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Abstract: Metal detoxification of waste water and 

industrial effluents is significant in preserving 

aquatic life especially in the current era of 

increasing environmental contamination from 

industrial and domestic wastes. In this study, the 

batch sorption process was employed to 

investigate the effect of pH and time on the 

adsorption mechanism of Pb2+, Cd2+ and Ni2+ on 

the surface of Centrosema pubescens seed pod. 

The optimum time and pH for maximum 

adsorption of the three heavy metal ions were 120 

min and 6.0 respectively. The adsorption process 

was best described by a pseudo second order 

kinetic models which provided data that were in 

best agreement with experimental data compared 

to a pseudo first order model. However, the 

mechanism occurred through both intra particle 

diffusion and liquid film diffusion. The transport 

mechanism for the process involved both intra-

particle and liquid. 
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1.0 Introduction 

Heavy metal ions have been confirmed to be one 

of the major sources of environmental 

contamination especially in aquatic system 

(Jaishankar et al., 2014; Nagajyoti et al., 2010). 

Their pollution factor is founded on their potential 

to exert toxic impact on the environment, once the 

concentration is above permissible or tolerance 

limits (Järup, 2003). The present ecosystem is 

witnessing high concentration of heavy metal 

pollution arising mostly from industrial activities. 

The most commonly found heavy metals in waste 

water include arsenic, cadmium, chromium, 

copper, lead, nickel, and zinc, all of which cause 

risks for human health and the environment 

(Romdhane et al., 2020). Several industrial 

practices mostly release effluent in aqueous 

medium and discharge them to the surrounding 

water bodies, thereby altering the quality of the 

water and may interfere with the legitimate 

utilization of the water for domestic and other 

purposes (Ekop and Eddy, 2009’ Odoemelam and 

Eddy, 2009). Studies conducted on the impart of 

heavy metal pollution on the ecosystem indicated 

that such contamination will ultimately extends 

their negative impart to man and even land and 

cultivated plants (if the water is used for irrigation 

of the plant during their nursery and other 

developmental stages (Eddy et al., 2004; Eddy, 

2009). Heavy metal ions can bioaccumulate and 

become biomagnified through the food chain 

(Uchechukwu et al., 2015, 2018). Heavy metals 

can also enter the environment through natural 

processes such as soil erosion, natural weathering 

of the earth's crust, urban runoff, sewage 

discharge, insect or disease control agents applied 

to crops, and many others (Morais et al., 2012). 

Realization of the toxic imparts of heavy metal 

ions to the aquatic environment and to man, had 
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long opens different research dimension toward 

the removal of heavy metal ions from industrial 

effluent before discharge. Consequently, methods 

such as ion exchange, reverse osmosis, membrane 

filtration, electrodialysis, electrochemical 

treatments, adsorption and chemical precipitation 

(Adedirin et al., 2011; Demirba et al., 2004). 

However, adsorption technique has been widely 

accredited as one of the best options because of 

the low cost of implementation, ease of 

regeneration and can be achieved through eco-

friendly approaches (Dubey and Shiwani, 2012). 

In view of their significant role in environmental 

remediation, several adsorbents have been 

investigated for their heavy metal ions removal 

efficiency (Ekop and Eddy, 2010; Essien and 

Eddy, 2014; Uchechukwu and Eddy, 2013). 

However, the use of plant waste as adsorbent is 

receiving a great waste because it provides added 

advantages towards waste disposal management, 

resource recovery and can be implemented 

through green chemistry processes. Therefore, the 

present study seeks to investigate the adsorption 

removal capacity of Butterfly Pea waste for the 

removal of lead, cadmium and nickel ions from 

aqueous solution.      

 Biosorption involves the application of biowaste 

to remove contaminants from aqueous solution 

(Ekuma et al., 2017). The success of biosorption 

process has been linked to the presence of suitable 

functional groups in the biomaterials used for the 

adsorption process. According to Gupta et al. 

(2000), biosorption offers the advantages of low 

cost, effectiveness for dilute effluents, minimum 

chemicals usage and reduced toxic sludge 

generation (Gupta et al., 2000).  The adsorption of 

toxic waste from industrial wastewater using 

agricultural waste and industrial by-products has 

been massively investigated (Srivastava et al., 

2006). The maximum concentration limit 

standards for Pb2+, Cd2+ and Ni2+ are 0.006 mg/L, 

0.01 mg/L and 0.20 mg/L respectively as 

established by Babel and Kurniawan (Babel and 

Kurniawan, 2004). 

The toxicity of lead, cadmium and nickel ions 

have been deeply investigated and reviewed. For 

example, lead is a highly toxic metal whose 

widespread use has caused extensive 

environmental contamination and health problems 

in many parts of the world. At very high 

concentrations, it may cause structural damage to 

cells, proteins, nucleic acid, membranes and 

lipids, resulting in a stressed situation at cellular 

level (Mathew et al., 2011). Children are more 

sensitive to lead exposure than adults. Young 

children are vulnerable to the effects of lead 

because they absorb a higher percentage of 

ingested lead and are more susceptible to the 

neurotoxicity, which may result in deficits in 

Intelligence Quotient (IQ) (ATSDR, 2007). 

Cadmium is a highly toxic and nonessential heavy 

metal that is well documented recognized for its 

adverse influence on the enzymatic systems of 

cells, oxidative stress and for inducing nutritional 

deficiency in plants (Irfan et al., 2013). Cadmium 

and zinc have the same oxidation states and hence 

cadmium can replace zinc present in 

metallothionein, thereby inhibiting it from acting 

as a free radical scavenger within the cell. 

Cadmium causes tubular dysfunction possibly due 

to the formation of a cadmium metallothionine 

complex, although unbound cadmium may also 

play a part in the toxicity (Liu et al., 1999). 

It Nickel predominantly affects the respiratory 

system, acute inflammatory on the nasal 

membrane, hypersensitive in nature, including 

bronchial asthma and contact dermatitis (Sivulka, 

2005). Widely reported health consequences of 

nickel toxicity are decrease in body weight, 

stimulation of neoplastic transformation, kidney 

and liver damage, cardiovascular system 

poisoning and skin irritation and sensitisation 

(Denkhaus and Salnikow, 2002; Schollhammer et 

al., 1994).  

2.0 Materials and Methods  

2.1 Preparation of the adsorbent  

The adsorbent, centrosema Pubescens seed pods 

were obtained from a plantation in Michael 

Okpara University of Agriculture, Umudike, Abia 

state Nigeria. The pods were carefully removed, 

washed with de-ionized water, dried and crushed 

to fine sizes using an electric blender. The crushed 

samples were sieved in order to obtain 180 μm 

mesh size and then soaked in 0.3 M HNO3, stirred 

for 30 min and left for 24 hours. The resulting 

system was filtered through Whatman no. 41 hard 

ash less filter paper, rinsed with de-ionized water 

and sundried to constant weight after which it was 

activated for one hour in an oven at a temperature 

of 105 C. 

2.2 Adsorption Experiments  

 Batch adsorption studies for the removal of Ni2+, 

Cd2+ and Pb2+ ions by Centrosema pubescens pod 

were investigated as a function of solution pH and 

contact time. The effect of solution pH on the 

adsorption of the metal ions was studied at a fixed 



Communication in Physical Sciences, 2020, 6(2): 852-861 854 

 

 

 

temperature of 30 oC and at an initial metal ion 

concentration of 50 mg/L. The adsorption was 

carried out using varying pH of the solution 

ranging from 2 to 8 pH. This was done by 

respectively introducing 50 cm3 of each metal ion 

solution into different 250 cm3 Erlenmeyer flasks 

maintained at pH of 2, 4, 6, 7 and 8 and containing 

0.05 g of the adsorbent respectively. The mixtures 

were agitated intermittently for 1 h in a rotary 

shaker and then filtered. The concentration of 

each filtrate was determined using Perkin Elmer 

Analyst 200 Atomic Absorption 

Spectrophotometer. The effect of contact time on 

adsorption of the metal ions was studied using the 

same method but at  

constant mass of adsorbent and constant pH.  

However, the time were varied. From the results 

of the analysis, percentage removal of heavy  

metal ions by the adsorbents as well as  

equilibrium amount absorbed at a given time 

interval and pH (respectively) were calculated  

using equations 1 and 2 (Onwu et al., 2013),  

%R = 
𝐶𝑜−𝐶𝑡

𝐶𝑜
 x 

100

1
   (1) 

qt = 
𝐶𝑜−𝐶𝑡

1
  x 

𝑣

𝑚
        (2) 

where % R is the percentage of concentration of 

metal ion adsorbed, Co = initial metal ion 

concentration in mg/L, Ct = residual metal ion 

concentration in solution (mg/L), V = volume of 

metal ion solution used in dm3 and m = the dry 

mass of the adsorbent in g.  

3.0 Results and Discussion 

3.1 Effect of pH on adsorption  

Fig. 1 shows a plot for the variation of equilibrium 

amount of Cd2+, Ni2+ and Pb2+ adsorbed with pH.  

 

 
Fig. 1: Variation of equilibrium amount of heavy metal ions adsorbed with pH 

The adsorption trend also indicated that Pb2+ was 

most adsorbed while Ni2+ was the least adsorbed 

heavy metal. Ionic radii of Pb2+, Ni2+
 and Cd2+ are 

1.19, 0.69 and 0.97Å respectively which indicated 

that the adsorption increases with increase in ionic 

radius. Similar finding has been reported by Zhou 

et al. (2011). Generally, the extent of hydration 

tends to increase with decrease in ionic radius 

indicating that adsorption should favorably 

increase with decreasing ionic radius.  

3.2 Effect of period of contact on adsorption  

 Fig. 2 shows plots for the variation of the amount 

of Pb2+, Cd2+ and Ni2+ adsorbed with time. The 

plots revealed that the percentage adsorption of 

the metal ions onto a biomass witnessed very 

sharp increases up to 40 min for Pb2+ ions but 60 

min for both Cd2+ and Ni2+ ions and then gradually 

increases to reach an equilibrium value in 

approximately 60 min for Ni2+ and Cd2+ but 80 

min for Pb2+ ion. After the equilibrium, further 

increase in time did not significantly affect 

adsorption. Therefore, 120 min becomes the 

saturation points for the three metal ions after 

which the rate of adsorption becomes equal to the 

rate of desorption. The observed trend can be link 

to overcoming influence of diffusion and 
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consequence interaction between the adsorbent 

and the adsorbate as time increases. 

 

 
 

Fig. 2: Variation of percentage of heavy metal 

ion removal with time 

3.2.1 Pseudo first order kinetic model  

The Lagergren rate equation is a widely used rate 

equation for the description of adsorption kinetics 

and can be expressed according to equation 3, 

which is linearised to yield equation (4) 

(Lagergren and Svenska, 1898). 
𝑑𝑞𝑡

𝑑𝑡
 = k1(qe-qt)     (3) 

Ln(qe-qt) = lnqe   -k1t        (4)                                                         

where qe is the equilibrium biosorption capacity in 

mg/g, and qt is the sorption capacity at any time, t 

in mg/g, k1 is the pseudo-first order rate constant. 

A plot of ln (qe-qt) against t, was linear s shown 

in Fig. 3. Therefore, the adsorption of these heavy 

metals is consistent with a pseudo first order 

kinetic. Values of k1 and qe obtained from the 

slope and intercept as well as equilibrium sorption 

capacity, are presented in Table 1. However, 

calculated adsorption capacities are generally less 

than the experimental observed values of 49.08, 

49.85 and 47.60 mg/g obtained for Pb2+, Cd2+ and 

Ni2+ ions respectively. The disparity may be due 

to the influence of other factors that were not 

incorporated into the pseudo first order model.  

3.2.2 Pseudo- second order model 

Assumptions establishing the pseudo second 

order adsorption model can be summarised 

according to equation 5 (Ho and Mickay, 2000), 

          
𝑑𝑞𝑡

𝑑𝑡
 = k2(qe-qt)2   (5) 

where k2 is the rate constant of pseudo second-

order adsorption (g/mg min), The integrated form 

of equation 5 within the boundary conditions is 

expressed in equation 6,  

         
𝑡

𝑞𝑡
 = 

1

𝑘2𝑞𝑒
2  + 

𝑡

𝑞𝑒
                  (6) 

Consequently, equation 6 indicates that a plot of 
𝑡

𝑞𝑡
 versus t should give a linear plot with slope and 

intercept equal to 1/qe and 
1

𝑘2𝑞𝑒
2. The model also 

contains factors that enhance the estimation of the 

initial adsorption rate, ho (g/mg min) as it 

approaches zero, i.e., ho = 𝑘2𝑞𝑒
2  and by 

substitution into equation 6, equation 7 is obtained  

 
𝑡

𝑞𝑡
 = 

1

ℎ𝑜
  +  

𝑡

𝑞𝑒
         (7) 

The pseudo second order plots (Fig. 4) gave slopes 

and intercepts that lead to the estimation of the 

observed kinetic parameters, k2 , qe, ho and R2 

which are recorded in Table 1. The estimated 

parameters are in strong agreement with 

experimental data x=compared to pseudo second 

order model. Therefore, the adsorption of Pb2+, 

Cd2+ and Ni2+ obeyed pseudo second order kinetic 

model more than pseudo first order. Generally, k2 

is a kinetic index which measures the speed of 

adsorption. The higher the value of k2, the better 

is the adsorption rate. Therefore, the sorption of 

Cd2+ ion was faster than that of Ni2+ and Pb2+ other 

metal ions. The pseudo second-order model 

assumed that the assumption that the rate limiting 

step of an adsorption process may be chemical 

reaction involving valence forces resulting from 

sharing or exchange of electrons between 

adsorbent sites (Onwu et al., 2014). 

  The half-adsorption time t1/2 is also a significant 

adsorption parameter which can be calculated 

from the equilibrium concentration and the 

diffusion coefficient rate values. 

 

Fig.  3: Pseudo first order plot for the 

adsorption of the metal ions onto butterfly pea 
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This was calculated by using the following 

equation 8 (Shrihari et al., 2005) 
 

t½ = 
1

𝑘2𝑞𝑒
     (8) 

The experimental data for the adsorption of the 

Pb2+, Cd2+ and Ni2+ ions onto centrosema 

Pubescens seed pod were also employed to 

evaluate the controlling mechanism of adsorption 

processes. The diffusion coefficients for the intra-

particle transport of the Pb2+, Cd2+ and Ni2+ ions  

were calculated using equation 9 (Ferreira, et al., 

2019):  

 

𝐷= 
0.03𝑟2

𝑡1/2
    (9) 

where r is the radius of the adsorbent particle in 

centimetres and D is the diffusion coefficient 

value in cm2.min-1. Estimated D values (Table 1) 

correlated with the equilibrium amount of heavy 

metal ion adsorbed. Consequently, lead which 

displayed best adsorption had the highest value of 

D.  

 

                                                                                                                                                                                                         
 

Fig.4: Pseudo second order plots for the adsorption of the metal ions onto butterfly pea. 
 

3.2.3 Elovich kinetic model 

The Elovich equation assumes that the actual solid 

surfaces are energetically heterogeneous and that 

neither desorption nor interactions between the 

adsorbed species could substantially affect the 

kinetics of adsorption at low surface coverage. 

The crucial effect of the surface energetic 

heterogeneity on adsorption equilibrium in the 

gas/solid systems has been demonstrated 

(Rudzinsk and Everett, 1992), but the extension of 

the same to a liquid/solid system is not known. 

The Elovich equation (Ho and Mckay, 2002) is 

given by equation 10  

          
𝑑𝑞𝑡

𝑑𝑡
 = ∝exp(−𝛽𝑞𝑡)  (10)  

Upon integration, the Elovich rate equation with 

boundary conditions q=qt at t=t and q=0 at t=0 

becomes (11), 

𝑞𝑡 =  
1

𝛽
 ln (1+𝛼𝛽𝑡)   (11)  

where qt is the sorption capacity at time t (mg g-1), 

α is the initial sorption rate (mg g-1min-1), and β is 

the desorption constant (g.mg-1) during any one 

experiment. The initial sorption rate, α, and 

desorption constant, β, were calculated from the 

intercept and slope of the straight-line plots of qt 

against ln(t) (Fig. 5). The initial adsorption rate 

(Elovich α) had values of 226.577 mg (g.min)-1, 

7.1721 mg (g.min)-1 and 691639484 mg (g.min)-1 

for Pb2+, Cd2+ and Ni2+ ions respectively while the 

desorption coefficient (Elovich β) was 0.1797 

mgL-1, 1.0215 mgL-1 and 0.5254 mgL-1 for Pb2+, 

Cd2+ and Ni2+ ions respectively.  

Although the measured degree of linearity of the  

plots were relatively excellent (>80%), estimated 

values of the experimental data did not give a 

good correlation for these for Ni2+ and Pb2+ ion but 

Cd2+ ions. 

3.3 Adsorption mechanisms 

3.3.1 Intra particle diffusion model  

In this model, it is assumed that the mechanism 

for metal ion removal by adsorption on a sorbent 

material is taking place through four steps (i) 

migration of metal ions through the surface of the 

adsorbent (i.e through bulk diffusion) (ii) 

diffusion of the metal ions through the surface of 

material by chemical reaction via ion exchange, 

complexation and/or chelation. 
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Fig. 5: Elovich plot for the adsorption of the metal ions onto butterfly pea 

The adsorption process is a diffusive mass transfer 

process when the rate can be expressed in 

boundary layer to the surface of the adsorbent via 

film diffusion; (iii) the transport of the metal ions 

from the surface to the interior pores of the 

adsorbent occur through intra particle diffusion or 

pore diffusion mechanism and (iv) the adsorption 

of metal ions at an active site on the terms of the 

square root of time (t). Consequently, the intra 

particle diffusion model is expressed as follows 

(Weber and Morris, 1963). 

 qt    =  kdt1/2  +  I    (12)                                                                      

where qt is the fraction uptake (mg/g) at time (t), 

Kd is the intra particle diffusion rate constant 

(mg/g min1/2) and I is the intercept (mg/g). A plot 

of qt versus t½ (Figure 5 below) will give kd as 

slope and I as intercept and results are presented 

in Table 1. The factor, I represent the effect of 

boundary layer thickness. The smaller the 

intercept length, the lesser the adsorption is 

boundary layer controlled (Yang and Al-Duri, 

2005). In the equation (12), kd (mg.g-1.min-1/2) is 

defined  

as the intraparticle diffusion rate constant and is 

related to the intraparticle diffusivity in the 

following way (13).  

𝑘𝑑 = 
6𝑞𝑒

𝑟
√
𝐷

𝜋
     (13)  

where r (cm) is the particle radius, D (cm2.min-1) 

is diffusion coefficient, and qe (mgg-1) is the solid 

phase concentration at equilibrium (Yang and Al-

Duri, 2005). From Fig. 6, it is evident that the 

plots are non linear but the double linear model 

was obtained which reveals that the adsorption is 

controlled by intra particle diffusion. In this first 

straight line, a sudden increase (within a short 

time period) in slope was observed which 

indicates that the metal ions are transported to the 

external of the adsorbent through film diffusion at 

a fast rate and was succeeded by penetration of the 

metal ion into the adsorbent.  However, both lines 

did not yield zero intercept which suggests that 

film diffusion and intra particle diffusion are 

occurring simultaneously during the adsorption. 

ki1, I1 and R2
1 are the slope, intercept and 

correlation coefficient of the first steeper portion, 

ki2, I2 and R2
2 are the slope, intercept and 

correlation coefficient of the second linear portion 

respectively. Since values of ki1 are  

almost equal to the observed values of ki2, it can 

be stated that, both liquid film diffusion and 

intraparticle diffusion models simultaneously 

controlled the uptake of the metal ions onto the 

adsorbent (Inyinbor et al., 2016; Norroozi et al., 

2007).  

4.3.2 Liquid film diffusion model 

The fractional attainment of equilibrium is the 

ratio of the amounts of sorbate removed from 

solution after a certain time to that removed when 

sorption equilibrium is attained. 

The rate of attainment of equilibrium may be 

either film diffusion controlled or particle 

diffusion controlled, even though the two-

mechanisms cannot be sharply demarcated (Itodo 

et al., 2010). 

The film diffusion model, proposed by McKay 

(where kp is the rate constant for film diffusion, 

min-1; F is the fractional attainment): 

In (1- F) = -kpt + DF.             (14) 

F  = qt /qe.                    (15) 

A plot of In(1-αe) versus time (t) was linear as 

shown in Fig. 7.  
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Fig. 6: Weber -Morris Intra particle diffusion plots for the heavy metal ions adsorption onto 

butterfly pea. 
 

 
 

Fig. 7: Liquid film diffusivity plots for adsorption of Pb(II), Cd(II) and Ni(II) ions adsorption 

onto butterfly pea. 
 

The rate constant, Kp was obtained from the slope 

while the dimensionless constant DF was obtained 

from the intercept. The linearity of the plots 

confirms that film diffusion is involved in the 

adsorption of the three heavy metal ions. Also, 

since the linear plots did not display zero 

intercept, film diffusion and intra particle 

diffusion mechanism are the limiting steps in the 

adsorption processes. The thin liquid film 

surrounding the adsorbent may produce a 

diffusion barrier for the metal ions to penetrate 

before they arrive at the binding site on the 

adsorbent. This also indicates that the metal ion 

must overcome this film barrier before adsorption 

(Abia and Asuquo, 2007; Amadi et al., 2019). In 

a particle diffusion-controlled sorption process, 

the intra particle mass transfer resistance is the 

rate limiting step. This means that in the presence 

of a mixture of metal ions, competition for 

available adsorption sites will set in and the 

diffusion properties of the respective ions would 

be affected, hence the adsorption capacity of the 

individual metal ion will likely decrease. 

Consequently, the metal ion that successfully 

reaches the adsorption site faster depends must 

have satisfied several conditions more than others 

(Igwe et al., 2005). 
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Table 1: Kinetic parameter for the adsorption of Pb(II), Cd(II) and Ni(II) ions onto centrosema 

pubescens seed pod  

Adsorption Kinetic models Parameter Pb(II) Cd(II) Ni(II) 

Pseudo First-Order  qcal (mg/g) 

qexp (mg/g) 

k1 (min-1) 

R2 

13.589 

49.08 

0.015 

0.916 

2.1447 

49.85 

0.012 

0.385 

5.2331 

47.60 

0.013 

0.642 

Pseudo Second-Order qcal (mg/g) 

qexp (mg/g) 

k2(dm3mol-1 min-1) 

ho(g/mgmin) 

t½ (min) 

D (cm2.min-1) 

R2 

52.631 

49.08 

0.00207 

5.734 

9.17884 

2.647 x 10-7 

0.999 

52.631 

49.85 

0.0116 

32.132 

1.63794 

14.84x10-7 

0.999 

50.000 

47.60 

0.00506 

12.650 

3.952x10-3 

6147.9x10-7 

0.999 

Elovich  

 

α (mg/g) 

β(g mgmin) 

R2 

226.577 

0.17966 

0.888 

7.1721 

1.02145 

0.969 

691639484 

0.5254 

0.886 

Weber and Morris 

intraparticle diffusion 

 

Ci1 (mg.g-1) 

ki1 (mg.g-1 min-1/2) 

Ri
2 

Ci2 (mg.g-1) 

ki2 (mg.g-1 min-1/2) 

R2
2 

28.762 

1.9184 

0.7355 

35.999 

0.9841 

0.9946 

46.843 

0.2311 

0.9251 

46.855 

0.2329 

0.8355 

42.388 

0.3053 

0.9909 

40.463 

0.5528 

0.7810 

Liuid Film Diffusion Model Kp  

DF  

R2 

0.0178 

-1.1662 

0.9142 

0.0268 

-2.3055 

0.8883 

0.021 

-1.7829 

0.8653 

4.0 Conclusion 

In this study, butterfly pea (centrosema 

pubescens) biomass was used for the biosorption 

of the aqueous solution containing Cd2+, Ni2+ and 

Pb2+ ions. Batch experiment showed that the 

solutions pH strongly influenced the biosorptive 

capacity of the biomass. As the solution pH 

increased, the equilibrium sorption capacity of 

Ni2+, Cd2+ and Pb2+ ions increased. However, 

optimum pH for maximum adsorption was 6 and 

occurred within the first 120 minutes for Cd2+, 

Ni2+ and Pb2+ ions. A pseudo second order kinetic 

model provided better data than pseudo first order 

model. The biomass of the metal tolerant butterfly 

pea successfully removed the metal ions such as 

Cd2+, Ni2+ and Pb2+ from aqueous solution. This 

study validates that the biomass of butterfly pea 

could be used as inexpensive and highly efficient 

reliable biosorbing bio-agent for effectively 

removing heavy metal ions from aqueous 

environment.                                         
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