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Abstract  

The corrosion inhibition of aluminum in alkaline 

medium was studied using experimental methods. 

Results obtained from the gravimetric method 

indicate that the extract is an excellent corrosion 

inhibitor. The adsorption of the inhibitor on the 

surface of Aluminium is consistent with the 

Langmuir isotherm. Physical adsorption 
mechanism is proposed from the calculated 

thermodynamics parameters.  
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Introduction  

Aluminium and its alloys are finding wide 

applications in various industries such as 
automotive, aerospace, construction and electrical 

power generation due to high energy density. 

Alkaline solution is most corrosive in nature for 

aluminium than the other corrosive media. 

Therefore, it is desirable to study the corrosion and 

protection of aluminium in alkaline medium. The 

corrosion resistance of aluminium depends on the 

presence of natural surface oxide film and stability. 

It is reported that due to the presence of OH- ion, 

the protective oxide film dissolves in alkaline 

solution and negative potential develops on the 
aluminium surface (Abiola and Otaigbe, 2008). In 

the development of the aluminium anode for the 

aluminium/air battery, the corrosion behaviour of 

pure aluminium and its alloys has been extensively 

studied in aqueous alkaline solutions, that’s why 

self-corrosion can cause not only a lower utilization 

efficiency of aluminium, but also possible battery 

explosion as a result of hydrogen build up (Oguzie, 

2007). Plenty of organic and inorganic compounds 

have been used by various researchers as corrosion 

inhibitors to protect the dissolution of this oxide 

film (Abdel-Gaber et al., 2008) and thus reducing 
the rate of metal loss in 

 

alkaline medium. Most of the compounds are 

synthetic chemicals which are expensive and 

hazardous to the environment. Thus it is desirable 

to choose a very cheap and environmentally safe 

inhibitor to diminish the self-corrosion rate of 

aluminium in alkaline solution. 
 

Experimental technique 

Materials  

Aluminium sheets of AAI060 and purity 98.98% 

were obtained from Material and Metallurgical 
Engineering Workshop, Ahmadu Bello University, 

Zaria. Each sheet was 0.1 cm in thickness and 

mechanically press-cut into coupons of dimension 

3cm x 3 cm. The coupons were descaled using wire 

brush and degreased in absolute ethanol, dried in 

acetone, weighed and stored in moisture- free 

desiccators prior to use. The solvents used for 

extraction of Striga hermonthica was ethanol. All 

the solvents used in this study were of analytical 

reagent grade. 

 

Gravimetric method  

The research was carried out by weight loss 

experiment where, a weighed metal (Aluminium) 

coupon was completely immersed in 200ml of the 

test solution in a beaker. The beaker was covered 

with Aluminium foil and then inserted into a water 

bath that was maintained at 303K. The specimens 

was removed at intervals (2,4,6,8 and 10 hours). 

The concentration of the inhibitor in the test 

solution was varied at 0.2gL-1- 1.0 gL-1. Each 

coupon was washed (after removal from the test 

solution) in a solution containing 50% NaOH 

(sodium hydroxide) and 100gL-1 zinc dust (Umoren 

and Ebenso 2008). The washed coupon was rinsed 

in acetone and dried in air before re-weighing.  
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The experiment was repeated at 333K (Eddy et. al., 

2011). In each case, the difference in weight loss 

for a period of various hours was taken and the 

total weight loss from the average weight loss 

results (average of three replicator, the corrosion 

rate of Aluminium and the degree of surface 

coverage was calculated using the equations below: 

(Ebenso 2003) 

𝐼𝐸% =  1–
𝑤1

𝑤2
 𝑥100 1.0  

𝐶𝑅 =
𝑤2−𝑤1

𝐴𝑡
 (1.1)    

𝜃 = 1–
𝑤1

𝑤2
 1.2  

Where w1 and w2 are the weight losses (g) for 

Aluminium in the presence and absence of the 

inhibitor respectively., CR is the corrosion rate for 

Aluminium alloy  in gcm2h-1, A is the area of the 

Aluminium in cm2, t is the total period of 

immersion (in hours) and θ is the degree of surface 

coverage of the inhibitor.  

These steps were carried out 0.1M NaOH.  

 

Result and discussion:  

 

Figures I, II and III shows the weight loss of 

aluminium with time for the corrosion of 

aluminium in 0.1M NaOH containing various 

concentration concentrations of the inhibitor at 

303K and 333K in the presence and absence of the 

plant inhibitor respectively. From the results, it was 

evident that increase in the concentration of the 

inhibitor decreases the weight loss of aluminium 

samples. The results also shows that at higher 

temperature, the weight loss increases which is as a 

result of more metal dissolution which gives more 

surface area for corrosion attack by the aggressive 

medium. The decrease in weight loss of the metal 

at increasing concentration of the inhibitor may be 

attributed to the interference of the plant extract 

with metal dissolution or adsorption of the inhibitor 

on the surface of the metal and therefore impede 

corrosion either by merely blocking reaction sites 

(anodic and cathodic) or by altering mechanism of 

anodic and cathodic processes.   

 

Fig I: Variation of weight loss with time for 

corrosion of Aluminium in 0.1M NaOH contains 

various is of Striga hermonthica at 303K

 

 

Fig II: Variation of weight loss with time for 

corrosion of Aluminium in 0.1M NaOH contains 

various is of Striga hermonthica  at 333K. 

 

Fig III: Variation of weight loss with time for the 

corrosion of Aluminium in 0.1M NaOH in the 

absence of the inhibitors at 303K and 333K 
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Fig IV: Variation of  IE% for  Aluminium with 

different concentration of  Striga hermonthica  in 

0.1M NaOH at 303K  and  333K  

The percentage of inhibition efficiency (% I.E) was 

calculated and represented in Fig IV at 303K and 

333K, respectively. The result revealed that the 

extracts of inhibitor inhibits corrosion of Al sample 

alkaline medium . The result indicates that % I.E 

increases as concentration of inhibitor increases. 

The decrease in % I.E  at 333K may be explained 

as a result of increase in average kinetic energy of 

components of extracts, thus making adsorption 

between components of extracts and Al surface 

insufficient to retain the species at binding site. 

This could lead to desorption or cause species to 

bounce off surface of aluminium instead of 

colliding and combining with it. Therefore, 

increase in temperature may be associated with 

decrease in stability of components – aluminium 

surface complex. Report by some authors 

(Odiongenyi et. al., 2009) have shown that increase 

in temperature decreases inhibition efficiency of 

corrosion of mild steel in H2SO4 using ethanolic 

extract of Vernonia amygdalina. Corrosion of mild 

steel in H2SO4 using ethanolic extract of Piper 

guinensis as green corrosion inhibitor reported 

decrease in inhibition efficiency at higher 

temperature (Ebenso et. al., 2008). Noor (2007) 

working on corrosion inhibition of mild steel in 

acidic solutions with aqueous extract of Fenugreek 

leaves reported decrease in inhibition efficiency at 

higher temperature (Schmidt et. al., 1993). 

A parameter (θ), which represents part of metal 

surface covered by inhibitor molecules was 

calculated for the inhibitor concentrations. The 

result shows that surface coverage (θ) increases as 

inhibitor concentration increases. The increase in 

inhibition efficiency and surface coverage as 

concentration of extracts increases may be due to 

the presence of complex chemical composition of 

extracts. The increase in inhibition efficiency with 

increase in inhibitor concentration suggests that 

inhibitor molecule were adsorbed at aluminium 

sample /solution interface where adsorbed species 

mechanically screen the coated part of aluminium 

surface from action of corrosive medium. 

 

Effect of temperature  

Temperature has a great effect on the corrosion 

phenomenon. Generally, the corrosion rates 

increases with rising temperature. For this reason, 

the temperature was varied in the range of 303K to 

333K in the presence and absence of the plant 

inhibitor. . The corresponding data is shown in 

table 1 it is clear that the increase of corrosion rate 

was more pronounced with increase in temperature 

for the blank solution and the test solutions. This is 

to say that the higher the corrosion Inhibition 

efficiency the lower the corrosion rate. 

For every concentration selected, results showed 

higher inhibition efficiency at 303K compared to 

inhibition at 333K. the result given in table 1 

showed that in blank as well as solution containing 

the plant extract, corrosion rate increase as the 

temperature increases and as a result, the inhibition 

efficiency decrease with rise in temperature as 

shown in the corresponding tables. This may be 

attributed to desorption of the inhibitor molecules 

at higher temperature, thus exposing the metal 

surface to further attack. 

The effect of temperature on the corrosion of 

Aluminium Alloy in 0.1M NaOH was investigated 

using logarithm form of the Arrhenius equation 

which can be shown in equation 1.3.  

𝑙𝑜𝑔
𝐶𝑅2
𝐶𝑅1

=
𝐸𝑎

2.303𝑅
 
1

𝑇1
−
1

𝑇2
 − − − − − 1.3 

Where CR1 and CR2are the corrosion rates of 

Aluminium at the temperature T1 (303K) and T2 

(333K), R is the motor gas constant and Ea is the 

activation energy. The activation energies 

calculated from equation 4.1 is shown in table. The 

result values ranges from 5.7234kjmol-1 to 

25.8968kjmol-1. The activation engines are less 

than the threshold value (80kjmol-1) required for 

the mechanism of chemical adsorption. Therefore, 

the adsorption of the studied inhibitor on 
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Aluminium alloy surface is consistent with the 

mechanism of  charge transfer from charge 

inhibitor molecule to the charge metal surface 

which represents Physiosorption (Ameh et. al., 

2015). 

The activation energies, Ea determined in 0.1M 

NaOH containing the inhibitor is higher than that 

for uninhibited solution. The increase is the 

apparent activation energy may be interpreted as 

physical adsorption that occurs in the first stage 

(Khaled,  2010). The increase in activation energy 

is due to an appreciable decrease in the adsorption 

of the inhibitor on the Aluminium alloy surface 

with increase in temperature (Oguzie et. al., 2012). 

As adsorption decrease with increase in 

temperature, more desorption of inhibitor 

molecules occur because these two opposite 

processes are in equilibrium. Due to more the 

desorption of inhibitor molecules at higher 

temperature, greater surface area of the Aluminium 

comes in contact with aggressive environment 

resulting in the increase of corrosion roles and 

decrease efficiency of the inhibitor.. 

Table I: Thermodynamic parameters of the studied 

Striga hermonthica in alkaline medium 

Conc. (g/l)  Ea(kjmol
-1

) Qads(kjmol
-1

) 

Blank   5.7234 

0.2   21.8059    -26.1332 

0.4  20.6061     -22.5411 

0.6  21.5541     -23.0666 

0.8  22.9303     -23.4141 

1.0  25.8968    -26.8095 

 

 

Adsorption Consideration 

The adsorption of inhibitor on surface of corroding 

aluminium sample may be regarded as a 

substitution process between inhibitor compound in 

aqueous phase and water molecules adsorbed on 

aluminium surface: 

Inhaq + xH2OadsInhads + xH2O                     (1.4) 

Where x is size ratio, the number of water 

molecules displaced by one molecule of organic 

inhibitor. Where the equilibrium as described in Eq 

(1.4) is reached, it is possible to obtain different 

forms of adsorption isotherm. 

In the present study Langmuir adsorption isotherm 

was found to be suitable for the experimental 

findings and had been used to describe the 

adsorption characteristic of inhibitor. Langmuir 

adsorption isotherm is expressed in Eq (1.5) (Noor 

2009). 

Cinh= 1 + Cinh(1.5) 

 θ      k 

where Cinh is inhibitor concentration, K is 

equilibrium constant of adsorption, θ is degree of 

surface coverage. 

Figs. V and VI shows plot of Cinh/θ versus Cinh at 

303K and 333K, respectively for extracts of 

inhibitor. Figs. V and VI were linear indicating that 

adsorption of inhibitor is consistent with 

assumptions of Langmuir adsorption isotherm 

meaning there is no interaction between adsorbed 

species. 

 

Fig V: Langmuir isotherm for the adsorption of 

Striga hermonthica inhibitor on the surface of 

Aluminium in alkaline medium at 303K. 

 

0

0.5

1

1.5

0 0.5 1 1.5

C
/θ

 

Conc

C/θ

0

0.5

1

1.5

2

0 0.5 1 1.5

C
/θ

 

Conc.

C/θ

91 



           Science View Journal 
Volume 1, Issue 2, 2020.                                                                                                                       ISSN (Online): 2734-2638 

 

 
https://www.scienceviewjournal.org/ 
All rights reserved 

 

 

Fig VI: Langmuir isotherm for the adsorption of 

Striga hermonthica inhibitor on the surface of 

Aluminium in alkaline medium at 333K. 

The heat of adsorption of the inhibitors was 

calculated using equation 1.6  [13]: 

Qads= 2.303R  
𝜃2

1−𝜃2
 −   

𝜃1

1−𝜃1
   k jmol-1 [1.6] 1.12 (4.2) 

Values of Qads calculated from equation 1.6are 

presented in table I. The values are negative; 

indicating that the adsorption of the plant inhibitor 

studied on Aluminium surface is exothermic. It 

should also be noted that since the corrosion 

reactions were carried out at constant pressure, 

calculated values of Qads are expected to be 

approximately equal to the enthalpies of 

adsorption. 

Conclusion: 

This study indicates that extract of Striga 

hermonthica inhibits Al surface in presence of 

0.1M NaOH. The corrosion process is inhibited by 

adsorption of extracts on aluminium surface. 

Inhibition efficiency increase with increase in 

inhibitor concentrations. The result of the analysis 

shows that inhibition efficiency decreases as 

temperature increases. Activation energies of the 

extract increase as concentration of inhibitor 

increases. The negative values of Qads shows that 
adsorption of inhibitor on surface of aluminium is 

spontaneous. The adsorption behaviour was 

approximated by Langmuir isotherms. 
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