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ABSTRACT 

 

The corrosion inhibition of tin in 1M HCl by Expired E-mox (EMD) and Primperan (EPD) drugs in 

different concentrations; 0-9%(v/v) had studied to evaluate the ability of these expired drugs to inhibit 

the corrosion of tin. The study was done by using weight loss method at different temperatures (20 – 

60°C) and confirmed by energy dispersive X- ray spectroscopy (EDS). The results illustrated that the 

corrosion of Sn in 1M HCl solutions was retarded in the presence of EMD and EPD and the effect of 

EPD was better than EMD at 40, 50 and 60°C. Inhibition was found to increase with increasing expired 

drugs concentration and decreasing temperature. The decreased corrosion rates of tin were due to 

adsorption of expired drugs on the tin surface.  The adsorption process was of physical type and obey 
Temkin’s adsorption isotherm at all temperatures studied. The process of adsorption was exothermic 

and spontaneous. Activation energy (��), enthalpy (∆����
° ), entropy (∆����

° ) and free energy of 

adsorption (∆
���
° ) were calculated and discussed.  Also, adsorption as well as the inhibition process 

followed first-order kinetics at all concentrations and temperatures. Results pointed out that EMD and 

EPD were efficient corrosion inhibitors in 1M HCl solution.  

KEYWORDS: Expired drugs, Tin, Corrosion, Inhibition, Weight loss, EDS. 

 

1. INTRODUCTION 
 

Tin is an ecofriendly metal that is easily recyclable and has numerous useful features, some of 

them being the resistance to corrosion and fatigue, malleability, low melting point and the ability to 

alloy with other metals. The wide spread application of tin induced several authors to make many 

researches to reduce its corrosion. The major method used for reducing corrosion of metals is addition 

of inhibitors to the corrosive media. Some authors examined inorganic inhibitors as chromate and moly 

date which inhibit the active dissolution of tin in maleic and citric acid solutions and promote the 

attainment of passivity. Nitrites also promote the attainment of passivity in maleic acid, while 

accelerates the corrosion of tin in citric acid [1,2]. Addition of increasing concentration of moly date, 

tungstate or nitrites to perchlorate pitting corrosion of tin in Na2CO3 solutions indicates the inhibition 

effect of added inorganic anions[3]. Other authors[4]examined leave extract of Phyllanthusniruri as a 

corrosion inhibitor for tin in different solutions of HCl and H2SO4. The extract showed more 
pronounced inhibition efficiency in hydrochloric acid than in sulphuric acid. Instead, many authors [5-

9]examined the effect of expired drugs as corrosion inhibitors on different electrodes, in order to find 

an alternative for the high cost organic and inorganic inhibitors. A lot of work on this field was done by 

Attia et al. [8-10]on tin electrode, and this paper is a complementary work on two types of expired 

drugs namely E-mox and Primperan. This part study the corrosion inhibition of tin by weight loss 

method in a detailed manner which was confirmed by energy dispersive X- ray spectroscopy (EDS).  

   

2. MATERIALS AND METHODS 

 

2.1. Working electrode:- 

The tin electrode used in this work has the composition illustrated in Table 1 as revealed by the 
emission spectroscopic analysis. 

 

Table 1: Chemical composition of tin electrode 
Element Sn Fe Ti Si 

% 97.50 0.13 0.78 0.40 
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For weight loss measurements, the tin rod was cut into several coupons with cylindrical shape 

of 1.7 cm diameter and 0.25 cm thickness which produced a surface area of 5.875 cm².  

 

 2.2. Solutions and inhibitors:- 
The corrosive 1M HCl solution was prepared by dilution of AR reagent grade 37% concentrated 

acid using bi-distilled water at 25°C. The active ingredients of E-mox and Primperan syrup are amoxicillin 

and metoclopramide respectively; and their molecular structures are represented in Figure (1). The detailed 

physical properties of the two compounds were illustrated in a previous study [10]. 

 

(a)                                                                                  (b) 

 
Figure 1: Molecular structure of (a) amoxicillin and (b) metoclopramide. 

 

2.3. Experimental Methods:-  

2.3.1. Weight loss method:- 

In the weight loss experiments, the cylindrical tin samples were mechanically abraded using a 

series of emery papers from 320 to 2000 grade. The specimens were then rinsed with distilled water, 

degreased in ethanol, rinsed again with distilled water and finally dried before being weighed.  

To check reproducibility of results, triplicate samples were immersed in a glass beaker 

containing 25 mL of the corrosive solution free and containing different concentrations of inhibitors at 

different temperatures (20 – 60°C).The beaker was covered with aluminum foil and inserted into a 

water bath, with thermostat control, maintained at the desired temperature.  

After adjusting the temperature and passing the specified immersion time, the specimens were 

taken out from the test solution, dried in moisture-free desiccator and re-weighed using a sensitive 

analytical balance Model FA 2104A (cap.: 210 g, d.: 0.1mg). In each case, the difference in weight was 
taken as the weight loss. The corrosion rates were calculated according to Equation (1) [8]: 

C�  (∆� � 534�/���                                        (1) 

where C� , is the corrosion rate (mpy);∆� (g), is the difference in the specimen weight before 

andafterimmersioninthetestedsolution;�,isthesurface areaofthetin specimens (cm²);�, istheexposure time 

(h) and �, is the density of tin in g/cm3. The degree of surface coverage (θ� was calculated using 

Equation (2): 

 

θ 
�₀���

�₀
(2) 

where�₀ and �� , are the values of weight losses of tin specimens in uninhibited and inhibited solutions, 

respectively. The inhibition efficiency IE% was calculated according to Equation (3): 
 

IE%  θ � 100                                                            (3) 

 

2.3.2. Spectroscopic analysis of tin surface:- 

After exposer for 2h to 1M HCl in absence and presence of different concentrations (1-

9%(v/v)) of the expired drugs, the identification of the elements present in the surface of specimens 

were examined by energy dispersive X-ray spectroscopy (EDS) at 20°C.  

The elemental composition was determined from several numbers of spectra taken from certain 

areas by means of an EDS spectrometer (Oxford ISIS, Quant Batch Summary listed at RCMB Operator) 

equipped with a super-ultrathin Be window SiLi detector. The spectra were collected in area scan mode 

with 20kV accelerating voltage. Quantification in wt% was performed by software with the ZAF4 
correction method. 
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3. RESULTS AND DISCUSSION 

 

3.1. Weight loss measurements:- 

3.1.1. Effect of immersion time:-  

The variation of weight loss (mg/cm²) of tin immersed in 1M HCl with time in the absence and 
presence of various concentrations of EMD and EPD at 20°C are shown in Figure 2. The Figure 

revealed that the weight loss increased with increasing the period of immersion but in presence of EMD 

and EPDit was lower than that obtained in the free HCl solution.  

 

The linear relations obtained between weight loss and time indicated the absence of insoluble 

surface film during corrosion. In addition, the inhibitors were first adsorbed onto the metal surface and, 

therefore, impede the corrosion process [11]. These results led to the conclusion that EMD and EPD are 

fairly efficient as inhibitors for tin dissolution in 1M HCl solution. The same behavior was observed at 

all temperature range (20 – 60°C).  

 

 
 

Figure 2: Variation of weight loss with time for corrosion of tin in  

(a) 1M HCl, (b)EMD, (c) EPD at 20°C. 

 

3.1.2. Effect of inhibitor concentration:- 

The values of C� and IE% for different concentrations of EMD and EPD after 120 min of 

immersion were listed in Tables2 and 3 respectively. Inspection of these Tables, the data revealed that 

in presence of the two expired drugs, the corrosion rates decreased many folds than in free solution. 

Also, as the concentrations of EMD and EPD increased from 1 to 9%(v/v), the corrosion rates decreased 

(Table 2), while the inhibition efficiency percentage (IE%) increased (Table 3). This behavior was 

observed at all temperatures studied and may be attributed to increasing the surface coverage θ due to 

increasing the number of adsorbed molecules on tin surface with increasing inhibitor concentration. It 

was postulated that the extremely low corrosion rates in presence of inhibitors compared with that in 

free solution were due to the presence of a thin, stable passive film that formed on the metal surface 

[12]. The change of IE% values with concentrations (Table 3) revealed that EMD and EPD were 
concentration-dependent inhibitors. A maximum efficiency was observed at 9% concentration of EMD 

at 20°C, with IE% equal to93.85%. Table 3 also illustrated that EMD showed better inhibition 

efficiency at 20 and 30°C while EPD was better at 40, 50 and 60°C. 
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Table 2: Effect of concentration of EMD and EPD on corrosion rates of Sn at temperature range 

20 – 60°C after 120 min of immersion 
Expired Drug Conc. 

%(v/v) 

#$ (mpy)  

20°C 30°C 40°C 50°C 60°C 

Blank 0 1.22E-01 1.83E-01 2.38E-01 2.98E-01 3.80E-01 

EMD 1 1.11E-02 2.06E-02 3.28E-02 5.01E-02 9.11E-02 

3 9.88E-03 1.84E-02 2.99E-02 4.40E-02 8.73E-02 

5 8.98E-03 1.55E-02 2.80E-02 4.10E-02 8.44E-02 

7 7.78E-03 1.49E-02 2.43E-02 3.64E-02 7.86E-02 

9 7.49E-03 1.38E-02 2.05E-02 3.34E-02 6.11E-02 

EPD 1 1.74E-02 1.80E-02 2.30E-02 2.98E-02 4.48E-02 

3 1.55E-02 1.62E-02 1.99E-02 2.49E-02 4.10E-02 

5 1.55E-02 1.55E-02 1.80E-02 2.42E-02 3.30E-02 

7 1.37E-02 1.24E-02 1.55E-02 2.30E-02 3.23E-02 

9 1.06E-02 1.18E-02 1.43E-02 2.24E-02 2.61E-02 

 

Table 3: Effect of concentration of EMD and EPD on inhibition efficiency at temperature range 

20 – 60°C after 120 min of immersion 
Expired 

Drug 

Conc. 

%(v/v) 

IE%  

20°C 30°C 40°C 50°C 60°C 

EMD 1 90.91 88.75 86.20 83.20 76.00 

3 91.89 90.00 87.45 85.24 77.01 

5 92.62 91.56 88.23 86.26 77.77 

7 93.61 91.87 89.80 87.79 79.30 

9 93.85 92.50 91.36 88.81 83.91 

EPD 1 85.70 90.17 90.33 90.00 88.21 

3 87.23 91.19 91.63 91.67 89.19 

5 87.23 91.53 92.42 91.88 91.32 

7 88.76 93.22 93.46 92.29 91.49 

9 91.32 93.56 93.99 92.50 93.12 

 

3.1.3. Effect of temperature:-  

The data in Table 2indicated that the corrosion rates of tin in absence and presence of EMD 

and EPD increased with rise in temperature. This is because an increase in temperature usually 

accelerates corrosion processes, particularly in acid media in which H2 gas evolution accompanies 

corrosion, giving rise to higher dissolution rates of the metal [13]. However, corrosion rates went up 
more rapidly in the absence of inhibitors. These results confirmed that the tested expired drugs acted as 

effective inhibitors in the studied temperature range. 

It was also noted that the inhibition efficiency depended on the temperature where the values 

of IE% of the EMD decreased with increasing temperature and the highest inhibition efficiency were 

recorded at 20°Cfor all concentrations (Table 3). Decreasing IE% with increasing temperature 

suggested a physical adsorption of expired drugs on the corroding tin surface [8]. 

The effect of temperature was different in presence of EPD where IE% increased with 

increasing temperature from 20 to 40°Cand decrease again at 50 and 60°C for all concentrations. The 

behavior of increasing IE% with increasing temperature indicated the chemical adsorption mode where 

the maximum efficiency is 94% at 40°C for the concentration 9%.At higher temperatures, the 

chemisorbed EPD ions could be expected to be desorbed by the retardation action of heat and the 
process changes to physical adsorption. 
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3.1.4. Kinetic and thermodynamic corrosion parameters:- 

The apparent activation energy ��
∗ for the corrosion of tin in 1M HCl solution in absence and 

presence of EMD and EPD were calculated from Arrhenius Equation [8]: 

log C�  � − (��
∗ 2.303⁄ -.�                             (4) 

where� is the extrapolation factor, - is the universal gas constant and . is the absolute temperature. A 

plot of log C� /0. 1/. gives straight lines with slope ��
∗ 2.303⁄ - and the intercept is the constant �. 

Figure 3 represents Arrhenius plots for tin in 1M HCl solution in absence and presence of EMD and 

EPD. The values of Arrhenius parameters are given in Table 4. 

The increase of the activation energies in the presence of EMD can be ascribed to significant 

increase in the adsorption of the EMD molecules on the tin surface with increasing temperature.  

On the other hand the decrease of the activation energies in the presence of EPD might be 

attributed to an appreciable decrease in the adsorption process with increasing temperature. 

 

 
 

Figure 3: Arrhenius plots for tin corrosion in 1M HCl in absence and presence of different 

concentrations of (a) EMD and (b) EPD. 

 

An alternative formation of Arrhenius equation is the Eyring transition state Equation [9].   

 log C� .   log(- 1ℎ⁄ � + (∆�∗ 2.303-⁄ � − (∆�∗ 2.303-.⁄ �⁄ (5) 
 

whereℎ is the Planck’s constant, 1 is Avogadros number, ∆�∗ is the entropy change of activation and 

∆�∗ is the enthalpy change of activation.  

 

The activation thermodynamic parameters 4�∗ and 4�∗ were obtained from the Eyring 

equation by plotting log C�/. against 1/. for tin in 1M HCl solutions in absence and presence of EMD 

and EPD as represented in Figure 4. The relation gave straight lines with slopes equaled to 
(−∆�∗ 2.303-⁄ � and the intercepts werelog(- 1ℎ⁄ � + (∆�∗ 2.303-⁄ �. The obtained values of ∆�∗ and 

∆�∗ were given in Table 4.  

Inspection of the results obtained from Table 4 it was revealed that the positive values of ∆�∗ 

in absence and presence of different concentrations of EMD and EPD reflected the endothermic nature 

of the dissolution process which meant that dissolution of tin was difficult. The activation enthalpy 

∆�∗of tin in EMD solutions were higher than in free acid solution, while ∆�∗ in EPD solutions were 

lower than that in free acid solution. This indicated that addition of the inhibitors under test to the acid 

solutions increased the height of the energy barrier of the corrosion reaction to an extent depended on 

the type and concentration of the expired drugs under test [14].  

The negative values of ∆�∗ in the absence and presence of the inhibitors implied that the 

activated complex is the rate determining step, and represented association rather than dissociation. It 

also revealed that an increase in the order took place in going from reactants to the activated complex. 

The obtained results suggested that such types of inhibitors gave a good inhibition at ordinary 

temperature with considerable loss in inhibition efficiency at higher temperatures. 
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Figure 4: Transition state plots for tin corrosion in 1M HCl in absence and presence of different 

concentrations of (a) EMD and (b) EPD. 

 

Table 4: Arrhenius and thermodynamic parameters of tin in absence and presence of different 

concentrations of EMD and EPD 
  Arrheniusparameters Thermodynamic parameters 

Expired 

Drug 

Conc. 

%(v/v) 

56
∗  

kJ/mol 

A R² ∆7∗ 

kJ/mol 

∆8∗ 

J/mol.K 

R² 

Blank 0 22.49 3.12 0.9909 19.90 -193.98 0.9880 

EMD 1 41.41 5.43 0.9954 38.82 -149.66 0.9948 

3 42.43 5.56 0.9911 41.59 -147.24 0.9900 

5 44.17 5.81 0.9905 41.59 -142.34 0.9895 

7 40.76 5.86 0.9869 38.17 -154.57 0.9854 

9 41.22 5.22 0.9932 38.63 -153.73 0.9924 

EPD 1 19.20 1.61 0.9103 16.61 -172.26 0.8852 

3 18.99 1.52 0.8706 16.39 -175.72 0.8355 

5 15.59 0.91 0.8733 12.99 -159.01 0.8295 

7 18.66 1.38 0.8312 16.07 -167.89 0.7868 

9 19.75 1.51 0.9422 17.16 -170.33 0.9257 

 

3.1.5. Adsorption isotherm and thermodynamic adsorption parameters:- 

The dependence of the surface coverage (θ) on log 9 was best fitting Temkinadsorption 

isotherm (Figure 5). This model could be represented by Equation (6) [8]. 

:;<(�=�>�  ?@AB9                                                              (6� 

where?@AB is the adsorption equilibrium constant and 9 is the concentration of the adsorbed expired 

drugs.Values of the parameter (D) describe the molecular interaction in the adsorbed layer and the 

heterogeneity of the metal surface. Rearranging and taking logarithm of both sides of Equation (6), 

Equation (7) is obtained. 

 

E   
−2.303 log ?@AB

2D
−  

2.303 log 9
2D

                             (7� 

Temkin adsorption isotherm was represented graphically by a linear relation between (E� and 

log 9and was illustrated in Figure 5. Temkin adsorption parameters were recorded in Table 5.  

Table 5 indicated that EMD and EPD obeyed the Temkin model in variable degrees of 

agreement. This was represented by the different values of calculated R². Table 5 also illustrated that 

?@AB decreased with increasing temperature indicating physical adsorption mechanism. 
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Figure 5:  Temkin adsorption isotherm for (a) EMD and (b) EPD on tin surface at  

different temperatures. 

 

Table 5: Temkin adsorption parameters of tin in 1M HCl in presence of EMD and EPD at 

different temperatures 
Expired 

Drug 

Temp.   

°C 

6 GHIJ R² 

mol-1 

EMD 20 -36 2.36E+30 0.9484 

30 -29 5.45E+23 0.9659 

40 -23 6.67E+18 0.8539 

50 -20 1.19E+16 0.9561 

60 -17 8.66E+12 0.6345 

EPD 20 -24 6.22E+35 0.7426 

30 -32 9.31E+26 0.8533 

40 -30 7.28E+24 0.9556 

50 -44 1.19E+20 0.9703 

60 -23 1.23E+19 0.8886 

 

The equilibrium adsorption constant, ?@AB is related to the standard Gibb’s free energy of adsorption 

(∆
@AB
° ) by the following Equation [8]: 

?@AB   (1 55.5⁄ � exp −O∆
@AB
° -.⁄ P                                    (8) 

Where the value of 55.5 is the molar concentration of water in the solution in (mol/L). 

The standard adsorption enthalpy (∆H@AB
° ) could be calculated on the basis of the following 

Van’t Hoff Equation [8]: 

ln ?@AB   − 
∆STUV

°

WX
+ Y(9) 

whereY is the integration constant.  

To calculate the enthalpy of adsorption, ln ?@AB was plotted against 1 .⁄  (Figure 6) and straight 

lines were obtained with slopes equal to∆H@AB
° -⁄ .  

 With the obtained both parameters of ∆G@AB
° and ∆H@AB

° , the standard adsorption entropy (∆S@AB
° ) 

can be calculated using Equation (10) [8]. All the standard thermodynamic adsorption parameters are 

listed in Table 6. 

∆S@AB
° 

∆STUV
° � ∆\TUV

°

]
                                     (10) 

Table (6) demonstrated that the negative values of ∆G@AB
° signified a spontaneous adsorption of 

the inhibitor molecules and stability of the adsorption layer.  

In case of EMD and EPD, ∆G@AB
° became less negative with the increase in temperature, which 

indicates exothermic process[15]. According to Priya et al. classification [16], and returning to Table 3, 

the physical adsorption is accepted for EMD as the most probable type of adsorption, although ∆G@AB
°  
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values were more negative than -40 kJ/mol.For EPD,∆G@AB
°  values indicated that the process was of 

chemical type. The negative values of ∆H@AB
° and ∆S@AB

° for EMD and EPD reflected the exothermic 

nature of the adsorption process of the inhibitor molecules on the tin surface[8]. 

 

 
Figure 6: Van’t Hoff’s plot of tin in EMD and EPD. 

 
Table 6: Thermodynamic adsorption parameters of tin in 1M HCl in presence of EMD and EPD 

at different temperatures 
Expired 

Drug 

Temp.  

°C 

∆^HIJ
_   kJ/mol ∆`HIJ

_   J/mol.K ∆aHIJ
_   kJ/mol 

EMD 20 -180 -2.11 -799 

30 -147 -2.15 

40 -123 -2.16 

50 -110 -2.13 

60 -93 -2.12 

EPD 20 -232 -2.44 -947 

30 -166 -2.58 

40 -159 -2.52 

50 -122 -2.55 

60 -132 -2.45 

 

3.1.6. Chemical kinetics of corrosion inhibition:-  

If the concentration of the corroding metallic material is estimated in terms of weight loss per 

volume (g/L) of the corrodent, then the kinetics of the system may be proposed. Following the work of 

Sharma and Sharma [17] it was assumed that a (g/L) is the initial concentration of the tin; and after time 

t, x (g/L) of tin had decomposed into corrosion products. Therefore, the remaining concentration of tin 

at time t equaled to (a–x) g/L. 

The kinetics of the system was proposed by converting the weight loss (mg/cm²) to 

concentration (g/L) of the corrodent tin, and later converted to molar concentrations via mass of metal-

molar mass of tin relation. Thus, the kinetic parameters of the system; (D) and (D – ;) were distinct in 

(mol/L) instead of (g/L) using the following rate Equation: 

 

− logbcorrodentg   Ki� 2.303⁄                                  (11� 

whereKi is the first order rate constant and � is the time in minutes. Also, the half- life of a first order 

reaction is related to the rate constant according to Equation 12[18]: 
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In equation (11),  logbcorrodentg or log [Sn] represented the remaining concentration of tin which 

equaled to log (a−x). If a plot of log [Sn] against t gives a straight line graph, then the reaction can be 

said to be a first order reaction. The shape of the graphs in Figure7 showed that, at 20°C, the systems 

under consideration followed a first order kinetics. Calculated values of rate constants and half-lives at 
temperature range 20– 60°C for tin electrode in free 1M HCl and in presence of different concentrations 

of EMD and EPD were tabulated in Tables7 and 8 respectively. The results revealed that for free 1M 

HCl,(Table 7) the first order corrosion rate constants (?i) increased while the half-lives of corrosion 

rates (�j.k) decreased with increasing temperature. This indicated increasing of tin corrosion with 

temperature rising in free 1M HCl solution. 

As a general trend for EMD and EPD(Table 8) the rate constant decreased and the half-lives 

increased with increasing concentration at each specified temperature. In some cases, the tin electrode 

had similar rate constant values for different concentrations. On the other hand, concerning the effect of 

temperature at each specified concentration, the reverse behavior was observed in which Ki increased 

and �j.k decreased with increasing temperature. 

 

Figure 7: Chemical kinetic plots for the corrosion of Sn in (a) free 1M HCl, (b) EMD and  

(c) EPD at 20°C. 
 

Table 7:  Chemical kinetic parameters for corrosion of tin in fee 1M HCl at  

different temperatures 
Temp. 

°C 

K 

min-1 

mn.o  

h 

R² 

20 2.3E-05 5.0E+02 0.9724 

30 4.6E-05 2.5E+02 0.9933 

40 4.6E-05 2.5E+02 0.9992 

50 6.9E-05 1.7E+02 0.9983 

60 9.2E-05 1.3E+02 0.9871 

 
Table 8:  Chemical kinetic parameters for corrosion of tin in 1M HCl in presence of different 

concentrations of EMD and EPD at different temperatures 
  EMD EPD 

Temp. 

°C 

Conc. 

%(v/v) 

K 

min-1 

mn.o  

h 

R² K 

min-1 

mn.o  

h 

R² 

20 1 2.3E-06 5.0E+03 0.9812 4.6E-06 2.5E+03 0.9641 

3 2.1E-06 5.6E+03 0.9718 4.6E-06 2.5E+03 0.9867 

5 2.1E-06 5.6E+03 0.9736 4.6E-06 2.5E+03 0.9680 

7 1.6E-06 7.2E+03 0.9562 2.3E-06 5.0E+03 0.8835 

9 1.6E-06 7.2E+03 0.9493 2.3E-06 5.0E+03 0.8974 

30 1 4.6E-06 2.5E+03 0.9871 4.6E-06 2.5E+03 0.9441 

3 4.6E-06 2.5E+03 0.9726 4.6E-06 2.5E+03 0.9499 

5 2.3E-06 5.0E+03 0.9525 4.6E-06 2.5E+03 0.9582 

7 2.3E-06 5.0E+03 0.9163 2.3E-06 5.0E+03 0.9770 

9 2.3E-06 5.0E+03 0.9216 2.3E-06 5.0E+03 0.9746 

40 1 6.9E-06 1. 7E+03 0.9735 4.6E-06 2.5E+03 0.9869 

3 6.9E-06 1. 7E+03 0.9826 4.6E-06 2.5E+03 0.9895 

5 6.9E-06 1. 7E+03 0.9903 4.6E-06 2.5E+03 0.9849 
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7 4.6E-06 2.5E+03 0.9882 4.6E-06 2.5E+03 0.9899 

9 4.6E-06 2.5E+03 0.9654 2.3E-06 5.0E+03 0.9866 

50 1 9.2E-06 1.3E+03 0.9488 6.9E-06 1.7E+03 0.9297 

3 9.2E-06 1.3E+03 0.9833 4.6E-06 2.5E+03 0.9582 

5 9.2E-06 1.3E+03 0.9831 4.6E-06 2.5E+03 0.9557 

7 6.9E-06 1.7E+03 0.9778 4.6E-06 2.5E+03 0.9641 

9 6.9E-06 1.7E+03 0.9717 4.6E-06 2.5E+03 0.9606 

60 1 1.8E-05 6.3E+02 0.9492 1.1E-05 1.0E+03 0.9566 

3 1.6E-05 7.2E+02 0.9721 9.2E-06 1.3E+03 0.9421 

5 1.6E-05 7.2E+02 0.9574 6.9E-06 1.7E+03 0.9538 

7 1.4E-05 8.4E+02 0.9247 9.2E-06 1.3E+03 0.9561 

9 1.4E-05 8.4E+02 0.9610 6.9E-06 1.7E+03 0.9856 

 

3.2. Energy-dispersive X-ray spectroscopy (EDS):- 

Figure 8 showed the EDS analysis of tin samples before treatment with HCl solution. After 2h 
exposure to 1M HCl free from expired drugs at 20°C, the tin surface became rough and porous due to 

many corrosion products [8](Figure 9). It was seen from the Figures that abraded tin contained only the 

elements of rod composition. Very low amount of oxygen was detected on the Sn surface in free HCl 

solution; this excluded the possibility of formation of any oxide layer on the Sn surface.  

The EDS spectra of inhibited surface by 9% of EMD(Figure 10) and EPD(Figure 11) at 20°C 

clearly showed different peaks of the elements contained in the surface. Table 9 illustrated the amount 

of elements detected by EDS analysis on the tin surface before and after addition of 9% of EMD and 

EPD to 1M HCl solution at 20°C.   

 

 
 

Figure 8: EDS analysis of abraded tin electrode. 

 

 
Figure 9: EDS analysis of tin in free 1M HCl. 
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Figure 10: EDS analysis of tin in 9% EMD. 

 

 
Figure 11: EDS analysis of tin in 9% EPD. 
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Table 9: Elemental analysis of tin electrode in absence and presence of 9% of EMD and EPD 
Conc.%(v/v) Sn O Cl Si N Fe S 

Abraded Sn 92.875 - - 2.855 - 4.265 - 

Free 1M HCl 90.703 5.433 3.510 0.357 - - - 

9% EMD 88.533 5.483 0.233 0.903 4.833 0.003 0.020 

9% EPD 86.153 7.897 0.750 1.380 3.817 0.020 - 

 

It is seen from Table 9 that, in addition to tin, O, Cl, Si, N and Fe were also found in different 

weight percentage in the EDS analysis of tin in EMD and EPD. The presence of Fe and Si was due to 

their involving in the electrode composition. The appearance of O and Cl signals were due to the 
presence of these elements in the immersing solutions. 

 

The EDS spectrogram of EMD (Figure 10) and the elemental analysis data in Table 9 showed that 

the surface had higher content of N and O compared with other elements (other than Sn), but had lower 

content of S. This was due to presence of three nitrogen atoms, five oxygen atoms compared with one sulfur 

atom in amoxicillin, the active ingredient of E-mox syrup. The data showed that Sn, O, N and S atoms 

covered the specimen surface. This layer was entirely owing to the adsorbed EMD, because the S and N 

signals were absent on the specimen surface exposed to uninhibited HCl. On the other hand, for EPD, the Sn, 

O and N atoms covered the specimen surface, while S disappeared because it did not included in the chemical 

composition of expired drug. This layer was entirely owing to the presence of inhibitor.  

 

3.3. Adsorption Mechanism  
A corroding tin specimen under test carries a negative surface charge in hydrochloric acid 

solution. Since the inhibitors are polar molecules, physisorpotion could occur with the negatively 

charged tin surface. On the other hand, the ability of Cl�ions in hydrochloric acid solution to pick up the 

cations appear in the solution and facilitate the physical adsorption of these cations on the negatively 

charged surface by electrostatic interaction. 

 

4. Conclusion 

1. The corrosion of Sn in 1M HCl solutions was retarded in the presence of EPD and EMD and the 

effect of EPD was better than that of EMD at 40, 50 and 60°C.  

2. The inhibition efficiency increased with increasing inhibitor concentration but decreased with 
increasing temperature which facilitates physical adsorption mechanism.   

3. The adsorption of EPD and EMD followed the Temkin’s adsorption isotherm and the process 

of adsorption was exothermic and spontaneous.   

4. Adsorption as well as the inhibition process followed first-order kinetics at all concentrations 

and temperatures. 
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