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Synergistic effect of BaCl2 on the corrosion inhibition efficiency of aqueous Lupine seed extract, on 

(Cu) in 2 M HNO3 acid solution has been investigated using weight loss measurements, 

electrochemical impedance spectroscopy (EIS), electrochemical frequency modulation (EFM) and 

potentiodynamic polarization (PP) studies. The results show that inhibition efficiencies on Cu increase 

with increase in concentration of the extract and enhancement in inhibition efficiency was observed on 

addition of barium chloride due to synergism. The adsorptions, of extract and extract + BaCl2 on the 

surfaces of the corroding metal obey Langmuir isotherms. Polarization studies revealed that lupine 

extract acts as a mixed type inhibitor. Thermodynamic parameters were calculated using the adsorption 

isotherms. A probable synergistic mechanism is proposed. The film coated on Cu specimens was 

analyzed by using Fourier transform infrared spectroscopy (FT-IR). The surface shape was studied by 

using atomic force microscopy (AFM) analysis. 
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1. INTRODUCTION 

Copper and its alloys are widely used in the materials because of their excellent electrical and 

thermal conductivities in many applications such as electronics, [1] vacuum tubes, magnetrons in 

microwave oven and integrated circuits [2-4]. Copper is relatively noble metal, requiring strong 

oxidants for its dissolution or corrosion. The manufacturing of electronic devices is done by using the 

important processes like chemical dissolution and electrolytic plating. Nitric acid is most prevalent 

corrosive mediums, so this medium has induced a great deal of research on Cu corrosion [5-20]. Heat 

move is inversely proportional to the corrosion yield so increasing the corrosion product leads to the 

bad efficiency of the equipment. Periodic cleaning of the equipment and removing sediments is very 

http://www.electrochemsci.org/
mailto:asfouda@hotmail.com


Int. J. Electrochem. Sci., Vol. 12, 2017 

  

5935 

important so while the elimination of corrosion products the acid comes in contact with copper metal 

and corrosion happen [21]. Nitric acid is one of the more circle corrosive used on a large scale, so this 

medium is ideal to do research on copper corrosion [22]. The use of organic inhibitors is limited 

because of their environmental risk and ecological regulations. Plant extracts are readily available, 

safe, non-toxic, environmentally acceptable, ecofriendly and in addition to being a renewable source 

for a wide range of corrosion inhibitors. Green inhibitors are source of many low cost natural products. 

This natural product is safe on the environment and can be extracted by simple procedure [23]. 

Corrosion of the metal is prohibited by using these extracts. Lupine is a medicinal food plant with 

potential value in the management of diabetes [24]. Lupine extract was utilized in the corrosion 

prevention of zinc in 0.5 M alkaline medium [25], corrosion of 7075-T6 aluminum alloy in 0.5 M 

alkaline medium [26], corrosion of steel or iron in acid medium [27]. Corrosion of several metals and 

alloys was studied by using many plant extracts [28-47]. The plant extracts containing the bioactive 

compounds which are effective like synthetic inhibitors.  

In this study, we focused on anti-corrosion performance of Lupine as an economical, 

environment friendly and the effectiveness of Lupine with BaCl2 for copper in 2 M HNO3 solution by 

WL, PP, EFM and EIS methods. The shape of the outer surface of the copper metal was studied by 

using FT-IR spectroscopy and AFM technique. 

 

 

 

2. EXPERIMENTAL 

2.1. Chemicals and materials 

Electrochemical testing and surface scanning was tested on the commercial pure Cu which 

consists of (in weight %): 0.0050 Zn, 0.0023 Pb, 0.0023 P, 0.0018 Co, 0.0019 Al, 0.0015 Si, 0.004 Ni, 

0.0011 S and rest Cu. Before every experiment copper must pass through several steps, step by step. 

Firstly, the surface is polished in the same direction using various emery papers to arrive the metal 

surface like mirror secondly the metal is washed with bidistilled water and finally it is dried at room 

temperature. Chemical reagent using in the experiments like (HNO3, BaCl2 and others) were obtained 

from Al-Gomhoria Company, Egypt. Prepare all working reagents using bidistilled water. 

Concentrated solution of lupine seeds extract was prepared by refluxing 10 g of dry coarsely powdered 

seeds in 100 mL of bidistilled water for one hour. The resulting solution was cleaned to remove any 

pollution. The concentration of the working solution was determined by evaporating 15 mL of the 

filtrate and weighing the residue. The concentrated working solution was diluted to several 

concentrations by bidistilled water in terms of g/l.  

.  

2.2. Preparation of Solutions 

The destructive working solutions, 2M HNO3 were prepared by diluting of concentrated 

analytical grade (70%) HNO3 with bidistilled water. The concentrated solution of the lupine seed 

extract was diluted to 50-250 ppm by bidistilled water. 

 

http://link.springer.com/article/10.1007/s11668-015-0002-0#CR28
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2.3. WL Method 

Previously weight loss measurements were used in corrosion studies to determine the suitable 

inhibitor [48]. Different concentrations were prepared for testing corrosion on Cu metal for two hours. 

These concentrations consisted of 100 ml of blank without inhibitor and 2M HNO3 with inhibitor. The 

WL values obtained after certain time is used in the mathematical equation (1) to calculate the %IE of 

the different solutions. 

%IE = θ x 100 = [1− (W⁄ Wº)] ×100      (1) 

Where Wº is the value of the average weight loss of the blank (2M HNO3) alone and W is the 

value of the average weight loss of acid with addition of different concentrations of extract under 

study. 

 

2.4. Electrochemical measurements 

Electrochemical measurements were directed in a conventional three electrodes thermostated 

cell. The device used in the electrochemical tests coming from Gamry instruments company 

production. Reference 3000 is the model of this instrument. Electrolysis cell consists of Pyrex of 

cylinder closed by cap containing five openings. Three of them were used for the electrodes. The 

working electrode was Copper with the exterior area of 1x1 cm. Before each experiment, the electrode 

was refined using emery paper up to 1200 grades. After this, the electrode was cleaned ultra-sonically 

with purified water. Reference is a saturated calomel electrode (SCE). This electrode is reference to all 

presented potentials. The counter electrode consisted of platinum foil with an area of one centimeter 

square. Two molar HNO3 solutions were used in this study as ideal corrosive media. All tests were 

carried out at temperature 25
◦
C. 

The software of Gamry instrument was adjusted to determine the Tafel polarization curves as 

follow. The electrode potential is automatically changed from - 280 to +200 mVSCE with a scan rate of 

1 mV s
-1

 after the steady state is reached (30 min) and the open circuit potential (OCP) was recorded. 

The corrosion current densities obtained from the Tafel plots were used in the mathematical equation 

(2) to calculate the IE.   

%IE = θ x 100 = [1− (icorr⁄ i°corr)] ×100      (2) 

 Where i°corr is the corrosion current density of acid alone and icorr is the corrosion current 

densities of acid with addition of different concentrations of extract.  

The corrosion rate of Cu metal was determined by two different techniques using the same 

instrument, EIS and EFM techniques. EIS and EFM calculations were determined by Gamry’s 

framework and Echem analyst software. Plotting, graphing, and fitting data take place by Gamry 

software application. A frequency range of 100 kHz to 10 mHz with amplitude of 5 mv peak using AC 

signals was used to determine EIS parameters. Two frequencies 2 and 5 Hz were used in EFM 

experiments. Three evidences were used for selection between 2 and 5 Hz. Corrosion current densities, 

Tafel slopes and causality factors were calculated using larger peaks.     
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2.5. Surface Analysis 

 Cu pieces are soaked in several test solutions for a full day, isolated and dried. The shape of 

the surface of metal pieces was investigated by AFM technique. The composition of the corrosion 

product formed on the Cu surface was examined by FT-IR spectroscopic study 

 

2.5.1 AFM technique 

Roughness data from different surfaces is measured by AFM which act as a powerful 

technique. AFM is becoming an accepted technique of roughness investigation [49,50]. AFM provided 

that direct insight into the changes in the surface shape take places at several hundred nanometers 

when topographical changes due to the initiation of corrosion and formation of caring film on the 

metal in the presence of inhibitors.  AFM device model is a Pico SPM2100. Three and two dimension 

images were obtained from AFM device operating in contact mode in air at nanotechnology 

Laboratory, Faculty of Engineering Mansoura University. AFM images were scanned at a 5 µ m ×5 µ 

m areas at a scan rate of 2.4 lines per second. 

 

2.5.2 FT-IR Spectra 

IR Affinity (Perkin-Elmer) spectrophotometer was used for recording the FT-IR spectra of the 

up late and lupine extract (crude) at central laboratory in Faculty of Pharmacy, Mansoura University. A 

frequency range of the device is adjusted to the range between 4000-400 cm
-1

.  

 

 

3. RESULT AND DISCUSSION 

3.1. WL method 

Calculated data show that, by increasing concentration of the extract, surface coverage (ϴ) and 

hence %IE increases, but corrosion rate (C.R) decreases. WL-time curves of Cu in 2 M HNO3 acid 

solution studied in the temperature 25
o
C shown in Fig. (1) 

 

Table 1. Variation of ϴ and %IE of lupine seed extract at 120 min immersion in 2 M HNO3 at 25
o
C  

 

[inh] Ppm 
C.R X10

-3
 

(mg cm
-2

min
-1

) 
ϴ % IE 

50 44 0.166 16.64 

100 23 0.561 56.11 

150 22 0.582 58.2 

200 18 0.654 65.4 

250 17 0.681 68.1 
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Figure 1. WL-time scheme for the corrosion of Cu in 2 M HNO3 alone and with addition of different 

doses of lupine seed extract at 25
o
C 

 

3.2. Action of BaCl2 on the IE of Lupine Seed Extract 

The action of BaCl2 on the inhibition efficiency of Lupine is given in Table 2. It is observed 

that a given concentration of BaCl2 the IE increases as the concentration of Lupine increases. It is also 

seen that a synergistic action exists between BaCl2 and Lupine. Their combination has high IE 95 

percent. The synergistic action of these ion is responsibility of the strong chemisorption leads to 

superior surface coverage and, therefore, larger inhibition. 

 

Table 2. The %IE obtained from WL method of Cu dissolution in 2 M HNO3 solution at several doses 

of the lupine seed extract with addition of 10
-3

 M BaCl2 after 120 min. immersion at 25
o
C 

 

[Inh]Ppm ϴ % IE 

50 0.954 92.42 

100 0.968 93.42 

150 0.967 94.82 

200 0.970 95.01 

250 0.973 95.21 

 

A parameter Sϴ was used to correct the synergistic inhibition action. The surface coverage 

values (θ) of the anion, cation and both were used to calculate Sϴ. The synergism parameter Sθ can be 

considered by Aramaki and Hackerman using the mathematical equation (3) [51]: 

Sθ=1-θ1+2 / 1-θ'1+2         (3) 

Where:  θ1+2 = (θ1+ θ2) – (θ1θ2); θ1 = surface encasement via BaCl2; θ2 = surface encasement via 

lupine extract; θ'1+2 = measured surface encasement via BaCl2 and lupine together. 
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3.2.1 Synergism parameter 

The value of synergism parameter is shown in Table 3, here values of Sϴ are greater than 1 

telling a synergistic effect. Sϴ approaches 1 when no interaction occurs between the inhibitor's 

compounds. If Sϴ > 1 it shows that the synergistic action happens between the inhibitor's compounds. 

In the case of Sϴ < 1 the negative interaction of inhibitor succeeds (i.e. the corrosion rate increases). 

Table 3 indicates that the values of synergism parameters (Sθ) calculated from surface are greater than 

one.  

Based on that, a synergistic effect exists between BaCl2 and Lupine [52-54].  Thus, the 

enhancement of the inhibition efficiency caused by the addition of Lupine to BaCl2 is due to the 

synergistic effect. 

 

 

Table 3. IE and Sθ for various doses of Lupine seed extract-BaCl2, when Cu immersed in 2M HNO3. 

 

BaCl2 

M 

Inhibition 

Efficacy 

IE (%) 

Surface 

Coverage 

ϴ1 

Lupine 

Extract 

ppm 

Inhibition 

Efficiency 

IE (%) 

Surface 

Coverage 

ϴ2 

Combined 

 

IE % 

Combined 

Surface 

Coverage 

θ'1+2 

Synergism 

parameter 

Sθ 

10
-3 

45.1 0.451 50 16.6 0.166 92.4 0.924 5.8 

10
-3

 45.1 0.451 100 56.1 0.561 93.4 0.934 3.5 

10
-3

 45.1 0.451 150 58.2 0.582 94.8 0.948 3.9 

10
-3

 45.1 0.451 200 65.4 0.654 95.0 0.950 3.9 

10
-3

 45.1 0.451 250 68.1 0.681 95.2 0.952 3.5 

 

 

3.3. PP measurements 

Cathodic and anodic polarization curves resulting from copper in nitric acid alone and copper 

in acid with addition of different concentrations of inhibitor are used to determine the current potential 

characteristics which shown in Fig. 2. Corrosion current (icorr), corrosion potential (Ecorr) and cathodic 

Tafel (ßc) are determined from both lupine extract and BaCl2 at different concentrations in 2M of acid. 

These results are shown in table 4. The inhibition efficiency can be determined in case of polarization 

according to the mathematical equation (4): 

IE% = (1 – icorr / i
o
corr) × 100         (4) 

Where i
°
corr is the corrosion current density for Cu in acid alone and icorr is the corrosion current 

density for Cu in acid with addition of different concentrations of inhibitor, where the plot can be 

determined by extrapolation of catholic Tafel lines to corrosion potential. 
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Table 4. Effect of inhibitor concentrations on the free corrosion potential (Ecorr), corrosion current 

density (icorr), Tafel slopes (βc, βa), corrosion rate (kcorr), grade of surface coverage (θ), and 

inhibition effectiveness (%IE) of Cu in 2 M of nitric acid solution at 25 ºC 

 

[Inh.] 

ppm 

-Ecorr, mV 

vs SCE 

icorr
 

μA cm
-2

 

βc 

mV dec
-1

 

βa 

mV dec
-1

 

kcorr 

mmy
-1

 
θ %IE 

Blank 589 301 248.6 66.1 148.3 ----- ----- 

50
 

359 117 143.8 110.0 56.38 0.612 61.2 

100
 

568 111 71.3 241.3 53.45 0.631 63.1 

150
 

493 82.8 75.8 208.3 40.02 0.725 72.5 

200
 

471 69.4 79.8 173 33.55 0.769 76.9 

250
 

59.2 30.5 269.8 107.3 15.03 0.899 89.9 
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 250ppm Lupine+BaCl
2

 
Figure 2. Tafel polarization scheme for Cu in 2M HNO3 for several doses of Lupine seed extract + 10

-

3
 M BaCl2 

 

Figure 2 and Table 4 indicate that there was a significant increase in parallel Tafel lines which 

indicates that the cathodic reaction is under controlled. Generally, the dose of extract is inversely 

proportional to the cathodic current density even though, there was a slight effect is detected on the 

anodic portions. This result showed that the inhibition increases as a result of the adsorption of the 

extract on the cathodic sites of the copper surface. The IE increases to reach 89.9 % with extract dose 

10
-3

 M of BaCl2 + 250 ppm of lupine seed extract which indicates that cathodic reaction is significantly 

inhibited. The corrosion potential values deviated in no definite direction because of presence of the 

extract, consequences these results prove that lupine seed extract and barium chloride act as mixed 

type inhibitors but more cathodic.  

According to the well-known Pourbaix plot for Cu-water system there is no oxide film is 

formed to protect against the stimulation of corrosion process in the surface of the metal, where the 

oxygen is dissolved and reduced on the surface of metal, consequently the Cu is corroded in HNO3 

solution to the cuprous (Cu
+
) form [55-57].   

This study ignores the hydrogen evolution reaction and focuses on the studying oxygen 

reduction only in the nitric acid solutions at potentials adjacent to the corrosion potential [58]. Studies 
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showed that there are two different mechanisms which control the cathodic reduction of oxygen which 

is showed in Eq.   where 4e
−
are transferred. 

O2 + 4H
+
 + 4e

-
  → 2H2O        (5)  

The second mechanism includes two consecutive 2e
−
 steps which involve a reduction to 

hydrogen peroxide first, Eq.6, followed by a further reduction, according to Eq. 7 [59]:  

O2 + 2H+ + 2e
-
 → 2H2O2        (6) 

H2O2 + 2H+ + 2e
-
 → 2H2O        (7) 

Oxygen reduction occurs difficulty because of the rate of oxygen reduction influenced by the 

transfer of oxygen from the bulk solution to the Cu solution interface, two mechanisms occurred and 

include 4e
- 

transfer or two consecutive 2e
− 

transfer. Dissolution mechanism of Cu in HNO3 occurs 

according to the following equations:  

Cu – e
-
 = Cu (I) ads   (fast step)                            (8) 

Cu (I)ads– e
-
 = Cu(II)   (slow step)      (9) 

From the previous equation, it was found that Cu (I)ads   adsorbs at the Cu surface and does not 

diffuse into the bulk solution [60,61]. The diffusion of soluble Cu (II) species from the external 

Helmholtz plane to the bulk solution is used to prove the dissolution of Cu in acid. 

Previously, it was found that the slopes of the anodic (βa) and cathodic (βc) Tafel lines continue 

almost unchanged and this leads to an approximately parallel set of anodic lines, and an almost parallel 

cathodic plot result too. This occurs as a result of addition of inhibitor under study (both lupine extract 

and barium chloride). Thus, the active sites for both anodic and cathodic processes are blocked by the 

adsorbed inhibitor. In another meaning, the surface area for corrosion is decreased by the adsorbed 

inhibitor and this is occurring without touching the corrosion mechanism of Cu in these solutions, and 

preventing a part of the surface with respect to the destructive medium [62,63]. 

 

3.4. EIS measurements 

The corrosion actions of Cu in 2M HNO3 solution in the absence and presence of different 

concentrations of Lupine extract + BaCl2 was investigated by the EIS technique at 25±1
o
C. Figures (3-

4) show the Nyquist and Bode schemes for Cu in 2 M HNO3 solution in the absence and presence of 

different concentrations of aqueous extract and BaCl2 compounds at 25
o
C. The frequency dispersion 

resulting from irregularity of the electrode surface leads to make the Nyquist impedance plot is not 

perfect semicircle in some cases [64]. Previous studies have shown that, the impedance graph consists 

of low frequencies dispersion with large capacitive loop. These low frequencies dispersion (inductive 

arc) are referred to anodic adsorbed intermediates dominant the anodic progression [65, 66]. 

Consequence this, the low frequency dispersion was ignored. 

The experimental data of the different impedance graph the Nyquist (a) and Bode (b) plots 

Figs. (3, 4) were determined by fitting it to a simple equivalent circuit model as shown in Figure. (5), 

which includes the double layer capacitance Cdl and solution resistance Rs which is set in parallel to the 

charge transfer resistance Rct [67]. 
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Figure 3. The Nyquist graphs for the corrosion of Cu in 2M HNO3 alone and in the existence of    

different doses of Lupine seed extract and 10
-3

 M BaCl2 at 25
o
C 
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Figure 4. Bode graphs for the corrosion of Cu in 2 M HNO3 alone and in the existence of different 

doses of Lupine seed extract and 10
-3

 M BaCl2   at 25
o
C 

 

 
 

Figure 5. Electrical equivalent circuit model used to fit the results of impedance 
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Table 5. EIS parameters for the corrosion of Cu in 2 M HNO3 alone and in the existence of several 

doses of Lupine seed extract and 10
-3

 M BaCl2 at 25°C 

 

% IE θ 
Y0 x10

-4
 

µΩ
−1

sn m
−2

 
α 

Rct 

Ω cm
2
 

Cdl 

µF cm
-2

 

Conc. 

ppm 

------ --- 7.2 0.69 19.74 11.2 Blank 

47.6 0.476 5.6 0.71 37.66 7.5 50 

61.8 0.618 6.3 0.69 51.69 4.87 100 

63.4 0.634 6.2 0.71 53.88 4.76 150 

67.3 0.673 6.3 0.69 60.44 4.18 200 

94.0 0.940 7.2 0.87 329.5 0.67 250 

 

A single semi-circle moved along the real impedance (Zr) axis as shown in this graph. The 

increase of concentrations leads to display single capacitive loop in the graph, as a result of charge 

transfer of the corrosion process, and therefore the diameters of the loops increase. EIS information 

shown that as the concentration of inhibitor increase Rct increase and Cdl decrease. Also, it was found 

that the inhibition efficiency increase when Rct values increase. This increase in IE% because of the 

gradual replacement of water molecules by the adsorption of the inhibitor molecules on the metal 

surface. This indicates to form a supporter film on the metal surface, and this explains that the 

coverage of the metal surface resulting from film decreases the double layer thickness. Also, the 

increase of inhibitor concentration leads to decrease the double layer thickness at the metal/solution 

interface. This decrease of Cdl produced from a decrease in local dielectric constant. Previously, it was 

found that the inhibitors were adsorbed on the surface at both anodic and cathodic spots [68]. The 

experimental data of Nyquist graphs can be determined by using the circuit in Fig.  (5), in which, Rct 

represents the charge-transfer resistance, Rs represents the electrolyte resistance and the constant phase 

element (CPE). The inhibition behavior of the inhibitor resulting from other procedures was confirmed 

by the impedance data. 

 

3.5. EFM measurements 

The corrosion current values can be determined quickly and directly by a nondestructive EFM 

procedure and this can be done with only a small polarizing signal and without prior knowledge of 

Tafel slopes. These advantages of EFM procedure make it an ideal applicant for online corrosion 

monitoring [69]. EFM is the great technique because of presence of the causality factors which attend 

as an internal check on the validity of the EFM quantity. Quality control can be applied on the 

experimental EFM data by the causality factors. It has been shown in Fig (6) that the current response 

contains frequency components which are the difference, sum, and multiples of the two input 

frequencies. The corrosion current density (icorr), the Tafel slopes (βa and βc) and the causality factors 

(CF-2 and CF-3) were determined by using the larger peaks. These parameters at several 

concentrations of inhibitor in acidic solution at 25
º
C were recorded in Table (6). The % IE can be 
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calculated from mathematical equation (10). It was observed that% IE increases by increasing the 

extract doses 

% IEEFM = [1 – (icorr / i
°
corr)] x100      (10) 

Where i
°
corr is the corrosion current density for Cu in acid alone and icorr is the corrosion current 

density for Cu in acid with addition of different doses of extract. The obtained data are in good quality 

as a result of the measured causality factors CF-2 and CF-3 in Table (6) are near to their theoretical 

values of 2.0 and 3.0, respectively. The calculated IE which obtained from other methods WL, PP and 

EIS measurements compatible with the results that obtained from EFM measurements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. EFM spectra for Cu in 2 M HNO3alone and in the existence of different doses of Lupine 

seed extract + 10
-3

M BaCl2 
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70.9 0.709 3.11 2.21 72 225 344.5 100 
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3.6. Atomic Force microscopy (AFM) 

AFM is a very important technique for measuring the roughness of a sample surface at a high 

resolution in the order of fraction of nanometer [70]. AFM measurements are able to give details about 

the surface morphology of copper metal which is useful to corrosion science research. The three 

dimensional (3D) and two dimensional (2D) of AFM images appear as shown in Fig.7. Cu metal 

before immersion appear in Fig. 7a, Cu immersed in 2 M HNO3 for 24 hours appear in Fig 7b and Cu 

immersed in acid with addition of lupine seed extract (250 ppm) and barium chloride (10
-3

M) in Fig.7c 

for 24 hours. 

 

3.6.1 Root Mean square roughness and average roughness 

The average roughness Ra can be defined as the average deviation of all points roughness 

profile that are measured from a mean line. Also, Root mean square roughness, Rq is the average 

deviation that are measured from the mean line.  
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Figure 7. The two-dimensional (2D) and three-dimensional (3D) AFM images (A) Cu metal before 

immersion in acid (reference) (B) Cu metal immersed in 2M HNO3alone (blank) (C) Cu metal 

immersed in 2M HNO3with addition of Lupine seed extract (250 ppm) + BaCl2(10
-3

M) 

 

The average roughness and root mean square roughness can be measured from AFM image. Rq 

is much more sensitive than Ra to large and small high deviations from the mean [71]. Table (8) gives 

the corresponding average roughness Ra and RMS roughness (Rq) values.  A proportional view of the 

above roughness table clearly establishes that the surface of the metal is smoothened due to the 

adsorption coating formed [72] 

 

 

Table 8. AFM roughness data 

 

Specimen Average roughness(Ra) nm 
RMS roughness (Rq) 

nm 

Polished u metal surface (reference) 24.87 31.62 

Cu metal immersed in 2M HNO3 (blank) 163.06 203.14 

Cu metal immersed in 2M HNO3 

containing Lupine extract (250 ppm) + 

Bacl2(10
-3

M) 

36.19 45.33 

 

3.7. FT-IR spectral analysis  

Figure 8a, b represents the IR spectrum of lupine extract (crude) and that of the film created on 

the Cu immersed in 2M HNO3, lupine (250ppm) and BaCl2 (10
-3

M). The FTIR spectrum of pure 

Lupine extract appears in Fig 8a. The -OH stretching frequency at 3419 cm
-1

, the -CH stretching 

frequency at 2933 cm
-1

, the C=O stretching frequency appears at 1654 cm
-1

, the -C=C stretching 

frequency appears at (1405-1547 cm
-1

) (multiple bands), the -CN stretching frequency appears at 1246,  

2923 cm
-1

. The C=O stretching frequency shifts from 1654 cm
-1

 to 1681 cm
-1

. The -C=C stretching 

frequency shifts from 1405 cm
-1

 to 1417 cm
-1

. The -CN stretching frequency shifts from 1246 cm
-1

 to 

1294 cm
-1

. The -CO stretching frequency shifts from 1055 cm
-1

 to 1045 cm
-1

. Cu-O Vibrations leads to 
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the absorption peaks in the infrared spectrum at low frequencies below 700 cm
-1

. [73] Similar results 

for the structure of copper film were obtained by Armstrong and Hall [74]. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. FTIR spectra of copper in nitric acid containing optimum concentration of (a) the extract 

only and (b) The extract on copper surface 

 

The FTIR spectrum of the film formed on the copper immersed in 2 M HNO3, lupine (250 

ppm) and BaCl2 (10
-3

M) appears in Fig 8b. The -CH stretching frequency shifts from 2933 cm
-1

 to cm
-

1
 and the -CO stretching frequency appears at 1055 cm

-1
.  
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3.8. Mechanism of corrosion inhibition 

 

The plant extracts are organic in nature, containing the bioactive compounds which are 

effective like synthetic inhibitors. These bioactive compounds act as inhibitors in acid solution which 

interact with metals and affect the corrosion reaction in a number of ways. The chemical composition 

of the aqueous extract seeds of lupine (Lupinus termis L) indicates the existence of 50% protein, 20% 

lipids and 5% quinolizidine alkaloids. Investigation of the alkaloid content describe that the 

quinolizidine lupine alkaloids especially lupanine were the most abundant; multiflorine was also 

present. Moreover, the sparteine found in the lupine extract act as a dibasic quinolizidine alkaloid [47]. 

It is therefore appropriate to say that the adsorption of these compounds onto metal surface is 

responsible for corrosion inhibition effect and hence difficult to assign the inhibitive effect to a 

particular constituent. 

 
4. CONCLUSIONS 

The extract of lupine seed inhibits the Cu corrosion in HNO3 medium. Addition of barium 

chloride to the extract showed synergistic action on the corrosion inhibition efficiency towards Cu in 

acidic medium. The extract functions as it is shown by the polarization studies are a mixed inhibitor. The 

inhibition efficiency obtained from different tests, WL, PP, EIS and EFM and EFM measurements 

converging with each other. The existence of the protective film on the surface of Cu was proved by AFM 

analysis and FT-IR spectra. 
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