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Abstract  

The influence of naturally occurring extract of 

Balanites aegyptiaca on the corrosion inhibition of 

Aluminium Alloy in sulphuric acid was studied by 

gravimetric method, thermometric method and IR 

studies. The experimental results revealed that 

extract has good inhibiting effect on the metal 

oin0.1M H2SO4. The protection efficiency 

increases with increasing inhibitor concentration to 

attain 90.80% at 1.0g/l. Balanites aegyptiaca is 

indicative of the adsorption of molecules leading to 

the formation of a protective layer on the surface of 

aluminium alloy. The efficiency decreases with 

increase in temperature. The adsorption of 

Balanites aegyptiaca extract is found to obey the 

Langmuir isotherm. The activation energies and 

enthalpies of the corrosion process of aluminium 

alloy in acidic medium using Balanites aegyptiaca 

extract were determined. Activation Energies 

ranged (7.3457-29.5335) Kjmol-1indicating  

physical adsorption.  

Key words: Corrosion Inhibition, Adsorption 

Isotherm, Activation energies, Enthalpies.  

Introduction  

Aluminium  alloy is a hard, strong, white metal. It 

is highly electrochemical and resistant to corrosion 

because a hard, tough film of oxide is formed on 

the surface [1]. The surface film is amphoteric 

hence; the metal could readily dissolve in both 

strong acid and bases. Sulphuric acids are normally 

used for pickling aluminium and electrochemical 

etching processes that normally lead to substantial 

loss of metal to corrosion. Aluminium alloy is 

extensively used in industry as well as domestic 

applications. Corrosion behavior of aluminium 

alloy  has been studies in acidic media. It has been 

reported that the addition of halide salt to Sulphuric 

acid solution containing organic inhibitor 

effectively inhibits metal corrosion. [2,3].  The use 

of chemical inhibitors has been of great concern 

because of its toxicity which possess a treat to both 

living organisms and the environment .  The use of 

plant extracts to prevent corrosion has become 

important because they are environmentally 

friendly and readily available.  

Balanites aegyptiaca (desert date) is mainly used as 

a medicinal plant in the western part of Africa for 

the management of various conditions including 

pain and inflammatory conditions. Balanites 

aegyptiaca is a species of tree classified either as a 

member of the balanitacaec family [4]. This tree is 

a native to much Africa and parts of the Middle 

East [5]. It is a bushy plant attaining about 10m in 

height in a generally narrow form. The many 

common names for this plant are desert date 

(English), Labob (Arabic), Aduwa (Hausa), and 

Mchuju (Swahili). Desert date is mixed into 

porridge and eaten by nursing mothers and the oil 

is consumed for headache and to improve lactation 

[6]. 

Materials and methods  

Aluminium alloy sheets was mechanically press cut 

into different coupons, each was 5mm in thickness, 

3cm x 2.5cm in dimension and 98.76% in purity for 

weight loss determination and a hole of 2mm was 

drilled on the center of one end of all the coupons 

for suspension inside the corrodent solution. Each 

coupon was degreased by washing with ethanol, 

cleaned with acetone and allowed to dry in the air 

before reservation in desiccators to prevent 

contamination.  

Extraction of plant  

The leaves of Balanites aegytiaca was obtained 

from Igabi local government in Kaduna, Kaduna 

state. The sample was washed, dried and the plant 
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materials grounded using a pestle and mortar. 100g 

of the sample was weighed and soaked in ethanol 

for 48hours. After 48hours, solvent was filtered and 

evaporated using a water bath.  

The ethanol free extract was used in the preparation 

of the test solution by dissolving  0.2g, 0.4g, 0.6g, 

0.8g, and 1.0g in 1000ml of 0.1M H2SO4, and then 

used to test for inhibition properties.   

 

Gravimetric method 

The research was carried out by weight loss 

experiment where, a weighed metal (Aluminium 

Alloy) 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, 0.4 gL-1,0.6 gL-1, 0.8 

gL-1 and 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 [7]. The washed coupon was 

rinsed in acetone and dried in air before re-

weighing.  

The experiment was repeated at 333K [8]. 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 [9]: 

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 alloy 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.  

Thermometric method  

Measurement of temperature was carried out 

according to the method described by Ebenso and 

Eddy 2008 [10] with the aid of a thermo flask. 

From the rise in temperature of the system per 

minute, the reaction number (RN) and the 

inhibition efficiency was calculated using the 

equation below: 

𝑅𝑁 0𝐶𝑚𝑖𝑛 − 1 =
𝑇𝑚 − 𝑇𝑖

𝑡
… . . .  1.3  

Where Tm and Ti are the maximum and initial 

temperature respectively and t is time taken to 

reach the maximum temperature. The inhibition 

efficiency (%IE of the inhibitor will evaluated from 

percentage reduction in the reaction number below) 

%𝐼𝐸 =
𝑅𝑁𝑎𝑞 − 𝑅𝑁𝑤𝑖

𝑅𝑁𝑎𝑞
………… 1.4  

Where RNwi is the reaction number in the absence 

of inhibitors (blank solution) and RNaq is the 

reaction number of the medium containing the 

inhibition. 

Infra red analysis 

FTIR analysis of the plant extracts and those of the 

corrosion product (in the absence and presence of 

the inhibitor) was carried out using Fourier 

Transform Infra Red Spectrophotometer. The 

coupon was immersed in the test solution (in the 

presence and absence of the inhibitor) for seven 

days to form an adsorbed layer after which it was 

retrieved, dried and scraped with a razor blade. The 

scraps was collected for analysis. The samples 

were prepared using KBr and the analysis was done 

by scanning the sample through a wave number 

range of 400-4500cm-1 [11]-[13]. 

Results and discussion 

Weight loss method: Fig I-III  shows the variation 

of weight loss and Aluminum with time for the 

corrosion of Aluminum Alloy in 0.1M H2SO4 

containing various concentrations of Balanites 

aegytiaca at 303K and 333K respectively in the 

presence and absence of the inhibitor. From the 

figures, it was evident that there was metal 

dissolution in the presence and absence of the plant 

extract. It is very important to note however, that 
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the weight loss in the absence of the plant extract is 

higher than in the presence of the plant extract. 

Generally, weight loss was found to decrease 

steadily with increase in the concentration of the 

plant extract as the time of immersion increases. 

Table I shows the weight loss and corrosion rate of 

the plant extract in acidic medium at different 

temperatures.  

The decrease in weight loss in the presence of plant 

extract and at increasing concentrations may 

probably be due to interference of the plant extract 

with metal dissolutions. It is suggestive that since 

the plant contains some photochemical, they tend 

to reduce the metal dissolutions by blocking the 

sites on the metal surface. 

Table I: Weight loss of Aluminum Alloy is the absence and 

presence of balanites aegytiaca at varied temperature and varied 

concentration in acidic medium 

Temp      303K    333K 

Conc. (g/l)    W/loss(g)   C/rate     W/loss (g)    C/ rate 

  (g/cm
2
hr

1
)  

 (g/cm
2
hr

1
) 

Blank  0.1011 1.40 x 10
-2 

0.1311 1.82 x 10
-2

 

0.2 0.0258 3.580 x 10
-3 

0.0558 7.75 x 

10
-3

 

0.4 0.0225 3.125 x 10
-3 

0.0478 6.64 x 

10
-3

 

0.6 0.0185 2.570 x 10
-3 

0.0435 6.04 x 

10
-3

 

0.8 0.0125 1.736 x 10
-3 

0.0351 4.86 x 

10
-3

 

1.0 0.0093 1.292 x 10
-3 

0.0267 3.71 x 

10
-3

 

 

 

 

 

 

 

Fig I: Variation of weight loss with time for 

corrosion of Aluminium Alloy in 0.1M H2SO4 

contain various concentrations of Balanites 

aegytiaca at 303K  

 

 

Fig II: Variation of weight loss with time for 

corrosion of Aluminium alloy in 0.1M H2SO4 

contain various concentrations of Balanites 

aegytiaca at 333K 
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Fig III: Variation of weight loss with time for the 
corrosion of Aluminium Alloy in 0.1M H2SO4 in 

the absence of the inhibitorsat 303K and 333K 

Inhibition efficiency and surface coverage  

Table II: Inhibition efficiency and degree of surface 
coverage of Balanites aegytiaca in acidic medium 

at varied concentrations and varied temperatures.   

Temp   303K   333K 

Conc. (g/l)  I.E%  θ I.E%  θ 
Blank   - - - -

 

0.2   74.48% 0.7448 54.44% 0.5444 

0.4  77.44% 0.7774 63.54% 0.6354 

0.6   81.70% 0.8120 66.82% 0.6682 

0.8  87.64% 0.8764 73.23% 0.7323 

1.0   90.80% 0.9080 79.63% 0.7963 

At the inhibitor concentration of 1.0gl-1 the 

maximum I.E% was found to be 90.88%. The 

results also showed that increase is efficiency is 

attributed to the increase in inhibitor concentration 

which was due to the increase in the molecules 

adsorbed onto the surface area that will be 

available for direct attack by the aggressive media 

on the metal surface. 

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 II 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 II 

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 H2SO4 was investigated 

using logarithm form of the Arrhenius equation 

which can be shown in equation 1.5. [14]  

𝑙𝑜𝑔
𝐶𝑅2

𝐶𝑅1
=

𝐸𝑎

2.303𝑅
 

1

𝑇1
−

1

𝑇2
 − − − − − 1.5 

where CR1 and CR2are the corrosion rates of 

Aluminium alloy 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 7.3457Kjmol-1 to 

29.5335Kjmol-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 

aluminium alloy surface is consistent with the 

mechanism of  charge transfer from charge 

inhibitor molecule to the charge metal surface 

which represents Physiosorption [15]. 

The activation energies, Ea determined in 0.1M 

H2SO4 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 

[16]. 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 [17]. 

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 
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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 III:- Thermodynamic parameters of the 

studied Balanites aegyptiaca inhibitor in acidic 

medium at different concentrations. 

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

)   Qads(kjmol
-1

) 

Blank   7.3457 

0.2   21.6238   −24.9750 

0.4  21.1015  −19.4427 

0.6  23.9243  −22.2685 

0.8  28.8228  −26.6400 

1.0   29.5335  −25.9004 

Thermometric studies: The Inhibition efficiencies 

obtained from thermometric measurements are 

relatively higher than those obtained from 

gravimetric measurements indicating that the 

instantaneous efficiencies of the plant extracts are 

better than their average inhibition efficiencies. 

Table IV: Inhibition efficiency (%) and degree of 

surface coverage of Balanites aegytiaca in acidic 

medium by thermometric method. 

 
Conc. (g/l)  I.E%    θ  

0.2  76.48%  0.7648 

0.4  81.94%  0.8194 

0.6  87.03%  0.8703 

0.8   91.93%  0.9193 

1.0   95.78%  0.9578 

It is seen that the dissolution of Aluminium Alloy 

starts directly from the immersion of the coupons 

in the test solution as evident in the constant 

temperature with time. The temperature of the 

system rises gradually due to the exothermic 

corrosion reaction to reach a maximum value Tm. 

The experiment revealed that the maximum 

temperature Tm was attained at a very short time 

(t) by the solution and the inhibition efficiency 
increased with increase in inhibitors concentration.   

Further inspection of the thermometric 

measurement revealed that on addition of the 

inhibitor, the maximum temperature attained 

decreases while the time required reaching it 

increases. This is an indication that the plant 

inhibitorsinhibits the corrosion of  aluminium alloy 

in the acidic environments, probably by adsorption 

on the metal surface. The extent of inhibition 

depends on the degree of coverage of the metal by 

the adsorbed molecules which in turns depend on 

the concentration of the inhibitor [18]. 

IR studies:  

A critical examination of the results reveals some 

major changes in the spectra of the corrosion 

products. These are:  

1) A shift in the wave number of adsorption, 

from the higher wave number to a lower 

wave number (hypsochromic shift). In this 

case, the intensity of the adsorption band 

was found to decrease.  

2) Disappearance of some adsorption band of 

Balanites aegytiaca after inhibition.  

3) Formation of new absorption band.  

The extent of the frequency shift can be directly 
attributed with the level of specific molecular 

interactions, such as hydrogen bonding and dipole-

dipole interactions. From the results obtained, 

hypsochromic shifts were observed for N-H wag, 

C-N stretch, O-H stretch and N-H stretch. 

Therefore, there is an interaction between the 

inhibitor molecule and the surface of the Alloy. 

Those functional groups that were missing might 

have been used for the formation of new bonds or 

adsorption of the inhibitor onto the Alloy surface 

[19].  

 

 
Fig IV: FTIR spectrum of corrosion product of 

aluminium alloy in acidic medium containing 

Balanites aegytiaca 
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Fig V: FTIR spectrum of corrosion product of 

Aluminium alloy in acidic medium (blank) 

Conclusion  

The inhibitor studied had an excellent inhibition 
effect for the corrosion of Aluminium Alloy in 

acidic medium. The high inhibition efficiencies 

were attributed to the adherent adsorption of the 

inhibitor molecule of Aluminium Alloy surface. 
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