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Abstract: This paper is to study a possibility of using pharmaceutical drug compound like 

N-(hexahydrocyclopenta[c]pyrrol-2(1H)-ylcarbamoyl)-4-methylbenzenesulfonamide as 

corrosion inhibitor that can have a decisive effect of decreasing on metallic corrosion rate 

and adsorbed on the metal surface by using potentiodynamic polarization and Evans 

techniques. In this regard, we simultaneously present an overview on gliclazide compound 

performance, as corrosion inhibitor in 10% ethanol, 0.5N H2SO4, in mixed solution (10 % 

ethanol, 0.5N H2SO4) and the mixed solution with presence different concentration of drug. 

The potentiodynamic polarization and Evans technique are studied the C-steel in different 

medium to clarify the effect of media on the corrosion processes, the effect of polarization 

on the orientation of inhibitor molecule and discussed the mechanism of the adsorption 

processes on the polarized metal surface, i.e. the inhibition cathodicaly or anodicaly.  

Keywords: corrosion inhibition; potentiodynamic polarization; Evans technique; mixed 

solution; gliclazide inhibitor. 

 

1. Introduction 

Most organic compounds containing nitrogen (N-heterocyclic), sulfur‚ long carbon chain or 

aromatic and oxygen atoms. Among them‚ organic compounds have many advantages such as: high 
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molecular size, highly soluble in water, availability, cheap‚ low toxicity‚ easy for using and easy 

production [1]. Natural heterocyclic mixes have been utilized for the corrosion inhibitor on the C-steel 

[2], copper [3], aluminum [4], and various metals in various aqueous medium [5]. Adsorption of the drug 

molecules on the metal surface facilitates its inhibition [6]. The investigation of the relations between 

the adsorption and consumption hindrance is of awesome important. Heterocyclic mixes have 

demonstrated more hindrance effectiveness for C-steel in both HCl [7] and H2SO4 arrangements [8]. 

2. Experimental 

2.1. Metal Samples  

Two samples of carbon steel was used in the study that have the chemical composition of the 

metal samples was determined using emission spectrometer, with the aid of ARL quant meter (model 

3100-292 IC) and listed in the Table 1. 

          Table 1: Chemical compositions of carbon steel sample 

Sample C% Mn% V% Fe% Si% 

Low; C 0.26 0.77 0.11 98.51 0.35 

 

 

2.2. Preparation of Metal Sample (Working Electrode)   

The working electrode having the surface area, which, exposed to corrosion media are 

(1.321Cm2) and every rod was weld from one side to a copper wire used for electric connection. The 

sample was embedded in glass of just larger diameter than the sample. Epoxy resin was used to stick the 

sample to glass tube. These also insured that constant cross-sectional area would be exposed to corrosive 

media through the experiments. The exposed area was grinded with different apperceive papers in the 

normal way, initially with course grade and gradually to finer grade, then finally with the finest grade. 

Then the polishing using alumina paste on as mentioned before.  Finally polishing of sample surface to 

be mirror bright, followed by washing with distilled water then with acetone and finally with doubly 

distilled water, just before immersion in the electrolyte cell. 

2.3. Gliclazide Drug as an Inhibitor 

The gliclazide (C15H21N3O3S) inhibitor have molecular mass (323.412 g/mol), (3O) oxygen 

atoms, (3N) nitrogen, (S) sulfur and benzene range.  
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N-(hexahydrocyclopenta[c]pyrrol-2(1H)-ylcarbamoyl)-4-methylbenzenesulfonamide 

 

2.4. Solutions 

 a) All solutions were prepared from analytical grade chemical reagents and used without further 

purification. Different concentration of H2SO4 (0.1, 0.5 and 1N) were prepared and standardized by 

NaOH (where NaOH standardized against KH-phthalate), this concentrations were prepared in different 

concentration of ethanol (10%, 20% and 30%). Then used as corrosion media. 

 b)  A stock solution of gliclazide was prepared by dissolving 0.016 gm gliclazide in one liter [0.5N 

H2SO4 in 10% ethanol-water] to obtain 10-4 M gliclazide solution. This stock solution then diluted by 

[0.5N H2SO4 in 10% ethanol-water] to prepare desired other solution. These solutions were used as 

corrosion medium. 

All solution was prepared from analytical grade chemical reagent, which was used 0.5N of H2SO4 

mixed with 10%ethanol. This mixed solution used corrosive media and add the different of 

concentrations of gliclazide (2 x 10-5, 4 x 10-5, 6 x 10-5, 8 x 10-5 and 10 x 10-5 molar) to the corrosive 

media at different temperatures (15, 25, 35, 45 and 55oC). 

 

2.5. Potentiodynamic Polarization Measurement [9,10] 

Cathodic and anodic polarization technique was used for determination of corrosion rate. The 

electrochemical cell consists of three electrodes: 

(i) Platinum electrode (as an auxiliary electrode). 

(ii) Calomel electrode (as the reference electrode). It was a saturated calomel electrode (SCE) 

prepared from very pure chemicals. The calomel past was shaken with repeated changes of 

saturated KCl before it was introduce in the container over the pure mercury. Over the surface of 

the calomel past, there were always crystals of KCl was presented over the surface of calomel 

past, in order to ensure saturation solution. This electrode was written as follow: 

 

(Hg(l) │ Hg2Cl2(s), KCl(aq)sat,) E= - 241 mV at 25oC. 

S

O

O
NH

N
H

O

N
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(iii) The working electrode is C-steel sample. The electrolytic cell was filled with 100 ml of the 

solution. The samples were immersed in the medium, then the circuit is shorted and the cathodic 

polarization is firstly measured by reverse the current direction the anodic polarization is 

measured. 

2.6. Calculation of Rate of Corrosion 

The anodic and cathodic polarization is measured by using over-potential cell. The corrosion 

current density (Icorr), the corrosion potential (Ecorr) and the corrosion rates (R) are calculated according 

to Tafel extrapolation method [11]. 

It is clear that extrapolating the line representing the Tafel region in either cathodic or anodic 

polarization curve to the corrosion potential will give corrosion current density (Icorr), which can be used 

to calculate the corrosion rate from the equation [12, 13]. 

 

Corrosion rate (mpy) = 0.1288 Icorr (mA/cm2) Eq.wt /d (g/cm3)       

Where, Corrosion rate (mpy) = mils per year, 

Icorr = the corrosion current density, 

d = Specimen density, and, 

Eq.wt = Specimen equivalent weight. 

The corrosion current density (Icorr), corrosion potential (Ecorr) and corrosion rate are recorded in 

Table 7. 

2.7. Applied Evans Technique 

The rate of corrosion can be understood from a graphical superposition of current-potential 

curves. The Evans diagrams give good and suitable interpretation about the electrode-electrolyte 

interface reactions. We can use the following definitions for the items of Evans diagram as follows [14]: 

(i) ∆фe,m and ∆фe,so are anodic and cathodic potentials at equilibrium at the electrode-electrolyte 

interface (at I =the exchange current io) respectively, where ∆фe,x = Ee,x ± │Ec - Ea│i=io ; m= 

metal, so= solution, 

(ii) ∆ф = ∆фcorr = the relative corrosion potential determined from the position of the intersection of 

the two curves (de-electronation and electronation processes) where, I considered as icorr. 

(iii)The anodic- potential difference at equilibrium (a.p.d,e) ∆ф'm = ηm=∆фcorr - ∆фe,m. 

(iv) The cathodic- potential difference at equilibrium (c.p.d,e) ∆ф's   =  ηso =∆фcorr - ∆фe,so. 

(v) The anodic-potential difference (a.p.d) ∆ф'a = (∆фa)x – (∆ф)b ; b =bulk, x = with additive, at 

different concentrations or at different temperatures, and ∆Ia = (i)b – (I)x. 
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(vi) The cathodic-potential difference (c.p.d) ∆ф'c = (∆ф)b – (∆фc)x ; b=bulk, x= with additive, at 

different concentrations or at different temperatures, and ∆Ic = (i)b – (Ic)x. 

These data can be used for kinetic calculations and to know which additive is favorable or which 

is faster to the electrode surface at the same conditions. It can be used for studying the inhibition 

mechanism and aids in the classification the additives. 

 

3. Result and Discussion 

3.1. Potentiodynamic Polarization Technique 

Study the polarization of the deferent medium and with added the various concentration of 

gliclazide as a corrosion inhibitor. 

3.1.1. Dissolution of steel sample in 0.5N H2SO4 at different temperatures 

Results of the anodic and cathodic polarization processes for the two C-steel (LCA) sample in 

0.5N H2SO4 at different temperatures in absence of gliclazide are shown in Figure 2 and Table 2. It 

obvious that the corrosion current density (Icorr) is increased as the temperature increased and the 

corrosion potential (Ecorr) is slightly shafted to more value that is positive. The polarization processes are 

started with potential between of about 530 and 550 which, lays in the first passivity region of theoretical 

iron corrosion diagram (from Pourbaix atlas E-PH diagram Figure 1 ) [15] front of pH = 0.3 (area A). 

It is obvious that refer to steady state potential where the rate of corrosion is equilibrium with thin film 

formation. The positive potential is increased by anodic polarization, i.e. increase the dissolved 

component while that the potential decreased by cathodic polarization, i.e, increase the undissolved 

components. The dissolved component is formed as:    

 Fe    →  Fe2+    +  2e                  

  Fe2+  +  2H2O  → HFeO-
2   + 3H+ 

Where, HFeO-
2 Di-hypo-ferrite, green. 

 In the same time occurs as:  HFeO2
-  +  H+   →  Fe (OH)2 

Where, the undissolved hydrated and the (Fe O) can be considered. So that at anodic polarization in 

presence of H2SO4, the iron is dissolved and formed ferrous sulphate as:   

Fe2+  +  H2SO4(aq)  →  Fe SO4(aq)    +  2H+ 

And the cathodic processes in presence of H2SO4, occurred as:  

i)  2H+  +  2e  →   H2     hydrogen evolution  

ii)  O2(g)  +  4H+
(aq)  +  4e →  2H2O(l)     reduced of oxygen  
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The hydrogen ions adsorbed on the metal surface where an electro chemical reaction takes place 

in presence of O2 as; 

M   +  H3O
+  +  e  →  M─H  + H2O          

Where three steps can be done as; 

a) 2M─H  →  2M  + H2(g)↑        

b) M─H  +  H3O
+  +  e  → M  + H2(g)↑ + H2O                   or 

c) 4M─H+  + dissolved O2+ 4e  →  4M  + 2H2O(l)   

 

 
Figure 1: E-PH diagram of steel corrosion 

 

 

 

 

 

 

 

 

Figure 2: The potentiodynamic polarization curves for the corrosion of C-steel (LCA) in 0.5 N of H2SO4. 

3.1.2. Dissolution of steel samples in 10% ethanol at different temperatures 

Results of the anodic and cathodic polarization processes for the two C-steels samples (LCA) in 

10 % ethanol at different temperatures in absence of gliclazide is shown in Figure 3 and Table 2. It 

obvious that the corrosion current density (Icorr) is increased as the temperature increased and the 
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corrosion potential (Ecorr) is shafted to value that is more positive.  

The polarization processes are started with potential between of about 270 and 430 mV which, 

lays in the second passivity region of theoretical iron corrosion diagram (from Pourbaix atlas E-PH 

diagram Figure 1) front of pH= 6.8 (area C). It is obvious that refer to steady state potential where the 

rate of corrosion is equilibrium with thin film formations. The positive potential is increased by anodic 

polarization, i.e. increase the dissolved component while that the potential decreased by cathodic 

polarization, i.e., increase the undissolved components. The dissolved component is formed during the 

polarization reaction of steel in the presence of 10 % ethanol as: 

   Fe     →   Fe2+   + 2e              anodic reaction           

       2H2O + 2e   →  H2 (g) ↑  + 2OH-    cathodic reaction      

In total process: 

 Fe   +  H2O   →   Fe2+   + 2OH- →  Fe (OH)2 

 In the bulk the ferrous hydroxide dissolved as: 

 2Fe (OH)2    →  2FeOH++   +  2OH- 

And, 2Fe OH++  + 2e  →    2Fe O   + H2↑                             

Where, the undissolved hydrated and the (Fe O) can be considered at area C too.     

 

Table 2: The corrosion potential, corrosion current density and rate of corrosion for (LCA) in 10 % 

ethanol and 0.5N H2SO4 at different temperatures. 

 

Concentration Temp. Ecorr(mV) ICorr(mA/Cm2) Rate  (mpy) 

10% Ethanol 

288K 320 0.06 0.027 

298K 340 0.07 0.033 

308K 370 0.09 0.041 

318K 400 0.10 0.047 

328K 430 0.14 0.065 

0.5 N  H2SO4 

288K 532 1.32 0.60 

298K 534 1.43 0.65 

308K 536 1.55 0.71 

318K 539 1.66 0.76 

328K 544 1.82 0.83 
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Figure 3 : The potentiodynamic polarization curves for the corrosion of C-steel (LCA) in 10% of ethanol. 

 

3.1.3. Dissolution of steel in mixed (0.5N H2SO4 +10%Ethanol) 

Results of the anodic and cathodic polarization processes for the C-steels sample (LCA) in mixed 

solution at different temperatures in absence of gliclazide is shown in Figure 4 and Table 7. It obvious 

that the corrosion current density (Icorr) is increased as the temperature increased and the corrosion 

potential (Ecorr) is shafted to the value that is more positive.  

The polarization processes are started with potential between of about 520 and 530 mV which, 

lays in the second passivity region of theoretical iron corrosion diagram (from Pourbaix atlas E-PH 

diagram Figure 1) front of pH = 4.8 ( area B). It is obvious that it has the same steady state behavior. 

The positive potential is increased by anodic polarization, i.e. increase the dissolved component while 

that the potential decreased by cathodic polarization, i.e, increase the undissolved components. The 

corrosion and passivity processes as discussed before. The results at 25o C from Figure 5 and the 

comparison of Icorr in those three media are listed in Table 3. 

 

Table 3: Comparison between three medium 

Corrosive 

medium 

Current density (Icorr) 

LCA 

10% Ethanol 0.071 

0.5 N H2SO4 2.429 

Mixed  2.161 
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Figure 4 : The potentiodynamic polarization curves for the corrosion of C-steel (LCA) in mixed [10 % 

ethanol and 0.5 N H2SO4] in the nonexistence of varied concentration of gliclazide at various 

temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The comparison between the polarization effects in the three mediums at 25oC (As cast LCA). 

 

These results concluded that: 

(i) the corrosion rate in 0.5N H2SO4 is very high where the major product is the dissolved component 

FeSO4 while the formation of undissolved component FeO is very low and slightly detected, 

where Icorr is rise too (2.429) 

(ii) In the second passivity region (in presence of 10% ethanol), the undissolved component is 

considered where the Icorr is dropped to (0.071). 

(iii) In the presence of mixed medium, the corrosion rate still very high where Icorr is listed (2.161) 

and the undissolved component can be slightly considered. 

 

3.1.3.1. Effect of 10% ethanol on the corrosion of steel in 0.5N H2SO4 at different temperature 

Result of the anodic and cathodic polarization of C-steel in 0.5N H2SO4 with 10 % ethanol at 

different temperatures (15, 25, 35, 45 and 55oC) are shown in Figure 4.  
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a) Ptentiodynamic polarization technique 

In general, as the added 10% ethanol is shifted the potentials to less positive values comparing 

with only 0.5N H2SO4 and both anodic potential Ea and cathodic potential Ec are shifted to less positive 

values. The anodic current (ia) slightly decreased (shifted to less values) while the cathodic (ic) decreased 

and shifted to less values too, Figures 6 at different temperatures. 

Values of corrosion potential (Ecorr), corrosion current density (Icorr) and rate of corrosion in 

(mpy), are given in Table 7. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Effect of add 10% ethanol to 0.5N H2SO4 on anodic and cathodic polarization curves of LCA 

metal at different temperatures. 

 

b) Applied Evans technique 

 Applying the principle of Evans diagrams in presence of 10%ethanol with 0.5N H2SO4, was 

drown in Figures 7 and the Evans diagram parameters was recorded in the Table 4, it is clear that: 

 The relative corrosion potential (∆фcorr) shifted slightly to values that are more positive. The 

relative corrosion current (icorr) increases with temperatures increasing. 

 The potential difference (∆ф'm) is slightly increased with temperature increased and the (∆ф's) 

is increased to high values too. The transference coefficient of cathode (αc) is increased with temperature 

increasing but the transference coefficient of anode (αa) is decreased with increasing of temperatures.  

 The anodic-potential difference | ∆ф'a | is increased by temperature increased and the cathodic- 

potential difference | ∆ф'c | is increased slightly by temperature increased. The differences in anodic 

corrosion current |∆Ia| and cathodic corrosion current |∆Ic| are slightly increased by temperature 

increased. The values of ratio (∆ф'a/∆Ia) are decreased by temperature increased and the ratio of (∆ф'c/∆Ic) 

are increased by temperature increased. 

From the results illustrated in Evans diagrams for the electrode - electrolyte interface in (LCA) it 

is clear that:  
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 The presence of 10 % ethanol under polarization technique shifted the de-electronation potential 

toward more positive values (positive direction), this means that the polarization oriented and collective 

the ethanol molecules to the electron sink site on the electrode  surface and slow down the metal 

dissolution. Moreover, the presence of 10 % ethanol under polarization technique shifted the 

electronation potential of acceptor spices to less positive values (negative directions), this means that the 

collective ethanol molecules are not only adsorbed on the electron sink area, but also the collective 

ethanol molecules covered the electron source area too. It is clear that, it slowing down (more and more) 

both the metal dissolution and the hydrogen evolution. 

 

 

 

 

 

 

 

 

 

 

Figure 7:  Evans diagrams of electronation and de-electronation potentials versus log I for LCA in 

(10A5H) at different temperatures. 

 

Table 4: Relative parameters from Evans diagram of LCA in mixed solutions (10A5H). 
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3.1.3.2. Effect of add different concentration of gliclazide inhibitor 

Result of the anodic and cathodic polarization of C-steel in mixed solution (10A5H) with different 
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concentrations of gliclazide (2, 4, 6, 8 and 10x10-5 M) at 25oC are shown in Figure 8.  

a) Potentiodynamic polarization technique 

It is obvious that the presence of different concentrations are shifted the potentials to less positive 

values and both anodic potential Ea and cathodic potential Ec are shifted to less positive values. The 

anodic current (ia) slightly decreased (shifted to less values) while the cathodic (ic) decreased and shifted 

to less values too shown in Figure 9. 

Values of corrosion potential (Ecorr), corrosion current density (Icorr) and rate of corrosion in 

(mpy), are given in Table 7. 

 

 

 

 

 

 

 

 

Figure 8 : The potentiodynamic polarization curves for the corrosion of C-steel in (10% ethanol and 

5N H2SO4) with existence low and high concentration of gliclazide at various temperatures. 

 

b) Applying Evans technique 

Applying the principle of Evans diagrams in presence of different concentrations from gliclazide, 

which are viewed in Figures 10, and the Evans diagram parameters are listed in Table 5, it is clear that: 

The relative corrosion potential (∆фcorr) shifted slightly to less positive values. The relative 

corrosion current (icorr) decreases with temperatures increasing. 

The potential difference (∆ф'm) is decreased with temperature increased and the potential 

difference (∆ф's ) is increased to high values with increasing of temperatures. The transference coefficient 

of cathode (αc) is increased with temperature increasing but the transference coefficient of anode (αa) is 

decreased with increasing of temperatures.  

The anodic-potential difference | ∆ф'a | is not affect by temperature increased and the cathodic- 

potential difference | ∆ф'c | is increased by temperature increased. The differences in anodic corrosion 

current |∆Ia| are not affects and cathodic corrosion current |∆Ic| are increased by temperature increased. 

The values of ratio (∆ф'a/∆Ia) are decreased by temperature increased and the ratio of (∆ф'c/∆Ic) are 

decreased by temperature increased. 

From the results illustrated in Evans diagrams for the electrode- electrolyte interface in (LCA), it 
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is clear that:  

 In presence concentrations of gliclazide under polarization technique, at low gliclazide 

concentrations the de-electronation potential shifted toward more positive values (positive direction) this 

means that the polarization affected the donor functional groups of gliclazide molecules and oriented 

them to the electron sink area on the electrode surface and slow done the dissolution of metal. The 

moderate size of gliclazide molecules allow to cover somewhat area of electron source, so that the 

electronation potential of acceptor spices to less positive value. It is observed that the shifted of de-

electronation potential is larger than the shift of electronation potential. As the gliclazide concentration 

increased the shift of electronation potential i.e., the gliclazide molecules covered more electron source 

area on the corroded metal surface with increasing gliclazide concentration and the electronation 

potential shift is being larger than the de-electronation potential shift, which indicates slightly formation 

of multilayer that adsorbed on the electrode surface. It is clear that the polarization process affects the 

orientation and adsorption of the inhibitor molecules, so that both the metal dissolution and the hydrogen 

evolution is slowing down more and more.  

 

 

 

 

 

 

 

 

Figure 9: Effect of add different concentration of gliclazideon anodic and cathodic polarization curves 

of LCA metal at constant temperature (25oC). 

 

 

 

 

 

 

 

 

 

 

Figure 10: Evans diagrams of electronation and de-electronation potentials versus log I for LCA with 

different concentration of gliclazide at 25oC. 
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Table 5: Relative parameters from Evans diagram of LCA with different concentration of gliclazide at 

25oC. 
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3.1.3.3. Effect of temperature on corrosion behavior 

Results of the anodic and cathodic polarization processes for the C-steels samples (LCA) in 

various media, The Ecorr, Icorr and the rate of corrosion were increased with temperatures increased at the 

same concentration of gliclazide, which are listed in Table 7 and Figures 11. 

a) Potentiodynamic polarization technique 

This behavior indicating to the corrosion rate of steel stimulates with increasing of temperature 

and increasing of temperatures will be enhance the rate of diffusion of hydrogen ( H+ ) ion to the metal 

surface beside the ionic mobility, thus increasing the conductivity of the electrolyte. Also, at lower 

temperatures, absorbed hydrogen atoms which are blocked on the cathodic areas, otherwise the 

increasing of the solution temperature, hydrogen will be disrobed, from the cathodic area, i.e the 

corrosion rate increased.  

b) Apply Evans technique 

Applying the principle of Evans diagrams in presence of 4x10-5M from gliclazide, which are 

viewed in Figures 12 and the Evans diagram parameters are listed in Table 6, it is clear that: 

 The relative corrosion potential (∆фcorr) shifted slightly to values that are more positive. The 

relative corrosion current (icorr) is increases with temperatures increasing. 

 The potential difference (∆ф'm) is slightly increased with temperature increased and the potential 

difference (∆ф's ) is increased to high values with increasing of temperatures. The transference coefficient 

of cathode (αc) is increased with temperature increasing but the transference coefficient of anode (αa) is 

decreased with increasing of temperatures.  

 The anodic-potential difference | ∆ф'a | is decreased by temperature increased and the cathodic- 
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potential difference | ∆ф'c | is slightly decreased by temperature increased. The differences in anodic 

corrosion current |∆Ia| are not affects and cathodic corrosion current |∆Ic| are slightly decreased by 

temperature increased. The values of ratio (∆ф'a/∆Ia) are decreased by temperature increased and the ratio 

of (∆ф'c/∆Ic) are decreased by temperature increased. 

From the results illustrated in Evans, diagrams for the electrode- electrolyte interface it is clear 

that: 

The effect of temperature on the behavior of gliclazide as inhibitor of steel corrosion, at 4x10-5M 

gliclazide was chosen. It observed that: 

1) At low temperature (15oC), the de-electronation and electronation potential are equal. 

2) By increasing the temperature, the de-electronatin potential shifted to more positive value, 

on the other hand the electronaion potential unaffected.  

This observation clarifies that the adsorption of gliclazide on electron sink area has physical-

chemical adsorption properties on LCA surface. 

From the results illustrated in Evans, diagrams for the electrode- electrolyte interface it is clear 

that: 

The effect of temperature on the behavior of gliclazide as inhibitor of steel corrosion, at 4x10-5M 

gliclazide was chosen. It observed that both electronation and de-electronation potentials are shifted to 

negative and positive direction respectively by increasing the temperature. This behavior clarify that the 

heat treatment divided the electron sink and electron source area to small parts, so that the size of 

gliclazidesufficient to cover more electron source area be side electron sink.    

 

Table 6: Relative parameters from Evans diagram of LCA in presence of 4x10-5M of gliclazide at 

different temperatures. 
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Table 7: The effect of (gliclazide) additions on the Ecorr, Icorr and rate of corrosion for (LCA) in (10A5H) 

at different temperatures 

Conc.[I]x 

105
M 

Temp. 

K 

Ecorr 

(mV) 

Icorr 

(mA/Cm2) 

Rate  

(mpy) 
Θ % IE 

0.00 

288 530 2.122 1.96 ---- ---- 

298 531 2.161 1.99 ---- ---- 

308 532 2.216 2.05 ---- ---- 

318 533 2.318 2.15 ---- ---- 

328 535 2.514 2.33 ---- ---- 

2.00 

288 529 1.25 1.16 0.411 41.1 

298 530 1.294 1.20 0.401 40.1 

308 531 1.351 1.25 0.390 39.0 

318 533 1.423 1.32 0.386 38.6 

328 535 1.535 1.42 0.389 38.9 

4.00 

288 527 1.208 1.12 0.431 43.1 

298 528 1.25 1.16 0.422 42.2 

308 529 1.332 1.23 0.399 39.9 

318 530 1.381 1.28 0.404 40.4 

328 531 1.477 1.37 0.412 41.2 

6.00 

288 525 1.176 1.09 0.446 44.6 

298 526 1.224 1.13 0.434 43.4 

308 527 1.294 1.20 0.416 41.6 

318 528 1.351 1.25 0.417 41.7 

328 529 1.402 1.30 0.442 44.2 

8.00 

288 523 1.146 1.06 0.460 46.0 

298 524 1.199 1.11 0.445 44.5 

308 525 1.259 1.16 0.432 43.2 

318 526 1.313 1.22 0.434 43.4 

328 527 1.361 1.26 0.458 45.8 

10.00 

288 521 1.131 1.05 0.467 46.7 

298 522 1.161 1.07 0.463 46.3 

308 523 1.208 1.12 0.455 45.5 

318 524 1.267 1.17 0.453 45.3 

328 525 1.341 1.24 0.467 46.7 
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Figure 11: Effect of temperatures in presence 4x10-5M of gliclazide on anodic and cathodic polarization 

curves of LCA metal. 

 

 

 

 

 

 

 

 

 

Figure 12: Evans diagrams of electronation and de-electronation potentials versus log I for LCA in 

presence of 4x10-5M of gliclazide at different temperatures. 

 

3.2. Inhibition Efficiency (IE %) 

The gliclazide compound has eight active centers as; 3O, 3N, S atoms and benzene rang all act 

as donor center. Because of the restricted un-plainer structure of gliclazide, not all active group acts in 

the same time. These centers oriented to anodic sites (iron carbide) and adsorbed on it. The gliclazide 

molecule attached with anodic site and covered somewhat of cathodic area, so that the corrosion rate in 

presence of gliclazide is anodic-cathodic control. The inhibition efficiency (IE %) is calculated as 

following [16]. 

IE % = [(Icorr – I'corr)/Icorr] × 100    (1) 

Where; Icorr and Icorr' are the corrosion current density in absence and presence of inhibitor respectively. 

The inhibition efficiency data in Table 7, obvious that this inhibition efficiency for carbon steel sample 

under study increases with increasing gliclazide concentration in the following order:10-4>8x10-5>6x10-

5>4x10-5>2x10-5 M of gliclazide drug 

Plot IE % against logarithm of gliclazide inhibitor concentrations (log [I]), obvious that in cases 

288, 298, 308 and 318oK, the inhibition efficiency (IE %) decreased as the temperature of the medium is 

increased, but the (IE %) in 318oK increased, this behavior indicated that chemisorptions occurs. See 
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Figure 13. The extra part in the curvatures that obtained from polarization technique than S shape 

indicates that there are multilayer proceed from the orientation of functional group under polarization 

where caused second chemical adsorption over the first layer [17]. 

 

Figure 13: The relation between inhibition efficiency and log [I] in [mixed 10% ethanol and 0.5 N H2SO4] 

for (LCA) at various temperatures. 

 

3.2.1. Mechanism of inhibition 

To illustrate the mechanism of inhibition of corrosion on the C – steel surface in acid medium by 

using pharmaceutical drug compound as an inhibitor, it is must be know the nature of metal surface and 

the nature of the component of inhibitor structure. The C – steel is regarded the metal α-phase [18], It is 

obvious that α-phase state consists of grains and grain boundaries in the surface of the metal, Figure 14. 

A cross-section of a piece or specimen of the metal that is a corroding to clarify that there are both anodic 

and cathodic sites in the metal surface structure.  

 

 

Figure 14: Schema models of metalα- phase 

  

The surface of iron is usually, coated with a thin film of iron oxide [11]. However, if this iron 

oxide film develops some cracks, anodic area are created on the surface, while other metal parts act as 

cathodes. It follows that the anodic areas are small surface, while nearly the rest of the surface of the 
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metal large cathodes. 

Electrochemical corrosion involves flow of electric current between the anodic and cathodic areas 

called inter-granular corrosion Figure 15. SEM image is shown the corrosion of C – steel in 0.5 N 

H2SO4in one day immersion that illustrated inter-granular corrosion.  

 

 

Figure 15: SEM image illustrated inter-granular corrosion after immersion the specimen in 0.5N 

H2SO4one day 

 

All previous results prove that the pharmaceutical drug compound under study were actually 

inhibit the corrosion of C – steel in H2SO4 acid solution as a corrosive medium. The corrosion inhibition 

is due to their physical adsorption and formation of protection thin film adsorbed on the metal surface. 

The effect of pharmaceutical drug compound under study as inhibitor may be corresponding to the 

accumulation of the inhibitor molecules on the metal surface, which prevent the direction contact of the 

metal surface with corrosive environment. The surface of the C – steel sample is positively charge in 

aqueous acid solution [19, 20]. The partial negative charge that present in function group (O, S and N) 

and electronic density of benzene ring in pharmaceutical drug molecules under study may be adsorbed 

on the positively charge of the metal surface like electrostatic attraction between the opposite charge, in 

the form of neutral molecules, that involving displacement of water molecules from the metal surface 

and sharing electrons between π bonding electron density and unshared electrons of oxygen and nitrogen 

to the metal surface [21], Figure 16. The inhibition action of the inhibitor can be accounted by the 

interaction between the lone pair of electrons in the O, S and N  atoms with positively charged (anodic 

sites) on the metal surface and the skeleton of  inhibitor compound cover the cathodic sites this action 

form thin layer adsorbed on the metal surface to prevent the corrosion processes. The present of benzene 

ring, which has electrons density of π-bonding that enhancement the adsorption process and gives the 

very good inhibition efficiency. Another away the adsorption can be occurs due to the adsorbed an anion 

on the positive charge on C – steel surface. The SEM image of C-steel that immersion  one day in 
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corrosive medium with the optimization concentration of Gliclazide drug (10 x 10-5M) confirm formation 

thin layer adsorbed on the metal surface and prevent the corrosion processes, Figure 17.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Schema model illustrated the adsorption of gliclazide structure on the C – steel surface. 

 

This meaning, the gliclazide molecule attached with anodic site and covered somewhat of 

cathodic area, so that the corrosion rate in presence of gliclazide is anodic-cathodic control. 

 

 

 
Figure 17: SEM image of C-steel that immersed in the corrosive medium with 10 x10-5M gliclazide drug 

one day. 
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4. Conclusion 
 

 By comparison the results with Pourbaix Atlas E-PH diagram clarify that: 

(i) The dissolved corrosion product in H2SO4 media is Fe SO4. 

(ii) The undissolved corrosion product in H2SO4 media is Fe O.  

(iii)The corrosion processes in ethanol media are set up at (pH= 6.8) i.e. second passivity region. 

 The collective ethanol molecules are not only adsorbed on the electron sink area, but also covered 

the electron source area too. 

 The area of electron source (cathodic area) decreased by heat treatment regime be side increasing 

of electron sink (anodic area).   

 The polarization affected the donor functional groups of glcolazide molecules and oriented them 

to the electron sink area on the electrode surface and slow dawn the dissolution of metal.  

 The moderate size of Glcolazide molecules allow to cover somewhat area of electron source, so 

that both the metal dissolution and the hydrogen evolution. 

 The polarization process affects the orientation and adsorption of the inhibitor molecules.  

 By applied Evans diagram principle Glcolazide classified as anodic – cathodic inhibitor, where it 

adsorbed on anodic sites and covered some of neighbor cathodic sites. 
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