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ABSTRACT 

This study assessed the potential of activated carbon produced from Chrysophyllum albidum 

(African star apple) seed shells to adsorb Pb and Ni ions from municipal wastewater. The seed was 

washed, dried, crushed and carbonized, thereafter activated using potassium hydroxide (KOH) for 

possible adsorption process. Batch adsorption technique was adopted to examine the effects of 

temperature, pH, contact time, adsorbent dosage and initial metal concentration on the adsorption of Pb 

and Ni ions from the wastewater at 25 ⁰C. The maximum adsorption capacity of pH was efficient at 6.0 

due to presence of hydrogen ions around the binding sites. The maximum equilibrium was attained at 

contact time of 60 minutes for the both metal ions, as temperature levels was efficient at 40 ⁰C. The 

adsorption capacities of Chrysophyllum albidum seed shells slightly increased as initial metal ion 

concentration and adsorbent dosage decrease due to adsorbent driving force and availability in tandem 

to electrostatic interaction. The Scan electron microscope (SEM) showed the particulate arrangement, 

pore spaces, which implies that is has the capacity to adsorbed efficiently at designated adsorption 

concentration and dosage. The presence of alcohol (O-H), carbonyl (C=O), alkanes (-CH2- and -CH3) 

and amide (NH2) as revealed by Fourier Transformed Infrared Spectrometer (FTIR) confirms the 
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potential mechanism of adsorption across different functional substrates. Hence, the Chrysophyllum 

albidum (African star apple) seed shells has the potential to be utilized as a low-cost, efficient and usable 

adsorbent substitute in the remediation of heavy metals contamination in wastewater 
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1.  INTRODUCTION 

 

Environmental contamination by heavy metals is a threat to the environment and is of 

global concern due to their toxicity, bio-accumulation and threat to human life and environment. 

These metals are non-degradable and are very resistant to biodegradation. In living organisms, 

toxic metal ions mainly bind to nucleic acids, proteins and small metabolites. The cells 

biological functions are hampered as they lose their homeostatic control of essential metals, 

resulting in lethal health problems [1]. Possible anthropogenic sources of heavy metals in our 

environment include activities, such as metal cleaning and plating baths, domestic waste, paper 

and pulp, tanning, and chemical manufacturing processes while their natural sources in the 

environment include weathering of metal-containing rocks and volcanic eruptions [2]. These 

metals are transported by runoff water and contaminated water sources downstream from the 

contaminant sources. Heavy metals such as lead, nickel, chromium, copper, mercury etc., are 

ubiquitous in our environment. Lead (Pb) contaminant comes from industrial mining, steel, 

automobile, batteries, waste from science laboratory, paints and pollutants arising from 

increasing industrialization. It can cause nausea, encephalopathy, headache and even mental 

retardation [3, 4]. Nickel (Ni) is present in crude oil in varying concentrations and burning of 

petroleum products. Humans are exposed to Ni by inhalation, drinking water, and eating 

contaminated food. It is released into the air by power plants and trash incinerators and settles 

to the ground after undergoing precipitation reactions. Nickel can also end up in surface water 

when it is a part of wastewater streams [5]. This can cause various kinds of cancer on different 

sites within the bodies of animals, mainly of those that live near refineries. Due to the harmful 

effects of toxic metals on human health and aquatic ecosystems, several chemical and physical 

technologies have been developed to eradicate metal ions from wastewater before discharging 

into the ecosystem, including ionic exchange, reverse osmosis, solvent extraction, chemical 

precipitation, electrochemical treatment and the use of biosorbents [6]. Though, these 

traditional techniques have their inherent merits and limitations, such as low removal efficiency 

at low concentrations, sensitive operating conditions and high operating cost.  Among the 

various physicochemical processes, biosorption is arguably one of the more popular methods 

for the removal of toxic metals ions. Biosorption is based on the ability of biological materials 

to accumulate heavy metals from wastewater by either metabolically mediated or 

physicochemical pathways of uptake [7]. Some of the biomaterials that have been previously 

investigated in the removal of metal ions from aqueous solutions include: moringa stenopetala 

and moringa oleifera [8], Palm kernel fiber [9], Cystoseira indica [10] and Irvingia gabonensis 

husk [11]. Therefore, this study aims to investigate the adsorption of Ni 2+ (Nickel) and Pb 2+ 

(Lead) metals  from waste water onto activated carbon prepared from a low cost agricultural by 

product such as Chrysophyllum albidum seed shells. The influence of initial metal ion 

concentrations was evaluated and the relationship between pH, temperature, adsorbent dose and 

removal efficiency was also analyzed. 
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2.  MATERIALS AND METHODS 

2. 1. Sample Collection and Prepaation 

The African star apple (Chrsophyllium albidium) which belongs to the family of trees 

known as Sapotaceae was purchased from Kuto Market, Abeokuta, Ogun state Nigeria. The 

seed shell was chop into small pieces, washed extensively in distilled water to remove dirt and 

particles. Thereafter sundried, ground, sieved using mesh size of 2mm and stored in an airtight 

container for further analysis.  

 

 
 

Figure 1. Pictorial view of Chrsophyllium albidium (African star apple) with seed shell 

 

 

2. 2. Preparation of Stock standard  

The stock standard was prepared using 4.2g of potassium hydroxide (KOH) diluted with 

distilled water in a 250 ml flask and filled to mark. 

 

2. 3. Preparation of Activated carbon 

The clean samples were subjected to oven drying at 80 °C for 12 hours to remove moisture 

as described by [11]. The sample was grounded and sieved using 2 mm mesh sieve. The sieved 

sample was impregnated with 0.3 mol/dm3 of Potassium hydroxide (KOH) for 24 hours until 

the mixture turned paste. This was done to open the pore spaces and optimize the properties of 

the activated carbon. It was then decanted and dried in an oven after the retrieval from the drier, 

it was then introduced into the Muffle furnace and carbonized at 400 °C. After activation, the 

sample was washed with distilled water until the pH of the filtrate was 7. The filtered solid was 

then dried at 80 ⁰C for 6 hours to give powdered sample. 
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2. 4. Fourier Transform Infrared Spectroscopy (FTIR) analysis 

The functional groups present in the prepared activated carbon were determined using the 

FTIR-2000. It directed a beam of light having many frequencies of light to the activated carbon 

at once and measures how much of that beam is absorbed by the carbon. The spectra were 

recorded from 4400 to 350 cm−1 wave number. 

 

2. 5. Scanning electron microscopy (SEM):  

The surface morphology and microstructure of the prepared activated carbon was 

characterized using SEM. A small quantity of the prepared activated carbon was sprinkled on 

sample holder and samples were coated with platinum coating of electrically conducting 

material, deposited on the sample by low-vacuum sputter coating. The sputter coated sample 

was firmly attached to the carbon adhesive tape and analyzed using SEM machine equipped 

with In-lens standard detector at 30 kV. 

 

2. 6. Batch adsorption technique 

The working solution for individual sorption experiment was prepared by serial dilution 

of aliquots of each stock solution. For the study of the effect of concentration on the removal 

of Pb2+ and Ni2+ Using the activated carbon (African star apple seed shell) adsorbent as 

described by Clesceri et al. [12].  

A concentration of 5 mgL-1-25 mgL-1 was used. The effect of dosage of the activated 

carbon absorbent on the sorption of pb and Ni ion was evaluated using 0.5g, 1.0g, 1.5g, 2.0g 

and 2.5g of activated carbon adsorbent. Batch adsorption experiments for the equilibrium 

adsorption experiments was carried out by agitating known weight of the activated carbon 

adsorbent with 1000 ml of adsorbate solutions of different initial concentrations (5, 10, 15, 20 

and 25 mgL-1) and from 5 minutes to 2 hours.  

The concentration of 5 mgL-1 was used for the equilibrium and adsorption studies 

investigating the effect of adsorbent dose and the concentration for each experiment was 

modified using NaOH and HCl. The reaction vessel for each adsorption experiment was a 250 

mL conical flask and the sorption was carried out at a laboratory temperature of 25 °C. At the 

end of each experiment, the resulting solution was separated from the adsorbent using filter 

paper and the filtrate was analyzed by taking out 5 mL of each filtrate using a micropipette into 

a sample analysis tube for metal ion determination.  

The metal ion concentrations of the adsorbate solution were determined 

spectrophotometrically using Ionization Coupled Plasma-Optical Emission Spectrophotometer 

(ICP-OES). For the determination of metal ion loading after sorption, the amount of metal ion 

adsorbed at time, t was calculated using Equation (1): 

 

𝑞𝑒 =
(Ci−Ct)

w
𝑉                                   (1) 

where: 

Ct (mgL-1): is the metal ion concentration at time t; Qt (mg.g-1): is the loading of the metal ion 

at time t; Ci (mgL-1): is the initial metal ion concentration; w: is the weight of the adsorbent (g); 

V is the volume of the aqueous system. All adsorption experiments were carried out in duplicate 

to ensure reproducibility and accuracy of result. 
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3.  RESULT AND DISCUSSSION  

3. 1. Scan Electron Micrographs (SEM) Imagery 

The particles morphology of the prepared activated carbon from African apple seed shell 

was studied using SEM and the results obtained at different magnifications are presented in 

Figure 2(a) and Figure 2(b). The monographs appear to be dark field, with illuminations dotted 

in the matrix.  

 

 
 

Figure 2(a). SEM of activated carbon from Chrsophyllium albidium seed shell at 8,000x 

 

 
 

Figure 2(b). SEM of activated carbon from Chrsophyllium albidium seed shell at 9,000x 
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The low magnification micrographs (Plate 1i) revealed the presence of wide varieties of 

pores in the prepared activated carbon. Whereas higher magnification micrographs of 9,000x 

(Figure 2b) demonstrated a more evident of large pores on the surface of the prepared activated 

carbon. This implies that the prepared activated carbon from African star apple seed shell has 

enough spaces for adsorption activities to take place. Hence, there is high tendency for the 

heavy metals adsorption since surface plays a prominent role in the adsorption process [13]. 

 

3. 2. Fourier Transform Infrared Spectroscopy (FTIR) analysis of Adsorbent  

The FTIR spectrum of the prepared activated carbon is revealed in Figure 3. The 

significant peaks from 1029 to 3407 cm-1 are characterized by FTIR spectrum. The band at 

3407 cm-1 indicates the presence of alcohol (O-H stretching) which is attributed to the presence 

of free intermolecular bonded hydroxyl groups [14]. The peak at 2925.30 cm-1 indicates an 

Alkane (C-H) group is present, this is characteristics of (-CH2-) and (-CH3) saturated aliphatic 

compounds. At 1602 cm-1, the functional group is characterized by unsaturation of an alkene 

(C=C stretching) group usually cyclic alkene. At 1377cm-1 indicates the presence of an alkene 

group (C-H bonding).The alkane group is characteristic of a methyl or methylene group. At 

1029 cm-1 indicates the presence of a carbonyl compound (C=0 stretching) a characteristic of 

ethers (ie alky aryl or vinyl ethers). This result is in line with the findings of Ahmed et al. [15]. 

The result from the FTIR study reveals that the prepared activated carbon from Chrsophyllium 

albidium seed shell contains organic groups which favor adsorption on the surface of the 

adsorbents 

 

 
 

Figure 3. Fourier transforms infrared of activated carbon from  

Chrsophyllium albidium seed shell 
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3. 3. Batch Adsorption 

3. 3. 1. Effect of temperature  

The effect of temperature on the adsorption of heavy metals by adsorbent is shown in 

Figure 4. The mean temperature value ranges from 0.02±0.00 to 11.68±0.12. At 40 °C, the 

temperature at Ni2+ was the highest with 11.68±0.12 and decrease to 0.58±0.01 at 45 °C. The 

Pb2+ and Ni2+ were negative at 25 oC and 30 °C but increased gradually at 35 °C and 40 °C but 

decrease at 45 °C.The effect of temperature on the adsorption of Pb2+ and Ni2+ ions were studied 

at different concentrations; 5, 10, 15 , 20  and 25 mgL-1 at 25 °C, 30 °C, 35°C, 40 °C and 45 °C 

respectively. The observed increase in the adsorption of Pb2+ and Ni2+ ions on African star apple 

seed shells with increase in temperature is indicative of the fact that the adsorption process is 

endothermic in nature. As revealed in Figure 1, the increase in temperature of the system affects 

solubility and particularly the chemical potential of the adsorbate Pb2+ and Ni2+ which is known 

to be a controlling factor in the process of adsorption. It has been reported earlier that if the 

solubility of the adsorbate increases and the chemical potential increases with rise in 

temperature, both these effects work in the same direction, thereby resulting in an increased 

adsorption [16]. Similar results were obtained in studies of the adsorption of lead on rice husk 

[17]. The adsorption of Pb2+ and Ni2+ ion may involves chemical bond formation and ion 

exchange since the temperature is the main parameter affecting the above two processes. 

 

 
 

Figure 4. Effect of temperature on Pb2+ and Ni2+ ions 

 

 

3. 3. 2. Effect of pH  

The effect of pH on the adsorption of heavy metals by adsorbent is shown in Figure 5. pH 

7 and 8 indicated low removals of metal ions while maximum adsorption occurred at pH 6, 

which later decreased when the pH was increased to 8 for the two metal ions. 
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Figure 5. Effect of pH on Pb2+ and Ni2+ 

 

 

pH is one of the imperative factors governing the adsorption of the metal ions which 

affects the functional groups protonation and also, the metal chemistry in solution [18]. The 

effect of pH on heavy metal adsorption from aqueous solutions was reported by several 

researchers [19-22]. In all cases it was found that removal of heavy metal ions was pH 

dependent. It is clear that Pb (II) ion was effectively adsorbed in the pH range 2, 4 and 6 with 

the highest removal at pH 6 while for nickel (II) ion, maximum removal also occurred at pH 6. 

Similar results were reported by Onwu and Ogah [20] and Egila et al., [19]. The increase in the 

amount of metal ion adsorbed due to the increase in pH may be explained on the basis of a 

decrease in competition between proton (H+) and the positively charged metal ion at the surface 

sites and by decrease in positive charge near the surface resulting in a lower repulsion of the 

adsorbing metal ion. When alkalinity increased that is from pH value of 7 to 8, there was further 

decrease in the rate of adsorption by Chrsophyllium albidium seed shells for Pb(II) and Ni(II) 

ions in aqueous solution. This is due to at low pH, hydrogen ion concentration is high and there 

is a competition between H+ ions and the Ni+(II) ions in the adsorbent sites so repulsive force 

take place. The minimum adsorption observed at low pH may be due to the ligands on the cell 

walls that were closely associated with the hydoxonium ions thereby causing the surface of the 

adsorbents to be positively charged, but when the pH was increased, the hydroxonium ions were 

gradually dissociated and the positively charged metal ions were associated with the free 

binding sites on the adsorbent. In contrast as the pH increases, more negatively charged surface 

becomes available thus enhancing greater metal ion removal [23]. 

 

3. 3. 3. Effect of contact time  

Figure 6 revealed that as the contact time increased from 30 to 180 minutes, the amount 

of metal ions removed also increased, this trend was consistent up to 60 minutes contact time 
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when equilibrium was attained. Further increase of contact time beyond 60 min; generally result 

in decrease in the amount of Pb (II) and Ni (II) ions.  

 

 
 

Figure 6. Effect of contact time on Pb2+ and Ni2+ ions 

 

 

Contact time is the shortest time required by an adsorbent to achieve equilibrium 

adsorption of an adsorbate after which there are no more changes in the amount of the adsorbate 

in the solution. The results for contact time indicated that the rate of the metal uptake level was 

rapid within 60 minutes for the two metal ions which were independent of the metal ion 

concentration; this is due to prolonged contact between the sorbent surface and the metals ions 

[24].  Additional increase in time resulted in a decrease in the amount of metal ions adsorbed. 

This implied that the binding sites on the adsorbent were exhausted and further shaking resulted 

in desorption or the adsorption sites became saturated to maximum uptake capacity. Similar 

trends were observed for the biosorption of Pb (II) ion and Cd (II) ion [25]. At each contact 

time, more of Lead (II) ion was being removed than nickel (II) ion. This could be due to the 

fact that Pb2+ with smaller ionic radii was able to diffuse through the pores of the pod than Ni2+, 

although they both reached equilibrium at the same time of 60 minutes. Moreover, Pb2+ is bigger 

than Ni2+, which also influences its uptake from aqueous solutions. 

 

3. 3. 4. Effect of adsorbent dosage 

Figure 7 shows the effect of the different adsorbents dosages (0.5-2.5 g/100 ml) on 

different metal concentrations (5, 10, 15, 20 and 25 mgL-1) solution for 2 hours at wavelength 

220 and 231 for Pb2+ and Ni2+ respectively. The mean value ranges from 0.01±0.02 to 

0.74±0.01. The amount of an adsorbent concentration added to the solution in an adsorption 

process determines the number of binding sites available for adsorption. It is considered as one 

of the most strongly parameters that affects the removal efficiency and adsorption capacity 
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among other studied parameters. The adsorption capacity of Pb2+ and Ni2+ increased with 

increasing the metals ions concentrations and dosage of Chrsophyllium albidium seed shells 

activated carbons. The removal of Pb2+ attained maximum removal, even at a lower adsorbent 

dosage with 0.74±0.01 removal for 0.5 g/100 ml adsorbent with 10 mgL-1 metal ions 

concentrations. On the other hand, removal efficiency of Ni2+ shows narrow variation with 

increasing of metal concentrations and increasing of adsorbent dosage. Maximum removal of 

Ni2+ (-0.29±0.00) was attained at 1.5 gm/100 ml adsorbent with 15 mgL-1 metal ions 

concentrations. Higher dosage of adsorbent increased the adsorption due to more surfaces and 

functional groups been available on the adsorbent [24]. The results therefore shows that the 

adsorption of cations with large ionic radii would less likely compared with smaller ionic radii. 

This is in agreement with what was reported by Mataka et al. [25] that during sorption of metal 

ions, ions of smaller ionic radii tend to move faster to potential adsorption than the heavier one. 

 

 
 

Figure 7. Effect of adsorbent loading on Pb2+ and Ni2+ 

 

 

3. 3. 5. Effect of Initial Metal Ion Concentration 

The mean concentration value for Pb2+ and Ni2+ were presented in Figure 8. The mean 

value ranges from 0.03±0.01 mg/g to 3.82±0.02 mg/g. At low concentration, the Pb2+ metal was 

0.07mg/g then increases at concentration 10 and 15 and decrease at concentration 20 and 25. 

But at Ni2+ the concentration at 5 mgL-1, 10 mgL-1 and 15 mgL-1 was 0.30 mg/g, 0.33 mg/g, 

0.20 mg/g, then increase at concentration 20 mgL-1 and 25 mgL-1. The concentration of an 

adsorbate in an aqueous solution provides the driving force necessary to overcome the forces 

which oppose the migration of its ions from the solution to the surface of an adsorbent [26, 27]. 

The sorption of Pb2+ and Ni2+  onto various adsorbents was carried out at different initial Pb2+ 

and Ni2+ ion concentrations ranging from 5 to 25 mgL-1 per 100 ml solution, at wavelength 220 

nm and 231 nm respectively. Additionally, increasing the concentration gradually there is 
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increase in Ni2+ removal whereas there is a decrease in the Pb2+ removal. The reason for the 

decrease in adsorption efficiency can be due to the relatively smaller numbers of active sites 

available on adsorbent. The decrease in removal can also be explained by the fact that as the 

concentration of the adsorbate increases so does the metal loading on the adsorbent [28-30]. 

The ions competed with one another for the few vacant sites on the adsorbents, a little 

percentage was removed and the adsorption process became ineffective. 

 

 
 

Figure 8. Effect of concentration on Pb2+ and Ni2+ 

 

 

4.  CONCLUSIONS   

 

The present study has shown that the activated carbon of African star apple seed shell can 

be used as a free and adsorbent material for the removal of Ni2+ and Pb2+. Pb and Ni ion sorption 

by the African star apple seed shell adsorbent was contact time-dependent and the maximum 

uptake was observed in the contact time of 30-180 minutes. Maximum metal ions removal by 

the adsorbent occurred at a pH 6.0. Metal ion loading was found to increase with increasing 

amounts of adsorbent up to a maximum at 0.5 g. Specific organic groups were present on the 

surface of the adsorbents, such as, alcohol, carboxylic, amides and alkanes, which are known 

to be favorable for the adsorption process. The residue adsorbent was found to be effective in 

removal the heavy metal ion, and hence can be a good resource for pollution control that can 

be utilized in developing countries to reduce the effect of heavy metal pollution. 
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