the remainder was collected and stored in refrigeration in glass flasks peaked with
screw plastic lid. It was confirmed that extract consists protocatechuic acid, p- hydroxyl benzoic acid ,
Gallic acid, vallinic acid, thymine, caffeic acid, 5,7-dihydroxy chromone, and luteolin.
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2.3 Technique Utilized for Corrosion Tests

2.3.1 Mass Loss (ML) Tests:

The square coins with size (2 cm x 2cm x 0.2cm) were soaking in 100 ml of 1M HNOs with and
without various concentrations of Chenopodium are set in water thermostat. After 3 h the samples were
removed, rinsed, dried, and weighed again [21]. The % PE and the 6 were established from Eq. (1)

% PE=0 x 100 =[1-(W/W°)] x100 1)

Where W°nd W are the weights in absence and presence of Chenopodium, respectively.

2.3.2 Potentiodynamic Polarization (PP) Tests:

PP method was taken in a typical three compartments glass cell. The potential range was (-800
to +200 mV vs. SCE) at OCP with a scan rate 1 mVs™,
Then icorr Was calculated for the measurements and was used to calculate the PE and the 6 from
Eq. (2) as below:
%PE= 0 x100= [1-(icor/i%orr)] X 100 2

2.3.3 Electrochemical Impedance Spectroscopy (EIS) Tests:

EIS measurements were done by AC signs of 5 mV peak-to-peak amplitude and at range of
frequency of 10’ Hz to 0.1Hz.

2.3.4 Electrochemical Frequency Modulation (EFM) Tests:

This method utilized two frequencies of variety 2 Hz and 5 Hz rely on three conditions [22-24]. The
(icorr), (Bc and Ba) and (CF-2, CF-3) (Causality factors) were measure by the greater two peaks [25].

2.4 Surface Examinations:

The Cu samples were dipped in 1 M HNO3z without and with the CE at 25°C for 1day. The
examination was accepted by utilizing SEM (JEOL JSM-5500, Japan). Pico SPM 2100 AFM device also
utilized to examine the shape of Cu surface. IR Affinity (Perkin-Elmer) spectrophotometer was utilized
for estimate the FTIR spectra to measure the composition of the corrosion creation designed on the Cu
surface.
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3. RESULTS AND DISSCUSSION

3.1 Chemical Method (ML tests)
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Figure 1. ML-time diagrams for the Cu in 1 M HNO3z without and with various concentrations of CE at
25°C

The mass loss of Cu can be studied in presence of CE at 25°C. Figure 1 shows that CE lowers
the ML and therefore the corrosion rate. The (% PE) and then 8, of the CE for the Cu were estimated
from eq. (1). The values of % PE are given in Table 2.

Table 2.Values of % PE and 0 after 120 min of Cu in 1 M HNO3 without and with various concentrations
of Chenopodium at 25°C

[inh] , ppm 0 % PE
1 0.785 78.5
3 0.831 831
5 0.878 87.8
7 0.897 89.7
9 0.906 90.6
11 0.915 915




Int. J. Electrochem. Sci., Vol. 14, 2019 1376

3.2 Influence of Temperature

The effect of temperature on the rate of corrosion of Cu in 1 M HNO3 with and without various
CE concentrations was examined in the range of temperature range 298-313K utilizing ML tests. The
results of Table 3 indicate that the rise in % PE with the increase in the temperature proved the presence
of chemical adsorption of CE on Cu surface.

Table 3. Parameters (% PE and (C.R.)) for Cu dissolution after 120 min without and with various
concentrations of CE at different temperatures

[Inh], ppm 298 303K 308K 313K 318K

CR [%PE|CR|%PE| CR| %PE | CR | %PE | CR | %PE
1 239 | 785 | 4.27| 811 | 520 | 83.7 | 593 | 86.1 | 7.29 | 86.3
3 1.87 | 83.1 |2.91|87.0 |406| 873 | 510 | 88.1 | 5.93 | 88.8
5 135 | 878 | 25 | 88.9 | 3.33 | 896 | 4.16 | 90.2 | 479 | 91.0
7 114 | 89.7 |2.08]90.7 | 2.91 | 90.9 | 3.85 | 91.0 | 4.27 | 92.0
9 1.04 | 90.6 | 1.97 | 912 | 260 | 91.8 | 3.43 | 91.9 | 4.06 | 92.3
11 0.937 | 915 | 1.77| 921 | 229 | 92.8 | 2.81 | 93.4 | 3.22 | 93.9

3.3. Kinetic —Thermodynamic Corrosion

Arrhenius equation (3) can be utilized to measure the (E”,) of the activated energy according to
eq. (3):

Keorr = A exp (E*a/RT) (3)

Where E”, is activation energy and T is the absolute temperature. Using Figure 2, E", can be
measured (Table 4). E”, values prove that the higher percentage of CE impede corrosion effectively by
raising the energy barrier of the activated complex and improve that the process is controlled by diffusion
[26, 27]. The decrease of E", by rising the concentrations of CE, indicates that CE was adsorbed
chemically on Cu surface [28]

(A H", AS”) are measured by eq. (4) [29]:

Keor. = RT / Nhexp (AS™/R) exp (-A H/ RT) 4)

Figure 3 shows the relation between log (Kcorr /T) and (1/T) which used to measure the values of
AH" and AS"(Table 4). The raising in Ea~ with rise CE dose Table 4 is typical of physical adsorption.
The positive signs of AH" reflect the endothermic nature of the Cu dissolution process. The negative
values of AS” shows that during the rate-determining step, the formation of activated complex is more
ordered than that the reactants [30]
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Figure 2. Arrhenius curves for Cu dissolution after 120 min immersion in 1 M HNO3 without and with
various CE concentrations
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Figure 3. Plots log (keor/T) and 1/T diagrams for the Cu without and with different CE concentrations

Table 4. Activation parameters for Cu without and with various concentrations of CE in 1 M HNOs

[Inh], ppm Ea, kI mol™ AH" kJ mol*! -AS™J mol?
0 89.7 220.8 196.8
1 69.0 196.8 196.9
3 67.3 181.0 197.05
5 63.4 180.0 197.06
7 59.8 169.0 197.1
9 59.7 168.0 197.10
11 57.1 166.0 197.11
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3.4 Adsorption Isotherms

Figure 4 represents the Langmuir isotherm, which utilized to measure O values for additives CE.
The Langmuir relation represented as next.

C/ 6=1/Kaust+C (5)

Where Kags is the adsorption constant and Cis the CE content (M)

The AGeads and Kags data are represented in Table 5, 6. The AG®.gs established by:

AG®ds = - RT In (55.5 Kads) (6)

The CE adsorption is spontaneous and this is proved by the negative sign of AG®gs. From the
data of AG%qs (more than-20 kJ mol™), proven that the CE adsorption is mixed one (physisorption and
chemisorption) [31].

Vant’t Hoff equation can be utilized to measure AH ds and AS®gs [16] expressed by eq. (7):

AGOads = AHoads -T Asoads (7)

Figure 5 shows the relation among AG%qs and T. A positive sign of AS%ds proved that the disorder
of corrosion procedure is rise by utilizing Chenopodium (Table 6).
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Figure 4. Langmuir isotherm for the CE on Cu in 1M HNOs at 298K

Table 5. Parameters for CE in 1 M HNOgz obtained from Langmuir isotherm at various temperatures

Temp., °C Kags, M
25 77.2
30 107.4
35 117.4
40 136.0
45 142.5
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Figure 5. Plots of AG%qs against T for the adsorption of CE on Cu surface in 1 M HNOs at various
temperatures

Table 6. Langmuir data for Cu in 1 M HNOs without and with using various CE concentrations at (25°C-

45°C)

Tem p y ‘AGoads AHnads Asoads
°C kJ mol™ kJ mol™ J mol*K*
25 20.7 162.0
30 21.9 160.9
35 22.5 27.3 160.5
40 23.2 160.3
45 23.7 159.8

3.5 Potentiodynamic Polarization (PP) Tests

Tafel diagrams of Cu electrode in 1M HNOs with and without various concentrations of CE can
be studied from Figure 6. From Table 7 CE has effect on both of cathodic, anodic processes and the PE
rises with rise of the CE concentrations. Ecor Was a little changed, indicating that CE acts as a mixed
type inhibitor. icorr reduced among the CE addition to 1M HNO:s.

Various corrosion parameters for example: [(Ecorr.), (Ba, Bc), (icorr), (0) and (%IE)] are reported in
Table 7.
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Figure 6. Potentiodynamic Polarization diagrams of the Cu dissolution with and without various
concentrations of CE at 25°C

Table 7. Potentiodynamic Polarization results of Cu dissolution with and without various concentrations

of CE at 25°C
[inh] Eeor 104 | B Be Keorr
) ) i) 0

ppm rg\él\zls uAcm? | mVdec! | mVdec! | mpy © % PE
0 16.2 512 110 222 252 -- --
1 19.1 103 82 283 47 0.80 80
3 32.9 79.8 88 252 37 0.844 84.4
5 24.6 79 95 277 36 0.846 84.6
7 33.6 74.1 87 238 34 0.855 85.5
9 33.9 73.7 97 227 33 0.856 85.6
11 33.9 68.9 89 292 31 0.865 86.5

3.6 Electrochemical Impedance Spectroscopy (EIS) Tests

EIS tests were utilized to study the mechanism of corrosion. The results of Nyquist and Bode
diagrams are demonstrated in Figure 8a, 8b, respectively, and these figures displayed a gradual increamet
in the semicircle diameter of the Nyquist diagrams by raising the dose of CE. So the CE molecules retard
the corrosion rate [32-38]. From Figure 8a we noticed that the deviation from an ideal semicircle as a
result of frequency dispersion because the inhomogeneity of the surface [39-42]. Table 8 gives different
parameters of impedance as, resistance charge transfer (Rct), double layer capacitance (Ca), protection
efficiency (PE) and electrolyte resistance (Rs). The data of Table 8 demonstrated that, the Ca data
lowered by raising the dose of CE, this behavior as a result of molecules adsorbed on the surface of Cu,
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and this demonstrated from Helmholtz model, where the capacitance of double layer was obtain by the
next relation [43]. Figure 7 reveals to equivalent circuit which used in our study [44].

The data of double layer capacity were measured from the next relation [45]:

Ca=Yo ((Dmax) n-1 (9)

whereYy is the magnitude of the CPE, ®wmax = 27tfmax, fmax IS the frequency at which the imaginary
component of the impedance is maximal and the factor n is an adjustable parameter that typically lies
among 0.50 and 1.0.

The data of PE which found in Table 8 were measured from the next relation:

% PE=100X6 = [1-(R%/R ct)] (10)

Where R%: and Rcare the charge transfer resistances with and without addition of different
concentrations of CE, respectively

]
CFE

Figure 7. Circuit utilized for fitting the data of EIS in 1 M HNOs3
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Figure 8a. The Nyquist diagrams of Cu in 1 M HNOz with and without various concentrations of CE at
25°C
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Figure 8b. The Bode diagrams for the corrosion of Cu in 1 M HNOs with and without various
concentrations of CE at 25°C

Table 8. EIS parameters for Cu corrosion without and with various concentrations of CE at 25°C

Concentration, Re, Caix10%,
ppm Q cm? UFcm2 © % PE
1M HNO3 28.60 6.2 | | -
1 272.1 4.3 0.895 89.5
3 279.1 4.1 0.898 89.8
Chenopodium 5 287.5 3.7 0.901 90.1
extract 7 297.4 3.5 0.904 90.4
9 336.5 3.3 0.915 91.5
11 338.8 2.8 0.916 91.6

3.7 Electrochemical Frequency Modulation (EFM) Tests

EFM is characterized by speed and greatly accuracy in calculating the current data [46, 47].
Figure 9 indicates the EFM of Cu in 1M HNOs solution and various dose of CE. The EFM parameters
such as (CF-2 and CF-3), (Bc and Ba) and (icorr) can be measured from the higher current peaks. The CF
is closer to the standard data proved the validity of the calculated data. The PE% increase with the raising
of CE concentrations. The % PEgrwm rise by raising the CE concentrations and was measured as from Eq.
(11):

%PEerm = [1-(icor/i%orr)] x100 (11)

Where i%orr and icorr are corrosion currents with and without various concentrations of CE
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Figure 9. EFM curves for Cu dissolution without and with various concentrations of CE at 25°C

Table 9. Parameters of EFM diagrams for Cu corrosion without and with various concentrations of CE
in 1 M HNOs at 25°C

Cpopnnc{' uAI\C?:rrrn'z mVBc?eC'l mVBcieC'1 CF-2 CF-3 ri;cg; % PE
Blank 523.7 63.93 91.80 2.3 3.1 2585 |  ----
1 360.8 60.29 277.9 1.9 3.0 178.1 31.1
3 215.7 60.05 110.9 2.0 3.0 106.4 58.8
5 208.4 58.12 295.2 1.9 3.2 102.8 60.2
7 107.7 40.21 64.48 2.0 3.0 53.15 79.4
9 89.95 63.77 169.8 1.8 3.1 44.39 82.8
11 63.02 45.48 97.15 1.9 2.9 28.80 88.0

3.8 Scanning Electron Microscopy (SEM) Examinations

The micrographs of polished Cu surface immersed in 1 M HNOz3 solution with and without
various CE (11 ppm) for 48 h at 25°C are displayed in Figure (10). It is clear that Cu surface is very
smooth, while the unprotected surface which affected by corrosive medium and suffer from cracking, in
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the presence of the extract we found that Cu surface resist the corrosion effect it is can be qualified to

the formation of film [48].
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Figure 10. SEM micrographs of Cu surface (a) before of dipping in 1 M HNOg, (b) after 48 h of dipping
in 1 M HNOs, (c) after 48 h of dipping in 1 M HNOs+ 11 ppm of Chenopodium extract at 25°C

3.9 Atomic Force Microscope (AFM) Examinations

AFM is a remarkable technique used for measuring the surface roughness with high resolution.
Many details about Cu surface morphology can be obtained from AFM measurements which help
explaining the corrosion process. The three dimensional AFM images were represented in Figure (11).
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Figure 11. (a) 3D AFM of polished Cu, (b) 3D AFM of Cu immersed 1M HNO3 for 1d, (c) 3D AFM
image of Cu immersed in 1M HNO3s+11 ppm of extract for 1 day.

Table 10. AFM parameters of CE at 25°C

Sample Roughness average (Sa), nm
Free 24
Blank 163
Chenopodium 52

The roughness calculated from AFM image is summarized in Table (10). The values showed that
the roughness rises with adding HNOs due to the corrosion occurs on the Cu surface but decreased with
adding the extract [49].

3.10 FTIR spectra of metal with CE

Spectra of the stock CE and Cu surface previously and after inundation in 1M HNOs + 11 ppm
of the CE for 3 hours at 25° C is presented in Figure (12). It is obviously clear that there are no peaks on
metal surface, while the Cu sample immersed in the medium with extract shows bands ,this appeared
bands are similar to the stoke CE bands with small shift we found that The peaks corresponding to O-
H stretch at 3357 cm™ shift to 3355cm™ ,and the peaks attributed to C-H stretch at 2918 cm™ shift to
2921 cm,and the peaks of C=C stretch at 1625 cm*showd shift at 1636 cm™ ,and the peaks shifted
from 1730 cm™t01715 cm™ can be attributed to carboxylic acid or aromatic ketones. This means that
CE is completely adsorbed on Cu surface and the shifted peaks can be assigned to the interaction of
adsorbed molecules of inhibitor on Cu surface. All These results complement the results of
electrochemical techniques and confirm that the Chenopodium extract inhibited Cu corrosion through
inhibitor adsorbed of on surface of Cu.
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Figure 12. (a) FTIR spectra for free CE, and (b) FTIR spectra of metal with CE

4. CONCLUSIONS

CE is a best save inhibitor for corrosion of Cu in 1 M HNOs. From all experiments, the PE
increases with raising CE concentrations and lowered with elevation of temperature. Adsorption of
Chenopodium on Cu surface obey Langmuir isotherm. From thermodynamic value addition of CE
increases activation energy. The negative data of (AG®gs) and AH®.gs designate that adsorption has
spontaneous and exothermic. PP technique suggests that CE can used as mixed type inhibitor
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