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ABSTRACT 

The adsorption of Nickel (II) ions from aqueous solution using Prosopis africana seed pods as 

adsorbent was investigated by batch adsorption technique. Adsorption studies indicated that the 

maximum Ni2+ removal was observed at contact time of 60 minutes, pH of 2, adsorbate 

concentration of 30 mg/l and adsorbent dose of 1g. At these optimized conditions, 92% Ni2+ 

were removed. 
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INTRODUCTION 

Protection of the environment is evidently a necessity for mankind in order to survive and enjoy 

a pleasant life in the future. Water is one of the basic elements of life and the importance of its 

protection from pollution has been recognized for a long time.  

Heavy metals, which are natural components of the earth’s crust [1], are the most harmful of the 

thousands of chemical pollutants identified in water [2]. These metals enter the food chain and 

end up in the human body via ingestion, inhalation and skin contact. About fifty nine elements 

have been classified as heavy metals [2], and their presence, even at low concentration [3], cause 

short and long-term effects to animals, plants and humans due to their toxicity [4]. 

Nickel is one of the heavy metals [5]. It is an important nutrient required by the body in small 

amount [3], but at high concentration may cause headache, dizziness, nausea, vomiting, chest 

pain, etc [6]. The main source of nickel pollution is caused by processes such as smelting, 

mining, and metal finishing [3]. 

Some conventional techniques for the purification of wastewater containing Ni2+ are chemical 

precipitation, reverse osmosis, and membrane separation processes [7]. Among the several 
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treatment options, adsorption is the most widely recommended due to its convenience, simplicity 

in design and operation [3]. Furthermore, adsorption removes high solute loading pollutants from 

wastewater even at dilute concentrations [8]. 

Prosopis africana is flowering plant specie of the genus Prosopis found in Africa [9]. Rural 

populations use different parts of the plant for different purposes. The wood is used in the 

manufacture of household items, the roots and bark are used in traditional medicine, the leaves 

and pod pulps in fodder, and the seeds in food [10]. Seeds of Prosopis africana are used in 

Nigeria to prepare traditional fermented soup condiment or as flavour enhancers. Its common 

names include African mesquite and iron tree [9].  

In this report, the ability of Prosopis africana seed pods to remove Ni2+ ions from aqueous 

solution by varying pH, contact time, adsorbate concentration and adsorbent dose was 

investigated. 

 

MATERIALS AND METHODS 

Preparation of adsorbate (Nickel solution) 

A stock solution of Ni2+ was prepared by dissolving 4.048g of Nickel chloride (Nicl2.6H2O) in 

1000 ml deionized water. Other concentrations were obtained by successive dilutions. 
 

Preparation of adsorbent (Prosopis africana seed pods) 

Prosopis africana seed pods were obtained from Kasuwan Mata, Sabon Gari Market, Zaria, 

Kaduna State, Nigeria. The seeds were removed from the pods by shelling. The pods were 

washed with deionized water, dried in room temperature for seven days, ground and sieved to 

particle size of 710µm. It was then oven dried at 105ºC for 1 hour. 
 

Adsorption experiment 

All experiments were conducted at room temperature. Batch experiments were conducted at pH 

of 2-10, adsorbate concentration of 10-100mg/l, adsorbent dose of 1-5g and contact time of 20-

100 min. Each working volume of adsorbate concentration was pipette into 350 ml flask and 

topped up to 50 ml with deionized water. Batch test was carried out by shaking Ni2+ solution 

with Prosopis africana at varying pH and contact time. The solution was filtered and filtrate was 

taken for atomic absorption spectrophotometer (AAS) analysis to determine the final 

concentration of Nickel. The percent removal of Nickel was evaluated as follows [11]: 
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% Adsorption of Ni2+=
𝑐𝑖−𝑐𝑓

𝑐𝑖
× 100………… . (1) 

ci and cf stands for the initial and final Ni2+ concentrations. 

RESULTS AND DISCUSSION 

Percent Nickel removal as a function of pH 

Figure 1 represents the change in % Ni2+ removal with change in pH while keeping other 

variables constant. As the pH was increased from 2-6, adsorption increased from 78.9-92.0%. 

Beyond pH of 6, however, there was gradual decrease in adsorption reaching a value of 77.6% at 

pH of 10. 

 
Figure 1: Percent Nickel removal against pH 

 

The pH plays a significant role in metal adsorption [12] as it influences surface properties of the 

adsorbent by dissociation of functional group and surface charges [6]. At low pH, metal cations 

and protons compete for binding sites on adsorbent surface resulting in low adsorption [12]. 

Increasing pH results in more negatively charged ligands attracting more positively charged 

metal ions [6] and cause an increase in adsorption. Beyond pH of 6, however, adsorption 

decreased due to reduction in solubility of the Ni2+ and its precipitation [12] leading to lower 

binding. 
 

Percent Nickel removal as a function of adsorbent dose 

Figure 2 shows the change in % Ni2+ removal with change in adsorbent dose from 1-5g.  From 

the figure, adsorption of Ni2+ ions increased with increase in adsorbent dose. 
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Figure 2: Percent Nickel removal against Adsorbent dose 

 

Adsorption increased from 79-85% when the dose was increased from 1-3g. Beyond 3g, 

adsorption decreased to a constant value of 84%. The increase in %Ni2+ removal at the early 

stage could be as a result of the increase in adsorption sites [6]. An increase in dose beyond 3g, 

however, caused no change in adsorption which could be as a result of the saturation of the 

adsorbate [5]. 
 

Percent Nickel removal as a function of time of contact 

The change in %Ni2+ removal with change in contact time from 10-100 min is shown in Figure 

3. From the figure, it was observed that the rate of adsorption was rapid in the first 20 min as 

more than 90 percent removal of Ni2+ occurred. 

 

 
Figure 3: Percent Nickel removal against Contact time 
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Beyond 20 minutes the rate of adsorption increased but at a slower rate until 60 mins after which 

adsorption gradually decreased to 87.98% at 100 minutes. Hence 60 minutes was the time 

required to reach equilibrium. The rapid increase in Ni2+ removal at the early stage could be as a 

result of the availability of vacant sites [12] and the gradual decrease at later stage could be a 

result of fast exhaustion of the binding sites on reaching equilibrium [13]. 
 

Percent Nickel removal as a function of concentration of adsorbate 

Figure 4 presents the effect of adsorbate concentration (10-100mg/l) on the adsorption of Ni2+ 

while keeping the other variables constant. Analysis of the figure revealed a rapid increase in the 

percent removal of Ni2+ from 12-92% as the adsorbate concentration is increased from 10-

30mg/l. 

 
Figure 4: Percent Nickel removal against Concentration of adsorbate 

Beyond 30 mg/l, % removal is slightly affected by any increase in the adsorbate concentration 

which could be a result of the exhaustion of the adsorption sites. 

 

CONCLUSION 

The ability of Prosopis africana seed pods to adsorb Ni2+ ions from aqueous solution was 

investigated. All the variables (contact time, pH, adsorbate concentration and adsorbent dosage) 

studied had positive effect on the removal of Ni2+ from aqueous solution. At the end of the study 

and within the experimental range studied 92% Ni2+were removed. Therefore, Prosopis africana 
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seed pods can serve as an effective and low cost adsorbent for the adsorption of Nickel (II) ions 

from aqueous solution. 
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