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Abstract- The corrosion inhibition of mild steel in phosphoric acid solution containing a 
mineral compound based phosphate (apatite) was evaluated by potentiodynamic polarization 
and electrochemical impedance spectroscopy. Potentiodynamic polarization measurements 
reveal that the inhibition efficiency increased with the concentration of the apatite which 
appears to be a cathodic type inhibitor in the medium acid(H3PO4 2.0 M). Electrochemical 
impedance spectroscopy confirms this result, indeed the transfer resistance increases with 
apatite concentration. We note that the double layer capacitance decreases simultaneously 
suggesting the formation of an adsorbed layer on the mild steel surface. The inhibition 
mechanism has been elucidated by a thermodynamic study which showed that the film was 
formed by physi-sorption. The adsorption model obeys to the Langmuir adsorption isotherm. 
The parameters of activation energy was evaluated and discussed. 
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1. INTRODUCTION  

Nowadays, Mild steel is a very popular metal, widely used in the construction of 

materials in different industrial sectors such as tanks, heat exchangers, distillation tower and 

pipelines [1,2]. Considering that acid solutions are also extensively used in the industry for 

acid pickling processes, boiler cleaning, industrial cleaning, acid descaling and petrochemical 

processes [3-6]. The corrosion of mild steel in acidic environments is of a great importance. 

Due to the aggressive nature of the acid solutions, many metallic installations have suffered 

serious deteriorations. Various corrosion protection methods are used to reduce its attack on 

the metallic materials. However, the use of corrosion inhibitors has been found to be the 

easiest and cheapest method for corrosion protection of steel [7]. The use of a corrosion 

inhibitor based on (DCPD), can form a protective surface which inhibits or slows the rate of 

corrosion film; the effectiveness of this medium apatite was observed in the distribution of 

drinking water, but little studies have been done to understand how it works and why it is 

effective[8,9]. The presence of calcium in the solution [10] claims that a minimum 

concentration of calcium ions is required to form a protective film and limit the dissolution of 

iron, and he also claims that the Ca/P ratio should be at least 1/5 [11]. In his work, Boffardi et 

al. showed that the precipitation of calcium and phosphate ions depends on the concentrations 

of the two species and the pH of the solution. However, according to [12,13] calcium ions are 

not actively involved in the protection of corroded surfaces. G. Saha et al. have studied the 

adsorption of the complex iron phosphates and figured out that only the surface of the iron 

hydroxides are combined with phosphate ions; no trace of calcium was detected in the 

complex iron phosphates [14]. 

The inhibition action is satisfactorily explained by using both thermodynamic and kinetic 

models. The aim of this work is to study the inhibition properties of ((Ca, Mg, 

Na)10(PO4)6(OH)2), on mild steel corrosion in 2.0 M H3PO4 using potentiodynamic 

polarization curves, and electrochemical impedance spectroscopy. It is also aimed to predict 

the thermodynamic feasibility of apatite doped by (Mg, Na) adsorption on the metallic 

surface. In addition, detailed investigations of temperature on the system’s electrochemical 

parameters were also studied and discussed to improve understanding of the adsorption 

mechanism of the studied inhibitors. 

 

2. EXPERIMENTAL STUDY 

2.1. Materials 

The experiments were performed withmild steel (MS), the chemical composition (in 

wt%) was presented in table 1. 
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Table 1. Chemical composition of the mild steel (MS) 

 

C Si Mn Cr Mo Ni Al Cu Co V W Fe 

0.11 0.24 0.47 0.12 0.02 0.1 0.03 0.14 <0.0012 <0.003 0.06 Balance 

 

The aggressive solution (H3PO4 2.0M) were prepared by dilution of concentrated (84.0; 

85.7 %) H3PO4. 

The work electrode was abraded with emery paper (up to 1200 grit), cleaned in acetone 

and washed by distillated water and finally dried at hot air before any electrochemical 

measurement. The concentrations of inhibitor were ranged from 100 to 300 ppm. The 

compound used was a mineral compound based phosphate ((Ca, Mg, Na)10(PO4)6(OH)2). 

 

2.2. Electrochemical measurements 

Electrochemical experiments were carried out using potentiostat / galvanostat / PGZ100 

in the conventional three-electrode cell with a platinum counter electrode (CE) and a 

saturated calomel electrode (SCE) as a reference electrode for all potentials. The electrodes 

were carefully positioned in the cell for reproducible geometry. In addition, the working 

electrode was immersed in the test solution during half an hour until a steady state open 

circuit potential (Eocp) was obtained. All electrochemical experiments were conducted at 298 

±2 K using 50 mL of test solution. 

The Tafel polarization curves were recorded by scanning the electrode potential from - 

900 mV/ECS to -100mV/ECS with a scanning rate of 1 mV/s. To evaluate corrosion kinetic 

parameters, a fitting by Stern-Geary equation was used. Thus, the overall current density 

values, i, were considered as the sum of two contributions, anodic and cathodic current ia and 

ic, respectively. For the potential domain not too far from the open circuit potential, it may be 

considered that both processes followed the Tafel law [15]. Thus, it can be derived from 

equation (1): 

i= ia + ic = icorr {exp[ba* (E – Ecorr)] – exp[bc * (E – Ecorr)]}        (1) 

Where icorr is the corrosion current density (A cm-2), ba and bc are the Tafel constants of 

anodic and cathodic reactions (V-1), respectively. These constants are linked to the Tafel 

slopes β(V/dec) in usual logarithmic scale given by equation (2):  

β .
                (2) 

The corrosion parameters were then evaluated by means of nonlinear least square method 

by applying equation (2) using Origin software. However, for this calculation, the potential 
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range applied was limited to ±0.100 mV/ECS around Ecorr, and a significant systematic 

divergence was sometimes observed for both anodic and cathodic branches. 

The corrosion inhibition efficiency is evaluated from the corrosion current densities 

values using the relationship (3): 

ηpp= [(i0
corr - icorr)/ i

0
corr ]*100                                                                                                (3) 

where i0
corr and icorr are the corrosion current density values without and with inhibitor, 

respectively. 

The electrochemical impedance spectroscopy measurements were carried out using a 

transfer function analyzer (VoltaLab PGZ 100), with a small amplitude a.c. signal (10 mV 

rms), over a frequency domain from 100 kHz to 100mHz with five points per decade. The 

EIS diagrams were done in the Nyquist plot. The results were then analyzed in terms of an 

equivalent electrical circuit using Bouckamp program [16]. 

The inhibiting efficiency derived from EIS, ηEIS is also added and calculated using the 

following equation (4): 

ηEIS=[(Rct – R0
ct) / Rct ]*100                                                                                                 (4) 

where R0
ct and Rct are the charge transfer resistance values in the absence and in the 

presence of inhibitor, respectively. 

 

2.3. Scanning Electron Microscopy (SEM) 

Surface characterization of mild steel before and after 6 h of immersion in 2.0 M H3PO4 

solution, in the absence and presence of the optimum concentration of the apatite inhibitor 

(100 ppm) at 298 K, was performed using SEM. 

 

3. RESULTS AND DISCUSSION 

3.1. Open Circuit Potential 

The variances of OCP of the mild steel as a function of time, in aerated 2.0 M H3PO4 

solution, in the absence and presence of different concentrations of apatite, are presented in 

Fig. 1. It is noted that the potential for blank solution stays stable with time. This 

phenomenon characterizes the corrosion of mild steel with a formation of corrosion products. 
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Fig. 1. Evolution of open circuit potential (OCP) versus time for mild steel in H3PO4 2.0 M 

with different concentrations of apatite at 298 K 

 

3.2. Potentiodynamic polarization curves 

The potentiodynamic polarization curves of mild steel in 2.0 M H3PO4with and without 

((Ca,Mg,Na)10(PO4)6(OH)2) at 298 °k are shown in Fig. 2. Electrochemical corrosion 

parameters, such as corrosion potential Ecorr (mV/SCE), cathodic and anodic slopes βc, βa, the 

corrosion current density icorr and inhibition efficiency EI (%) are given in Table 2. 

 

 
Fig. 2. Polarization curves for mild steel in 2.0 M H3PO4withvarious concentrations of apatite 

at 298 K 

 

It is clear from Fig. 1 that the addition of the (Ca,Mg,Na)10(PO4)6(OH)2 reduces both the 

cathodic and the anodic currents and therefore hinders the acid attack of the mild steel 

electrode in 2 M H3PO4. The cathodic Tafel curves obtained in Fig. 2 indicate that the 

hydrogen evolution is activation-controlled and the reduction mechanism is not affected by 
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the presence of inhibitor. However, the decrease in cathodic Tafel slope (βc) values (Table 2), 

suggests that the reaction mechanism of the hydrogen reduction is almost the same in the 

absence and in the presence of inhibitor. The values of the anodic Tafel slopes (βa) also 

doesn’t change with the addition of apatite, suggesting that the studied inhibitor was first 

adsorbed onto the metal surface and impeded by merely blocking the reaction sites of the 

metal surface without affecting the anodic reaction mechanism [17]. Based on these results, 

the (Ca,Mg,Na)10(PO4)6(OH)2  can be considered as cathodic type inhibitor in 2 M H3PO4.  

From Table 2, it is clear that the icorr values decrease considerably with the decreasing of 

the concentration of Apatite. Accordingly, ηPP(%) values increase with decreasing the 

inhibitor concentration reaching a maximum value of 89.3%  with 100 ppm of Apatite. 

 

Table 2. Polarization data of mild steel in 2.0 M H3PO4without and with Apatite at 298 K 

 

Medium Concentrations 

(ppm) 

-Ecorr   

(mV/ECS) 

icorr 

(µA/cm²) 

-βc       

mV/dec 

βa 

mV/dec 

ηPP 

(%) 

2.0 M H3PO4 

Blank 417 1519 173 133 - 

100 502 163 154 143 89,3 

150 513 182 156 149 88,0 

200 509 184 163 146 87,8 

300 500 214 153 137 85,9 

 

 

 

 

 

 

 

 

 

Fig. 3.  Nyquist (a) and Bode (b) plot for mild steel in 2.0 M H3PO4with apatite at 298 K 

 

3.3. Electrochemical impedance spectroscopy (EIS) 

The corrosion behavior of mild steel in 2.0 M H3PO4with and without 

((Ca,Mg,Na)10(PO4)6(OH)2)  are also investigated by EIS at corrosion potential. Nyquist and 

bode plots, for mild steel in 2.0 M H3PO4 with (150, 200 ppm) of apatite at 298 K, are shown 
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in Fig.3. The Nyquist spectra exhibit a single capacitive loop and the Bode diagram presents 

a single wave attributed to charge transfer of the corrosion process [18]. But in H3PO4 with 

(100, 300 ppm) of apatite, we note a first loop at high frequency (HF) attributed to the 

relaxation of the double layer capacitance in parallel with the charge transfer resistance Rct, 

which is inversely proportional to the corrosion rate and an inductive loop at low frequency 

(LF) [19,20]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Nyquist (a) and Bode (b) plot for mild steel in 2.0 M H3PO4 at 298 K 

 

The simple electrical equivalent circuits (Fig. 5) have been proposed to model the 

experimental data. The employed circuits allowed the identification of solution resistance 

(Rs), charge transfer resistance (Rct) and resistance associated with inductive loop (RL). It is 

noteworthy that the double layer capacitance (Cdl) value was affected by imperfections of the 

surface, and this effect was simulated via a constant phase element (CPE) [21,22]. The 

impedance spectrums were fitted and their parameters were calculated according to different 

models and listed in Table 3. 

CPE was used as the substitute for capacitor to fit more accurately impedance behavior of 

the electric double layer. The impedance of the CPE is expressed as [23]: 

Y-1 jω  

Where Y is the magnitude of the CPE; ω the angular frequency; n is an empirical 

exponent which measures the deviation from the ideal capacitive behavior [24,25]. 

Depending on the values of n, CPE can represent resistance (n=0), capacitance (n=1), 

inductance (n=-1) and warburg impedance (n=0.5) [26-28]. The values of double layer 

capacitance values were obtained at maximum frequency (fmax) and calculated using the 

following equation: 
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Cdl=1/2πfmaxRct                                                                                                                        (5) 

The equivalent circuit model employed for these systems is presented in Fig. 5. 

The results described below can be interpreted in terms of the equivalent circuit of the 

electrical double, which has been used previously to model the iron-acid interface [29]. In 

this equivalent circuit, Rs is the solution resistance, Rct is the charge transfer resistance and 

CPE is a constant phase element. 

 

 
 

Fig. 5. The electrochemical equivalent circuit used to fit the impedance spectra 

 

Inspection of the results in Table 3 indicated that Rct value increased and Cdl decreases 

with the decreased concentration of the inhibitor. In addition, the value of proportional factor 

Q of CPE varies in the regular manner with apatite concentration. This is attributed to the 

increase in surface coverage of mild steel by inhibitor molecule leading to enhanced 

inhibition efficiency [30]. The increase in Rct value is attributed to the formation of protective 

film on the metal/solution interface. The impedance study also gave the same efficiency trend 

as found in Tafel polarization method. 

 

Table 3. Impedance parameters for corrosion of steel in 2.0 M H3PO4 without and with 

different concentrations of ((Ca,Mg,Na)10(PO4)6(OH)2) at 298 K. 

 

Medium 
Conc 
(ppm) 

Rs 
(Ω.cm2) 

Q 
(µF.Sn-1) 

n 
Cdl 

(µF cm-2 ) 

Rct 
(Ω.cm2

) 

RL 
(Ω.cm2) 

L 
(H) 

EI% Θ 

 
2.0 M 
H3PO4 

Blank 5.2 243 0.880 209.0 9.7 2.0 0.26 - - 
100 5.0 128 0.929 90.94 84.58 9.4 2.3 88,5 0.885 
150 3.7 196 0.903 126 79.5 - - 87,8 0.878 
200 3.9 172 0.908 112 78.09 - - 87,6 0.876 
300 3.4 190 0.895 115 67.8 7.1 7.9 85,7 0.857 

 

3.4. Effect of temperature 

3.4.1. Polarization curves 

In order to get more information about the adsorption type of ((Ca,Mg,Na)10(PO4)6(OH)2) 

and its effectiveness at higher temperatures, potentiodynamic polarization measurements 

were used in the temperatures range from 298 to 328 K for mild steel electrode in 2.0 M 
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H3PO4 without and with 100 ppm of ((Ca,Mg,Na)10(PO4)6(OH)2) after 30 min of immersion 

time.(Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. Temperature effect in 2.0 M H3PO4, (a) with 100 ppm of ((Ca,Mg,Na)10(PO4)6(OH)2), 

(b) uninhibited solution 

 

The corresponding data are collected in Table 4. Current density values increase with 

temperature. However, that is highly more pronounced in uninhibited solutions. Moreover, no 

clear trends are observed in Ecorr values. 

 

Table 4. Electrochemical characteristics of mild steel in 2.0 M H3PO4 with and without 100 

ppm of ((Ca,Mg,Na)10(PO4)6(OH)2) at different temperatures 

 

 

However, an inspection of Table 4 shows that, as the temperature increased, the values of 

Ecorr shifts slightly in the cathodic direction in the blank solution while there is no change in 

the presence of inhibitor, whereas the values of icorr increase and ηEI% decrease. This behavior 

reflects chemical adsorption of ((Ca,Mg,Na)10(PO4)6(OH)2) on the mild steel surface, in 2.0 

M H3PO4 [31]. 

 

Medium  Tempé 
-Ecorr 

(mV/ECS)
Icorr 

(µA/cm²) 
-βc 

(mv/dec) 
βa 

(mv/dec) 
E% 

2.0 M H3PO4 

 
Blank 

298 k 417 1519 173 133 - 
308 k 484 3240 155 128 - 
318 k 485 4240 145 143 - 
328 k 475 4850 130 118 - 

100 ppm 

298 k 502 163 154 143 89,3 
308 k 488 410 135 123 87,3 
318 k 491 624 141 149 85,3 
328 k 496 807 138 139 83,3 
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3.4.2. Thermodynamic part  

The icorr values were calculated in order to extract the activation energy Ea of corrosion, 

which could give information about the mechanism of adsorption. The dependence of the 

corrosion rate on temperature can be expressed by the Arrhenius equation according to the 

following equation [32,33]: 

Ln icorr = Ln A - 																																																																																																																																	(6) 

Where Ea is the activation energy of corrosion process, R is the universal gas constant, A 

is the Arrhenius pre-exponential constant and T is the absolute temperature. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Arrhenius plots for mild steel in 2.0 M H3PO4with and without of 100 ppm of 

((Ca,Mg,Na)10(PO4)6(OH)2)  

 

In order to assure that the achieved coverage degree is close to the maximal value; i.e. the 

concentration which gives the best inhibiting efficiency, the according Arrhenius plot to 

equation (6) is presented in Fig. 7 with and without 100 ppm of ((Ca,Mg,Na)10(PO4)6(OH)2). 

The apparent activation energy values (Ea) for mild steel in 2.0 M H3PO4 with and without 

100 ppm of ((Ca,Mg,Na)10(PO4)6(OH)2) were determined from the slope of Ln icorr vs. 1000/T 

plots and shown in Table 5 which includes as well the pre-exponential term, A.  

 

Table 5. The values of activation parameters Ea, ΔHa and ΔSa for mild steel in 2.0 M H3PO4 

with and without 100 ppm of ((Ca,Mg,Na)10(PO4)6(OH)2) 

 

Medium  
Ea 

(kJ/mol) 
ΔHa 

(kJ/mol) 
ΔSa 

(kJ/mol.K) 

2.0 M H3PO4 
Blank 30.8 28.2 -88.0 
100 ppm 42.7 40.1 -66.5 
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All the linear regression coefficients between Ln icorr vs. 1/T are very close to one, 

indicating that the mild steel corrosion in 2.0 M H3PO4 solutioncan be elucidated using the 

kinetic model. 

For H3PO4 medium, as observed in Table 5, the Ea increased with 100 ppm of apatite in 

the acid. This behavior may be interpreted as physical adsorption. Indeed, a higher energy 

barrier for the corrosion process in the inhibited solution is associated with physical 

adsorption or weak chemical bonding between the inhibitor species and the steel surface 

[34,35]. 

Another kinetic data is accessible by the alternative formulation of the Arrhenius equation 

(7) [36]: 

Ln  = (ln( ) + ) -                                                                                               (7) 

Where h is Plank’s constant, N is Avogadro’s number, ΔSa is the entropy of activation 

and ΔHa is the enthalpy of activation. Plots of Ln (icorr/T) vs. 1000/T are presented in Fig. 7 

for mild steel in 2.0 M H3PO4 with and without 100 ppm of apatite. Straight lines are obtained 

with a slope of (-ΔHa/R) and an intercept of (LnR/Nh+ΔSa/R). The values of ΔHa and ΔSa are 

calculated and registered in Table 5. 

An analyze of these data reveals that the ΔHa value for dissolution reaction of mild steel 

in 2.0 M H3PO4 with apatite are higher than that without the inhibitor (40.1 kJ mol−1).The 

positive signs of ΔHa values reflect the endothermic nature of the mild steel dissolution 

process suggesting that the dissolution of mild steel is slow [37] in the presence of inhibitor. 

The value of Ea are larger than the value of ΔHa indicating that the corrosion process must 

involve a vapor reaction, simply the hydrogen evolution reaction, associated with a decrease 

in the total reaction volume [38]. The large negative value of entropy ΔSa implies that the 

activated complex in the rate determining step represents an association rather than a 

dissociation step, meaning that a decrease in disordering takes place on going from reactants 

to the activated complex [39-41]. 

 

3.5. Adsorption isotherm 

The adsorption isotherm type can provide additional information about the tested 

compounds properties. The fractional coverage surface (θ) can be easily determined from EIS 

curve. In the present study, the θ evaluated from EIS curve measurements (Table 3). In 

general the most adsorption isotherms models considered were as described in reference [42]: 

Temkin isotherm  = KadsCinh                                                         (8) 

Langmuir isotherm                                =  KadsCinh                                                  (9) 

Frumkin isotherm                                = KadsCinh                                               (10) 
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Freundluich isotherm                              θ = KadsCinh                                               (11) 

Where Kads is the equilibrium constant of the adsorption process, Cinh is the inhibitor 

concentration and f is the factor of energetic inhomogeneity. The linear coefficient regression, 

r2 and the slope were used to choose the suitable isotherm (Table 6). Kads is related to the free 

energy of adsorption, ΔGads, by the following equation (12) [43]: 

Kads= .
                                                                                                                   (12) 

Where 55.55 represent the water concentration in solution in mol L-1, R is the universal 

gas constant and T is the absolute temperature. 

 

 
Fig. 8. Langmuir adsorption isotherm plot for mild steel in 2.0 M H3PO4 at different 

concentrations of ((Ca,Mg,Na)10(PO4)6(OH)2) 

 

Table 6. Equilibrium constant and free energy of adsorption values for mild steel in 2.0 M 

H3PO4 in presence of ((Ca,Mg,Na)10(PO4)6(OH)2) 

 

Medium Kads(L /mol) ΔGads(kJ/mol) R² 

2.0 M H3PO4 202.4 -23.1 0.99999 

 

The best fit straight line (strong correlation with r between (0.99999)) is obtained for the 

plot of Cinh/θ vs. Cinh in the acidat 298 K with slope around unity (Fig. 8). This suggests that 

the adsorption of apatite on metallic surface obeys to the Langmuir’s adsorption isotherm 

model, and exhibits a single-layer adsorption characteristic. This kind of isotherm involves 

the assumption of no interaction between the adsorbed species on the electrode surface [44]. 

The value of ΔGads is calculated and is given in Table 6. The high Kads value reflects the high 

adsorption ability of this inhibitor on metallic surface. In addition, the negative value of free 
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energy of adsorption, ΔGads, indicates spontaneous adsorption of apatite molecules on the 

metallic surface and also the strong interaction between inhibitor molecule and the mild steel 

surface [45,46]. Generally, the standard free energy values of -20 KJ mol-1or less negative are 

associated with an electrostatic interaction between charged molecules and charged metal 

surface (physical adsorption); those of -40 KJ mol-1or more negative involve charge sharing 

or transfer from the inhibitor molecules to the metal surface to form a co-ordinate covalent 

bond (chemical adsorption) [47,48]. The corresponding ∆Gads value for the inhibitor is 

residing in the order of -23.1 kJ mol-1. The observed range of free energies suggests 

adsorption on the Fe-metal surface is of mixed-type, at predominant physical adsorption 

 

3.6. Effect of immersion time 

To investigate the apatite adsorption kinetic and to determine the time needed for apatite 

to reach its maximum inhibition efficiency. Fig. 9 shows the EIS diagrams carried out in the 

presence and absence of 100 ppm apatite in 2.0 M H3PO4 at different immersion times at 298 

K in uninhibited and inhibited media. It can be observed that the size of the capacitive arc in 

the presence of apatite is larger than that in the absence of this inhibitor.  

 

 

 

 

 

 

 

 

 

  

 

Fig. 9. Nyquist diagrams versus immersion times of corrosion mild steel in 2.0 M H3PO4 at 

298 K, (a) in the blank solution, (b) with 100 ppm of apatite 

 

This fact is attributed to the inhibition effects of the apatite on mild steel corrosion. In this 

case, the similar equivalent electric circuit, Fig. 5, with one time constant was proposed to 

reproduce these results by nonlinear regression calculation. 

The most important data obtained from the equivalent circuit are presented in Table 7. t 

may be remarked that Rct value increases and Cdl decreases with immersion time indicating 

that inhibitor molecule are adsorbed on metallic surface and provided better surface coverage 

and/or enhanced the thickness of the protective layer at the metal/solution interface [49].  

 



Anal. Bioanal. Electrochem., Vol. 10, No. 7, 2018, 943-960                                                 956 
 

Table 7. Electrochemical parameters of mild steel in 2.0 M H3PO4 at 298 K without and with 

100 ppm of apatite at different immersion times 

 
Medium Temps 

(h) 
Rs 

(Ω.cm2) 
Q 

(µF.Sn-1) 
n Cdl 

(µF cm-2 ) 
Rct 

(Ω.cm2) 
EI% 

 
2.0 M 
H3PO4 

½ 5.2 243 0.880 209.0 9.7 - 
1 2.1 283 0.964 202.5 17.8 - 
2 2.2 277 0.975 164.0 36.3 - 
4 2.4 278 0.939 157.4 36.5 - 
6 1.5 304 0.956 169.4 34.0 - 

10 1.4 369 0.969 183.5 27.5 - 
12 1.3 398 0.961 178.0 26.3 - 

 
100 ppm 
of inh 
 

½ 5.0 128 0.929 90.94 84.58 88,5 
1 2.7 128 0.892 82.6 204.2 91,3 
2 2.9 160 0.878 103 262.6 86,2 
4 3.4 176 0.899 105 267.3 86,3 
6 3.8 118 0.911 97 287.8 88,2 

10 4.0 153 0.912 87 296.2 90,7 
12 3.7 132 0.903 88 279.6 90.6 

 

In addition, the change in the Cdl values may be caused by the gradual replacement of 

water molecules by the adsorption of the inhibitor molecule on the metal surface, decreasing 

the extent of dissolution reaction. 

 

    

 

 

 

 

 

 

 

 

 

Fig. 10. SEM image of mild steel surface after 6 hours of immersion in 2.0 M H3PO4 

solution in the absence of inhibitor 

 

3.7. Scanning Electron Microscopy (SEM) 

Scanning electron microscopy (SEM) images of mild steel surface that has been exposed 

to 2.0 M H3PO4 for 6h in the absence and presence of studied inhibitor are presented in 

Fig.10 and Fig.11, respectively. 
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Fig. 11. SEM image of mild steel surface after 6 hours of immersion in 2.0 M H3PO4 solution 

with 100 ppm of apatite 

 

The image of the surface of the mild steel after 6 hours of immersion at 298 K in 2.0 M 

H3PO4 alone (Figure10) shows clearly that the surface of the steel has undergone corrosion in 

the absence of the inhibitors. On the other hand, in the presence of the inhibitor, we observe 

on the images of the mild steel surface after 6 h immersion in 2.0 M H3PO4 medium at 298 K 

in the presence of 100 ppm of apatite (Fig.11) that the surface is covered with a product in the 

form of a plate indicating the presence of an inorganic product. This observation shows that 

the inhibition is due to the formation of an adherent, stable and insoluble deposit, which 

limits the access of the electrolyte to the surface of the steel. 

 

4. CONCLUSION  

The inhibitory effect of apatite (Ca, Mg, Na)10(PO4)6(OH)2 tested reveal excellent 

protective qualities for protection of mild steel against corrosion in 2.0 M H3PO4 medium, 

and the inhibition efficiency increases with decrease in the inhibitor concentration. Based on 

the Tafel polarization results, the compound can be classified as cathodic type inhibitor. The 

EIS measurements depicted an increase in polarization resistance (Rp) and a decrease in 

constant double layer capacitance (Cdl) in the presence of (Ca, Mg, Na)10(PO4)6(OH)2  

showing adsorption of the molecule on the surface of the steel. In addition the adsorption of 

the inhibitor improved with immersion time by the increasing of the thickness film. Finally, 

the adsorption of studied inhibitor on the steel surface from 2.0 M H3PO4 solution follows 

Langmuir adsorption isotherm and the thermodynamic parameters suggest that this inhibitor 

is strongly adsorbed on the mild steel surface. 
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