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Abstract: The inhibitive effect of different concentrations (10%v/v to 50%v/v) of bitter kola water-extract (BK) on the corrosion of 

aluminum in 0.5M hydrochloric acid was investigated by weight loss technique at 30oC to 50oC. The percentage inhibition efficiency 

increased with the concentration of the inhibitor and the temperatures. The mechanism of chemical adsorption has been proposed for 

the inhibitor on the basis of the temperature effect and the values of activation energy obtained. The inhibition is probably due to the 

adsorption of kolaflavonone which is the active component in bitter kola extract on aluminum surface. The adsorption of the inhibitor 

molecule on aluminum surface was in accordance with Langmuir adsorption isotherm. The results from weight loss technique 

confirmed that bitter kola water - extract (BK) is effective in reducing the corrosion of aluminum in hydrochloric acid medium and could 

serve as an effective and non-toxic inhibitor of the corrosion of aluminumin hydrochloric acid solution at the temperatures studied. 
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1. Introduction 

 

Exposure of metals to aggressive environments such as the 

use of acid solutions for pickling, chemical and 

electrochemical etching of metal, industrial acid cleaning, 

cleaning of oil refinery equipment, oil well acidizing and 

acid descaling usually lead to loss of the metal due to 

corrosion [1].It has been estimated that approximately 5% 

of an industrialized nations income is spent on corrosion 

prevention, maintenance and replacement of products lost 

or contaminated as a result of corrosion reactions. 

Therefore, corrosion poses one of the biggest problems to 

the economy of a nation [2]. 

 

Corrosion not only has economic implications but also 

social and these include the safety and health of people 

either working in industries or living in nearby towns. The 

petroleum industry is one of the most affected by 

corrosion. This is because the presence of many corrosive 

substances in the crude oil, from the extraction of crude oil 

to the transportation of final products, affects equipment 

and pipelines [3]. 

 

The use of inhibitors is one of the best options of 

protecting metals against corrosion. Several inhibitors in 

use is either synthesized from cheap raw material or 

chosen from organic compounds having heteroatoms in 

their aromatic or long chain carbon system [4]. 

 

However, most of the inhibitors are toxic to the 

environment. In an attempt to find corrosion inhibitors 

which are environmentally safe and readily available, there 

has been a growing trend in the use of natural products 

such as leaves or plant extracts as corrosion inhibitors for 

metals in acid cleaning process [5]. 

 

Garcinia kola exhibits purgative, anti-parasitic, anti-

inflammatory, anti-bacterial and antiviral properties [6]. A 

thorough review of the literature revealed that ethanol 

extract of garcinia kola has been used to inhibit the 

corrosion of mild steel [7] and aluminum [8] in sulphuric 

acid. Bitter kola has been analyzed and found to contain 

Kolaflavonone [9] which is the active component in bitter 

kola responsible for the adsorption of the inhibitor on the 

metal surfaces. 

 

Presently to the best of our knowledge, there is no reported 

work on the use of bitter kola water-extract as inhibitor of 

aluminum in hydrochloric acid. 

 

Therefore this paper reports the inhibitive effect of BK on 

corrosion of aluminium in 0.5M hydrochloric acid using 

weight loss method. 

 

2. Materials and Method 
 

The weight loss corrosion test method was used for this 

study. 

 

2.1 Metal Preparation 

 

The Aluminum test specimens of dimensions 4cm by 3cm 

were cut from aluminum sheet of 0.5mm in thickness and 

98.76% purity. The aluminum coupons were prepared, 

cleaned and preserved to avoid contamination. 
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2.2 Weight Loss Method of Corrosion Measurement 

 

0.5M Hydrochloric acid was employed as the aggressive 

solution for this study. The stock solution of bitter kola 

was crushed and extracted in water. The stock solution of 

the bitter kola was diluted with appropriate quantity of 

0.5M hydrochloric acid solution to obtain inhibitor test 

solutions of 10% to 50% (v/v) concentrations. The 

procedure for weight loss determination was as previously 

reported [10]. Previously weighed aluminum coupons in 

100mL open beakers containing 50mL of 0.5M 

hydrochloric acid (blank) and then with addition of 

different bitter kola concentrations to the 0.5M 

hydrochloric acid (10 – 50%, v/v) at 30
o
C to 50

o
C. The 

weight losses of the coupons were monitored for 210 

consecutive mins at 30mins interval for 30
o
C to 50

o
C as 

presented in fig 1 to fig 3. Duplicate experiments were 

conducted at the same time and the average values were 

taken. Corrosion rate (mm/year), percentage inhibition 

efficiency (n%) and the surface coverage (Ѳ) were 

calculated for 140 min immersion period using the 

following equations: 

 

Corrosion rate (mm/year) = 
87.6𝑤

𝐷𝐴𝑡
                    (1) 
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θ = 
%𝐸

100
                                           (3) 

 

Where w is the weight loss of aluminium (mg), D is the 

density of the aluminum (gcm
-3

), A is the area of specimen 

(cm
2
), and t is the immersion time (h). 

 

3. Results and Discussion 
 

3.1 Inhibitory Action of Bitter Kola Extract on the 

Corrosion of Aluminium 

 

The correlation of weight loss of aluminum coupons with 

time in hydrochloric acid and in the presence of different 

concentrations of bitter kola extract is shown in fig 1 to fig 

3. This figures shows that the introduction of the bitter 

kola extract at different concentrations to the acid solution 

decreased the value of material loss from the surface of 

aluminum and the decreased deflection of weight loss rate 

with time for 10 – 50% (v/v) bitter kola concentrations. 

This observation in fig 1 to 3 shows that bitter kola acts as 

an inhibitor of aluminum corrosion in 0.5M hydrochloric 

acid at the studied concentrations. It is evident in Table 1 

that the weight loss decreased with increasing 

concentrations of the bitter kola and temperatures in 

hydrochloric acid solutions and the inhibition efficiency 

increases with increasing bitter kola concentrations. The 

observation in fig 4 portrays an increase in inhibition 

efficiency of bitter kola extract as the concentration of 

extract increases in the acid solution. This can be observed 

from the upward progression of all three temperatures. 

 

This behavior indicates that the inhibition is due to the 

adsorption of inhibitor’s molecule onto the aluminum 

surface and bitter kola acts as an adsorption inhibitor. 

Bitter kola is a good inhibitor of corrosion of aluminum in 

hydrochloric acid solution with 82.96% inhibition in 50%, 

(v/v) at 50
o
C. The inhibitory effect of the bitter kola is 

ascribed to the presence of kola flavonone which is the 

active component in bitter kola. 

 

 
Figure 1: Variation of weight loss with time for 

aluminium coupons in 0.5M hydrochloric acid solution 

containing different concentrations of bitter kola extract at 

30
o
C. 

 

 
Figure 2: Variation of weight loss with time for 

aluminium coupons in 0.5M hydrochloric acid solution 

containing different concentrations of bitter kola extract at 

40
o
C. 

 

 
Figure 3: Variation of weight loss with time for aluminum 

coupons in 0.5M hydrochloric acid solution containing 

different concentrations of bitter kola extract at 50
o
C. 

 

3.2 Effect of concentration increase on the inhibition 

efficiency of Bitter kola extract 

 

Figure 4 portrays an increase in inhibition efficiency of 

bitter kola extract as the concentration of extract increases 

in the acid solution. This can be observed from the upward 

progression of all three temperatures. 
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Figure 4: Variation of inhibitor efficiency with inhibitor 

concentration for aluminium coupons in 0.5M 

hydrochloric acid solution containing bitter kola extract at 

three different temperatures. 

 

3.3 Effect of Temperature on the Inhibition Efficiency 

of Bitter Kola Extract 

 

The effect of increase in temperature on the inhibition 

efficiency of bitter kola extract is also displayed 

graphically in fig 4. We can observe from the graph that as 

the reaction temperature is increased from 30
0
C to 40

0
C 

and to 50
0
C the inhibition efficiency increases. 

 

Thus, it is appropriate to say that increasing temperature 

favours the inhibition efficiency of bitter kola extract on 

aluminium in HCl. 

 

Table 1: Corrosion rate, inhibition efficiency and surface 

coverage of bitter kola extract on aluminium at 50
0
C for 

210 min immersion period 

Concentration 

(%v/v) 

Corrosion 

rate (mm/yr) 

Inhibition 

efficiency 

(n%) 

Surface 

coverage 

(Ѳ) 

0.0 1.38 - - 

10 0.68 50.68 0.51 

20 0.54 62.32 0.62 

30 0.42 69.05 0.70 

40 0.40 72.65 0.73 

50 0.23 82.96 0.83 

 

3.4 Active Component of the Extract 

 

The active constituent of garcinia kola is dimeric flavonoid 

molecules fused together-biflavonoid. Biflavonoid are 

potent anti-oxidant. 

 

 
 

From the structural point of view, bitter kola is a flavonone 

that contains several electron rich sites for its adsorption 

onto the metal surface. The various oxygen atoms at the 

rings are electron rich and they also serve as adsorption 

sites to the metal to effect corrosion inhibition. 

 

Adsorption Mechanism 

 

The inhibitor must have been chemically adsorbed into the 

metal surface from the temperature effect on the % 

inhibition efficiency. 

 

4. Conclusion 
 

Bitter kola was found to be a highly efficient ecofriendly 

inhibitor for aluminium in 0.5M HCl solution reaching 

about 82.96% at 50%v/v and 50
0
C a concentration 

considered to be very moderate. Bitter kola is a potential 

corrosion inhibitor. The percentage efficiency in the 

presence of inhibitor increases with temperature which 

indicates a chemical adsorption of the inhibitor molecule 

on the metal surface. 
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