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Abstract  The effects of Alhagi Maurorum, Morusnigra and Apricot leaves extracts on the corrosion of steel in aqueous 

0.5M H2SO4 were investigated by weight loss, thermometric, potentiodynamic polarization, electrochemical impedance 

spectroscopy (EIS) techniques. The corrosion rate of steel was measured in absence and presence of different concentrations 

of the three extracts, and the percentage inhibition of the different solutions were determined using the four techniques. 

Effects of solvent of extraction on the inhibition efficiencies of the three extracts were discussed. Theoretical 

Kinetic-Thermodynamic model of adsorption of the inhibitors on the metal surface was tested to fit the experimental data of 

the three extracts. The activation parameters of the corrosion reaction of steel with H2SO4 in the absence and the presence of 

the three extracts were determined. The correlations between the thermodynamic and kinetics data and molecular structure of 

the chemical conistituents of the three extracts were discussed. 
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1. Introduction 

Acidic solutions are widely used in industry, where the 

most important fields of applications are acid pickling, acid 

cleaning, descaling and oilwell acidizing. Because of the 

general aggressiveness of acid solutions, inhibitors are 

commonly used to reduce the corrosive attack on metallic 

materials. Science 1985, our group of research is interesting 

in the study of the inhibition of the acidic corrosion of steel. 

There are four categories of inhibitors were investigated in 

our laboratory using the chemical and electrochemical 

techniques to clarify and discuss their inhibition 

characteristics and adsorption mechanisms.  

The first group of these inhibitors are simple and synthetic 

organic compounds such as amino acids [1], 

thiosemicarbazides [2-6], 4-amino-3-subestituted 

-5-hetero-1,2,4-triazolines [7], acid dihydrazides [8], 

4-amino-3-hydrazino-5-thio 1,2,4-triazoles [9], nitriles[10] 

and dithiocarbamates [11]. 

The second category of these inhibitors are chelating 

agents. Many authors focused on the use of chelating agents 

as possible corrosion inhibitors. Chelates are multi dentate 

ligands making available two or more donor atoms for 

binding. The idea is being good electron donors will enhance 

their adsorption on the surface of metal and increase their 

surface binding capabilities. Multi dentates know as 

macrocyclic ligands are a class of particular importance. The 

cyclic nature of these ligands through to enhance ligation and  
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have stable complexes with metals of zero oxidation state. 

Several studies on the corrosion of steel in our laboratory 

have in fact shown the superior inhibition properties of 

chelates in general and of macrocyclic ligands in particular 

[12-14].  

The third class of these inhibitors are the surfactants. The 

use of surfactants as corrosion inhibitors is one of the most 

practical methods for protection of metals against corrosion, 

especially in acidic media. Quaternary ammonium 

surfactants have source of uses because of their affinity for 

negatively charged surfaces and adsorption of these 

molecules depends mainly on certain physicochemical 

properties such as the presence of heteroatoms including 

oxygen, sulphur, nitrogen and phosphorus atoms and 

multiple bonds. This class of inhibitors has been also 

investigated in our laboratory [15-18].  

The last category of these inhibitors are the plant extracts. 

The known hazard effects of most synthetic corrosion 

inhibitors are the motivation for the use of some natural 

products. Plant extracts are viewed as incredibly rich source 

of naturally acceptable, readily available and renewable 

source for a wide range of needed inhibitors. Extracts of 

chamomile, halffbar, black cumin, kidney bean, damssisa, 

lupine, olive leaves, nicotinya leaves and silene marmarica 

have been tested as inhibitors for acidic corrosion of steel in 

our laboratory and their inhibition mechanism have been 

discussed [19-24]. Recently, several authors studied the 

inhibition of the acidic corrosion of steel by the extracts of 

plant of Mourda Tinctoria [25], Bitter Leaf Root [26], 

Watermelon Rind [27], Musa Paradisica Peel [28], Nigella 

Sativa L. [29] and Brown Onion Peel [30]. 

In this work, Alhagi Maurorum, Morusnigra and Apricot 

leaves extracts were investigated as corrosion inhibitors for 
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steel in 0.5 M H2SO4 solutions using electrochemical 

impedance spectroscopy (EIS), potentiodynamic 

polarization techniques, weight loss and thermometric 

methods. The aim of the work is to: (a) test the credibility of 

the methods of determination of the corrosion rate, (b) 

explain the effect of the type of the solvent of extraction on 

the inhibition efficiency of the extract, (c) correlate the 

inhibition efficiency and the adsorption characteristics of the 

extracts with the chemical structure of their constituents.   

2. Experimental 

2.1. Electrochemical Measurements 

Electrochemical impedance and polarization 

measurements were achieved using frequency response 

analyzer (FRA)/potentiostat supplied from Parstate 

Instrument (PARSTAT 2263.02 SN 194). The frequency 

range for EIS measurements was 0.1 × 104 Hz with applied 

potential signal amplitude of 10 mV around the rest potential. 

The data were obtained in a three- electrode mode cell; 

graphite rod and saturated calomel electrodes (SCE) were 

used as counter and reference electrode. The material used 

for constructing the working electrode was steel that had the 

following chemical composition: (% wt) 0.21% C, 0.35% Si, 

2.5% Mn, 0.04% P, and 0.04% S, rest Fe was used for the 

electrochemical corrosion studies in aqueous solutions. The 

working electrode was fabricated by cutting and shaping 

them in cylindrical forms. A long screw fastened to one end 

of the test cylinder for electrical connection. The Teflon 

gasket thereby forms a water-tight seal with the specimen 

electrode that prevents ingress of any electrolyte and thus 

avoiding crevice effect. The leak-proof assembly exposes 

only glass, only one side of rod was left uncovered as 

constant surface area in contact with the solution. The 

sample was wet hand-polished using different grade emery 

papers 320, 400, 600, 800 and 1000 grit finishes starting with 

a coarse one and proceeding in steps to the fine grit up to a 

mirror finish, washed thoroughly with double-distilled water 

and finally dried by absolute ethanol, just before immersion 

in the solution. Each experiment was carried out with newly 

polished electrode. 

Before polarization and EIS measurements, the working 

electrode was introduced into the test solution and left for 20 

min to attain the open circuit potential (OCP) at which the 

change of OCP with time is 2 mV/min, i.e., the system had 

been stabilized. The polarization curve measurements were 

obtained at scan rate of 20mV/min starting from cathodic 

potential (Ecorr -300 mV) going to anodic direction. All the 

measurements were done at 30.0 ± 0.1°C in solutions open to 

the atmosphere under unstirred conditions. 

To test the reliability and reproducibility of the 

measurements, duplicate experiments were performed in 

each case of the same conditions. 

2.2. Weight Loss Measurements 

Coupons with area 10 cm2 rectangular steel and with the 

same chemical composition of steel samples used in the 

electrochemical measurements were used in the experiment. 

The weight loss coupons were polished, cleaned and 

weighted, then suspended in beakers containing 100 ml of 

the test solutions. After definite time, the coupons were 

removed from the solution, washed with distilled water, 

ethanol and then dried by acetone and re weighted. The 

weight loss was then determined (g/cm2), the experiment was 

then repeated for different time intervals up to 6 hours. To 

test the reliability and responsibility of the measurements, 

duplicate experiments were performed in each case of the 

same conditions.  

2.3. Thermometric Measurements  

The reaction vessel used in thermometry experiments was 

basically the same as described by Mylius [31]. The details 

of this method has been reported in our previous work [32]. 

The coupons of steel used in this method were similar to 

these used in the weight loss method. Exactly, 50ml of test 

solution was used for each experiment, the steel coupons was 

dipped in the solution in Mylius apparatus and the mercury 

reservoir of the used thermometer was rested on the steel 

specimen. From the rise in temperature of the system per 

minute, the reaction number (RN) was calculated using 

Equation 1 [32] 

RN = (Tm – Ti)/t    (°C/min)            (1) 

Where Tm and Ti are the maximum and initial temperatures, 

respectively and t is the time (min) taken to reach the 

maximum temperature.  

2.4. Solution Preparation  

The test solutions were prepared from analytical grade 

reagents and distilled water: 98% H2SO4 was purchased from 

Aldrich chemicals. The plant extracts were obtained by 

drying the plants for 1 h in an oven at 80°C and grinding to 

powdery form. A 10 g sample of the powder was refluxed in 

100 mL double distilled water for 1 h. The refluxed solution 

was filtered to remove any contamination. The concentration 

of the plant extracts was determined by evaporating 10 mL of 

the filtrate and weighing the residue. Prior each experiment, 

5M H2SO4 is added to an appropriate volume of the extract 

solution and double distilled water to obtain a solution of 

0.5M H2SO4 and the required concentration of the extract. 

2.5. Chemical Structure of the Constituents of the 

Extracts 

Figure 1 illustrates the chemical constituents of Alhagi 

Maurorum, Morusnigra and Apricot leaves extracts [33-35]. 

It is clear that the molecules of the constituents contains 

oxygen atoms and π-electrons bonds. Therefore, the 

adsorption at the metal/solution interface could take place 

via (i) dipole-type interaction between unshared electron 

pairs in the inhibitor with the metal, and (ii) the π-electrons 

bonds interaction with the metal [21]. 
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a- Chemical structure of the Alhagi Maurorum leaves 
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γ-Dodecalactone δ-Octanolactone 

b- Chemical structure of the Apricot leaves 

 
 

  

Protocatechuic aldehyde 2-Hydroxy benzoic acid Vanillic acid Chlorogenic acid 

   

 

Syringic acid Syringealdehyde p-Coumaric acid m-Coumaric acid 

c- Chemical structures of the Morusnigra leaves 

Figure 1.  Chemical structure of the constituents of the three extracts 

Table 1.  Effect of the concentration of the Alhagi Maurorum leaves extract and immersion period on the weight loss of steel in 0.5M H2SO4 

Extract 

Conc. (g/L) 

Immersion period 

2 h 3 h 4 h 6 h 

Wt loss 

g/cm2 
%P 

Wt loss 

g/cm2 
%P 

Wt loss 

g/cm2 
%P 

Wt loss 

g/cm2 
%P 

0.00 0.02310 0.0 0.03146 0.0 0.04132 0.0 0.06323 0.0 

0.05 0.01470 36.4 0.02019 35.8 0.02644 36.0 0.04103 35.1 

0.07 0.01289 44.2 0.01783 43.3 0.02371 42.6 0.03667 42.0 

0.10 0.01039 55.0 0.01418 54.9 0.01892 54.2 0.02921 53.8 

0.15 0.00863 62.6 0.01189 62.2 0.01582 61.7 0.02503 60.4 

0.20 0.00760 67.1 0.01057 66.4 0.01396 66.2 0.02156 65.9 

0.30 0.00597 74.2 0.00827 73.7 0.01123 72.8 0.01732 72.6 

0.40 0.00534 76.8 0.00739 76.5 0.00987 76.1 0.01555 75.4 

0.50 0.00498 78.4 0.00714 77.3 0.00929 77.5 0.01492 76.4 

 

3. Results and Discussion 

3.1. Credibility of the Methods of Determination of the 

Corrosion rate 

Alhagi Maurorum leaves extract was investigated as 

inhibitor for the corrosion of steel in 0.5M H2SO4 using four 

methods of determination of the corrosion rate: weight loss, 

thermometric, potentiodynamic polarization and 

electrochemical impedance spectroscopy (EIS), in order to 

test the credibility of the four methods. 

a- Weight loss results  

Table 1 represents the mass loss results of steel in 0.5M 

H2SO4 in absence and presence of different concentrations of 

Alhagi Maurorum plant extract at different immersion times 

at 30°C. The percentage inhibition efficiency %P was 

calculated using the relation [18]: 

%P = [(Wo-W)/Wo] × 100          (2) 

Where Wo, W are the weight loss in g.cm-2 hr-1, in absence 

and presence of the extract respectively. 
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Figure 2 represents the dependence of the inhibition 

efficiency (%P) of two solutions have the concentrations 

(0.05 g/L and 0.3 g/L) on the immersion time. The results 

show that the percent inhibition is constant and independent 

on the time of immersion, indicating that the 

adsorption/desorption equilibrium at the steel/solution 

interface is attained and the extract is stable. 

 

Figure 2.  Dependence of the percentage inhibition efficiency (%P) of two 

different solutions of Alhagi Maurorum leaves extract on the immersion 

time 

b- Thermometric method 

Figure 3 represents the variation of temperature of steel 

dissolution as a function of time in 0.5M H2SO4 in absence 

and presence of different concentrations of Alhagi 

Maurorum leaves extract. As shown in the figure, increasing 

the concentration of the extract in the solution decrease the 

maximum temperature rise and increase the time required to 

reach the maximum temperature. This indicates that the 

presence of the extract retards the corrosion of steel by 

H2SO4, and the extent of inhibition of corrosion depends on 

the concentration of the extract. The extent of corrosion 

inhibition by a certain concentration of Alhagi Maurorum 

leaves extract is given in table 2. This could be evaluated 

from the percentage reduction in the reaction number which 

is equal to [32]: 

%P = [(RNo – RN)/RNo] × 100         (3) 

Where RNo and RN are the reaction numbers in the 

absence and presence of the extract. 

 

Figure 3.  Thermometric method of steel in 0.5 M H2SO4 solution in 

absence and presence of different concentrations of Alhagi Maurorum 

extract 

 
Figure 4.  Polarization curves of steel in 0.5 M H2SO4 solution in absence and presence of different concentrations of Alhagi Maurorum leaves extract 
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Table 2.  Reaction number and percentage inhibition of the corrosion of 
steel in 0.5 M H2SO4 by Alhagi Maurorum leaves extract 

0.30 0.20 0.10 0.05 0.00 
Conc. of 

extract, (g/L) 

0.0100 0.0118 0.0164 0.0218 0.0290 RN 

65.5 59.3 43.4 24.8 00.0 %P 

c- Potentiodynamic polarization results 

Figures 4 shows the polarization curves of steel in 0.5 M 

H2SO4 in absence and presence of different concentrations of 

Alhagi Maurorum leaves extract, addition of the extract 

affect both the cathodic and the anodic polarization curves 

for steel indicating that the extract could be classified as 

mixed-type inhibitor. 

Table 3.  Electrochemical polarization parameters for steel in 0.5 M H2SO4 

solution in absence and presence of different concentrations of Alhagi 
Maurorum leaves extract 

 

%P 

icorr 

(µA.cm-2) 

βc βa 
-Ecorr 

(mV) 

Extract 

conc. 

(g/L) 
(mV.decade) 

00.0 292 86.3 55.9 478.2 0.00 

34.4 191.4 94.7 55.1 471.1 0.05 

42.1 169.0 92.2 55.8 473.0 0.07 

51.2 142.4 90.7 51.5 471.9 0.10 

56.2 128.0 88.9 46.5 466.8 0.15 

62.3 110.2 89.8 44.0 464.0 0.20 

67.2 95.8 89.9 43.5 463.1 0.30 

73.0 78.8 88.7 41.4 455.7 0.40 

75.1 72.6 88.4 40.6 461 0.50 

Table 3 shows the electrochemical polarization 

parameters, where the corrosion current density, (icorr), was 

calculated from the intersection of anodic and cathodic Tafel 

lines; corrosion potential (Ecorr) ; and anodic, cathodic Tafel 

line slopes (βa, and βc) for steel in 0.5 M H2SO4 in absence 

and presence of different concentrations of Alhagi 

Maurorum leaves extract. The data revealed that, the 

corrosion current density that is directly proportional to 

corrosion rate decreases with increasing the extract 

concentration. Both cathodic and anodic Tafel slopes (βc and 

βa) do not change remarkably. This indicates that the 

mechanism of the corrosion reaction does not change and the 

corrosion reaction is inhibited by simple adsorption mode. 

The tabulated data also indicate that the extract inhibits the 

acidic corrosion of steel efficiently.  

d- Electrochemical impedance spectroscopy (EIS) results  

Figure 5.a. shows the Nyquist impedance plots of steel in 

0.5M H2SO4, in absence and presence of different 

concentrations of Alhagi Maurorum leaves extract. The 

Nyquist impedance plots of steel shown in this figure consist 

of distorted semicircle indicating that the dissolution process 

occurs under activation control. The increase in the size of 

the semicircle in presence of the extract indicates that a 

barrier gradually forms on the steel surface. The impedance 

spectra for different Nyquist plots were analyzed by fitting 

the experimental data to a simple equivalent circuit model 

(Figure 5.b.) which includes the solution resistance Rs and 

the double layer capacitance (Qdl) which is placed in parallel 

to charge transfer resistance element, Rct. 

The data in table 4 indicated that, increasing Rct values 

with the concentration of Alhagi Maurorum leaves extract, 

suggesting decrease of the corrosion rate since the Rct value, 

is a measure of electron transfer across the surface, and 

inversely proportional to the corrosion rate. Also the 

decrease in the Qdl values with increasing the concentration 

of extract could be attributed to the adsorption of the 

chemical constituents of the extract at the steel/solution 

intersurface [36]. 

 
Figure 5a.  Nyquist plots for steel in 0.5 M H2SO4 solution in absence and presence of different concentration of Alhagi Maurorum leaves extract 
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Figure 5b.  Schematic for the equivalent circuit of steel 

Table 4.  Electrochemical impedance parameters for steel in 0.5 M H2SO4 
solution in absence and presence of different concentrations of Alhagi 
Maurorum leave extract 

%P 
Rct 

(Ohm.Cm2) 
n 

Q 

(F.Cm-1) 

RS 

(Ohm.Cm2) 

Extract 

Conc. 

(g/L) 

0.0 25.2 0.89 0.00037 2.1 0.00 

25.2 33.7 0.88 0.00030 2.5 0.05 

38.0 40.7 0.86 0.00032 2.6 0.07 

46.4 47.0 0.86 0.00034 2.5 0.10 

54.2 55.0 0.85 0.00037 2.1 0.15 

62.0 66.4 0.87 0.00029 2.5 0.20 

69.0 81.3 0.86 0.00030 2.5 0.30 

71.9 89.7 0.87 0.00027 2.2 0.40 

72.6 92.0 0.84 0.00025 2.4 0.50 

The inhibition efficiency (% P) was calculated from the 

impedance measurements using the relation [37] 

% P = [(Rct –Rct
o) / Rct] x 100           (4) 

Where Rct and Rct
o are the charge transfer resistance, in 

presence and absence of the Alhagi Maurorum leaves 

extract.  

 

Figure 6.  Variation of percentage inhibition of the corrosion of steel in 0.5 

M H2SO4 with the concentration of Alhagi Maurorum leaves extract using 

different techniques 

Figure 6 shows the variation of the percent inhibition of 

the corrosion of steel in 0.5 M H2SO4 by Alhagi Maurorum 

leaves extract with its concentration determined using the 

four techniques. It is clear that there is a good agreement 

between the results obtained from polarization and 

impedance techniques and a fairly agreement with those 

obtained from the weight loss and thermometric methods.  

3.2. Correlation between the Chemical Structures of the 

Constituents of the Extract and Their Inhibition 

Efficiency 

Figure 7 shows the variation of the percent inhibition of 

the leaves extracts of each of Alhagi Maurorum, Morusnigra 

and Apricot with their concentrations. In order to investigate 

the correlation between the inhibition efficiency of these 

extracts and the chemical structure of their constituents, we 

will study: (a) the thermodynamics of the adsorption of the 

extracts at the steel/solution interface and (b) the effect of the 

extracts on the activation parameters of corrosion reaction 

between steel and H2SO4. 

 

Figure 7.  Variation of percentage inhibition of the corrosion of steel in 0.5 

M H2SO4 solution with the concentration of the three extracts 

a- Thermodynamics of the adsorption of the extracts at the 

steel/solution interface   

The Kinetic-Thermodynamic model of the adsorption of 

the inhibitor at the metal/solution interface is given by 

[13-15]: 

log[θ/(1-θ)]=logK'+ylogC           (5) 

Where y is the number of inhibitor molecules occupying 

one active site. The binding constant K is given by: 

K=K'(1/y)                   (6) 

The efficiency of a given inhibitor was essentially a 

function of the magnitude of its binding constant K, large 

values of K indicate better and stronger interaction; where as 

small values of K means that the interaction between the 

inhibitor molecules and the metal is weaker. 

Figure 8 shows the application of the 

Kinetic-Thermodynamic model to fit the experimental data 

of the adsorption of the examined three extracts at the 

steel/solution interface. It is clear that the Kinetic- 

Thermodynamic isotherm is applicable to fit the data of the 

adsorption of the three extracts. The values of the binding 

constant K obtained from the plots in figure 10 indicated that 
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the efficiency of the inhibition of the three extracts to the 

corrosion of steel in 0.5M H2SO4 is ordered as follows: 

Morusnigra leaves extract (K=11.3) > Apricot leaves extract 

(K=8.1) > Alhagi Maurorum leaves extract (K=7.9). 

 

Figure 8.  Application of the Kinetic-Thermodynamic model for the 

aqueous extracts of Alhagi Maurorum, Morusnigra and Apricot leaves 

b- Effect of the extracts on the activation parameters of the 

corrosion reaction between steel and H2SO4 

The activation parameters of the dissolution of steel in 

0.5M sulphuric acid, in absence and presence of Alhagi 

Maurorum, Morusnigra and Apricot leaves extracts were 

obtained from linear square fits of ln W and ln (W /T) data vs. 

(1/T) as shown in figures(9,10). 

The resulting values of the activation parameters are given 

in table 5. The values of Ea and ΔH* for dissolution of steel in 

free sulphuric acid solution are similar to those obtained 

previously [38-40]. However the values in presence of 0.25 

g/L of each of the Alhagi Maurorum, Morusnigra or Apricot 

leaves extracts are higher than those of the free acid solution. 

This behaviour can be discussed on the basis that the 

adsorption of the active ingredients of the extracts at the 

steel/solution interface increases the energy barrier of the 

corrosion reaction. Inspection of the data in table 5 indicates 

that the increase of the values of each of Ea and ΔH* of the 

dissolution of steel in 0.5M H2SO4 due to the presence of the 

extracts can be ordered as: Morusnigra > Apricot > Alhagi 

Maurorum. This order is the same as that obtained from the 

thermodynamics of the adsorption of extracts at the 

steel/solution interface. The higher inhibition efficiency of 

the Morusnigra leaves extract for the corrosion of steel in 

H2SO4 can be explained on the basis of the molecular 

structure of its ingredients (Figure 1). It is clear that the 

molecules of the constituents of Morusnigra are rich with the 

π-bond system which enhance the adsorption of these 

molecules at the steel surface.  

The negative value of (ΔS*) implies that the activated 

complex represents an association rather than a dissociation 

step, meaning that a decrease in disordering takes place on 

going from reactants to the activated complex [39].  

 

Figure 9.  Linear fit for ln (W) data vs. (1/T) for steel dissolution in 0.5M 

H2SO4 in absence and presence of the three extracts 

 

Figure 10.  Linear fit for ln (W/T) data vs. (1/T) for steel dissolution in 

0.5M H2SO4 in absence and presence of the three extracts 

Table 5.  The activation parameters of the corrosion reaction of steel with 
0.5M H2SO4, in absence and presence of 0.25 g/L of the three extracts using 
the data of weight loss method 

Extract 

Activation parameters 

Ea 

kJ / mol. 

H* 

kJ / mol. 

S* 

J / mol. K 

--- 44.8 42.2 -117.7 

Alhagi Maurorum 50.6 47.9 109.4- 

Apricot 53.5 50.8 -99.4 

Morusnigra 58.9 56.3 -83.6 

3.3. Effect of the Nature of the Solvent of Extraction on 

the Inhibition Efficiency of the Extract 

Figure 11 shows the variation of the percent inhibition of 

the Alhagi Maurorum leave extract using water, ethanol or 

dimethyl formamide as solvent of extraction with its 

concentration, and figure 12 shows the application of the 

Kinetic-Thermodynamic model to the data of the Alhagi 

Maurorum leaves extract using water, ethanol or dimethyl 
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formamide as solvent of extraction. It is clear that the Kinetic 

-Thermodynamic model is applicable to the data of the 

adsorption of Alhagi Maurorum leaves extract at the 

steel/solution interface. It has been found that the Kinetic 

-Thermodynamic model is applicable also for the 

experimental data of the adsorption of Morusnigra and 

Apricot leaves extracts at the steel/solution interface. Values 

of the binding constant “K” obtained for the three extracts 

are given in table 6. It is clear that Alhagi Maurorum leaves 

extract has the large value of K when the leaves are extracted 

by alcohol. However, K has the larger value for Morusnigra 

and Apricot leaves when extracted by dimethyl formamide. 

These results can be explained on the basis of the chemical 

structure of the constituents of the three plant leaves (Figure 

1). It is clear from this figure that the chemical constituents 

of the extract of the leaves of Alhagi Maurorum consists 

mainly of saturated oxygen heterocyclic compounds, which 

are highly soluble in alcohol. However, in the case of 

Morusnigra and Apricot leaves extracts it is clear that their 

constituents contain mainly aromatic compounds which have 

high solubility in dimethyl formamide. 

 

Figure 11.  Effect of the solvent of extraction on the variation of 

percentage inhibition of the corrosion of steel in 0.5 M H2SO4 with the 

concentration of Alhagi Maurorum leaves extract 

 

Figure 12.  Application of the Kinetic-thermodynamic model for the 

Alhagi Maurorum leaves extracted by different solvents 

Table 6.  The values of the binding constant for the three extracts obtained 
from the application of the Kinetic-Thermodynamic model using water, 
ethanol or dimethyl formamide as solvents for extraction 

Solvent of 

extraction 

Alhagi Maurorum 

leaves 

Morusnigra 

leaves 

Apricot 

leaves 

K K K 

H2O 7.9 8.1 11.3 

Et-OH 21.9 6.2 4.9 

DMF 17.4 14.1 14.5 

4. Conclusions  

1. The percentage of the inhibition efficiency of the leaves 

extracts of Alhagi Maurorum, Morusnigra and Apricot for 

the corrosion of steel in 0.5M H2SO4, obtained using the 

weight loss, thermometric, potentiodynamic polarization and 

EIS techniques indicated that there is a good agreement 

between the potentiodynamic and EIS results and also there 

is a fairly agreement between the result obtained from the 

electrochemical and chemical techniques. 

2. The application of the Kinetic-Thermodynamic model 

of the adsorption of the inhibitors at the metal /solution 

interface to the experimental data of the three extracts 

indicated that the binding constant “K” of the extracts is 

ordered in the form: 

Morusnigra leaves > Apricot leaves > Alhagi Maurorum 

leaves 

3. The effect of the extracts on the activation parameters of 

the dissolution of steel in 0.5M H2SO4 indicated that the 

increase in the values of each of Ea and ΔH* due to the 

presence of the extracts are in the same order given from 

thermodynamic data.  

4. The order of increase of the values of K, Ea and ΔH* for 

the three extracts are discussed on the basis of the molecular 

structure of the chemical constituents of the extracts.  

5. The efficiency of the inhibition of the three extracts for 

the corrosion of steel in 0.5M H2SO4 was found dependent on 

the solvent of extraction. This was discussed on the basis of 

the dependence of the solubility of the chemical constituent 

of the leaves of the plants in the solvents on the molecular 

structure of their constituents. 
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