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1. Introduction 
With the rapid industrialization and urbanization, the prominent pollutants encountered in the 

aquatic systems are various heavy metals, dyes, pharmaceuticals, pesticides etc. In particular, dyes are 
normally found to coexist with heavy metal ions in industrial effluent [1]. The presence of these 
pollutants at elevated levels in wastewater have deleterious effects on humans and other biological 
systems [2]. Many technologies were developed and applied in order to minimize their contents in 
wastewaters, including advanced oxidation processes, biological treatment, photocatalytic degradation, 
ozonation and filtration [3]. However, main drawbacks of these techniques are related to energy 
expensiveness, low efficiency, catalyst management and residual toxicity in treated wastewaters and 
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resulting byproducts [4]. The adsorption approach proved to be viable alternative to remove dyes and 
heavy metals from wastewaters because of its simplicity, low cost and effectiveness [5]. 

Up to date, numerous studies were focused on mono-component adsorption of dyes and heavy 
metals onto various adsorbents [6,7]. However, limited data are available on multi-component 
adsorption. Although some studies have reported the removal of MB and Cd2+ from wastewater using 
different adsorbents including charcoal powder [8], activated carbon [9] and magnesium silicate-
hydrothermal carbon composite [10], no report (to our knowledge) has been documented on 
simultaneous removal these pollutants using porous carbon derived from Albizia lebbeck pods (ALPC). 
Considering the coexistence of dyes and heavy metals in industrial wastewaters, the investigation of 
their simultaneous removal is highly imperative. Hence, the objectives of current study distributed into 
five parts were: (i) to fabricate a porous carbon from Albizia lebbeck pods using chemical activation 
approach; (ii) to elucidate the morphological and chemical characteristics of the as-prepared adsorbent 
via SEM, FTIR, Boehm titration, EDX and pHpzc analyses; (iii) to assess its performance in the removal 
of MB and Cd2+ from their respective single (S) and binary (B) component solutions; (iv) to investigate 
the feasibility of regenerating and reusing ALPC using acidic agent as desorption medium; (v) to 
examined the practical potential of the ALPC for the treatment of real wastewater. 

2. Experimental section 
2.1 Materials and chemicals  

Albizia lebbeck pods (ALP) were sourced from Yobe State, Nigeria. They were washed 
thoroughly with deionized water to remove impurities, and dried in oven at 105 °C for 12 h. Methylene 
blue (C16H18ClN3S; CI:52015), cadmium nitrate Cd (NO3)2.4H2O, phosphoric acid (H3PO4) and other 
chemicals employed in this study were analytical grade and acquired from Sigma-Aldrich (USA). 
Deionized water was used throughout the experimental process. The initial pH of the test solutions was 
adjusted to the preferred values with HNO3 (0.1 M) or NH4OH (0. 1 M).   

2.2 Porous carbon preparation and characterization   
The dried biomass was impregnated with a 50 wt.% H3PO4 solution at a ratio of 2:1 (g H3PO4/g 

dried biomass) and the mixture was kept in an ultrasonic bath for 4 h. Afterwards, the impregnated 
sample was carbonized in a muffle furnace (SXL-1008) at 550 °C (heating rate of 10 °C per min) for 2 
h under nitrogen atmosphere. After cooling to room temperature, the sample was repeatedly rinsed to 
neutrality with hot deionized water and then dried at 105 °C in a vacuum oven for 24 h. The fabricated 
porous carbon material is hereafter denoted as ALPC. Finally, the ALPC was pulverized, sieved to 
desired particle size (120 µm), and kept in an airtight container for characterization and adsorption 
studies. 

The FTIR spectra of the ALPC in the region of 4000–650 cm-1 were recorded with Cary 630 
spectrometer (Agilent). The surface morphology of the ALPC was imaged using Phillips XL 30 scanning 
electron microscope. The elemental content of the ALPC was analyzed using FEI Quanta EDX Unit 
(FEG 650). The point of zero charge (pHpzc) of ALPC was determined according to the pH drift protocol. 
The surface acidity and basicity were determined according to the Boehm titration procedure [11]. 

2.3 Solutions and adsorption experiment 
The stock solutions (1000 mg/L) of MB and Cd2+ were prepared by dissolving the appropriate 

amounts of MB powder or Cd(NO3)2 in 1 L deionized water, respectively. The test solutions of desirable 
concentrations were prepared by serial dilution of the stock solutions. All the batch experiments for 
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single and binary component systems were conducted in a set of Erlenmeyer flasks (150 mL) containing 
50 mL of adsorbate solution of fixed concentration (50 mg/L for MB; 100 mg/L for Cd2+). The flasks 
were sealed with foil and agitated at 150 rpm (30 ± 1 °C) in an incubator shaker (Innova 4000; New 
Brunswick). To study the adsorption as a function of contact time, 5 to 150 min was considered. To 
evaluate the influence of initial pH, 3– 9 pH range was used. For isotherm study, the initial 
concentrations of each adsorbate, MB and Cd2+ were varied between 25–100 mg/L and 50–200 mg/L, 
respectively. The effect of temperature was evaluated in the range of 30-60 °C. The volume of adsorbate 
solution (50 mL), agitation speed (150 rpm), and adsorbent dosage (1 g/L) were kept constant in all batch 
experiments. After agitation for prescribed contact time, the adsorbent was separated from the aqueous 
phase using a membrane Millipore filter.  
 

2.4 Regeneration and reusability of the ALPC adsorbent 
The feasibility of regenerating ALPC for repeated use was investigated for five consecutive 

cycles using HNO3 as the desorbing agent under the same conditions. Basically, a mass of pollutant-
loaded ALPC (0.05 g) was added to flask containing 50 mL of 0.05 M HNO3 solution. The mixture was 
agitated (150 rpm) at (30 ± 1 °C) for 120 min in an incubator shaker. Then the adsorbent was separated 
using membrane filter and then washed thoroughly with deionized water to remove the acidic agent. 
After washing, the sample was dried at 70 °C overnight. Finally, the dried ALPC was used in the next 
adsorption cycle. 

 

2.5 Application of ALPC to real wastewater sample 
A real wastewater sample was collected from a local textile industry and was employed as an 

adsorption medium for evaluating the practical application of ALPC in MB and Cd2+ removal. The 
wastewater sample was characterized in terms of physicochemical parameters and then subjected to MB 
and Cd2+ contamination with a concentration of 50 and 100 mg/L, respectively. The adsorption test was 
performed by mixing 0.05 g of the ALPC with 50 mL of the wastewater sample at natural pH of the 
solution (without adjustment). After agitation (150 rpm) for 120 min, the adsorbent was recovered by 
filtration and the residual concentration of target adsorbate in the filtrate was analyzed. 

 

2.6 Analysis and calculation of adsorption parameters 
All of the experiments were conducted in triplicate and the mean of the results were utilized for 

data analysis. The residual concentration of MB was analyzed using Perkin Elmer UV–visible 
spectrophotometer (Labda 35) at 662 nm and cadmium ions concentration was measured using a 
microwave plasma atomic emission spectrometer (MP-AES 4210; Agilent). Additionally, the pH of test 
solutions during the experiments were monitored using a pH-Meter Jenway 3510. 

All the equations employed in the current study to evaluate the adsorption performance as well 
as those associated with equilibrium, kinetics and thermodynamics of MB and Cd2+ adsorption onto 
ALPC are disclosed in Table 1. 

3. Results and Discussion 
3.1 Morphological analysis 

SEM was employed to examine the surface morphology of the precursor and the synthesized 
adsorbent as displayed in Figure 1. No pore was visualized on the precursor surface (Figure 1a) whereas 
the ALPC has a highly heterogeneous surface and porous structure (Figure 1b). High pyrolysis 
temperature and H3PO4 used for impregnation were speculated to be responsible for the pore 
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development in ALPC. The porous structure enhances the accommodation of adsorbate molecules on 
the APLC surface resulting in higher adsorption performance. Figures 1c–d reveal that the adsorption 
of MB and Cd2+ causes appreciable morphological changes to the surface of APLC which are reflected 
in the complete distortion and coverage of the pores. 

 
Table 1. Equations used in the present study to evaluate the adsorption data [12,13] 

Name  Equation Parameters 
Removal efficiency 
 
 
Adsorption capacity 
 
 
Pseudo-first-order 
model 
 
Pseudo-second-order 
model 
 
Intraparticle diffusion 
model 
 
Langmuir isotherm 
 
 
Freundlich isotherm 
 
 
Uptake capacity ratio 
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Van’t Hoff 
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Co (mg/L), Ce (mg/L) and Ct denote the initial, 
equilibrium and residual concentration of the 
adsorbate, respectively. V (mL) represent the 
volume of the adsorbate solution and m (g) denote 
the dose of the adsorbent. 
 
t is the adsorption time (min); qe and qt (mg/g) 
represent the adsorption capacity at equilibrium 
and t time; and k1 (min−1) and k2 (g/mg min) are 
the rate constants. 
 
 
kid is the intraparticle diffusion constant and C 
denotes the thickness of the boundary layer. 
 
KL and n are measures of the adsorption intensity; 
qm and KF are associated with theoretical 
adsorption capacity. 
 
 
qma,binary and qma,single denote the maximum 
adsorption capacity of component a in binary and 
single system, respectively. 
 
∆G, ∆H, and ∆S denote the Gibbs free energy, 
enthalpy and entropy change, respectfully; T is 
temperature; R is the gas constant. Kd is an 
equilibrium constant. 

 
3.2 Surface chemistry and elemental composition 

The surface functional groups of ALPC for pre- and post-adsorption of MB and Cd2+ were 
explored by Fourier transform infrared spectroscopy (Figure 2). The broad absorption band at 3361 
cm−1, is characteristic of the stretching vibration of hydroxyl (-OH) group. The peak had shifted to 3272 
cm−1 and 3327 cm-1 after adsorption of MB and Cd2+, respectively. The change in peak position clearly 
illustrate that the state of –OH was affected by binding with MB and Cd2+ [14]. The peak at 1547 cm−1 
(Figure 2a) which is associated with carboxylate stretching shifted to 1514 cm−1 (Figure 2b) and 1526 
cm-1 (Figure 2c), which reveal it role in the binding of adsorbate molecules. The new peaks appearing 
in the range 1300 to 700 cm-1 (Figures 2b-c) suggested the successful adsorption of MB and Cd2+ on 
ALPC surface.  
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Figure 1. SEM Micrographs of (a) ALP (b) ALPC (c)ALPC/MB (c) ALPC/Cd2+ 
 
Table 2 disclose quantitative information on the acidic and basic groups on the ALPC surface 

(obtained through Boehm titration) and the point of zero charge (pHpzc). It was observed that the ALPC 
surface is not enriched with acidic functionalities as evidenced by the low number of carboxylic groups. 
Thus, the ALPC presents weak acidic character as reflected by pHpzc value of 6.58.  

 
Table 2. Content of functional groups and pHpzc for ALPC 

Carboxylic 
(mmol/g) 

Phenolic 
(mmol/g) 

Lactone 
(mmol/g) 

Total acidity 
(mmol/g) 

Total basicity 
(mmol/g) 

pHPzc  

0.78 0.90 0.20 1.88 1.66 6.50 
 

 

Table 3 presents the elemental composition of ALP and ALPC as obtained from EDX analysis. 
As expected, an increase in the carbon content and a decrease in the oxygen content was observed after 
H3PO4 activation of ALP. The acid serve as a dehydrating agent promoting the volatilization of the 
biomass components, namely, cellulose, hemicellulose, and lignin [15]. Additionally, the EDX profile 
has confirmed the incorporation of elemental phosphorus (2.43%) in the biomass matrix during the 
H3PO4 activation process.  

a" b"
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3.3 Influence of initial pH on MB and Cd2+ adsorption 
To explore the influence of solution pH on the adsorption performance of ALPC, batch experiments 
were performed at pH values of 3 to 9. The removal of both MB and Cd2+ by ALPC was found to increase 
with the raising of pH values from 3─7 and remained unchanged thereafter (Figure 3). It is obvious that 
the value of removal efficiency of both MB and Cd2+ is not remarkably affected by the transition from 
the single system to the binary system. The variation in MB and Cd2+ removal with respect to the solution 
pH could be explained on the basis of the adsorbent surface charge and the adsorbate species present in 
solution. 

 
Figure 2. FTIR spectra of (a) ALPC (b) ALPC/MB (c) ALPC/Cd2+ 

Table 3. Elemental composition of ALP and ALPC as determined by EDX analysis 
Sample  C (at %) O (at %) S (at %) N (at %) P (at %) 
ALP 59.10 36.72 0.22 3.96  ─ 
ALPC 78.92 15.10 0.15 3.40 2.43 

a"

b"
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It is pertinent to state here that MB, as a cationic dye, yields positively charged ion (MB+) in an 
aqueous solution. Thus, the fact that low adsorption of MB and Cd2+ occurred at a lower pH could be 
ascribed to the increase in the positive charge density of ALPC owing to protonation, which did not 
favor the adsorption of positively charged MB+ and Cd2+ ions due to electrostatic repulsion. Furthermore, 
there is fierce competition at low pH values between the abundant H+ and cationic adsorbates for 
available adsorption sites on ALPC surface. Additionally, the pHpzc value of ALPC was 6.5 (Table 2), 
implying that ALPC bears a net negative charge at pH > 6.5, which was favorable for adsorption of 
cationic contaminants. This result is consistent with the trends reported in other studies [16,17]. For 
subsequent experiments, the pH was fixed at 7.0 for both adsorbates. 
 

 
Figure 3. Influence of initial pH on removal efficiency of MB and Cd2+ (Co, MB = 50 mg/L, Co, Cd

2+ = 100 mg/L, 
time 120 min, adsorbent dosage 1 g/L) 

3.4 Adsorption kinetics 
The experimental kinetic data for the adsorption of MB and Cd2+ by ALPC is presented in Figure 

4. A brief look at the kinetic curve indicate that there is a gradual increase in the adsorption of adsorbates 
with time and apparent equilibrium was attained at around 90 min residence time on ALPC surface for 
both of the studied pollutants. This indicate that ALPC is characterized by a fast MB and Cd2+ removal 
capability. As displayed in Figure 4a, the adsorption capacity of ALPC in the binary system of MB and 
Cd2+ was compared to the values in the single system. The amount of MB adsorbed shows difference in 
single and binary system (48.87 and 46.1 mg/g, respectively), and, in the case of Cd2+, the adsorption 
capacity was decreased from 97.78 to 94.1 mg/g, with an optimum contact time of 90 min.  

In order to describe the adsorption rate and probable mechanism of the process, all the kinetic 
data obtained from experiments in the single and binary systems have been treated using various linear 
forms of kinetic models, viz., pseudo-first-order [18], pseudo-second-order [19], and intra-particle 
diffusion [20] models. The corresponding values of calculated model fitting parameters and correlation 
coefficients are indicated in Table 4. As seen, for both the adsorbates, the values of the correlation 
coefficient (R2) for the pseudo-second-order model (R2 > 0.99) were higher than those for the pseudo-
first- order model. Additionally, the theoretical adsorption capacity (qe,cal) calculated from the pseudo-
second-order model  was more consistent with the experimental values (qe,exp). These signify that the 
adsorption kinetics is sufficiently represented by the pseudo-second-order model. Thus, we speculate 
that MB and Cd2+ adsorption by ALPC may have occurred mainly by chemisorption, which involves 
sharing or exchange of electrons. 
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The diffusion mechanism of the MB and Cd2+ adsorption onto ALPC was evaluated using the 
intraparticle diffusion model. Figure 4b presents the fit of the intraparticle diffusion model to the kinetic 
data. It was observed that the plot exhibited a non-linear trend and non-zero intercept over the whole 
time range. Thus, it can be inferred that intraparticle diffusion is not the sole rate controlling parameter 
in the adsorption process. In addition, the fact that the plot exhibited multi-linearity signifies that the 
adsorption of MB and Cd2+ on ALPC occurred in multi-step process. The first step (first 20 min) involves 
the diffusion of adsorbate molecules through the liquid film and are attracted to the exterior surface of 
the ALPC. The second step (30-60 min) represents the intraparticle diffusion stage where the Cd2+ and 
MB molecules migrate into the pores on the interior surface of the adsorbent. The third step (90-150 
min), represent the final equilibrium stage where intraparticle diffusion begins to slow down due to low 
residual MB and Cd2+ concentration left in solution, enhanced electrostatic repulsion and the decreased 
active sites availability [21, 22]. 

 
Table 4. Kinetic parameters for MB and Cd2+ adsorption onto ALPC 

Adsorbate                                   MB (S)           MB (B)           Cd2+ (S)      Cd2+ (B) 
qe,exp (mg/g)                                  48.87              46.10                  97.78          94.11 
Pseudo-first order  qe,cal (mg/g) 

k1 (min-1) 
R2 

50.91 
0.060 
0.9745 

54.48 
0.061 
0.9400 

48.42 
0.043 
0.9812 

53.59 
0.045 
0.9756 

Pseudo-second-order qe,cal (mg/g) 
k2 (g/mg min) 
R2 

47.81 
0.022 
0.9982 

50.35 
0.014 
0.9936 

100.04 
0.020 
0.9998 

99.09 
0.017 
0.9996 

 

 
 

 
Figure 4. (a) Kinetics of MB and Cd2+ adsorption onto ALPC (b) Intraparticle diffusion model plot (Co, MB = 50 

mg/L, Co, Cd
2+ = 100 mg/L, pH 7, adsorbent dosage 1 g/L) 

0

20

40

60

80

100

120

0 50 100 150

q t
(m

g/
g)

Time!(min)

MB!(S)

MB!(B)

Cd!(S)

Cd!(B)

0

20

40

60

80

100

120

0 5 10 15

q t
(m

g/
g)

t 1/2

MB!(S)

MB!(B)

Cd!(S)

Cd!(B)

b"

a"



U. Yunusa et al., J. Mater. Environ. Sci., 2021, 12(9), pp. 1243-1258 1251 
!

3.5 Influence of initial concentration 
The initial concentration is a crucial parameter that can substantially influence the adsorption 

performance of a given adsorbent. The effect of the initial adsorbate concentration on adsorption 
capacity of ALPC in both single and binary system was investigated in the range of 25‒100 mg/L for 
MB, and 50‒200 mg/L for Cd2+. As disclosed in Figures 5a-b, the adsorption capacity of ALPC for MB 
and Cd2+ in both single and binary mixture increases with increasing concentration of the adsorbates. 
This was attributed to increasing concentration gradient, which provided the required driving force to 
overwhelm all mass transfer resistances between the bulk liquid and adsorbent particles [23].  Moreover, 
high initial concentration enhances the accessibility of active sites by adsorbate molecules as well as 
effective electrostatic interaction at solid-liquid interface [17,24]. Comparing the profiles of the single 
and binary systems, the latter were always lower during the adsorption process. 
 

 
 

 
Figure 5. Influence of initial concentration on the adsorbed amount of (a) MB and (b) Cd2+ (time 120 min, pH 

7, adsorbent dosage 1 g/L) 
 
3.6 Adsorption isotherms 
To gain insight on the distribution mechanism of the MB and Cd2+ on the ALPC surface, the equilibrium 
data for both single and binary systems were adjusted to two isothermal models, namely, Langmuir [25] 
and Freundlich [26]. The linear fittings of the selected isotherm models are presented in Figures 6a-b 
and the calculated fitting parameters are reported in Table 5. Attending to the R2 values in Table 5, 
which are relative to the accuracy of the linear regression, one can deduce that the Langmuir model fit 
rather well since the corresponding regression coefficients (R2 > 0.99 in all cases) were greater than 
those of the Freundlich model. In addition, the maximum adsorption capacities (qm) estimated by the 
Langmuir isotherm for both the mono-component and binary systems were close to those obtained 
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experimentally. Furthermore, the values of RL were found between 0 and 1, which implies that the 
adsorption of MB and Cd2+ onto ALPC is favorable [27]. All the above findings suggest that; (a) the 
ALPC surface is homogeneous; (b) the MB and Cd2+ adsorption on the ALPC occurs on active sites that 
are energetically equivalent and; (c) the adsorbed Cd2+ and MB molecules are organized as a monolayer. 
 

Table 5. Isotherm parameters for MB and Cd2+ adsorption onto ALPC 
Adsorbate                  Langmuir                     Freundlich 

qm                     RL                   R2 KF                     n                    R2 
MB (S) 91.74 0.02 0.9943 58.42 7.99 0.9477 
MB (B) 80.01 0.05 0.9935 27.00 3.07 0.9823 
Cd2+ (S) 185.19 0.04 0.9923 89.43 5.29 0.9917 
Cd2+ (B) 181.81 0.07 0.9986 51.69 3.00 0.9891 

 

 
 

 

Figure 6. Isotherms plots for (a) Langmuir and (b) Freundlich models 
 

3.7 Thermodynamic analysis 
To better understand the adsorption behavior, the thermodynamic parameters such as ∆G, ∆H, 

and ∆S were calculated using the Gibbs energy and Van't Hoff equations. The values for the 
thermodynamic parameters are reflected in Table 6. ∆G values are negative and decrease with rising 
temperature, demonstrating that the uptake of MB and Cd2+ by ALPC occurred spontaneously and higher 
temperature is more favorable to the adsorption process [28]. Positive values of ∆H specify that the 
adsorption process is endothermic in nature and the positive values of ∆S suggested the increasing 
randomness at solid/liquid interface during the process of adsorption [29]. 

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

K 5 5 15 25 35

C e
/q

e
(g
/L
)

Ce (mg/L)

MB!(S)

Cd!(S)

MB!(B)

Cd!(B)

0

0,5

1

1,5

2

2,5

K 4 K 2 0 2

lo
g!
q e

log!Ce

MB!(S)

Cd!(S)

MB!(B)

Cd!(B)

a"

b"



U. Yunusa et al., J. Mater. Environ. Sci., 2021, 12(9), pp. 1243-1258 1253 
!

 

Table 6. Thermodynamic parameters for MB and Cd2+ adsorption onto ALPC 
Adsorbate ∆H (kJ/mol) ∆S (kJ/molK)                          ∆G (kJ/mol) 

 303 K                313 K                323 K 
MB (S) 2.57 0.12 -9.487 -10.556 -11.807 
MB (B) 5.03 0.18 -6.221 -8.195 -9.958 
Cd2+ (S) 2.78 0.13 -9.552 -10.990 -11.999 
Cd2+ (B) 4.24 0.16 -6.976 -8.523 -10.299 

 
 
3.8 Interactions in the MB-Cd2+ binary system 

Generally, the amount of solute adsorbed may increase, decrease, or remain unchanged in the 
presence of other component(s). The experimental data for the adsorption of both adsorbates in single 
and binary systems have been reported in previous sections. By comparing the uptake profiles of the 
single and binary systems, the former were always higher throughout the adsorption test. For instance, 
the maximum adsorption capacity (qm) of ALPC for MB and Cd2+ in single component solution were 
91.74 and 184.19 mg/g, respectively. While 80.01 mg/g and 181.81 mg/g were the maximum adsorption 
capacities in the binary solution, respectively (Table 5). Thus, the results highlight that the adsorption 
capacity of the adsorbent for the target adsorbates declined in the binary system as compared to the 
mono-component solution. This was attributed to the fact that in the binary system, partial or total 
competitions between adsorbate ions for the same adsorption sites on ALPC surface occur. Besides, 
adsorption affinity of the adsorbent surface was mutually hampered by rivalry between MB and Cd2+ 
components for the occupation of adsorption site [30,31]. 

The mutual effects between each component in the binary MB─Cd2+ system can also be assessed 
by evaluating the maximum adsorption capacity ratio (R) using the formula highlighted in Table 1. 
When R > 1, the uptake of component ‘a’ is increased by the presence of co-existing pollutant (s) 
(synergism); when R <1, co-existing pollutants have suppressive effect on uptake of component ‘a’ 
(antagonism); when R = 1, the binary mixture has no effect on the adsorption of each pollutant [29,32]. 
The adsorption capacity ratios (R) of both MB () and Cd2+ were established to be 0.87 and 0.97, 
respectively. This indicate that in the MB─Cd2+ binary solution, the presence of Cd2+ remarkably 
suppressed the adsorption of MB; the same trend is also observed for Cd2+, although to a lesser degree. 
This indicate that the MB─Cd2+ binary adsorption system exhibited an antagonistic effect, not 
synergistic adsorption. In addition, the antagonistic interaction between the MB and Cd2+ in the binary 
mixture was observed to be virtually non-existent at low initial concentration (Figure 5). This was 
attributed to the adequate number of available active sites at low adsorbate concentration which averts 
possible competition for adsorption sites.  

 
3.9 Regeneration and reusability of the ALPC adsorbent 
The regeneration of adsorbent after its saturation with the pollutant is one of the key parameters for its 
economic viability in industrial applications. In this work, the spent ALPC was regenerated using dilute 
HNO3 as desorbing solution. Figure 7 demonstrates that the adsorption capacity of ALPC after five 
successive adsorption–regeneration cycles was 43.01 mg/g for MB and 94.0 mg/g for Cd2+. 
Correspondingly, the adsorption capacity of ALPC for MB and Cd2+ was decreased by 5.86 mg/g and 
3.78 mg/g after five cycles, respectively. This result affirms that ALPC exhibited good regenerative 
properties and provides a basis for its practical application in wastewater treatment without significant 
loss in the adsorption proficiency of MB and Cd2+. 
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Figure 7. Adsorption-regeneration cycles of ALPC for MB and Cd2+  

 
 3.10 Application of ALPC to real wastewater sample 

The real wastewater sample was characterized in terms of some physicochemical parameters and 
the corresponding values were found to be:  pH (7.7), conductivity (428 ± 0.2 µS/cm), total organic 
carbon (TOC) (20.4 ± 1.2 mg/L), total suspended solids (TSS) (9.22 ± mg/L), chloride (21.95 ± 2.12 
mg/L), phosphate (4.55 ± 0.9 mg/L) and nitrate (17.22 ± 1.5 mg/L). In addition, Cd (1.34 ± 0.06 mg/L), 
Pb (1.43 ± 0.002 mg/L), Cr (0.70 ± 0.01 mg/L), Cu (0.98 ± 0.03 mg/L), and Ni (1.2 ± 0.05 mg /L) were 
also detected. The ALPC presented a reasonable adsorption capacity of 43.17 mg/g for MB and 94.29 
mg/g for Cd2+ in real wastewater as compared to the 48.87 mg/g for MB and 97.78 mg/g for Cd2+ in 
deionized water system. These are corresponding to 86.34% and 94.30% removal efficiencies, 
respectively. The slight decrease in uptake of MB and Cd2+ in real wastewater was attributed to the 
complexity of the water matrix, which interferes with the adsorption of the target adsorbates [29]. These 
findings highlight the potential of ALPC in removing MB and Cd2+ from complex water matrices. 
 
3.11 Comparison of ALPC with other adsorbents 
The maximum adsorption capacity (qm) gives us an insight of how efficient is certain adsorbent material 
if compared with other ones. Thus, to compare the adsorption performance of ALPC with other 
adsorbents used for MB and Cd2+ removal, a compilation of some tested adsorbents and their maximum 
adsorption capacities are disclosed in Table 7.  
 

Table 7. Comparison of specific uptake of MB and Cd2+ on different adsorbents 
Adsorbate Adsorbent qm (mg/g) References  
MB Kendu fruit peel carbon 

Iron oxide nanoparticles 
Magnetic biochar 
Almond shell 
Cellulose nanocrystals 
Polypyrrole  
Covalent organic framework 
Albizia lebbeck pods carbon (ALPC) 

144.4 
91.00 
22.88 
76.34 
118.0 
19.31 
63.29 
91.74 

[33] 
[34] 
[35] 
[36] 
[37] 
[38] 
[39] 
This work 

Cd2+ X. sorbifolia hull carbon 
Albizia lebbeck pods 
Magnetic nanomaterial 
Modified cellulose 
T. angustifolia carbon 
Residuals nanoparticles 
Mussel shells  
Albizia lebbeck pods carbon (ALPC) 

388.7 
7.81 
21.58 
33.20 
48.08 
47.00 
26.00 
185.19 

[14] 
[40] 
[41] 
[42] 
[43] 
[44] 
[45] 
This work 
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It is pertinent to note that this comparison has a relative meaning due to some factors, such as different 
experimental conditions (adsorbate concentration, adsorbent dosage, agitation rate, etc) and type of 
adsorbent material employed in each referenced study. Nevertheless, by comparing the data presented 
in Table 7, one can realize that the ALPC presented a reasonable adsorption capacity (91.74 mg/g for 
MB; 185.19 mg/g for Cd+), which is higher than many of the reported adsorbents. This suggest that the 
prepared ALPC might be a potential candidate for removal of MB and Cd2+ from aquatic environment. 
 
Conclusion 

Porous carbon (ALPC) derived from Albizia lebbeck pods was successfully applied as an adsorbent for 
the removal of MB and Cd2+ in single and binary adsorption systems. The influence of process variables 
such as pH, initial concentration contact time and temperature were investigated using batch mode 
technique. The results obtained revealed that pH of 7.0 was the optimum condition for both systems and 
that 90 min of contact time was sufficient to attain equilibrium. In a binary system of MB─Cd2+, the 
adsorption capacity for both MB and Cd2+ was lower than in single solutions. This indicate that the 
presence of either MB or Cd2+ induced an antagonistic effect on the uptake of co-existing pollutant. The 
equilibrium data from both single and binary system were better described by Langmuir isotherm, 
suggesting a monolayer adsorption process on a homogeneous surface of ALPC. The adsorption kinetics 
of MB and Cd2+ was found to conform to pseudo second-order model in both single and binary solutions. 
The thermodynamic analysis revealed that the uptake of MB and Cd2+ by ALPC occurred spontaneously 
and higher temperature is more favorable to the adsorption process. The adsorption-desorption results 
showed that ALPC had good regeneration and reusability properties. Overall, the results reflect that 
ALPC exhibit immense potential for the treatment of wastewater containing both MB and Cd2+. For 
industrial application, a fixed bed column studies should be performed for scale-up and design perfection 
purposes.  
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