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1. Introduction 

Alkaline solutions are used to control pH in aqueous solutions and is effective in breaking down organic matters. 

In water-based mud or drilling fluids, it increases and maintains alkalinity and pH levels [1]. The exposure of 

various metals to different aggressive environments like alkaline solutions by human activities created an avenue 

for metals to undergo different types of corrosion mechanisms. Mitigation of this corrosion is of the greatest 

challenges facing the world at present. This is because the impact of corrosion has created a huge loss in the 

economy of all countries as a whole, industries and even in our different homes [1-3]. 

Aluminum as a metal is important due to its properties of lightweight, strength, recyclability, corrosion resistance, 

durability, ductility, formability, and conductivity. These qualities earned Aluminum a wide range of applications 

in almost all the industries. Aluminum is resistant to corrosion as a result of the formation of the thin oxide film 

which prevents it from oxidation on exposure to the atmosphere [3]. However, it is possible for Aluminum to 

corrode if this protective film is destroyed or tampered with [4]. The pickling of Aluminum in caustic alkalis for 

degreasing before anodizing to give an attractive finish is common practice [3-6]. Alkalis destroy the protective 

aluminum film very fast because OH- ions are positively adsorbed [7], hence dissolution of aluminum is very 

high.   

Nowadays, the development of modern society and industry has led to stronger demand for nontoxic, natural and 

environmental friendly inhibitors are required to mitigate the corrosion of aluminum in alkaline/acid media [8-

14]. However, in this study, Dialium guineense leaves extracts with English name velvet tamarind was used to 

retard the corrosion inhibition of aluminum in alkaline solutions using weight loss and electrochemical method. 

The effect of temperature on the corrosion rate of aluminum with and without inhibitor was examined, adsorption 

and thermodynamic parameters were calculated and discussed in detail.   
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2. Material and Methods 
2.1. Material preparation 

Test were carried on Aluminum sheets with weight percentage composition as follows: Si (0.25%), Fe (0.02%), 

Zn (0.05%), Mn (0.04%) Mg (0.03%), V (0.04%), Ti (0.02%), Cu (0.03%), Cr (0.02%), and the balance Al. Each 

sheet, which was 0.16cm in thickness was mechanically pressed-cut into coupons of 5 x 4cm. These were used as 

a source without further polishing but were however degreased in absolute ethanol, dried in acetone and stored in 

a moisture-free desiccator prior to use. All chemicals and reagents used were analytical grades. The blank 

corrodents were respectively 3 M KOH and 3 M NaOH solutions. Stock solutions of the plant extract were 

prepared by boiling weighed amounts of the dried and ground leaves of Dialium guineense for 3 hours in 3 M 

KOH and 3 M NaOH solutions, respectively. The resulting solutions were cooled, then filtered and stored. From 

the respective stock solutions, inhibitor test solutions were prepared in the concentration range 0.2 – 1.0g/l.   

2.2. Weight loss measurement 

The Al sheets were abraded with different emery papers (grade 200, and 400), washed with double distilled water, 

rinsed with ethanol and acetone, and then dried at room temperature. After weighing accurately, the specimens 

were immersed in beakers containing 250 ml of 3 M KOH and 3 M NaOH solutions respectively with different 

concentrations of the tested inhibitors for 1, 2, 4, 6 and 8hr at 303 – 343K. After each immersion time, the 

specimens were taken out, washed, dried, and weighed accurately. In order to obtain good reproducibility, 

experiments were carried out in triplicate. The corrosion rate (Cr), surface coverage and inhibition efficiency (%) 

were calculated from the following Eqs. (1)–(3) [15–17]: 

𝐶𝑟    =
𝑊0 −𝑊1

𝑆𝑇
                                                                                                                                                                                           (1) 

 

 =  
𝑊0 − 𝑊1

𝑊0
                                                                                                                                                           (2) 

 

% =
𝑊0−𝑊1

𝑊0
 × 100                                                                                                                                               (3) 

 
 

Where Wo and W1 are the weight loss values in absence and presence of inhibitor, respectively, S is the total area 

per cm2 and T is the immersion time in hr. 

2.3. Potentiodynamic polarization measurements 

Potentiodynamic polarization measurements were conducted using a Volta Lab-PGZ-301 (France). A 

conventional cylindrical glass cell of 250 mL with three electrodes was used. A platinum sheet of 2 cm2 area and 

saturated calomel electrode (SCE) were used as auxiliary and reference electrodes, respectively. The working 

electrode was cut in the form of a disc (from the used Al) with an area of 0.8 cm2 was embedded with epoxy 

except for the working surface. Potentiodynamic polarization curves were obtained by varying the potential 

automatically from -200 to +200 mV against the open circuit potential (OCP) with the scan rate of 2 mV s-1. The 

inhibition efficiency (%) was calculated using Eq. (4) as follows [18, 19]; 
 

% =
𝑖𝑐𝑜𝑟𝑟(𝑢𝑛𝑖𝑛ℎ)−𝑖𝑐𝑜𝑟𝑟(𝑖𝑛ℎ)

𝑖𝑐𝑜𝑟𝑟(𝑖𝑛ℎ)
 × 100                                                                                                                      (4) 

 

where icorr(uninh) and icorr(inh) are the corrosion current density values without and with inhibitors. 

 

2.4. Electrochemical impedance spectroscopy measurements (EIS) 

The electrochemical experiment was conducted in a three-electrode corrosion cell (as shown in Figure1)  using a 

VERSASTAT 300 complete dc voltammetry and corrosion system with V3 studio software for electrochemical 

impedance spectroscopy and Potentiodynamic/Galvanstat corrosion system with E-chem software for 

Potentiodynamic polarization experiments. A graphite rod was used as a counter electrode and a saturated calomel 
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electrode (SCE) was used as reference electrode. The latter was connected via a plugging capillary. Impedance 

measurement was performed in aerated and unstirred solutions at the end of 1800 sat 30 ± 1°C. Impedance 

measurements were made at corrosion potentials (Ecorr) over a frequency range of 100KHz - 0.1Hz with a signal 

amplitude perturbation of 5 mV [19].  An electrical equivalent circuit for the system is shown in Figure 1. 
 

 
Figure 1:  Equivalent circuit for impedance measurements 

3. Results and discussion 

3.1 Weight loss measurements, Corrosion rate and Inhibition efficiency 

The values of the corrosion rate and inhibition efficiencies in absence and presence of different concentrations of 

the inhibitor (0.2, 0.4, 0.6, 0.8 and 1.0g/L) were obtained from weight loss measurements using Eqs. (1) – (3) at 

303, 323 and 343K respectively and were listed in Table 1.  Figures 2(a) and (b) indicate the weight loss versus 

time for the corrosion behavior of Al in 3 M KOH and 3 M NaOH solution containing D. guineense within the 

concentration range of 0.2 –1.0 g/L. The plot reveals that weight loss increases as the time of immersion, with the 

maximum of 8hrs at 303K. The result obtained showed that the inhibitor retarded the dissolution of Aluminum in 

3 M KOH and 3 M NaOH solutions at all concentrations used, this agrees with the literature [20].   Furthermore, 

the results in Table 1 shows that the extracts work as good corrosion inhibitor for Aluminum in 3 M KOH and 3 

M NaOH solutions since the corrosion rate was suppressed in the presence of the extract than in the absence. The 

Table also, indicates that the corrosion rate decreases as the concentration increases, but increases with the 

temperature up to 343K for the concentrations studied. Inhibition efficiency increases as the inhibitor 

concentration increases with the highest percentage at 80% for 3 M KOH compared to 75% for 3 M NaOH at 

same 303K and 1.0 g/L. Again, the Inhibition efficiency decreases as the temperature increases suggesting that 

the inhibitors were physically adsorbed on the surface of the metal, this is similar to other reports by [21]. 

Table1: Corrosion rate and Inhibition efficiency of D. guineense extract on Al corrosion in 3 M KOH and 3 M NaOH at 

different temperatures. 

Conc                              3 M KOH                                    3 M NaOH 

   CR  (g cm-² h-1) %    CR  (g cm-² h-1) % 

303K 323K 343K 303K 323K 343K 303K 323K 343K 303K 323K 343K 

0.0g/l 76 80 138    43 54 109    

0.2g/l 47 52 92 33 29 25 25 34 72 47 41 35 

0.4g/l 40 46 86 40 37 40 19 26 64 51 49 40 

0.6g/l 28 32 62 60 56 47 16 24 63 63 55 48 

0.8g/l 26 30 60 67 62 50 15 22 61 73 59 56 

1.0g/l 26 29 55 80 65 60 14 21 57 75 69 61 
 

3.2 Adsorption isotherms and thermodynamics properties 

It is a known fact that adsorption isotherms can be used to explain the interaction between the metal surface and 

the inhibitor. The degree of surface coverage, , was computed for the different concentrations of the extracts 

from weight loss measurements as follows: % =  x100, assuming a direct relationship between surface coverage 

and inhibition efficiency. The surface coverage values obtained were applied to various adsorption isotherm 

models and correlation coefficient (R2) proved useful in determining the best isotherm fit Table 2.  Temkin and 

Langmuir adsorption isotherms showed the best fit as shown in Figure 3 (a & b) respectively, and formulated as 

exp(−2𝑎𝜃) = 𝐾𝐶                                                                                                                                                                  (5𝑎) 

s

CPE

Rct

L

R

RL
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Where  is the surface coverage, C is the inhibitor concentration, ‘a’ is the molecule interaction parameter 

determined from the slope of the plot in Fig 3 and K is the equilibrium constant of the adsorption-desorption 

process which indicates the binding power of the inhibitors to the Al surface. 

 
(a) 

 
 (b) 

Figure 2: Plot of weight loss against time for Al in (a) 3 M KOH and (b) 3 M NaOH in the absence and presence of leaves 

extract of D. guineense. 

The molecular interaction parameter can have either positive or negative values. The positive values show 

attractive forces between adsorbed molecules whereas negative values show repulsive forces between the 

adsorbed molecules [22]. The values of ‘a’ are all positive and it indicates that attraction exists in the adsorption 

layer. It also reveals that the attraction between molecules brings about an increase in the adsorption behavior and 

surface coverage [22]. Table 2 showed that Temkin adsorption isotherm performed better in 3 M KOH from the 

R² values while Langmuir adsorption isotherm also performed best with R² of 0.9999 at 303K  in 3 M NaOH. The 

values of free energy of adsorption indicate that the inhibitors function by physically adsorbed on the metal 

surface. The values of free energy of adsorption up to -20 KJ/mol are consistent with electrostatic interaction 

between charged molecules and a charged metal (which indicates physical adsorption) while those more negative 
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than -40 KJ/mol involves charge sharing or transfer from the inhibitor molecules to the metal surface to form a 

coordinate type of bond (which indicates chemisorption). The values of free energy of adsorption obtained in this 

studied were dominated by physical adsorption of the extract on the surface of the metal at all temperatures [19]. 

 

(a) 

 

(b) 

Figure 3:  (a) Temkin adsorption isotherm plot for Aluminum in 3 M KOH and (b) Langumir adsorption isotherm plot for 

Aluminum in 3 M NaOH with D. guineense extracts at different temperatures. 

Thermodynamic model is very useful in explaining the adsorption phenomenon of inhibitor molecule. The 

enthalpy of adsorption could be calculated according to the Van’t Hoff equation [21]. 

𝑙𝑛𝐾𝑎𝑑𝑠 =
−∆𝐻°𝑎𝑑𝑠

𝑅𝑇
+ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡                                                                                                                                     (5) 

 

where H°ads and Kads are the enthalpies of adsorption and adsorptive equilibrium constant, respectively. The 

enthalpy of adsorption (H) can be approximately regarded as the standard enthalpy of adsorption H°ads under 

the experimental conditions [13], [21] and the values obtained were all negative for both 3 M KOH and 3 M 

NaOH respectively. The standard adsorption free energy G°ads listed in Table 2 were obtained using the 

relationship [3]: 

𝑙𝑜𝑔𝐾𝑎𝑑𝑠 = −𝑙𝑜𝑔𝐶𝐻2𝑂 
−

∆𝐺°𝑎𝑑𝑠

2.303𝑅𝑇         
                                                                                                                           (6) 

 

Where  𝐶𝐻2𝑂 
 is the concentration of water expressed in g/L (the same as that of inhibitor concentration), R is the 

molar gas constant and T is the absolute temperature. The standard Entropy of adsorption S°ads was calculated 

from the fundamental thermodynamic equation shown in Eq. 7 and presented in Table 4: 
 

∆𝐺°𝑎𝑑𝑠 =  ∆𝐻°𝑎𝑑𝑠  − 𝑇∆𝑆°𝑎𝑑𝑠                                                                                                                              (7) 
 

R² = 0,9995
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Table 2: Temkin adsorption isotherm parameters for extracts of D. guineense at different temperatures 

Adsorption 

Isotherm 

Temperature 

(K)  
R2 Log K  adsK  

)1-(M 

Slope ads G∆

(kJ/mol) 

Isotherm 

value  
                          

                          3 M NaOH                  

                 

Temkin 

Isotherm 

303 0.9992 -1.8185 0.0152 0.599 0.4285 a -0.724 

343 0.9156 -2.3864 0.0041 0.2412 4.2223 -4.292 

Langumir 

Isotherm 

303 0.9999 0.0940 1.2417 0.7761 -10.6651  

343 0.9960 0.3109 2.0460 0.5466 -13.4975 
 

                           3 M KOH 

Temkin 

Isotherm 

303 0.9996 -0.7497 0.1780 0.5374 -5.7709  

a 

   -1.068 

343 0.9995 -1.9829 0.0104 0.3275 1.5674     -3.416 

Langumir 

Isotherm 

 

303 0.9887 0.0809 1 .2048 0.595 -10.5890 

343 0.9897 0.1663 

 

1.4666 0.6964 -12.547 

 

Valuable information on corrosion inhibition mechanism for adsorption of inhibitors on the surface of metals are 

provided by thermodynamic properties. The values of G°ads were all negative implying that the adsorption of 

D. guineense onto the Al surface was spontaneous [15] and strong interactions exist between the metal surface 

and the inhibitor molecules.  In order to provide more insight into the thermodynamic properties, the values of 

Gads were plotted against T as shown in Figure 4. The slope of the straight line graph give the change in entropy 

of adsorption as can be seen in Eq.7 and enthalpy was computed from the intercept.  

 

Figure 4:  The relationship between G°ads and T 

Figure 5 presents the linear plot of Kads against I/T with  (Hads/R) as the slope and intercept of (S/R-ln55.5) 

[21].  Furthermore, Standard enthalpy of adsorption H°ads can also be calculated from the Gibbs–Helmholtz 

equation as presented in Eq. [8] 

∆𝐺°𝑎𝑑𝑠

𝑇
 =  

∆𝐻°𝑎𝑑𝑠  

𝑇
+ 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡                                                                                                                              (8) 

The calculated H°ads values using the Gibbs–Helmholtz and fundamental thermodynamic equations, are -33.1 

and -21. 2 kJ/mol respectively confirming the exothermic behaviour of adsorption on the Al surface, therefore, 

the values of H°ads, obtained by both methods are in good agreement. The exothermic adsorption process H°ads 

< 0 imply either physisorption or chemisorption or a mixture of both processes while the endothermic adsorption 

process H°ads > 0 implies chemisorption [5]. It can be seen from Table 3 that the positive sign of H°ads shows 

that the adsorption of molecules of the extracts is an exothermic process but the negative signs or values of S°ads 
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indicate that the adsorption process is accompanied by a reduction in entropy [4]. Since the values of S°ads are 

all negative, it implies that the molecules of the extracts are adsorbed in an ordered manner on the Al surface, 

thereby causing a reduction in entropy [21].  
 

 

 Figure 5:  The relationship between lnKads and 1/T 

3.3 Kinetic parameters 

According to some authors [18], temperature has a great effect on the rate of metal electrochemical corrosion. The 

effect of temperature on the corrosion and inhibition process of Aluminum in 3 M KOH and 3 M NaOH in the 

absence and presence of different concentrations of the D. guineense extracts after 8hr of immersion was studied 

at 303, 323 and 343K using weight loss and electrochemical measurements. 

The results of the effect of temperature on corrosion rate are presented in Table3 and  in agreement with earlier 

reports of studies involving plant extracts [22] increasing as temperature increases. The dependence of corrosion 

rate on temperature can be expressed by the Arrhenius equation: 

log 𝐶𝑟 = log 𝐴 − (
𝐸𝑎

2.303𝑅𝑇
)                                                                                                                                   (9) 

where Cr is the corrosion rate, Ea is the apparent activation energy of the Aluminum dissolution, R is the molar 

gas constant, T is the absolute temperature, and A is the frequency factor. Figure 6 depicts Arrhenius plot as log 

of corrosion rate (log Cr) against the reciprocal of temperature (1/T) for Aluminum in 3M KOH and 3 M NaOH 

in the free alkaline solutions and the alkaline containing different concentrations of D. guineense leaves extracts. 

The plots obtained are straight lines and the activation energy was evaluated from the slope of the straight line 

plots. The calculated values of activation energy are listed in Table 3. The values of activation energy, (Ea) are 

higher in the presence of the inhibitors than in their absence [12].  This observation agrees with the proposed 

physical adsorption mechanism. Also, Ea increases with increase in extracts concentration for both plant parts. 

Similar observation has been reported by [19] in their studies of the inhibition of corrosion of mild steel in 

hydrochloric acid solution by the extract of Kalmegh leaves extract. 

The enthalpy, H° and entropy, S° of activation for the corrosion process, was calculated using the alternative 

Arrhenius equation, called transition state equations [23], was used: 

𝑙𝑜𝑔 (
𝐶𝑟

𝑇
) = [(𝑙𝑜𝑔

𝑅

𝑁ℎ
)  + (

∆𝑆°

2.303𝑅
)] −

∆𝐻°

2.303𝑅𝑇
                                                                                                  (10) 

where h is the Planck’s constant, N is the Avogadro’s number, S° is the entropy of activation, T is the absolute 

temperature and R is the universal gas constant. 
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(a) 

 

(b) 

Figure 6: Arrhenius plot for Aluminum in (a) 3 M KOH and (b) 3 M NaOH with and without different concentrations of D. 

guineense extracts. 

The linear plots of log(Cr/T) against 1/T deduced from Eq. (10) was applied in the computation of H° and S°  

from the slope of  H° = 2:303R and an intercept of (log(R/Nh) + S°/2.303R) as shown in Figure 7 for extracts 

of D. guineense . The values of H° and S° are given in Table 3. The positive values of H° both in the 

absence and presence of additives reflect the endothermic nature of the metal dissolution process [17]. The values 

of S° in the absence and presence of the extracts are negative Table3. This indicates that the activated complex 

in the rate determining step represents an association rather than dissociation meaning that a decrease in 

disordering takes place on going from reactants to activated complex [15]. Also the S° values tend to more 

negative values as the extract concentration increases showing more ordered behaviour leading to increase 

inhibition efficiency. 
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   Heat of adsorption (Qads) was evaluated from the kinetic thermodynamic model to further gain insight into the 

adsorption mechanism using the expression [23]. 

 

𝑄𝑎𝑑𝑠 = 2.303𝑅 [log (
𝜃2

1−𝜃2
) − 𝑙𝑜𝑔 (

𝜃1

1−𝜃1
)]

𝑇2𝑇1

𝑇2−𝑇1
                                                                                                  (11) 

 

where  is the surface coverage, and T1 and T2 is the initial and final temperature (K), R is the universal gas 

constant. The values of heat of adsorption were obtained from Eq (11) but not shown. The values are negative and 

increases with increase in concentration of the extracts. Negative values of Qads (as obtained in this study) have 

been reported to indicate that the inhibitor adsorption and, hence, inhibition efficiency decreases with rise in 

temperature, while positive values mean the opposite effect [14]. The negative values of heat of adsorption 

obtained also support the physical adsorption mechanism. 

 
(a) 

 
(b) 

 

Figure 7: Transition state plot for aluminum in (a) 3 M KOH and (b) 3 M NaOH with and without different concentrations 

of D. guineense extracts. 
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Table 3: Activation parameters for Aluminum in 3 M KOH and 3 M NaOH in the absence and presence of different 

concentrations D. guineense extracts. 

Conc. 

 Ea 

KJ/mol 

H 

KJ/mol 

S 

 J/molK-1 

Ea 

(KJ/mol) 

H 

KJ/mol 

S 

 JmolK-1 

0.0g/l 47.8 44.6 

53.8 

-40.6 50.7 51.7 -0.05 

0.2g/l 56.2 -39.5 52.4 50.5 -0.08 

0.4g/l 54.4 51.5 -48.4 56.6 53.4 -0.07 

0.6g/l 50.1 48.0 -50.6 56.4 54.0 -0.07 

0.8g/l 49.2 46.4 -48.7 59.5 55.7 -0.07 

1.0g/l 49.6 44.5 -40.1 56.0 53/0 -0.06 
 

3.4 Potentiodynamic polarization study          

Figure 8 shows the polarization curves obtained from potentiodynamic polarization study for Al in the absence 

and presence of D. guineense extracts in 3 M KOH and 3 M NaOH respectively. The values of the polarization 

parameters are provided in Table 4 both were obtained from the extrapolation of the anodic and Cathodic Tafel 

slopes with respect to the Ecorr values. 

 

 

 

 

 

 

 

 

 

 

(a)                                                                               (b) 

 Figure 8:  polarization curve for Al in (a) 3 M KOH and (b) 3 M NaOH in the presence and absence of D. guineense 

extracts.  

 

The values in Table 4 reveal that in the presence of D. guineense and at higher concentration of 1000 mg/L Al 

displayed lower icorr and more positive Ecorr values in the studied environments.  In 3 M NaOH environment, 

(Figure 8a), the corrosion potential, Ecorr, and the corresponding icorr of Al in the absence and presence of D. 

guineense are presented in Table 4. The result shows that the introduction of D. guineense reduces both the 

cathodic and the anodic corrosion current densities, thus implying that the corrosion rate of Al sample in the 

presence of the inhibitor was reduced when compared to the uninhibited Al. Also, the Ecorr of the inhibited Al is 

more positive (anodic) than the uninhibited Al especially in the presence of the inhibitor. This shows that in the 

absence of D. guineense, Al have a higher susceptibility to corrosion in this environment than the inhibited Al 

sample [24]. 
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Table 4: Polarization parameters for Al in 3 M NaOH and 3 M KOH solution in the absence and presence of D. guineense. 

 

 

 

 

 

In 3 M KOH solution (Figure 8b), the corrosion potential Ecorr for Al in the absence and presence of D. guineense 

Al are slightly more negative than the corrosion potential Ecorr of the Al sample in 3 M NaOH solution. The 

corresponding current densities have been given in Table 4. It is evident that the D. guineense shifts both the 

anodic and cathodic curves to lower values of current densities. The Tafel polarization curves for the Al samples 

in both environments exhibit passivation behavior and do not differ in nature of transition from active to passive 

states. The similarity of the polarization curves of both the uninhibited and inhibited Al samples indicates that the 

mechanism of the corrosion of Al in the absence of the inhibitor did not changed even when D. guineense was 

introduced into the alkaline solutions [24]. 

3.5 Electrochemical impedance spectroscopy 

Figure 9 (a- f) demonstrates a typical Nyquist, Bode phase angle and Bode modulus plots in the absence and 

presence of D. guineense extracts. It is observed that the shape of Nyquist and Bode plots shows a negligible 

difference in shape in the presence of the inhibitors but the diameter of semi- circles increases as the concentration 

of the inhibitor increases. The values of Rs, Rct and Cdl, inhibition efficiency were calculated and presented in 

Table 5. 

 

Figure 9(a-f): Electrochemical impedance plot for aluminum in 3 M NaOH and 3 M KOH respectively in the 

presence and absence of D. guineense; (a&b) Nyquist, (c &d) phase angles and (e &f) Bode modulus plots. 

System Ecorr   

(mV vs SCE) 

Icorr (µA/cm2) IE% 

3 M NaOH 

200 mg/L  D. g 

1000 mg/L D. g 

- 636 

- 572                            

- 624 

182.6 

63.4 

28.1 

 

65.3 

84.6 

3 M KOH 

200 mg/L D. g 

1000 mg/L D. g 

 - 765 

  - 692 

 - 756 

265.9 

98.7 

12.5 

 

62.9 

95.3 
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The Nyquist plots showed a capacitive loop followed by an inductive loop for the Al samples in 3 M NaOH and 

3 M KOH solutions as shown in Fig 9(a - f). The diameter of the semi circles are related to charge transfer 

resistance. The size of the capacitive loops was greater in the presence of D. guineense, compared to that in the 

absence of the inhibitor; an indication of a higher corrosion resistance for Al in the presence of D. guineense [25]. 

The occurrence of an inductive loop in 3 M KOH solution solutions may indicate certain non – faradaic processes, 

such as adsorption and desorption of corrosion products, occurring at the sample / electrolyte interface. The 

equivalent circuit model shown in Figure1 was used to model the impedance results obtained for Al in 3 M KOH 

environment, after fitting with Zsimpwin software. 

Table 5: Electrochemical parameters for Al in uninhibited and inhibited 3 M NaOH and 3 M KOH solutions 

System Rs (Ωcm2)   RL1 (Ωcm2)    Rct (Ωcm2)   Cdl  (µFcm²) IE% 

3 M NaOH  

200 mg/L D.g 

1000 mg/L D.g 
 

3 M KOH 

200 mg/L D.g 

1000 mg/L D.g 

2.13 

3.72 

3.98 
 

2.06 

2.67 

3.22 

 6.2 

532 

1879 
 

7.6 

32 

68 

145.8 

1050.7                  

1418.2 
 

30.2 

47.4 

59.5 

 3.12 

2.53 

2.12 
 

3.62 

3.64 

2.93 

 

86.1 

89.7 
 

 

36.3 

50.2 

D.g = Dialium guineense 

The inductance, L, and charge transfer resistance, (Rct) characterize the processes beneath the store of charges. 

The result shows that the Cdl value was lower in the inhibited environment compared to the uninhibited solution. 

Similarly, the value of inductance was greater for the inhibited Al sample than for the uninhibited. It may indicate 

that introduction of D. guineense can modify the electrochemistry of the Al sample by reducing the penetrations 

of electrolyte into the substrate–electrolyte interface, thus, decreasing the rate of the corrosion in the alkaline 

solutions. This can also be evidenced by the higher value of Rct, Table 5 for Al in the presence of the inhibitor 

than the value obtained in the absence of D. guineense. This is in line with [25]. 

It has been stated earlier that Al surfaces can form a protective layer of Al2O3 when in contact with aqueous 

solutions, this layer in question can characteristically lower the rate of the electrochemical corrosion on the Al 

surface. However, in the presence of D. guineense, its species adsorbs on the surface of Al, this creates a strong 

barrier between the Al surface and the electrolyte solutions. Again, addition of inhibitor also reduces the rate of 

penetration of the electrolyte. The presented result see Table 5 shows clearly that the introduction of D. guineense 

in both environments seem to reduce the susceptibility of the Al substrate to dissolution and to the electrochemical 

processes occurring at the substrate/electrolyte interface [26]. 

Finally one may conclude that the adsorption of D. guineense species serve as a barrier blocking the contact 

between the Al surface and the aggressive solutions. Furthermore, Figure 9(c & d) shows the Bode phase angle 

plots with one time constant. Figure 9(e & f) depicts clearly Bode modulus plots. Since the EIS results are in good 

agreement with potentiodynamic results, it implies that D. guineense performed well as a corrosion inhibitor for 

Aluminum in 3 M NaOH and 3 M KOH studied. 

Due to the fact that corrosion reaction is basically an electrochemical process, the inhibiting effect of D. guineense 

(at low and high concentrations) were further investigated from an electrochemical perception. 200 mg/L and 

1000 mg/L of D. guineense concentrations were used to show the nature of the inhibiting effect at low and high 

concentrations, respectively.  Figure 10 (a & b) depicted the open circuit potential (EOCP) with time for aluminum 

in 3 M NaOH and 3 M KOH solution in the absence  and presence of (200 mg/L and 1000 mg/L) D. guineense. 

The plots show some adjustments in the EOCP–time behavior as a result of the presence of D. guineense. A shift 

on anodic direction of EOCP was observed on addition of D. guineense in 3 M NaOH. The plot of EOCP–time   

in 3 M KOH indicate a distinctive differences in the shifts at low and high D. guineense concentrations. In the 3 

M KOH (1000 mg/L) the EOCP values were more positive while in 3 M NaOH (200 mg/L) the achieved potential 

values were always more negative (cathodic) than the values in uninhibited. This in line with [27, 28].   
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(a) 

 

 

(b) 

Figure 10 (a & b) : Open circuit potential (EOCP) with time for aluminum in 3 M NaOH and 3 M KOH 

solution in the absence  and presence of (200 mg/L and 1000 mg/L) D. 

Conclusion 

 
In this study, inhibitive performance of Dialium guineense for Aluminum in 3 M NaOH and 3 M KOH has been 

studied and arrived at these results: 

1. Dialium guineense leaf extract showed excellent inhibitive action against Aluminum in 3 M NaOH and 3 M 

KOH such that increase in the inhibitor concentration causes a remarkable improvements on their efficiencies.  

2. The adsorption of Dialium guineense leaf extract on Al surface obeys Temkin adsorption isotherm model. 

Physical adsorption mechanism is proposed from the activation and thermodynamic parameters obtained.  

3. There was good agreement between the data obtained from weight loss and electrochemical methods. 

4. Potentiodynamic polarization measurements indicate that the Dialium guineense leaf extract acts as a mixed-

type inhibitor. 

5. Impedance considerations show that increasing the inhibitor concentrations increases the solution resistance 

considerably in all concentrations studied.  
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