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a b s t r a c t
This study presents the synthesis of biosorbent by the immobilization of green algae (Chlorophyta) 
into calcium alginate as a supporting composite for the removal of heavy metals. The batch adsorp-
tion system was employed to investigate the effectiveness of the algae-alginate synthesized beads 
(AASB) in lead removal from an aqueous solution. Since pH 5 produced the greatest removal effi-
ciency of Pb(II) ions, it reveals that the pH significantly affects the adsorption of Pb(II) ions using 
AASB as an adsorbent. Results showed that the ideal working conditions for AASB were: 5 g/L 
of AASB, 120 min of contact time, pH value of 5, and 200 rpm agitation speed, which achieved 
roughly 90.98% removal efficiency and a capacity of 9.0492 mg/g. Several analytical methods, 
such as Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and 
energy-dispersive X-ray spectroscopy (EDS), were used to evaluate the adsorbent’s performance 
and investigate its adsorption mechanism. FTIR analysis showed the engagement of hydroxyl, 
amino, and carboxyl functional groups during Pb(II) ions adsorption, At the same time, the metal 
cations are adsorbed on the surface of the algal biomass, which is demonstrated by SEM to have 
an amorphous superficial structure, while EDS spectra showed the presence of elements that are 
favorable for Pb(II) adsorption. The equilibrium isotherm results were well suited to the Freundlich 
isothermal model, although the adsorption kinetic data is accurately articulated by the pseu-
do-first-order model. This suggests that heavy metals can be removed from wastewater using AASB 
which is considered a feasible and effective biosorbent.
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1. Introduction

Heavy metal contamination is one of the most pressing 
environmental challenges in our world today. Because heavy 
metal ions are highly toxic, patient, and have the propensity 
to accumulate, their existence in water resources has become 
a significant component in depreciating ecosystem qual-
ity [1]. In compliance with the World Health Organization 
(WHO), the metals with the most significant concern theo-
rized in polluted surface water, groundwater, and industrial 
wastewater are copper, lead, cadmium, cobalt, chromium, 

mercury, zinc, and nickel [2]. Heavy metals cause serious 
environmental risks since they cannot degrade and are haz-
ardous in nature [3]. Many researchers have focused on Pb(II) 
ions removal which is thought to be carcinogenic heavy met-
als that are particularly lethal at low concentrations [4,5], It is 
widely used in battery manufacturing, gasoline combustion, 
mining, and the electroplating industries [6,7]. The neurolog-
ical, digestive, immunological, reproductive, and urogenital 
systems would suffer substantial harm [8,9] once it builds 
up in the human body and exceeds 0.01 mg/L the permis-
sible limit for Pb contamination in drinking water which 
was estimated by WHO [10].
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Heavy metal ion removal from wastewater is tradition-
ally accomplished using various methods, including ion 
exchange, electrochemistry, chemical precipitation, solvent 
extraction, membrane processes, flotation, and sorptive flo-
tation process [11]. These treatment methods are costly, con-
sume immense energy, and sometimes can result in serious 
secondary pollution. In contrast to this, biosorption is an 
economical and sustainable technology that can replace tra-
ditional wastewater treatment methods. Among biosorbents, 
those made from alginate derivatives and seaweed (macro-
scopic algae) have a strong affinity for various metal ions. 
Biosorbents are excellent for treating hazardous metals from 
industrial waste since they are less expensive, readily avail-
able, and usually biodegradable than commercial synthetic 
adsorbents [2,12]. When using algae as a biosorbent, some 
restrictions exist on separating the biomass from the efflu-
ent, leading to unsatisfactory pressure drops. Those issues 
are linked to the biomass’s physical properties, including its 
low density, small particle size, and weak stiffness [13]. These 
disadvantages might be solved by employing immobilization 
technology, as it offers mechanical strength, rigidity, appro-
priate size, and porous properties. Effective immobilization 
depends on choosing the suitable carrier material. Alginate-
based systems have gotten huge attention as immobilization 
matrixes due to their ease of use, strong biosorption capac-
ity, and low-cost [14,15]. Over the years, brown macroalgae 
have produced alginate salts, which have been developed 
into adsorbents because of their selectivity for pollutants, 
abundance, renewability, and economic viability [16,17].

In contrast to other functional groups like sulfonic 
acid and a hydroxyl group, alginate has an excess of car-
boxylic acid groups, which contributes to its strong affin-
ity toward metal ions [18]. The capability of a variety of 

marine algal biomass to retain different heavy metal ions 
from an aqueous solution has been demonstrated in count-
less studies from the literature such as green marine alga, 
Ulva lactuca [19]; brown marine alga Sargassum filipendula 
[20]; blue-green algae [21,22]; single and mixture of algae 
[23]; Spirulina [24]; free and immobilized alginate-Spiru-
lina [25]. This investigation aims to determine the ability of 
algae-alginate synthesized beads (AASB) to remove Pb(II) 
ions from an aqueous solution at ambient temperature. 
Many variables such as pH, metal concentration, contact 
time, dosage, and particle size, are studied during batch 
studies to estimate the best AASB parameters. In addition, 
isotherm and kinetic models are considered.

2. Materials and methods

2.1. Materials

Gathered algal was collected from the Al-Yousfya irriga-
tion canal in Baghdad’s surroundings/ Iraq where they are 
found on the water surface, as represented in Table 1 and 
their microscopic images are shown in Fig. 1. The significant 
proportion of the classes of algae samples under analysis 
are as follows (wt.%): 96% of Chlorophyta that are divided 
into 25% of Mougeotia robusta and 71% of Spirogyra subsalsa 
while the remaining 4% is Bacillariophyta (Cocconeis pseudo-
marginata). The algae were thoroughly rinsed with tap water 
and then distilled water to remove salt and impurities. In 
addition, upon being washed, the biomass algae were air-
dried for a couple of days and then oven-dried at 60°C for 
24 h. Finally, the dried algae were milled with a grinder and 
then screened to obtain the desired particle size (˂63 μm) 
and then kept in a dry, room temperature environment for  
future use.

     
Fig. 1. Microscopic images of the algae sample.

Table 1
Specification of 1 kg of fresh algae

Status of the living organisms Percentage of the algae biomass (%) Algal species Algal aggregates

Roaming on the water surface
25 Mougeotia robusta (De Bary) Wittrock

Chlorophyta
71 Spirogyra subsalsa Kuetzing

Attached on the algae 4 Cocconeis pseudomarginata (Gregory) Bacillariophyta
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Lead nitrate (Pb(NO3)2, purchased from SIGMA com-
pany, USA) was selected as the target pollutant in aqueous 
solutions. However, for beads, preparation sodium alginate 
of the chemical structure (NaC6H7O6) and primary source 
algal polysaccharides derivatives (marine seaweed algae) 
were manufactured in China and supplied from amazon, and 
CaCl2 was used. All the chemicals used were of the highest 
purity available and had an analytical grade.

2.2. Preparation methods

The stock solution of Pb(II) ions was prepared by dis-
solving the required amount of Pb (NO3)2 in distilled 
water. Further, dilution was used to get a concentration of 
(25−100) mg/L,  and  then  the  initial  pH  values  of  the  solu-
tion were controlled by adding 0.1 M NaOH or HCl.

Algae-alginate synthesized beads (AASB) were formed 
by entrapping algae in an alginate matrix caused by ionic 
polymerization in calcium chloride solution, as follows: the 
powdered Algal was suspended in an appropriate concen-
tration of sodium alginate solution of 2 w/v% under rapid 
agitating using a magnetic stirrer to obtain a homogenous 
solution. An alginate solution containing sodium alginate 
and 0.5 g powdered algae was gradually added to 100 mL 
of the solution with continuous stirring to form cohesive 
gelatin. For AASB formation, prepare a solution of 200 mL 

of 0.2 M calcium chloride to harden the composite gel using 
a 10 mL syringe at 30 cm height as shown in Fig. 2. The 
AASBs were kept in the solution of calcium chloride for com-
plete hardening for about 24 h or less, and then the beads 
were rinsed with distilled water many times until neutral 
pH was achieved. The beads were air-dried for a period of 
15 min at room temperature for immediate use.

2.3. Batch adsorption studies

Conical flasks (250 mL in size) were filled with 100 mL 
of Pb(II) ions solution at the required concentration and 
biosorbent dosage to conduct batch sorption experiments. 
Experiments were carried out in the laboratory at room 
temperature with an initial pH range of 3–6, a biosorbent 
dosage range of 0.01–2 g/100 mL, an initial Pb(II) ion con-
centration range of 25–100 mg/L, and a contact time range 
of 0–180 min. After agitating the flasks for a predetermined 
amount of time, samples of 10 mL each were collected and 
analyzed using a flame atomic absorption spectrophotom-
eter (Shimadzu AA680) to measure the concentration of 
Pb(II) ions.

Using Eqs. (1) and (2), the removal efficiency and the 
mass of metal ions adsorbed per unit mass of adsorbent, 
qe (mg/g), were subsequently calculated, respectively.
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Fig. 2. Preparation procedure of AASB.
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where Co and Ce represent the initial and equilibrium con-
centrations (mg/L) of metal ions, V represents the volume (L) 
of the solution sample, and m represents the mass (g) of the 
adsorbent (g).

Other parameters were kept constant while studies 
of adsorption isotherms and kinetics were conducted at 
various concentrations (5–125) mg/L and contact times 
(0–180) min.

Using Fourier-transform infrared (FTIR) with a range of 
400–4,000 cm–1 (Tensor 27, Bruker, Germany) analysis, scan-
ning electron microscopy (SEM), and energy-dispersive X-ray 
spectroscopy (EDS) (ZEISS model; Sigma VP), the sorption 
mechanisms were specified through the identification of the 
active functional group, surface morphology, and changes 
in shape responsible for Pb(II) ion binding on the AASB.

3. Results and discussion

3.1. Characteristics of AASB

3.1.1. Fourier-transform infrared spectroscopy

Fig. 3 interprets the FTIR analysis of the biosorbent before 
and after Pb(II) adsorption, which illustrates the functional 
groups involved in lead adsorption. Numerous Chlorophyta 
algae possess typical algal cell walls composed of an amor-
phous matrix and a fibril skeleton (primary cellulose). Alginic 
acid, chitin, and xylan are polysaccharides that comprise the 

algal cell wall and are known to serve as metal-binding sites. 
The algal surface contains groups that can bind metal ions, 
including carboxyl, hydroxyl, sulfhydryl, phosphate, sulfate, 
imidazole, and amine. As part of their metal uptake mecha-
nism, metal ions bind to the surface of algae, which is then 
followed by internalization. Required is one of two algal 
biosorption mechanisms. (1) ion-exchange method in which 
Ca, Mg, Na, and K ions on the algal surface displace them; 
(2) complexing of metal ions and functional groups [3,26]. 
Table 2 lists the functional group’s bonds before and after 
adsorption with respect to the number of bonds (single, dou-
ble, and triple). Accordingly, Table 2 shows the peak around 
1,630 cm–1 shifts to 1,600.68 cm–1 following biosorption, indi-
cating site-specific interactions. This may be because the free 
carboxyl group has changed into a carboxylate group, which 
typically happens during the reaction between Pb(II) ions and 
the carboxyl group. The strong peak at around 3,329.52 cm–1 
shifted to 3,324.22 cm–1 is the result of O–H stretching vibra-
tions. Also, FTIR spectra (Fig. 4) reveal that the peaks at 
2,353.61; 2,315.59; 2,126.35; and 1,957 cm–1 demonstrated 
minor differences after Pb(II) ions treatment that appeared 
in triple and double bond region. However, there were a few 
peaks in the fingerprint region that had a small shift (from 
1,417.3 to 1,414.87 cm–1, 1,084.54 to 1,082.51 cm–1, 944.31 to 
938.86 cm–1, 888.47 to 885.42 cm–1 and 591.98 to 599 cm–1), 
denoting the involvement of hydroxyl, amino, and carboxyl 
groups during Pb(II) adsorption. 1,417 cm–1 ascribed to 
COO–, The COO– functional group’s presence facilitated the 
sorption of Pb(II) ions on AASB [27].

3.1.2. Scanning electron microscopy-energy-dispersive 
X-ray analyzer

Fig. 4 illustrates SEM images of AASB prior to and fol-
lowing adsorption. The SEM micrograph revealed that the 

before 

A�er  

Fig. 3. FTIR of AASB before and after adsorption.
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AASB surface had pores and a dense structure. As illustrated 
by Fig. 4a, in the alginate matrix, the images demonstrate a 
crosslinked polymer that has developed between the algae. 
Due to adhesion and effective dispersion in the algae-algi-
nate composite matrix, beads are dense in nature, while 
Fig. 4b depicts the amorphous surface structure of algal bio-
mass where metal cations are adsorbed, to elucidate AASB 
components in greater detail, Fig. 5 displays the EDS spec-
trum. It displays the sodium content, which is derived from 
alginate. AASB contains carbon, oxygen, and calcium, the 
main constituents of alginate and algae. EDS spectra describe 
the metal and element peaks as well as the oxygen from 
the alginate on the surface of the synthesized beads.

3.2. Optimization of biosorbent bead preparation

Fig. 6 displays the effect of sodium alginate concentra-
tion 1, 2, 3, and 4 w/v% in the preparation of the immobi-
lized algae beads on lead ion removal as the powdered 
algae are kept constant. As seen in this figure, the concen-
tration of sodium alginate has little effect on lead removal 
percentage. The highest removal efficiency is achieved when 
sodium alginate is 2 w/v, and the biosorbent preparation and 
moulding of the beads are easily and suitably done. On the 
other hand, a 3% and 4% concentration of sodium alginate 
is excessively high for the favorable preparation of adsor-
bent beads. This is because the matrix becomes denser and 
has smaller pores as the concentration of alginate gel rises, 
which restricts the uptake of nutrients or other macromole-
cules [28]. Thus, the optimal volume percentage of sodium 
alginate in the preparation of biosorbent beads is 2%.

3.3. Affecting parameters

3.3.1. Initial pH value

Other factors to consider, in addition to the adsorbent’s 
surface charge, are the adsorbate’s speciation and degree of 
ionization, which are all known to be affected by pH values, 
which is regarded as an essential parameter in the adsorp-
tion process [29]. As demonstrated in Fig. 7, the pH effect 

on Pb(II) adsorption by AASB was investigated at various 
pH values ranging from 3 to 6. The removal efficiency was 
88.26%, making pH 5 the optimal pH value in this study, a 
little bit higher than other pH values. The removal percent-
age increased with the increase of pH value until equilib-
rium is reached. In this experiment, the pH value does not 
exceed 6 because of lead precipitation as lead hydroxide. 
With respect to Higher pH values that resulted in deproton-
ation, which generated a more negatively charged adsor-
bent surface and promoted better absorption of Pb(II) ions 
by electrostatic attraction [30]. Abdulkareem and Alwared 
[31], state that the removal efficiency was reduced as a result 
of competition between lead ions and solution protonation, 
which reduces lead ions passage at lower pH values. Hence 
functional groups carrying negative charges and becoming 
exposed as a result of deprotonation, such as carboxyl, phos-
phate, imidazole, and amino groups, the removal efficiency 
begins to increase.

3.3.2. Adsorbent dosage

At various AASB dosages 0.1–20 g/L, the adsorbent dos-
age effect on the adsorption of Pb(II) ion was studied, and 
the results are plotted in Fig. 8. According to this figure, 
the amount of adsorbent utilized during adsorption has a 
notable impact on the removal efficiency. The removal effi-
ciency of Pb(II) ions increased with adsorbent dosage due to 
the adsorbent’s increasing surface area and the availability 
of additional adsorption sites. At the lowest adsorbent dos-
age 0.1 g, the removal efficiency of Pb(II) ions was 14.04%. 
Since there are fewer adsorbent sites, metal ions must com-
pete for the few available spaces, resulting in a slower rate of 
adsorption [32].

When the maximum adsorbent dosage of 20 g/L 
and dosage of 5 g/L of AASB were used, the achieved 
removal efficiencies were 97.83% and 90.98%, respec-
tively. Adsorption sites for Pb(II) ions increased at higher 
adsorbent dosages and stayed unsaturated throughout the 
adsorption process. Although, further increase in AASB 
dosage past this point >7.5 g showed no discernible increase 

Table 2
FTIR absorption bands of AASB adsorbent before and after adsorption

Single bond
(O–H, N–H, C–H)

Triple bond
(C≡C, C≡N)

Double bond
(C=C, C=N, C=O)

Fingerprint

Before adsorption 3,329.52
2,353.61
2,315.59
2,126.35

19,571,630.01

1,417.3
1,084.54
1,030.8
944.31
888.47
591.98

After adsorption 3,324.22

2,351.7
2,318.14
2,187.28
2,130.69

1,958.44
1,600.68

1,414.87
1,082.51
1,030.51
938.86
885.42
599
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in Pb(II) adsorption capacity and removal at which equi-
librium is reached. This is ascribed to the saturation of the 
adsorbent site, which prevents the uptake of additional 
metal ions [33]. After the dosage exceeded 7.5 g/L, Due to 
minimal Pb(II) ion concentration, specific active adsorption 
sites on the adsorbent were still unsaturated. The increased 
functional groups interacted with Pb(II) ions in the solu-
tion to saturate the adsorption sites, thereby facilitating 
Pb(II) ion adsorption. Regarding economic aspects and 
treatment efficacy, the optimal dosage of AASB for further 

experiments was 5 g/L. Mahmood et al. demonstrated that 
the increase in alginate-calcium carbonate beads over the 
range of 0.2–1.5 g/100 mL exhibited a remarkably favorable 
impact on cadmium ion removal [34]. These results were 
in agreement with the finding of [35].

3.3.3. Metal concentration and contact time

The initial concentration of metal ions considerably 
impacts how well an alginate-based adsorbent removes 

 

 

 

Fig. 4. SEM micrograph of AASB.
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metal ions. In the present work, the adsorption of Pb(II) ions 
on AASB was evaluated with various initial concentrations 
of 25–100 mg/L. Fig. 9 demonstrates the removal efficiency 
of Pb(II) ions at various concentrations vs. contact times. As 
observed, the removal of Pb(II) ions exhibits two distinct 
phases: a rapid phase within the first 100 min and a slower 
phase that carries on until equilibrium is reached. As shown, 
in most cases, 120 min was enough to maintain saturation 

in Pb(II) ions adsorption capacity by AASB for all metals 
concentrations.

Mainly, when the amount of adsorbent is constant, the 
removal efficiency typically declines as Pb(II) ion concen-
tration increases. This results from high metal ion concen-
trations that saturate the adsorption sites on the adsorbent 

   
Fig. 5. EDS spectra of AASB.
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surface completely. Because there were more accessible 
adsorption sites on adsorbents than initially metal ions, the 
removal efficiency is high at low metal ion concentrations. 
Conversely, insufficient adsorption sites would result in low 
metal adsorption as the metal ion concentration increases  
[17,36].

As depicted in Fig. 10, a significant increase in the 
adsorption capacity of AASB with varying initial concentra-
tions may influence the sorption kinetics of the ion. As the 
Pb(II) ion concentration increases from 25 to 100 mg/L, the 
adsorption capacity of AASB for the initial 120 min increases 
from 4.9 to 12.41 mg/g. As the initial concentration of Pb(II) 
on the beads increases, the beads’ ability to absorb Pb(II) 
becomes constrained, resulting in slower diffusion. At low 
initial Pb(II) concentrations, the limited number of accessi-
ble adsorption sites facilitates mass transfer between the 
aqueous and adsorbent phases. However, with a high ini-
tial concentration, there are more adsorption sites, which 
increases the probability that Pb(II) ions will bind to the 
adsorbent surface [37]. The results indicate that the initial 
Pb(II) concentration was a crucial element in determining the 
contact time required to achieve maximal Pb(II) ion uptake 
by the AASB biosorbent.

3.3.4. Particle size

Fig. 11 displays the effect of the particle size of the 
AASB, which ranges from 1 to 8 mm, on the removal effi-
ciency of Pb(II) ions. Due to the increase in adsorbent sur-
face area, the removal efficiency decreased as the size of 
the beads increased. This is consistent with the conclusion 
of [38], which states that a greater surface area corresponds 
to a greater adsorption capacity and a smaller surface area 
corresponds to lower adsorption.

3.3.5. Agitation speed

Employing 50 mg/l of Pb(II) ion in 100 mL solution in 
order to maximize the agitation speed for higher Pb(II) 
ion adsorption. At 5 pH value, 0.5 g AASB were added to 
the solution, and the adsorption time was 120 min. Various 
agitation speeds 100, 200, and 300 rpm were performed. As 

displayed in Fig. 12, at higher agitation speeds, fewer Pb(II) 
ions were adsorbed by AASB compared to those at lower 
agitation speeds. Meanwhile, after a certain point, adsorp-
tion efficiency was reduced when the agitation speed was 
increased. The weakly bound metal ions that tend to col-
lide with the adsorbent particles with high kinetic energy 
may detach at high speed, decreasing adsorption efficiency 
[39,40]. The agitation speed of 200 rpm showed the best 
adsorption efficiency.

3.4. Desorption and reusability

Subsequent adsorption–desorption–regeneration cycles 
were utilized to study the AASB’s reusability. Prior to the 
desorption experiment, the Pb(II)-ion-packed AASB was 
placed in a flask of 100 mL of desorbing agent (distilled 
water). The mixture was agitated for 120 min at 200 rpm. 
Eq. (3), the desorption efficiency of lead ions on AASB was 
computed by dividing the number of lead ions adsorbed 
by the number of lead ions desorbed.
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Fig. 13 shows the desorption efficiencies for lead ions 
using distilled water as a desorbing agent. At the end of the 
experiment within 90 min, 37.8325%, 38.47%, and 38.96% 
of Pb(II) ions were recovered from the AASB adsorbent 
for desorption 1, 2, and 3, respectively. A minimal increase 
in desorption efficiencies was noticed (roughly 1%) in the 
second desorption cycle (desorption 2) and third cycle 
(desorption 3) probably as a result of lead build-up that was 
unable to release during later adsorption.

Desorption depends on contact time. Therefore, the 
residence time is highly important since it determines how 
long the desorbing agent will be in contact with the met-
al-packed adsorbent [41]. However, residence time must 
also be relatively short to prevent the degradation of the 
biomass and lengthen its lifetime for recycling [42]. In this 
work, the desorption time was 90 min, while at time 120 min 
the desorption efficiency decreased.

In the reusability experiment, Pb(II) ions-loaded AASB 
was thoroughly rinsed three times with distilled water and 
then mixed again in a flask of 100 mL of wastewater con-
taining 50 mg/l lead concentration and repeated four times. 
Fig. 14 demonstrates the effect of reusing the AASB three 
times as it shows the removal percentage decreased from 
90.98% to 56.44% in the fourth trial due to beads saturation 
with Pb(II) ions. The 2nd adsorption gives 88.2% removal 
which indicates the AASB can be reused up to three times 
before it loses its efficiency.

3.5. Adsorption isotherm

The adsorption isotherm describes the relationship 
between the amount of bio-sorbate adsorbed by the mass 
of biosorbent at constant temperature and the equilibrium 
concentration of biosorbate [22]. The sorption isotherm 
can be used to explain how adsorbate ions are distributed 
on the adsorbent surface at equilibrium between the liq-
uid and solid phases [43]. The Langmuir isotherm is deter-
mined by the monolayer sorption of metal ions on the homo-
geneous surface of the adsorbent [44]. And the equation 
can be written as follows:

q
q K C

K Ce
L e

L e

�
� �
�

max

1
 (4)

where qe represents the equilibrium metal adsorbed per gram 
of adsorbent (mg/g), Ce represents the equilibrium adsorbate 
concentration (mg/L), qmax gives the maximum monolayer 
capacity (mg/g), and KL is the Langmuir isotherm constant 
(L/mg). qmax and KL were calculated using the slope and inter-
cept of the Langmuir plot of 1/qe vs. 1/Ce, respectively. The 
Freundlich isotherm illustrates the sorption properties of 
heterogeneous surfaces, and an empirical equation explains 
the multilayer adsorption on a heterogeneous surface [45], 
which can be expressed as follows:

q K Ce f e

n
� � �1/  (5)

where Kf denotes the Freundlich isotherm constant (mg/g), 
n the adsorption intensity, Ce the equilibrium concentration 
of the adsorbate (mg/L), and qe the amount of metal adsorbed 
per gram of adsorbent at equilibrium (mg/g).

The Langmuir and Freundlich constants for Pb(II) ion 
adsorption by AASB are presented in Table 3. According to 
the results, the adsorption of Pb(II) ions by AASB is compat-
ible with the two models. However, the Freundlich model 
had a marginally higher R2 coefficient value (R2 = 0.995) than 
the Langmuir model (R2 = 0.9842). Moreover, the Freundlich 
isotherm is a better fit for the experimental results of Pb(II) 
ions adsorption on AASB, as shown in Fig. 15. The fact 
that n (2.7778) was greater than 1 indicates that the condi-
tions for adsorption are favorable [46]. Furthermore, the 
adsorbent has a heterogeneous surface structure with an 
exponential distribution of active sites, as indicated by 
the fractional value of 1/n of 0.36 (0 < 1/n < 1) [47].

3.6. Adsorption kinetics

Adsorption kinetic investigations are preferable because 
they reveal details regarding the action of adsorbate ions on 
the adsorbent surface [18]. The biosorption kinetics helps 
understand the metal ions removal process utilizing the 
biosorbent regarding the rate constant. Since the biosorp-
tion rate affects the solid–liquid interface, the residence 
time of the sorbate is a crucial variable [48]. In addition, the 
kinetics parameters offer notable data on the diffusion con-
trol, mass transfer, and chemical reaction controls of bio-
sorption processes, all of which are important for planning 
and modeling the biosorption process [49].
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Fig. 13. Desorption effect on the recovery of Pb(II) from lead-
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The experimental data from this study were analyzed 
using pseudo-first-order and pseudo-second-order equa-
tions to evaluate the adsorption kinetic studies. Pseudo-
first-order demonstrated that the rate of change of solute 
uptake with time is proportional to the difference between 
saturation concentration and the amount of solid adsorbed 
with time [50]. The linear equation of pseudo-first-order is 
represented as follows:

log log
.

q q q
K

te t e�� � � � 1

2 303
 (6)

where k1 is the adsorption constant (min–1) and qe and qt rep-
resent the amount of metal adsorbed on the adsorbent at 
equilibrium and time (t), respectively, in mg/g. The value of 
k1 was determined by plotting a graph between log(qe – qt) 
and t. The pseudo-second-order model is based on the 
idea that the rate-limiting phases are influenced by chem-
ical attraction forces and are close to the entire adsorption 
process (Siti et al., 2015). The mathematical equation for 
pseudo-second-order is as follows:

t
q k q

t
qt e e

� �
1

2
2  (7)

where qe and qt represent the adsorption capacity in mg/g 
at equilibrium and at time t (min), respectively, and k2 rep-
resents the model’s constant rate (g/mg·min). The pseu-
do-second-order rate constants were estimated by plotting 
a graph of t/qt vs. time (k2 and qe). Table 4 lists the kinetic 
parameters for the adsorption of Pb(II) ions.

As shown in Table 4, the results were more congruent 
with the pseudo-first-order model with a higher R2 value 
(R2 = 0.9689) for the adsorption of Pb(II) ions onto AASB, 
indicating an approximation between the calculated and 
experimental qe values, which indicates that physisorption 
(pseudo-first-order) rather than chemisorption (pseudo- 
second-order) is followed in this study. According to sev-
eral earlier studies, the pseudo-first-order model describes 
Pb(II) ions’ adsorption on alginate composite bead adsor-
bents [51]. Furthermore, according to Mousa et al. [52], 
the pseudo-first-order model with a higher R2 value fit the 
experimental data of Pb(II) ions removal by calcium alginate 
and calcium alginate-chitosan adsorbents better than the 
pseudo-second-order model.

4. Conclusions

The ability of algae-alginate synthesized beads to remove 
lead(II) ions from the solution was studied using batch 
adsorption tests. At a pH value of 5 and an initial concentra-
tion of 50 mg/L, the adsorption capacity of AASB for Pb(II) 
reaches its maximum of 7.486 mg/g. According to the results 
obtained from both isotherm and kinetic experiments, the 
adsorption of Pb(II) ions is observed to occur rapidly during 
the first 100 min, reaching equilibrium after approximately 
120 min. If we compare the Freundlich isotherm model to 
the Langmuir isotherm model, we find that the Freundlich 
model provides a better fit for the adsorption equilibrium 
data. Compared to the correlation of kinetic data for the 
adsorption of Pb(II) ions onto AASB, the pseudo-first-order 
model provided a good fit.

Consequently, the adsorption capacity of the AASB 
did not significantly decrease after the three-cycle trial. 
Therefore, the beads were able to be reused in an effective 
manner. The results of the FTIR analysis and the SEM-EDS 
images demonstrate that the AASB would be an excellent fit 
for the role of a lead ion biosorbent because of its consider-
able adsorption capabilities and exceptional structural stabil-
ity. According to the findings of this study, the adsorbents 
can be obtained for a low cost and in large quantities from 
various sources, and the cost of removal is found to be rea-
sonable. Therefore, the AASB has the potential to be utilized 
in the treatment of wastewater that contains Pb(II) ions.

Acknowledgments

The authors express their gratitude to the University 
of Baghdad (Baghdad, Iraq) for providing facilities for this 
research.

Table 3
Fitted isotherm parameters for Pb(II) adsorption

Models Parameters qe,theo. qe,exp.

Langmuir
R2 KL qmax 0.7423

7.486
0.9842 0.00235 25.84

Freundlich
R2 Kf n

9.00269
0.995 3.38922 2.7778
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Fig. 15. Langmuir and Freundlich’s isotherm calculated and 
experimental results.

Table 4
Kinetic parameters for Pb(II) ion adsorption on AASB

Kinetic model Fitting parameters

Pseudo-first-order
R2 0.9689
k1 0.00010222
qe 11.9807357

Pseudo-second-order
R2 0.9491
k2 0.02863043
qe 19.0114068
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