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Abstract  The discharge of heavy metals into the environment from industrial wastes is a major problem that needs 

immediate attention. This study investigated the potential of Chrysophyllum albidum (African star apple) seed shells as an 

adsorbent for the removal of Mn2+, Co2+ and Cr6+ ion from synthetic wastewater. The seed shell was washed, dried, crushed 

and sieved, and this was subsequently used 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 

Mn2+, Co2+ and Cr6+ ion from synthetic wastewater at 25°C and optimum pH of 6.68 with equilibrium contact time of 60 

minutes. Investigation of the surface morphology of the adsorbent before and after adsorption using scanning electron 

micrograph (SEM) showed the particulate arrangement, pore spaces indicating that metals were adsorbed on the adsorbent. 

The adsorbent was probed with Fourier Transformed Infrared Spectrometer (FTIR) which revealed the presence of alcohol 

(O-H), amide (NH2) alkanes (-CH2- and -CH3) and carbonyl (C=O) groups at a frequency band of 3645.78 cm-1, 3458.63 cm-1 

1391 and 1100 respectively confirming the potential mechanism of adsorption across different functional groups. The 

adsorption kinetics uptake for Mn2+, Co2+, and Cr6+ at various initial metal ions concentrations was analysed using 

pseudo-first-order and pseudo-second-order. The adsorption process fitted with the pseudo-second-order which showed that 

the metals were chemisorbed on the biosorbent surface. The percentage adsorption of Mn2+, Co2+ and Cr6+ ions ranges from 

76.90 - 84.81, 55.99 - 64.50 and 49.88 - 54.81 respectively. The adsorption data were fitted to the Langmuir adsorption 

isotherm better than Freundlich models. Solution pH and temperature significantly influenced the adsorption process and a 

negative value of ∆G° was obtained which suggest that the sorption process was spontaneous and feasible. This showed that 

the biomass of Chrysophyllum albidum seed shell (CASS) is a promising cost-effective biosorbent substitute in the 

remediation of heavy metals contamination in wastewater.  
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1. Introduction 

Pollutants have become a severe issue to be dealt with in 

all developing countries, and Nigeria is not an exception, 

especially due to the consistent contamination of the environment 

since independence till date, leading to adverse threats on 

plant, animal, and human life [1]. Cadmium, manganese,  
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cobalt, chromium, lead, nickel, mercury, arsenic and many 

more have been established as heavy metals as they have 

relatively high densities, atomic weight and atomic numbers, 

and are ubiquitous in the environment [1-3]. Most of the 

heavy metals are harmful to life due to their toxicity and 

bioaccumulation even at low concentrations [1,4]. Heavy 

metals get into the environment via various ways which are, 

the anthropogenic and non-anthropogenic sources [5-6]. The 

anthropogenic sources include tanning, laundry, dying, metal 

cleaning, mining, cement manufacturing, pulp and paper and 
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chemical manufacturing processes, while non-anthropogenic 

sources include volcanic eruption and weathering of 

metal-containing rock. The different types of contamination 

and pollution of water sources with toxic heavy metals    

are of major concern. Heavy metals are resistant against 

micro-organisms which are known to decompose some 

organic pollutants, therefore, such pollutants cannot be 

removed naturally from the environment [5-6]. Among all 

forms of pollution, heavy metals have been identified as one 

of the main threats endangering human and wildlife causing 

brain damages, disrupting the circulatory system, as well as 

disrupting the endocrine system. Hence, these are called 

endocrine disrupting chemicals [5-7]. 

Adsorption techniques are effective and efficient for 

removing pollutants such as heavy metals, organic pollutants 

and dyes from wastewater [1,3-5]. Activated carbon is highly 

competent and valuable, but its high cost and difficult 

regeneration limits its use. Therefore, low cost, renewable, 

and easily available materials as adsorbents are needed, and 

attention has been focused on developing them, which 

includes agricultural and forestry by-products such as walnut 

shell, egg shell, wheat straw, rice and peanut husks, sawdust, 

etc. [5-9]. The processes of heavy metals removal from aqueous 

solutions are physical, chemical and biological processes and 

some of these involve precipitation, electrolysis, ion exchange, 

coagulation, foam flotation, filtration, sedimentation, solvent 

extraction, adsorption, chemical oxidation, disinfection and 

chemical precipitation methods [10-11]. However, adsorption 

is considered superior compared to some of the other 

methods of heavy metal removal because of its convenience, 

easy operation and simplicity of design [12]. This process 

creates a film of the adsorbate on the surface of the adsorbent 

and it differs from absorption, in which a fluid is dissolved by 

a liquid or solid respectively. The characteristics of adsorption 

that effects the removal of contamination are adsorption 

capacity, specific surface area, pore volume, grain size and 

pore size distribution [13-14]. A variety of adsorbents are 

used and studied in the field of pollutant removal from water 

resources like activated carbon, chelating materials, zeolites, 

bio-adsorbents and etc. Nonetheless, polymer based adsorbents 

are used widely in this respect due to their low cost, stability, 

high durability and high efficiency [15-18].  

Agricultural wastes are now considered an alternative and 

important precursors for the production of adsorbent because 

of their low cost and they are mainly composed of highly 

fibrous ligno-cellulosic materials with relatively large surface 

areas that can provide intrinsic adsorptive sites to many 

substrates [1,19-28]. They are renewable and abundantly 

available at little or no cost for adsorption of both inorganic 

and organic pollutants thereby providing way of recycling 

agricultural wastes which could constitute environmental 

nuisance [1,5,28-39]. The study is aimed at the use of 

Chrysophyllum albidum (African star apple) seed shells as an 

adsorbent for the removal of Mn2+, Co2+ and Cr6+ ion from 

synthetic wastewater. 

2. Material and Methods 

2.1. Materials 

The chosen precursor material, Africa star apple seed shell, 

an agro-waste, was collected at a local market in the arena 

area of Oshodi, Lagos State, Nigeria. The seeds were washed 

and rinsed with deionized water to remove the dirt and other 

extraneous materials. The washed seeds were dried in the 

laboratory, and then broken to remove the cotyledon. The 

seed shells were grinded using a mortar and pestle, and 

sieved with laboratory test sieve of aperture 250 MIC. It was 

then oven dried at 105°C for 5 hours, cooled in a desiccator 

and stored in an air tight container. The stock solution of 

manganese (II), cobalt (II) and chromium (VI) ion (1000 

mg/L) was obtained by dissolving their respective water-soluble 

salts in deionised water, and the working solution was prepared 

from the stock.  

2.2. Characterization  

The physiochemical properties of Chrysophyllum albidum 

seed shell powder was characterized using Fourier Transform 

Infrared (FTIR) and Scanning Electron Microscopy (SEM) 

(a Tecnai G2F2OX-TTwinMAT model). SEM was used for 

morphology investigation of the adsorbents before and after 

adsorption while a NicoletTM iS50 FTIR was used to identify 

the presence of functional groups on the adsorbent surface 

which can readily bind with Mn2+, Co2+ and Cr6+ ions to 

enhance their ease of removal. 

2.3. Batch Adsorption Experiments 

The adsorption study was conducted by batch experiment 

under different conditions for a period of time in a test tube. 

The adsorption study was conducted at room temperature 

(25°C). The equilibration time for the adsorption of manganese, 

cobalt and chromium on Africa star apple seed shells was 

carried out by introducing 1.0 g of pulverized sample into the 

solution containing the three adsorbate of interest of 20 mg/L 

in conical flasks at room temperature under optimum pH 

each to determine the contact time required for the metal ions 

to reach adsorption equilibrium. The shell suspensions were 

agitated using mechanical orbital shaker (Model SSMI, 

SSL1-CCL) at a speed of 150rpm for 30, 60, 90, 120, and 

150mins. After adsorption was completed, the solution was 

then filtered using Whatman filter paper and the filtrate were 

taken for Atomic Absorption Spectroscopy (AAS) analysis 

to determine the metal ions left in the solution. The time for 

metal ion adsorption to reach equilibrium was determined 

graphically from the plot of adsorption capacity against time 

of equilibrium. The effects of pH, temperature, adsorbent 

dose and metal ion concentration were also evaluated using 

the same procedure described above but, in each case, the pH 

(2.8, 4.8, 6.8, 8.8, and 10.8), temperature (25, 30, 35. 40 and 

45°C), adsorbent dose (0.2, 0.4, 0.6, 0.8 and 1.0 g) and metal 

ion concentration (5, 10, 15, 20 and 25) mg/L respectively 

while keeping the other parameters constant so as to obtain 
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the optimum pH for the experiment. The filtrate from each of 

the above procedures were analysed using atomic absorption 

spectrophotomer ((Buck scientific model 210) to determine 

the amount of metal ions left in the solution after adsorption.  

The percentage removal of metal ion and the amount of 

ions adsorbed per unit weight of adsorbent was calculated 

using the formula below  
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The adsorption capacity was calculated as follows:  
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where Co and Ct are respectively the initial concentration of 

metal ions and their concentration at any time t, mg L–1, V is 

the solution volume, L, and m is the weight of the adsorbent, 

g, and Qe is the adsorption capacity. 

3. Results and Discussion 

3.1. Scanning Electron Microscope (SEM) 

The low and higher magnification micrographs images 

(Figure 1) revealed that the prepared Chrysophyllum albidum 

seed shell adsorbents have firm, irregular shape and cavities 

because they exhibits many large pores and rough surface. 

The cavities found in the micrograph indicate that it consists 

of tubular vitreous network and wide varieties of pores, and 

more evidence of large pores on the surface of the prepared 

adsorbent was observed. The implication of this was that the 

prepared adsorbent from Chryphyllum albidum seed shell 

has enough rough and pore spaces for adsorption activities to 

take place. Therefore, there is a high tendency for the heavy 

metals adsorption since surface plays a prominent role in the 

adsorption process [36-37].  

 

  

  

Figure 1.  SEM Images of Chrysophyllum albidum seed shell powdered (a) before adsorption and (b), (c) and (d) after adsorption of Mn2+, Co2+ and Cr6+ 

respectively 
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Figure 2.  FTIR spectrum of Chrysophyllum albidum seed shell before and after adsorption 

3.2. Fourier Transformed Infrared (FTIR) 

The FTIR spectrum gives information about the 

characteristic functional groups on the surface of the sample 

before and after the adsorption of Mn2+, Co2+ and Cr6+ to 

ascertain the possible involvement of the functional groups 

on the surface of adsorbent in the adsorption of metal ions of 

interest is presented in Figure 2. The FTIR spectra in Figure 

2 illustrates the various peaks and identified functional 

groups for the Chrysophyllum albidum seed shell (CASS) 

adsorbent; within the specified wavelength range of 4000 

cm-1, – 1500 cm-1, the broad peak at 3645.78 cm-1 can be 

attributed to the presence of vibrational stretching of the 

bonded –OH group of alcohol or carboxylic group, 3458.63 

cm-1 can be assigned to N-H stretching of the amide and that 

at 3097.2 cm-1 can be assigned to =C-H aromatic. A sharp 

absorption band at 1698.6 cm-1 can be attributed to –C=C- 

stretching group usually cyclic alkenes since the region from 

2000 to 1500 cm –1 is where double bonds (-C═C, -C═O and 

-C═N,) absorb, bands at 1391.45 cm-1 can be assigned to the 

C-H bend of aromatic or cyclic compounds, while the signal 

at 1100.02 cm-1 indicated the presence of C-O stretching 

vibration of an alcohol. There are clues that the absorption 

bands identified in the spectra and corresponding functional 

groups in the adsorbent could enhance the surfaces on which 

adsorption would take place.  

3.3. Effect of Parameters on Adsorption Studies 

3.3.1. Effect of Adsorbent Dosage on Adsorption of  

Mn2+, Co2+ and Cr6+ onto CASS 

Figure 3a shows that the limited number of the adsorbing 

species is present for a relatively larger number of available 

surface sites on the adsorbent at higher dosages. This 

supports the facts that at higher dosages of the adsorbent, 

there would be higher availability of exchangeable sites from 

metals ions uptake [14]. Adsorption capacity of the prepared 

adsorbents is high at lower concentrations, as can be 

interpreted; the sample CASS exhibited a higher adsorption 

capacity for all metals in the synthetic or polluted wastewater 

considered. On the other hand, removal efficiency of the 

metal ions showed narrow variation with the increase of 

metal concentration and increase of adsorbent dosage. 

Higher dosage of adsorbent increased the adsorption due   

to more surfaces sites and functional groups with higher 

availability of exchangeable sites for metals ions uptake on 

the adsorbent [15].  

3.3.2. Effect of pH on Adsorption Studies 

The pH of the aqueous solution is an important controlling 

parameter in the adsorption process. It was observed that the 

pH was affected by the amount of adsorbate as shown in 

Figure.3b. The percentage removal for the adsorption of 

manganese (II) ion and cobalt (II) ion increased with 

increase in pH from 2.68 to 6.68, with percentage removal 

value of 85% Mn and 80% Co. However, the uptake of these 

ions decreased slightly from pH of 8.68 to 10.68 indicating 

that the percentage efficiency was better in the acidic pH 

ranges. The minimum percentage removal observed at low 

pH may be attributed to large amount of H3O
+ which competed 

with the positively charged metal ions for the adsorbent 

surface sites, therefore, the available surface area and subsequent 

adsorption of the metal ion was reduced. The increase in 

metal ion removal as pH increases could be explained on the 

basis of a decrease in competition between hydroxonium 

ions and metal species for the surface sites and also by the 

decrease in positive surface charge on the adsorbents, which 

resulted in a lower electrostatic repulsion between the 

surface and the metal ions, and hence uptake of metal ions 
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increased. A similar report was proposed by several earlier 

works for metal adsorption on different adsorbents [15-16]. 

3.3.3. Effect of Contact Time on Adsorption Studies 

The contact time is one of the most effective factors in 

batch adsorption processes and it is necessary to determine 

the contact time to reach equilibrium. The adsorbate 

adsorption uptake increased as contact time increased from 

30-150 minutes, and reached equilibrium at 60 minutes 

(Figure 3c). The result suggests that, adsorption takes place 

rapidly at the initial stage on the external surface of the 

adsorbent followed by a slower internal diffusion process, 

which may be the rate determining step [12,17]. In addition, 

the fast adsorption at the initial stage may be due to the   

fact that a large number of surface sites are available for 

adsorption but with time, the remaining surface sites are 

difficult to be occupied due to the repulsion between the 

solute molecules of the solid and bulk phases, thus, taking 

longer time to reach equilibrium [17]. 

3.3.4. Effect of Initial Concentrations on Adsorption Studies 

The effect of initial concentration of the metal ions on the 

adsorption rate of adsorbate from the synthetic wastewater 

was studied for the metal ion concentrations ranging from 4 - 

20 mg/L. Figure 3d shows the effect of initial concentrations 

of the adsorbate on percentage removal by adsorbent. The 

percentage removal decreased with increasing initial metal 

ion concentrations. The lower uptake at higher concentration 

resulted from an increased ratio of initial adsorption number 

of moles of the metal ions to the available surface area; hence 

fractionally becomes dependent on initial concentration.  

The initial metal ion concentration provides an important 

motivating force to overcome the mass transfer resistance of 

the metal ions between the aqueous and solid phases. 

Therefore, at higher initial metal ions concentration, the 

number of ions competing for the available sites on the 

surface of adsorbent was high, resulting in higher adsorbate 

adsorption capacity [17-18].  

3.3.5. Effect of Temperature on Adsorption Studies 

Temperature is an important parameter that influence 

metal ions adsorption. The various adsorption tests were 

carried out at different temperatures ranging from 25°C to 

45°C, using 20 mg/L initial adsorbate concentrations at pH 

6.68 and with a dose of 1.0 g of adsorbent. As shown in 

Figure 3e, it was observed that the adsorption capacity 

decreases more as temperature of the reaction medium 

increases from 25°C to 45°C, which indicates the exothermic 

adsorption process of adsorbate onto adsorbent. According 

to Amuda et al [21], this phenomenon could be explained by 

the adsorption of adsorbate caused by an increase in the 

thermal energy available. Increasing the temperature would 

induce greater mobility of the adsorbate, leading to the 

adsorption of metal ions [17-18]. 
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Figure 3.  Effects of (ai-ii) adsorbent dosage, (bi-ii) pH, (ci-ii) contact time, (di-ii) metal ion concentration, and (ei-ii) temperature on adsorption of Mn2+, 

Co2+, and Cr6+ from synthetic waste water 

 

3.4. Adsorption Isotherms Studies 

As presented in Table 1, the adsorption capacity was 

evaluated as 147.65 mg/g at 35°C, the high R2 values were 

obtained from all isotherms, whereas the highest value 

belongs to the Langmuir isotherm with 0.9908, 0.9979   

and 0.9993 respectively. The data obtained showed that the 

better fits were obtained for the Langmuir isotherm model  

as shown in figure 4. This suggests that the adsorption of 

Mn2+, Co2+ and Cr6+ occurs in localized sites indicating   

the occurrence of homogeneous and monolayer adsorption 

coverage on the used adsorbent. 1/𝑛 value, calculated in 

accordance with Freundlich equation, indicates whether the 

adsorption process is spontaneous. Spontaneous adsorption 

conditions indicate where n values are greater than 1 [27].  

In the present study n value was found to be lesser than 1 

which is an indication of high adsorption by the adsorbent 

confirming that chrysophyllum albidum seed shell (CASS) 

was good at adsorbing the heavy metal. In addition the low 

value of n also indicates the existence of a high proportion of 

active site [40]. 

Accordingly, it can be inferred that the adsorbent used is 

applicable for removal of Mn2+, Co2+ and Cr6+ from synthetic 

wastewater. R2 were found to be 0.9700, 0.9914 and 0.9227 

for Temkin isotherm, indicating that adsorption also conforms 

to Temkin model. This positive b value is an indication of 

endothermic adsorption [28-30].  
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Figure 4.  Adsorption isotherm plot (a,b,c) Langmuir for Mn2+, (b) Co2+, and Cr6+ (d,e,f) Freundlich for Mn2+, Co2+, and Cr6+) and (g,h,i) Temkin Mn2+,    

(b) Co2+, and Cr6+ 

 

Table 1.  List of isotherm model statistical parameters for the adsorption of 
Mn2+, Co2+ and Cr6+ onto the CASS 

Isotherm models Mn2+ Co2+ Cr6+ 

Langmuir    

qm (mg/g) 0.0851 0.0594 0.4619 

R2 0.9908 0.9979 0.9993 

Freundlich    

1/n -0.4054 -0.6909 -0.7024 

Kf (L/g) 0.3640 0.3322 1.5198 

R2 0.9662 0.9972 0.9990 

R-D    

qo (mg/g) 0.0950 0.0600 0.5382 

R2 0.9030 0.9928 0.9961 

Temkin    

b 0.1936 0.2345 1.3436 

A (L/g) 7.951 2.5348 0.2337 

R2 0.9700 0.9914 0.9227 

3.5. Adsorption Kinetics Model 

Pseudo First Order and Pseudo Second Kinetics 

The study of the kinetics of adsorption is desirable as it 

provides information about the mechanism and characteristics 

of adsorption, which is important for efficiency of the 

process [36-38]. Adsorption kinetic modeling is very useful 

for better understanding of Mn2+, Co2+ and Cr6+ adsorption 

mechanisms onto Chrysophyllum abidum. Adsorption kinetics 

assist in investigating the potential rate controlling mechanism 

and helps in selecting optimum operating conditions in 

designing and optimizing full scale applications [36]. In this 

work, the mechanism of adsorption was investigated by 

using a variety of kinetic models based on aqueous phase 

concentrations of Mn2+, Co2+ and Cr6+. Pseudo first order, 

pseudo second order and Elovich kinetic model were used  

in the investigation (fig 5). Equation kinetic models were 

tested at different concentrations in this study to determine 

which model is in good agreement with experimental 𝑞𝑒 

(adsorption capacity) value, thus suggesting the adsorption 

system model. 

Pseudo- first- order model 

Pseudo-first order has the linear form; 

 log  q −e 𝑞 e = − (
𝐾₁

2.303
)𝑡 + log 𝑞 e (3) 

Pseudo- second- order model 

This model is based on the assumption that the 

rate-limiting step is chemisorption involving valance forces 

through sharing of electrons between adsorbent and 

adsorbate as covalent forces [29].  

The model has the linear form;  

  
𝑡

𝑞𝑡
=

𝑡

𝑞𝑒
+

1

𝑘2 𝑞𝑒
2  (4) 

The kinetic parameters calculated using three different 

models pseudo first order, pseudo second order and Elovich 

were tabulated in table 2. From the comparative analysis   

of all the three tested models, it was observed that the 

pseudo-second order model have the highest R2 0.9833, 

0.9972 and 0.9974 for the metal ions considered and for all 

the concentration and temperature used for the experimental 

studies, the predictions of 𝑞𝑒 for all the tested conditions  

was closed to the experimental value of 𝑞𝑒 which show   

that there was a good agreement between the experimental 

and predicted values. These indicate that the adsorption 

system is best described by the pseudo-second order kinetic 

model which further confirmed chemical sorption as the 

rate-limiting step of adsorption mechanism due to high value 

of R2 obtained compare to the pseudo-first order model 

(figure 5). Mn2+, Co2+ and Cr6+ were adsorbed on the surface 

of the adsorbent used via chemical interaction such as ionic 

or covalent bonds [30]. Similar phenomena for biosorption 

of heavy metal ions were reported in previous studies 

[30-34]. 
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Figure 5.  Pseudo first order plot (a,b,c) for Mn2+, Co2+, and Cr6+ and Pseudo second order plot (d,e,f) for Mn2+, Co2+, and Cr6+  
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Table 2.  List of kinetic model statistical parameters for the adsorption of 
Mn2+, Co2+ and Cr6+ onto the biosorbent  

Kinetic models Mn2+ Co2+ Cr6+ 

Pseudo-first-order    

qe (mgg-1) 0.6693 1.0205 11.2047 

K1 (min-1) 0.0138 0.0375 0.0412 

R2 0.8559 0.9963 0.9441 

Pseudo-second-order    

qe (mgg-1) 0.0889 0.1183 0.7012 

K2 (mgg-1min-1) -0.6534 0.9257 -0.2056 

R2 0.9833 0.9972 0.9974 

Elovich    

Α (mg g-1min-1) -0.0326 0.0137 -0.0551 

Β (mg g-1) -30.3951 72.9927 -17.0940 

R2 0.5767 0.8828 0.7026 

3.6. Thermodynamics Studies 

The thermodynamic data reflect the feasibility and 

favorability of the adsorption. The parameters such as free 

energy change (ΔG°), enthalpy change (ΔH°) and entropy 

change (ΔS°) can be estimated by the change of equilibrium 

constants with temperature. The values of ΔH° and ΔS°  

were calculated using the following equation of Van’t Hoff 

[1,35-38]: 

 𝐿𝑛 Kd =
ΔS°

𝑅
−

ΔH°

𝑅𝑇
  (5) 

Tables 3.  List of parameters for thermodynamic studies 

Mn 

Temp. (oC) ∆H (KJ/mol) ∆S (KJ/mol/K) ∆G (KJ/mol) 

298 65.88 0.22 -0.5 

303 
  

-1.62 

308 
  

-2.73 

313 
  

-3.84 

318 
  

-4.96 

Co 

Temp. (oC) ∆H (KJ/mol) ∆S (KJ/mol/K) ∆G (KJ/mol) 

298 18.87 0.08 -4.58 

303 
  

-4.97 

308 
  

-5.36 

313 
  

-5.76 

318 
  

-6.15 

Cr 

Temp. (oC) ∆H (KJ/mol) ∆S (KJ/mol/K) ∆G (KJ/mol) 

298 8.78 0.05 -5.2 

303 
  

-5.43 

308 
  

-5.66 

313 
  

-5.9 

318 
  

-6.13 

The plot of LnKd as a function of 1/𝑇 should give a linear 

relationship with slope of 
ΔH°

𝑅
 and an intercept of 

ΔS°

𝑅
. Then 

ΔG° is obtained at any temperature from the following 

equation; 

 ΔG°= −ΔH°− TΔS° (6) 

The negative values of ∆G revealed that adsorption is 

highly favorable and spontaneous. The ΔH°, ΔG° and ΔS° 

values obtained from the slope and interception of Van’t 

Hoff plots are presented in Table 3. The values of ΔH° are 

within the range of 1–70 kJ. The positive values of ΔH° show 

the endothermic nature of adsorption and it governs the 

possibility of chemical adsorption. The high value of ΔH° 

suggests that the adsorbates are chemisorbed onto chosen 

adsorbent. The negative values of ΔG° (Table 3) showed  

that the adsorption is highly favorable and spontaneous. The 

positive values of ΔS° (Table 3) display the increased 

disorder and randomness of the synthetic wastewater with 

the chosen adsorbent that brings about some structural 

changes in the adsorbate and the adsorbent. 

 

 

Figure 6.  Plot of Van’t Hoff for adsorption of (a) Mn2+, (b) Co2+, and (c) 

Cr6+onto Chrysophyllum albidum seed shell (CASS) 
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4. Conclusions 

This study described the adsorption potential of 

Chrysophyllum albidum seed shell (CASS) as an adsorbent 

to efficiently remove Mn2+, Co2+ and Cr6+ ions from 

synthetic wastewater. The morphology of Chrysophyllum 

albidum seed shell before and after adsorption showed the 

particulate arrangement pores, macroporous structure and 

the roughness structure of Chrysophyllum albidum seed shell 

biosorbent. The FTIR spectrum revealed the presence of 

some functional groups appropriate for binding to enhance 

metal removal via adsorption. The result of the pH study 

showed that Chrysophyllum albidum seed shell presented 

different optimum adsorption performance at different pH. 

The highest percentage removal efficiency was observed in 

acidic pH range, while the optimum initial Mn2+, Co2+ and 

Cr6+ ion concentration for adsorption by Chrysophyllum 

albidum seed shell was 4 mg/L with adsorption capacities of 

biosorbent, increasing linearly with the initial Mn2+, Co2+ 

and Cr6+ concentrations. The optimum contact time required 

for the elimination of metal ions was 60 minutes with 

Chrysophyllum albidum seed shell exhibiting better 

selectivity towards Mn2+ adsorption, but least toward Co2+, 

with the trend being Mn2+ > Cr6+ > Co2+ respectively. The 

adsorption process was well-fitted into the Langmuir isotherm, 

which assumed that monolayer sorption had occurred. The 

kinetics data followed the pseudo-second-order model with 

R-squared value equivalent to 1, indicating the adsorption 

process was limited by chemisorption. This study aligns with 

the UN Sustainable Development Goal 3 (Good Health and 

Wellbeing) and 11 (Sustainable communities), by enhancing 

efficient wastewater treatment, and safeguarding human 

health through the removal of heavy metals from wastewater. 

 

REFERENCES  

[1] R A Olowu, M A,Osundiya, T. S Oyewole, Onwordi C. T, 
Yusuf O K. Osifeko O. L Tovide O O(2022) Equilibrium and 
Kinetic Studies for the Removal of Zn(Ii) and Cr(Vi) Ions 
from Aqueous Solution Using Pineapple Peels as an Adsorbent. 
European Journal of Applied Sciences 10 (5) 34-47. 

[2] Osundiya O. Medinat, Olowu. A. Rasaq A,, Alegbe..       
J. M. Onday, Jimoh. A.. Abayomi, Olawoye O. Christaiana. 
Jesuyon Emmanuel, (2019), “Bioaccumulation of heavy 
metal in parts of the silver catfish (chrysichthys nigrodigitatus) 
harvested from Badagry creek and fish ponds in Badagry, 
Lagos, Nigeria, American Journal Of Chemistry 9 (3) 95-102. 

[3] Georgieva, V.G., Gonsalvesh, L., Tavlieva, M.P., (2020). 
Thermodynamics and kinetics of the removal of nickel     
(II) ions from aqueous solutions by biochar adsorbent made 
from agro-waste walnut shells. J. Mol. Liq. 112788.  
http://dx.doi.org/10.1016/j.molliq.2020.112788. 

[4] Yusoff, S. N. M., Kamari, A., Putra, W. P., Ishak, C. F., 
Mohamed, A., Hashim, N., and Isa, I. M. (2014). Removal of 
Cu(II), Pb(II) and Zn(II) Ions from Aqueous Solutions Using 
Selected Agricultural Wastes: Adsorption and Characterisation 
Studies. Journal of Environmental Protection. 5: 289-300. 

[5] Olowu, R.A, Osundiya, M.O, Sobola, A O, Osifeko O L, 
Tovide, O.O Oyewole, T.S, Elesho, A.O Onifade, O.O, 
Majolagbe, A.O, Onwordi C T, Adejare A. A (2024). Kinetics, 
Thermodynamic and Isotherms Modeling of the Equilibrium 
Sorption of Pb (II), Ni (II), and Cd (II) Ions into Tiger Nut 
Chaff (Cyperus Esculentus) from Model Wastewater. 
Physical Chemistry 2024, 13(2): 19-31. 

[6] Ehrampoush, M.H., Miria, M., Salmani, M.H., Mahvi, A.H., 
(2015). Cadmium removal from aqueous solution by green 
synthesis iron oxide nanoparticles with tangerine peel extract. 
J. Environ. Health Sci. Eng. 13, 84. http://dx.doi.org/10.1186 
/s40201-015-0237-4. 

[7] Wu, W., Wu, P., Yang, F., Sun, D., Zhang, D.-X., Zhou, Y.-K., 
(2018). Assessment of heavy metal pollution and human 
health risks in urban soils around an electronics manufacturing 
facility. Sci. Total Environ. 630, 53–61. http://dx.doi.org/ 
10.1016/j.scitotenv.2018.02.183. 

[8] Azari, A., Gharibi, H., Kakavandi, B., Ghanizadeh, G., Javid, 
A., Mahvi, A.H., Sharafi, K., Khosravia, T., (2017). Magnetic 
adsorption separation process: an alternative method of 
mercury extracting from aqueous solution using modified 
chitosan coated Fe3O4 nanocomposites. J. Chem. Technol. 
Biotechnol. 92, 188–200. http://dx.doi.org/10.1002/jctb.4990. 

[9] Crini, G. (2005). Recent developments in polysaccharide-based 
materials used as adsorbents in wastewater treatment. 
Progress in Polymer Science. 30(1): 38–70. 

[10] Mahvi, A.H., (2008). Application of agricultural fibers in 
pollution removal from aqueous solution. Int. J. Environ. Sci. 
Technol. 5, 275–285. http://dx.doi.org/10.1007/BF03326022. 

[11] Alaba, P.A., Oladoja, N.A., Sani, Y.M., Ayodele, O.B., 
Mohammed, I.Y., Olupinla, S.F., Daud, W.M.W., (2018). 
Insight into wastewater decontamination using polymeric 
adsorbents. J.Environ. Chem. Eng. 6, 1651–1672.  
http://dx.doi.org/10.1016/j.jece.2018.02.019. 

[12] Arabkhani, P., Asfaram, A., (2020). Development of a novel 
three-dimensional magnetic polymer aerogel as an efficient 
adsorbent for malachite green removal. J. Hazard. Mater. 384, 
121394. http://dx.doi.org/10.1016/j.jhazmat.2019.121394. 

[13] Amuda, O.S., Edewor, T.I., Afolabi, T.J., Hung Y.T. (2013). 
“Steamactivated carbon prepared from Chrysophyllum 
albidum seed shell for the adsorption of cadmium in wastewater: 
Kinetics, equilibrium and thermodynamic studies”. International 
Journal of Environment and Waste Management. 12(2), 213- 
229. 

[14] Bello, O.S., Adeogun, A.I., Ajaelu, C.J. and Fehintola, E.O. 
(2008). “Adsorption of Methylene Blue onto Activated Carbon 
Derived from Periwinkle Shells: Kinetics and Equilibrium 
Studies”, Colloids and Surfaces B: Biointerfaces Chemistry 
and Ecology, 24, 285-295. http://dx.doi.org/10.1080/027575 
40802238341. 

[15] Langmuir, I. (1916). “The constitution and fundamental 
properties of solids and liquids”. Journal of the American 
Chemical Society, 38, 2221-2295. 

[16] Amuda, O.S., Adelowo, F.E. and Ologunde, M.O. (2009). 
“Kinetics and Equilibrium Studies of Adsorption of Chromium 
(VI) Ion from Industrial Wastewater Using Chrysophyllum 
albidum (Sapotaceae) Seed Shells”. Colloid Surface B: 
Biointerface, 68, 184-192. 

[17] Girish and Murty. (2014). “Adsorption of Phenol from Aqueous 



48 Osundiya Medinat Olubunmi et al.:  Isotherms, Kinetics and Thermodynamic Investigation of the Adsorptive Capacity 

of Chrysophyllum Albidum Seed Shell an Agro-Waste for the Removal of Heavy Metals in Synthetic Wastewater 

 

Solution Using Lantana camara, Forest Waste: Kinetics, 
Isotherm, and Thermodynamic Studies, Hindawi Publishing 
Corporation International Scholarly Research Notices. 

[18] Adebayo, G.B., Mohammed, A.A., Sokoya, S.O. (2016). 
“Biosorption of Fe (II) and Cd (II) ions from aqueous solution 
using a low cost Adsorbent from Orange Peels”, Journal of 
Applied Sciences and Environmental Management, 20(3), 
702-714.  

[19] Gialamouidis, D., Mitrakas, M. and Liakopoulou-Kyriakides, 
M. (2010). “Equilibrium, Thermodynamic and Kinetic Studies 
on Biosorption of Mn (II) from Aqueous Solution by 
Pseudomonas sp., Staphylococcus xylosus and Blakeslea 
trispora Cells” Journal of Hazardous Materials, 182, 672- 
680. http://dx.doi.org/10.1016/j.jhazmat.2010.06.084. 

[20] Patnukao, P., Kongsuwan, A., Pavasant, P. (2008). “Batch 
studies of adsorption of copper and Pb (II) on activated 
carbon from Eucalyptus camaldulensis Dehn. Bark”, Journal 
of Environmental Science, 20, 1028 – 1034. 

[21] Amuda, O,S., Adebisi, S.A., Olayiwola, A.O., Farombi, A.G., 
Adejumo, A.L. (2016). “Adsorption Isotherms and Kinetics 
studies of the removal of methylene blue from aqueous 
solutions using Chrysophyllum albidum seed shell”, Journal 
of Applied Chemical Science International, 6(2), 63-73. 

[22] Malakootian, M., Balarak, D., Mahdavi, Y,, Sadeghi S.H., 
Amirmahani N. (2015). “Removal of antibiotics from wastewater 
by azolla filiculoides: Kinetic and equilibrium studies”, 
International Journal on Applications in Pharmaceutical and 
Biological Sciences, 4(7), 105–113. 

[23] Hall, K.R., Eagleton, L.C., Acrivos, A. and Vermeulen, T. 
(1966). “Pore-and Solid-Diffusion Kinetics in Fixed-Bed 
Adsorption under Constant-Pattern Conditions”. Industrial 
and Engineering Chemistry Fundamentals, 5, 212-223.  
http://dx.doi.org/10.1021/i160018a0. 

[24] Freundlich, H.M.F. (1906). “Ü ber die adsorption in lösungen”, 
Zeitschrift für physikalische Chemie (Leipzig), 57, 385-470. 

[25] Mckay, G. (1982). “Adsorption of dyes on chitin equilibrium 
studies”. Journal of Applied Polymer Science, 27, 3043-3057. 

[26] Igwe, J.C., Abia, A.A. (2007). “Equilibrium sorption isotherm 
studies of Cd (II) Pb (II) and Zn(II) ions detoxification from 
waste water using unmodified and EDTA-modified maize 
husk”. Electronic Journal of Biotechnology, 10, 536–548. 

[27] Ho, Y.S. and Mckay, G. (1998). “A comparison of chemosorption 
kinetic models applied to pollutant removal on various sorbents”, 
Process Safety and Environmental Protection, 76B(4), 332-340. 

[28] Hameed, B., Mahmoud, D., Ahmad, A. (2008). “Sorption of 
basic dye from aqueous solution by pomelo (Citrus grandis) 
peel in a batch system”, Colloids and Surfaces A: Physicochemical 
and Engineering Aspects, 316 (1), 78-84.  
DOI:10.1016/j.colsurfa. 

[29] Bello, O.S., Lasisi, B.M., Adigun, O.J and Ephraim, V. (2017). 
“Scavenging Rhodamine B dye using Moringa Oleifra seed 

pop”, Chemical Speciation & Bioavailability, 29(1), 120-134. 

[30] Chen, Y.H., Li, F.A. (2010). “Kinetics study on removal    
of Cu2+ using goethite and hematite nano photocatalystss”. 
Journal of Colloid and Interface Science. 347, 277–281. 
http://dx.doi.org/10.1155/2014/201626. 

[31] Mekonnen, E., Yitbarek, M. and Soreta T.R. (2015). “Kinetic 
and thermodynamic studies of the adsorption of Cr (VI) onto 
some selected local adsorbents”, South African Journal of 
Chemistry, 68, 45–52. 

[32] Hossain, M.A., Hossain, M.L and Hassan. T. (2016). 
“Equilibrium, Thermodynamic and Mechanism Studies of 
Malachite Green adsorption on Used Black Tea Leaves from 
Acidic Solution”, International Letters of Chemistry, Physics 
and Astronomy, 64, 77-88.  

[33] Fan, T., Liu, Y., Feng, B., Zeng, G., Yang, C., Zhou, M. 
(2008). “Biosorption of cadmium (II), zinc (II) and lead (II) 
by Penicillium simplicissimum: Isotherms, kinetics and 
thermodynamics”. J Hazard Mater 160, 655-660,  
DOI: 10.1016/j.jhazmat.2008.03.038. 

[34] Joo, J.H., Hassan, S.H.A and Oh, S.E. (2010). “Comparative 
study of biosorption of Zn2+ by Pseudomonas aeruginosa and 
Bacillus cereus”. Int Biodeterioration Biodegrad. 64, 734-740. 
DOI: 10.1016/j.ibiod.2010.08.007. 

[35] Dahri, M.K., Kooh, M.R.R., Lim, B.L. (2014).Water remediation 
using low cost adsorbent walnut shell for removal of malachite 
green: Equilibrium, kinetics, thermodynamic and regeneration 
studies. Journal of Environmental Chemical Engineering. 2, 
1434–1444. 

[36] Min, L.U., Zhang, Y.M., Guan, X.H., Xu, X.H., Gao, T.T. (2014). 
Thermodynamics and kinetics of adsorption for heavy metal 
ions from aqueous solutions onto surface amino-bacterial 
cellulose, Transactions of Nonferrous Metals Society of 
Chemistry 24(6) 1912-1917. 

[37] Kalavathy, M.H., Karthikeyan, T., Rajgopal, S., Miranda, L. 
R. (2005). “Kinetic and isotherm studies of Cu (II) adsorption 
onto H3PO4 activated rubber wood sawdust”. Journal of 
Colloid and Interface Science, 292, 354–362.  

[38]  Amuda, O.S., Edewor, T.I., Afolabi, T.J., Hung Y.T. (2013). 
“Steamactivated carbon prepared from Chrysophyllum 
albidum seed shell for the adsorption of cadmium in wastewater: 
Kinetics, equilibrium and thermodynamic studies”. International 
Journal of Environment and Waste Management. 12(2), 213- 
229.  

[39] Alkherraz, A. M., Ali, A. K., and Elsherif, K. M. (2020). 
Removal of Pb (II), Zn (II), Cu (II) and Cd (II) from aqueous 
solutions by adsorption onto olive branches activated carbon: 
equilibrium and thermodynamic studies. Chemistry International. 
6: 11-20. 

[40] Arshadi M, Amiri MJ, Mousavi S (2014). Kinetic, equilibrium 
and thermodynamic investigations of Ni(II), Cd(II), Cu(II) 
and Co(II) adsorption on barley straw ash. Water Resources 
and Industry 6:1-17. DOI: 10.1016/j.wri.2014.06.001.  

 

 
Copyright ©  2024 The Author(s). Published by Scientific & Academic Publishing 

This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/ 

 


