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ABSTRACT 
The detrimental consequences of excessive levels of heavy metal contamination on living 
things served as the motivation for this study. Adsorption of Pb(II) ions was investigated 
on synthetic magnetite (MG), baobab fruit shell (BB) and magnetite-baobab composite 
(MB). The batch equilibrium technique was used to investigate the adsorption of Pb(II) 
ions. The effects of initial metal concentrations (15-500 mg/L), adsorbent dose (0.05-0.3 
g), contact time (5-150 min), pH (2-8) and temperature (303-343 K) on the adsorption 
capacity of the adsorbent were studied. Langmuir, Freundlich and Temkin isotherms were 
used to describe the adsorption of Pb(II) ions. The maximum adsorption capacity, qmax, of 
MB, MG and BB was 249.86, 227.45 and 34.67 mg/g respectively at a concentration of 
500 mg/L of Pb(II) ions. Freundlich model was shown to have the best fit for the 
adsorption data in the following order: BB > MG > MB, with R2 values of 0.9954, 0.980 
and 0.9797 respectively. Freundlich adsorption intensity for MG, BB and MB are 1.590, 
1.339 and 1.761  respectively. The kinetic and thermodynamic investigations revealed 
that the adsorption followed pseudo-second-order kinetics and endothermic process. The 
amount of Pb(II) ions adsorbed after each stage of the desorption process varied 
between the different acid concentrations, according to sorption-desorption studies 
using spent adsorbents. The highest stepwise adsorptions of Pb(II) ions were observed 
when 0.5 M HCl was utilized as a stripping agent for BB while 0.1 M HCl favoured MG and 
MB.  
Keywords: Adsorption, baobab; biosorbent; isotherm; kinetic model; composite  
 

INTRODUCTION  
The dramatic increase in industrial and mining 
operations has caused different ecological 
degradations, posing risks to human health and 
the environment (Foo & Hammed, 2010). Heavy 
metals are found naturally in the earth's crust 
(Tchounwou et al., 2012) and cannot be 
degraded. They get into our bodies in minute 
amounts from food, water and air. Some heavy 
metals (such as copper, selenium and zinc) are 
necessary for human metabolism as trace 
elements. They can, however, cause toxicity at 
large concentrations. Drinking contaminated 
water (e.g., through lead pipes), breathing high 
ambient air concentrations near emission 
sources, or ingesting heavy metals through the 
food chain can all cause heavy metal poisoning 
(Sani, 2011).  Heavy metals are hazardous 
because they bioaccumulate in bodily tissues for 
no apparent purpose (Salami and Adekola, 
2002).  Lead has the potential to affect not only 
the microbial communities but also the 
groundwater and hence, has a toxicological 
impact on human health. Pb(II) ions have the 

potential to accumulate in organisms, causing 
numerous diseases and disorders in the nervous 
system, kidneys and reproductive system, 
particularly in children (Salami and Adekola, 
2002). Effluents containing heavy metals are 
often discharged from several industrial 
processes with little or no treatment (Bisht et al 
2016; Bhamare et al., 2021) into the 
environmental domains. The extent of pollution 
and its health effect on organisms in the 
environment depends on the quantity and 
nature of the heavy metals discharged. It was 
reported that the toxicity from annual heavy 
metal discharge is worse than the combined 
toxicity effects of radioactive and organic waste 
discharge (Abdus-Salam and Adekola, 2005). 
The common methods of heavy metal removal 
are ion exchange, biochemical treatment, 
chemical precipitation, ultra-filtration and 
adsorption (Abdus-Salam and Bello, 2015).  
Adsorption is a cost-effective and 
environmentally friendly method for removing 
heavy metal ions from aqueous solutions 
(Chakraborty et al., 2020; Abas et al., 2013). 
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For the removal of heavy metal ions by 
adsorption, various adsorbents have been used, 
including activated carbon (Alhamed and 
Bamufleh, 2009), termite mound clay (Abdus-
Salam and Bello, 2015), zeolites (Hedstrom, 
2001; Wang and Peng, 2010), resins (Chao et 
al., 2014), biosorbents (Crini, 2006), hydrogel 
(Wang et al., 2012) among others. To improve 
the performance of some of the adsorbent 
materials that have been widely applied as low-
cost adsorbents, this present study focused on 
composite materials. Composite preparation is a 
fast-growing area (Abdus-Salam and Ikudaisi, 
2017) that can also be applied in water 
treatment especially when low-cost materials are 
employed.  Consequently, this research used 
magnetite (MG), baobab (BB) and magnetite-
baobab composite (MB) for the removal of 
Pb(II) ions from aqueous solutions. 
 

MATERIALS AND METHODS 

Sample Collection and Preparation 
The baobab fruit shells (BB) were obtained 
within the environment of the University of 
Ilorin, Ilorin, Kwara State, Nigeria and were 
rinsed with distilled water to remove impurities 
deposited on it. The BB was air-dried and then 
oven-dried at 80 oC to constant mass. The dried 
shells were pulverised and sieved to obtain 
particle sizes ≤ 300 µm. The baobab shell 
powder was soaked in 0.1 M HNO3 (67-70%) for 
24 hr. The mixture was filtered and the powder 
residue was washed with distilled water several 
times until pH of the filtrate was tested neutral. 
It was then air-dried at ambient temperature, 
pulverised and sieved below 90 µm. The 
magnetite (MG) and Magnetic-Baobab (MB) 
composite used herein were previously 
synthesized (Abdus-Salam and Adekola, 2018). 
All reagents used were of analytical grade 
(BDH).  
Batch Adsorption Experiment 
The batch adsorption experiment was carried in 
100 mL conical flasks as reactors and each 
adsorbent (MG, BB and MB) was separately 
mixed with 25 mL of Pb(II) ions. The mixture in 
the reactors was equilibrated on a thermostatic 
motorized orbital mechanical shaker (SHA-B 
Water Temperature Oscillator). At equilibrium, 
the supernatant liquids were filtered and the un-
adsorbed Pb(II) ions in the filtrate were 
analysed by atomic absorption 
spectrophotometry (AAS) (Abdus-Salam and 
Adekola, 2018). The quantities of Pb(II) ions 
adsorbed by the adsorbents were calculated 
using eqn. 1 (Chen et al., 2010; Adekola et al., 
2011). 
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The percentage removal (% Rem) by the 
adsorbents was expressed as (Abia and Asuquo, 
2006):  
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Where qe is the quantity of Pb(II) ions adsorbed 
(mg/g), Co and Cf are the initial and final 
concentrations of Pb(II) ions in solution at any 
time (mg/L) and V is the total volume in the 
flask (L) and M is the mass of adsorbent used 
(g). 
Optimisation of Adsorption Parameters 
Effect of Initial Pb(II) Ion Concentration  
A 25 mL of varying concentrations (15, 25, 75, 
150, 350 and 500 mg/L) of  Pb(II) ions solutions 
were contacted with 0.1 g of MG, BB and MB at 
30 oC and agitated separately on a mechanical 
shaker for 5 hr. The mixtures were then filtered 
and the filtrates were analysed for un-adsorbed 
Pb(II) ions using AAS (Jimoh et al., 2012). The 
quantities adsorbed, qe, were calculated using 
eqn. 1. 
Effect of Adsorbate and Adsorbent Contact 

Time 

 A 0.1 g of MG, BB and MB was weighed into 
nine sets of 100 mL conical flasks for each 
adsorbent and mixed with 25 mL of the optimum 
concentration (500 mg/L) of Pb (II) ions.  Each 
set of the adsorbent-adsorbate mixtures was 
agitated for 5, 10, 15, 30, 45, 60, 90, 120 and 
150 min time intervals. At the expiration of each 
time interval, the mixtures were filtered and the 
filtrates were analysed for Pb(II) ions using AAS. 
The quantities adsorbed were calculated using 
eqn. 1. 
Effect of Adsorbent Dosage 

A 25 mL of  500 mg/L Pb(II) ions that gave 
optimal adsorption per 0.1 g MG, BB and MB 
composite was separately contacted with varying 
amounts (0.1, 0.5, 1.0, 1.5 and 2.0 g) of MG for 
5 min, BB for 120 min and MB for 90 min at 30 
oC. The mixtures were agitated on a 
thermostatic orbital mechanical shaker. At the 
completion of the contact time, the solutions 
were filtered and the filtrates were analysed for 
Pb(II) using AAS. The quantities adsorbed, qe, 
were calculated using eqn. 1. 
Effect of Temperature  

A 25 mL of the optimum concentration (500 
mg/L) of Pb(II) ions was contacted with 0.05 g 
of MG for 5 min, 0.1 g of BB for 120 min and 
0.05 g of MB for 90 min in 100 mL conical flasks. 
The mixtures were agitated at a temperature 
range between 30 and 70 oC (30, 40, 50, 60 and 
70 oC).  The flasks were brought out and filtered 
at the end of each reaction time. The filtrates 
were analysed for Pb(II) ions using AAS and the 
quantities adsorbed were calculated using eqn. 
1. 
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Effect of pH  
The effect of pH on the adsorption of Pb(II) ions 
was carried out over a pH range of 2 to 8. A 25 
mL of the optimum concentration (500 mg/L) of  
Pb(II) ions was contacted with 0.05 g of MG for 
5 min, 0.05 g of MB for 90 min and 0.1 g of BB 
for 120 min in 100 mL conical flasks. The 
mixtures were equilibrated at a constant 
temperature of 70 oC and filtered at the end of 
their respective contact time. The filtrates were 
analysed for Pb(II) ions using AAS and the 
quantities adsorbed were calculated using eqn. 
1. 

Sorption-Desorption Experiment 
A three steps sorption-desorption process was 
done by following the method reported by 
Abdus-Salam and Itiola (2012) using different 
concentrations (0.1-2.0 M) of HCl as stripping 
agents.  
Adsorption Isotherm  

Three isotherm models; Langmuir, Freundlich 
and Temkin were used to evaluate the 
equilibrium adsorption data of Pb(II) ions onto 
the adsorbents for further understanding of the 
process.  

 

Table 1: Isotherm equations 
Isotherm model Equation Plot Reference 
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�� vs ln�� (Inyinbor et 
al., 2016) 

Where qe is the amount of Pb(II) ions adsorbed (mg/g); Ce is the equilibrium concentration (mg/L); 
qm is the monolayer adsorption capacity (mg/g); KL is the Langmuir constant (L/mg); RL is a 
dimensionless constant separation factor; Kf is the Freundlich constant (mg/g) and n is the empirical 
parameter which is related to the sorption intensity, Aτ is the equilibrium binding constant (L/mg) 
corresponding to the maximum binding energy; β is related to the heat of adsorption (J/mol);  b is 
Temkin is isotherm constant (J/mol); T is temperature (273 K) and R is gas constant  (8.314 J/mol.K). 
Adsorption Kinetics 

The adsorption kinetics were investigated using pseudo-first-order and pseudo-second-order models. 
 

Table 2: Kinetic equations  
Kinetic model Equation Plot Reference 
Pseudo-first-order 
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1999) 
Where qe and qt are the amounts of Pb(II) ions adsorbed (mg/g) at equilibrium and at time t (min), 
respectively; k1 (min-1) is the adsorption rate constant for pseudo-first-order and k2 (g/mg.min) is the 
pseudo-second-order rate constant. 
 

Adsorption Thermodynamics 

The thermodynamic equations in Table 3 were 
applied to the data obtained from the effect of 
temperature on the adsorption process. The 

thermodynamic parameters such as changes in 
Gibbs free energy (ΔG), enthalpy (ΔH) and 
entropy (ΔS) were determined from the 
equations. 

 

Table 3: Thermodynamic equations 

Model Equation Plot Reference 
Van’t Hoff 
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 (Abdus-Salam and 

Adekola, 2018) 
∆83 =  ∆23 − "∆43   

Where Kc is the equilibrium constant; Ce and Cads are the concentration of Pb(II) ions in solution and 
on adsorbent at equilibrium respectively (mg/L). ΔGo, ΔHo and ΔSo are changed in Gibbs free energy 
(kJ/mol), enthalpy (kJ/mol) and entropy (J/mol.K) respectively; R is the gas constant (8.314 J/mol.K) 
and T is the temperature (K). 
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RESULTS AND DISCUSSION 
Adsorption Experiment 

Effect of Initial Concentration 

The quantity of Pb(II) ions adsorbed per gram of 
MG, BB and MB increased with increasing initial 
concentration as shown in Fig. 1. High 
concentrations result in a corresponding increase 
in driving force, which improves the interaction 
between the metal ions in the aqueous phase 
and the active sites of the adsorbents. At low 
concentrations, the available driving force that is 
required to transfer the metal ions onto the 

adsorbent particles is low.  As a result of this, 
there was an increase in the uptake of Pb(II) 
ions at higher concentrations. Similar results 
were obtained in the adsorption of Cu and Fe 
ions from aqueous solutions using pine fruit as 
an adsorbent (Najim et al., 2008). Relatively, MB 
exhibited a higher adsorption capacity (123.92 
mg/g) for Pb(II) ions compared to MG (90.94 
mg/g) and BB (25.69 mg/g). Therefore, the 
adsorption capacity of the three adsorbents for 
Pb(II) ions is in the order of MB>MG>BB. 

 
 
 
 
  
 
 
 

 
 

 
 

 
 

 

 
Figure 1: Effect of concentration on adsorption of Pb(II) ions onto BB, MG and MB 
 
Effect of Adsorbate and Adsorbent Contact 

Time 

Magnetite (MG) showed rapid adsorption and 
attaining maximum within 5 min of contact time 
due to the easy accessibility of the adsorption 
sites by Pb(II) ions (Fig. not shown). The rate of 
adsorption indicated that the removal of 85.13% 
(106.42 mg/g) of Pb(II) ions was accomplished 
within the first 5 min. Iron oxides as adsorbents 
are known for fast kinetics and attaining 
equilibrium within a short contact time (Giraldo 
and Moreno-pirajan, 2013; Khodabakhshi et al., 
2011). Furthermore, the rapid adsorption of 
Pb(II) ions by MG can be attributed to the 
external surface adsorption which is different 
from the microporous adsorption process which 
facilitates access to the active sites and resulted 
in a rapid approach to equilibrium (Chowdhury, 
2013). Rapid adsorption of metal ions during the 
initial stage was due to the large initial 
concentration gradient between the adsorbate in 
solution and the number of available vacant sites 
on the adsorbent surface (Chigondo et al., 
2013). 
The MB and BB curves rose slowly and steadily 
until equilibrium was attained at 90 and 120 min 
(Fig. not shown) with a maximum adsorption 
capacity of 109.10 mg/g and 28.69 mg/g 
respectively. After this equilibrium time, Pb(II) 

ions adsorption became practically the same. A 
similar trend was observed from the adsorption 
of Pb(II) ion onto kaolinite clay as a function of 
contact times (Orumwense, 1996). Constant 
adsorption is an indication of equilibration due to 
the saturation of adsorption sites.  
Effect of Adsorbent Dosage 
It was observed that the percentage of Pb(II)  
ions adsorbed increased as the adsorbent 
dosage increased from 0.05 to 0.30 g but the 
amount adsorbed per unit mass of the adsorbent 
decreased considerably for MG, BB and MB (Fig. 
not shown). The decrease in adsorption per unit 
mass with an increasing dose of adsorbent is 
attributed to a possible overlapping of 
adsorption sites as the adsorbent dose increases 
or clogging of adsorbent which will equally 
reduce the effective adsorption sites (Senthil 
Kumar et al., 2010). As the adsorbents dose 
increased from 0.05 to 0.3 g, the quantity of 
Pb(II) ions adsorbed (mg/g) decreased from 
121.05 to 35.84 mg/g on MG, 29.09 to 16.86 
mg/g on BB and 131.98 to 41.38 mg/g on MB. 
This is an indication that a low adsorbent dosage 
has a high adsorption capacity for Pb(II) ions, 
especially MG and MB. This was the trend 
observed in similar research (Kaya et al., 2009; 
Abdus-Salam and Adekola, 2005). 
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Effect of Temperature 
Figure 2 shows the effect of temperature on the 
adsorption of Pb(II) ions on BB, MG and MB. An 
increase in the adsorption capacities with an 
increase in temperature was observed especially 
for MG and MB. This observation suggests that 
the adsorption process is endothermic.  For ions 
to be adsorbed on the adsorbents, hydrated ions 
have to lose their hydrated shell, and this 
dehydration process needs energy which is 

compensated for by the increase in temperature 
(Babarinde and Babalola, 2010; Castaldi et al., 
2008). The removal of water molecules from 
hydrated ions is essentially an endothermic 
process. This increase in the quantity of Pb(II) 
ions adsorbed was probably due to an increase 
in the energy of the solution with increasing 
temperature which stimulated the diffusion of 
Pb(II) ions onto the adsorbents particles' 
surface. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Effect of temperature on the adsorption of Pb(II) ions onto BB, MG and MB 
 

Effect of pH 
From Fig. 3, it was observed that the amount of 
Pb(II) ions adsorbed from aqueous solution was 
low at lower pH values and increased with 
increasing initial pH of the solution for all 
adsorbents. At pH of 8.0, 249.86 mg/g of Pb(II) 
ions were adsorbed compared to 165.32 mg/g 
adsorbed at pH of 2.0 on MB which represents 
90.98% and 63.53% adsorption respectively. 
Also, it was observed that the maximum 
adsorption of Pb(II) ions on MG  and MB 
adsorbents occurred within the pH range of 6 – 
8. An increase in adsorption with pH increase 
may be due to the variation of surface charge of 
MG and MB as a function of the pH of the 
solution. The dependence of metal ions sorption 
on pH is related to both the surface functional 
groups of the adsorbent and the metal ion 
chemistry in the solution (Wang and Xing, 2002) 
which gave rise to S-like curves. The maximum 
Pb(II) ions adsorption was achieved at pH 6 and 
above this pH, the removal the ions was almost 
constant. This may be a result of saturation of 
active adsorption sites and/or the formation of a 
soluble metal hydroxide, Pb(OH)2 which is 
favourable at alkaline pH (Zvinowanda et al., 
2009; Wang and Xing, 2002; Bayat, 2002). A 

similar observation was made on the sorption of 
Pb(II) and Cu(II) ions onto magnetite eggshells-
Fe3O4 powder (Ren et al., 2012) and Pt2+ and 
Au3+ ions from aqueous solutions by magnetite 
nanoparticles (Giraldo and Moreno-pirajan, 
2013). 
The initial increase in the adsorption capacity 
with an increase in pH was attributed to a 
decrease in competition between hydrogen ions 
and Pb(II) ions for the active sites on the 
adsorbents and also to a decrease in positive 
surface charge. As the pH increases, a more 
negatively charged surface becomes available 
and thereby facilitated greater metal adsorption. 
Metal ions are more soluble at lower pH values 
and this reduces the chances of their adsorption 
(Onundi et al., 2010). Furthermore, at lower pH, 
the surface of the adsorbent is surrounded by 
hydrogen ions (H+) thereby blocking metal ions 
from active binding sites (Mohammed et al., 
2013). An increase in the pH of the adsorbing 
medium creates more negative charges on the 
adsorbent surface, which favours the adsorption 
of positively charged species (Abdus-Salam and 
Adekola, 2005; Kadirvelu and Namasivayam, 
2003). 
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Figure 3. Effect of pH on adsorption of Pb(II) ions onto BB, MG and MB 
 

Adsorption Isotherm  
The adsorption isotherm is a graphical 
description of how adsorbates interact with 
adsorbents which is highly important in the 
optimization of adsorbents usage (Bulut and 
Aydin, 2005). 
Langmuir Isotherm 
It can be deduced from the plots (Fig. not 
shown) using the correlation coefficient (R2) 
values that the experimental data for the MB 
best fitted into the model with 0.999 followed by 
that of BB with 0.975 and MG with 0.881 for 
Pb(II) ion. The applicability of the Langmuir 
isotherm indicates good monolayer coverage of 
Pb(II) ions on the surface of MG, BB and MB 
which suggests the formation of a monolayer on 
the adsorbent surface in the given concentration 
range (Alli and Muhammad, 2008). The 
Langmuir isotherm constants are reported in 
Table 4.  
The calculated values of the separation factor, 
RL are within the range 0<RL<1 (Tables 4) and it 

is an indication that the adsorption of Pb(II) ions 
onto the three adsorbents is favourable for the 
concentrations considered. 
Freundlich Isotherm 
The isotherm yielded good linear plots (Fig. 4) 
and Freundlich adsorption intensity, n, for MG, 
BB and MB are 1.590, 1.339 and1.761 
respectively. The n value predicts whether the 
adsorption of a given ion is favourable or not. 
Since n >1 for adsorption of Pb(II) ions, the 
adsorption intensity is favourable at higher 
concentrations (Adekola et al., 2011). 
Comparing the R2 values for the adsorption of 
Pb(II) ions on the adsorbents, the best fittings 
of data are in the descending order: BB > MG > 
MB ( i.e. 0.9954 > 0.980> 0.9797). A good fit of 
experimental data to the Freundlich model 
suggests that there are heterogeneous sites on 
the adsorbents with different energy values for 
adsorption of Pb(II) ions.

  

 
Fig. 4. Freundlich adsorption isotherm for Pb(II) ions 
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Temkin Isotherm 
A plot of qe against InCe represents the Temkin 
isotherm behaviour for the adsorption of Pb(II) 
on MG, BB and MB (Fig. not shown) and from 
which the Temkin constants were derived (Table 
4). The correlation coefficient (R2) values for 
Pb(II) ions on MB, BB and MG are 0.990, 0.925 
and 0.896 respectively. The Temkin adsorption 
equilibrium binding energy constant, Aτ, for MG, 

BB and MB are 0.9735, 0.095 and 6.75 L/mg 
respectively. This indicates that MB has a higher 
potential for adsorbent-metal ion interaction 
followed by MG while BB has the least potential. 
The low Aτ value for BB suggests that there is an 
indirect interaction among the particles of 
adsorbents and adsorbates which corresponds to 
the linear decrease in the heat of adsorption of 
all the molecules in the layer. 

 

Table 4: Isotherm parameters for the adsorption of Pb(II) ions onto MG, BB and MB 
Model Parameter Adsorbent 
  MG BB MB 
Langmuir qm (mg/g) 142.86  43.48  166.67  
 KL (L/mg) 0.023  0.0038  0.545  
 RL  0.084  0.345  0.0037  
 R2 0.881 0.975 0.999 
Freundlich n 1.590 1.339 1.761 
 1/n 0.629 0.747 0.568 
 Kf (mg/g) 5.42  0.327  47.206  
 R2 0.980 0.9954 0.9797 
Temkin β (J/mol) 17.68  -15.02  31.78  
  b (J/mol) 140.134 388.334  77.96  
 Aτ (L/mg) 0.9735  0.095  6.75  
 R2 0.896 0.925 0.990 
 

Adsorption Kinetics 

Adsorption kinetics provide information on the 
residence time of adsorbate at the aqueous-
adsorbate interface (Naiya et al., 2009). The R2 
value together with the closeness of the 
experimental quantity adsorbed (qe, exp.) and the 
calculated values (qe, cal.) was used to determine 
the fitness of the experimental data in a 
particular kinetics model. 
Pseudo-First-Order Kinetic Model 

The plot of pseudo-first-order (Fig. not shown) 
yielded a low correlation coefficient (R2) value 
for MG indicating that the experimental data 
does not fit well the model. It was however 
applicable to describe the adsorption process of 
Pb(II) ions onto BB and MB as indicated by their 
high R2 values (Table 5).  
 

Pseudo-Second-Order Kinetic Model 

Fig. 5 shows the fitness of the adsorption of 
Pb(II) ions onto the three adsorbents to the 
linearized form of the pseudo-second-order 
model and the obtained kinetic parameters are 
presented in Table 5. The R2 values are 0.9951, 
0.9086 and 0.9998 for MG, BB and MB 
respectively. Also, the experimental qe and 
calculated one are closed in value. This suggests 
that the adsorption process is better described 
by the pseudo-second-order model (Giraldo and 
Moreno-pirajan, 2013; Emadi et al., 2013). 
Consequently, the main adsorption mechanism 
probably involves a chemisorption reaction. In 
chemisorption, heavy metal ions stick to the 
adsorbent surface forming a chemical (usually 
covalent) bond at sites that maximise their 
coordination with the surface (Atkin, 1995).

 
 

 
Fig. 5. Pseudo-second-order graph for adsorption of Pb(II) ions 
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Table 5: Kinetic constants for Pb(II) ions adsorption 
Model Parameter Adsorbent 
  MG BB MB 
Pseudo-first-order k1 (min-1) 1.84 x 10-2 1.84 x 10-2 2.07 x 10-2 
 qe (mg/g) 4.01 26.73 10.94 
 R2 0.633 0.888 0.916 
Pseudo-second-order k2 (g/mg.min) 2.39 x 10-3 8.51 x 10-4 7.36 x 10-3 
 qe (mg/g) 66.67 33.33 111.11 
 R2 0.9951 0.9086 0.9998 
 
Adsorption Thermodynamics 
Fig. 6 shows the Vant Hoff plot of the adsorption 
data obtained from the effect of temperature 
and the thermodynamic parameters are 
summarised in Table 6. The positive values of 
ΔH for the adsorption of Pb(II) ions onto the 
three adsorbents vary from 4.27 to 32.78 
kJ/mol, indicating that the adsorption processes 
were physisorption and endothermic. Generally, 
values of ΔH below 40 kJ/mol are regarded to 
be physisorption processes (Shikuku et al., 
2018) while that of chemisorption is nearly 
between 80 and 200 kJ/mol (Liu and Liu, 2008). 
The positive values of ΔS which range from 4.15 
to 97.77 J/mol.K for the adsorption of Pb(II) 
ions onto the adsorbents suggest increased 
randomness at the adsorbent-adsorbate 
interface (Jain and Sharma, 2002). The negative 

values of ΔG at all temperatures studied for MB 
suggest spontaneity of the adsorption process. 
In the case of MG, the reaction becomes more 
feasible and spontaneous as the temperature 
was raised to 333K and 343K. Although the 
adsorption was not spontaneous for BB, the 
positive value decreased with increasing 
temperature. This is an indication that the 
adsorption can be improved upon by increasing 
the temperature of the adsorption process 
(Omar and Al-Itaw, 2007). The ΔG values which 
range from 3.04 to -5.81 kJ/mol further confirm 
the adsorption processes to be physisorption. 
Sen et al., (2011) reported that change in free 
energy (ΔG) for physisorption is in the range of -
20 to 0 kJ/mol and that of chemisorption varies 
between -80 and -400 kJ/mol. 

 
Fig. 6. Van’t Hoff graph for Pb(II) ions adsorption at different temperature 
 

Table 6: Thermodynamic parameters for the adsorption of Pb(II) ions 
Adsorbent ΔH 

(kJ/mol) 
ΔS 
(J/mol.K) 

ΔG (kJ/mol) 

303K 313K 323K 333K 343K 
MG 32.78 97.77 3.04 2.26 1.54 -0.11 -0.88 
BB 4.27 4.15 3.11 2.87 2.88 2.93 2.85 
MB 28.33 95.94 -1.29 -1.47 -2.37 -2.55 -5.81 
 

Desorption 
A desorption experiment is usually carried out to 
determine the life span to which the adsorbents 
can be put to use (Amer et al., 2009). The data 
obtained from three steps adsorption-desorption 

experiments were plotted. It was observed from 
the plots (Figs. 7 a-c) that the quantity of Pb(II) 
ions adsorbed decreased in the successful steps 
of the adsorption-desorption process. 
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This might be due to the incomplete desorption 
of Pb(II) ions and which made some adsorption 
sites not available during the subsequent 
adsorption process. The results showed that a 
significant amount of Pb(II) ions was still 
adsorbed after the third usage of the adsorbents 
and there is a great affinity for Pb(II) ions. The 
highest degree of adsorption of Pb(II) ions on 
MG and MB was obtained when 0.1 M HCl 

stripping agent was used and 0.5 M HCl for BB. 
The percentage adsorption following first, 
second and third desorption processes were 
78.86%, 71.87% and 67.06%  for MG, 80.93%, 
73.68% and 68.0%  for MB  and 68.13%, 
63.30% and 53.64% for BB respectively. A 
similar trend was observed for Pb(II) ions 
removal by termite mound (Abdus-Salam and 
Itiola, 2012). 

 

 

 
Fig. 7. Quantity of Pb(II) adsorbed (qe) onto (a) MG (b) MB and (c) BB versus desorption steps for 
various concentrations of HCl.  
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CONCLUSION 
This study has demonstrated that the 
synthesized magnetite particles (MG), baobab 
fruit shells (BB) and magnetite-baobab 
composite (MB) have favourable properties for 
the adsorption of Pb(II) ions from aqueous 
solutions. From the adsorption experiment, 
Pb(II) ions adsorption efficiency was found to be 
influenced by initial metal ion concentration, 
adsorbent dose, contact time, temperature and 
pH. Although adsorption data were subjected to 
Langmuir, Freundlich and Temkin isotherm 
models for a test of fitting, the Freundlich 
isotherm fitted the experimental data best with 

R2 value of 0.9954, 0.98 and 0.9797 for 
adsorption of Pb(II) ions on BB, MG and MB 
respectively. The pseudo-second-order kinetic 
model best described the adsorption of Pb(II) 
ions on the adsorbents with R2 value close to 
unity suggesting a covalently bonded chemical 
process. Thermodynamic studies showed that 
the adsorption processes were endothermic and 
mostly spontaneous for MG and MB. The three 
adsorbents have also been found to have high 
efficiency for re-use at low concentrations of HCl 
leachant which suggests a good regenerative 
potential for the adsorbents’ usage. 
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