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a b s t r a c t 
Poly(lactic acid) (PLA)/activated carbon (AC) composite beads (PLA/AC beads) were prepared by a 
phase inversion technique to adsorb Pb2+ ions from an aqueous solution. In this work, the influence 
of various factors on the adsorption of pollutant Pb2+ ions were examined by batch equilibration. The 
effects of contact time, pH, adsorbent dosage, and initial concentration of Pb2+ ions were evaluated. 
The porous structure of the prepared PLA/AC beads was confirmed by scanning electron microscopy 
and nitrogen adsorption–desorption methods. The adsorption behavior of the developed PLA/AC 
beads followed the Langmuir and Freundlich adsorption isotherm models. However, the Langmuir 
model fitted better than the Freundlich model. The maximum adsorption capacity of the beads was 
202.81 mg g–1 at pH 5 and 23°C±2°C. These results indicated that these PLA/AC beads could provide 
an alternative high-performance granular adsorbent for the removal of Pb2+ ions from polluted water.
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1. Introduction

The environment continues to suffer from contamination 
with heavy metal ions. Since large amounts of Pb2+ and its 
compounds enter and permeate ecosystems in wastewater, 
they present a serious ongoing problem to the environment, 
human and animal health [1]. Thus, the extraction of Pb2+ ions 
from industrial wastewater is vital for the protection of envi-
ronment, human, and animal health.

Several widely used methods for removing pollutants 
from industrial wastewater are in use: ion exchange [2,3], 
ultrafiltration [4], membrane processes [5] and adsorption 
[6–10]. Adsorption processes can remove pollutants such 
as cationic dyes [11], metals [12] and heavy metals [13–15], 
and activated carbon (AC) is an effective adsorbent used in 
these processes. In previous works, researchers studied the 
adsorption of Pb2+ ions by AC powder prepared from apricot 
stones [16], palm shells [17] and walnut wood [18]. However, 

AC in fine powder form has a limited capacity. Adsorption 
of Pb2+ ions on recently developed granular AC was more 
effective than adsorption on powdered AC. Granular AC has 
been made from materials such as coconut shell [19], cherry 
stones [20] and hydroxyapatite granular AC nanocompos-
ite [21]. However, these granular adsorbents could not be 
prepared in a simple way and require toxic reagents. In this 
study, AC was compacted into bead form with poly(lactic 
acid) (PLA) to create an efficient granular adsorbent that 
is easier to use than AC in powder form. PLA was chosen 
for this work because it is biodegradable, environmentally 
friendly, thermoplastic aliphatic polyester from renewable 
resources. Its structure is shown in Fig. 1. In this work, 
PLA/AC beads were prepared by a simple phase inversion 
technique. The concept of phase inversion covers a range 
of different techniques such as precipitation by controlled 
evaporation, thermal precipitation from the vapor phase 
and immersion precipitation [22]. This technique has been 
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extensively described in the literature for a large number of 
polymer/solvent/nonsolvent combinations [23–25]. In the 
present work, the immersion precipitation method or wet 
process was used to prepare PLA/AC beads using N-methyl-
2-pyrrolidone (NMP) and water as solvent and nonsolvent, 
respectively. The aim of this research is to optimize various 
factors such as contact time, pH and PLA/AC dose and to 
evaluate the kinetic adsorption isotherms of Pb2+ ions onto 
PLA/AC composite beads. The aims were achieved and 
the expected advantages, convenience and high adsorption 
capacity of PLA/AC composite in bead form indicate that 
it may be an eco-friendly, alternative adsorbent for water 
treatment.

2. Materials and methods

2.1. Materials and reagents

Poly(lactic acid) (PLA) and AC were purchased from 
NatureWorks (USA) and Sigma-Aldrich (UK), respectively. 
NMP, used as a solvent, was purchased from RCI Labscan 
limited (Thailand). The PLA/AC beads were prepared by 
the following phase inversion method: a 10% w/v PLA solu-
tion was prepared in NMP. Then, 5% w/v AC was added 
into the PLA solution and stirred at room temperature for 24 
h. The PLA/AC solution was added drop wise into the non-
solvent (distilled water) and the beads formed immediately. 
Later, the PLA/AC beads were washed six or seven times 
with double distilled water and finally dried in an oven at 
60°C for 6 h [26]. Lead salt (PbNO3), procured to prepare an 
aqueous solution of the adsorbent ion (Pb2+), was purchased 
from UNILAB (United Kingdom). When necessary, the pH 
of the standard solutions was adjusted with NaOH or HCl 
(Merck, Germany).

2.2. Characterization of the PLA/AC beads

Characterization of the PLA/AC beads was carried 
out using an Autosorb-1-MP analyzer (Quantachrome 
Instruments, FL, USA) at the Science and Technology 
Service Center of Chiang Mai University (STSC-CMU). 
The Brunauer–Emmett–Teller (BET) equation [27] and the 
Barrett–Joyner–Halenda (BJH) model [28] were applied to 
determine the surface area and the pore size distribution of 
the PLA/AC beads, respectively.

In physical chemistry, the point of zero charge (pHpzc) 
is a concept relating to the phenomenon of adsorption. It 
describes the condition at which the electrical charge density 
on a surface is zero [29]. Here, pHpzc was determined using 

the pH drift method [30] as follows: the pH of 0.1 M NaCl 
solution 50 mL was adjusted to a value between 2 and 12 
using 0.1 M HCl or 0.1 M NaOH; PLA/AC (0.25 g) was added 
into each of the pH-adjusted solutions and equilibrated for 
24 h; final pH was measured and plotted against initial pH 
and the pH at which the curve crossed the line pHf = pH0 was 
taken as the pHpzc of the PLA/AC beads [31].

Scanning electron microscopy (SEM) and energy 
dispersive X-ray spectroscopy (EDX) were used to study the 
external morphology of the PLA/AC beads. Images were 
obtained using a Quanta 400 scanning electron microscope 
at the Scientific Equipment Center (Prince of Songkla 
University). 

2.3. Batch equilibration method

The adsorption of Pb2+ ions by the developed PLA/AC 
beads was carried out by the batch equilibration method [32]. 
All experiments and mean values including standard devi-
ations were reported in triplicates. The variable parameters 
selected were contact time (0–180 min), pH (1.5–5.5), and 
amount of PLA/AC beads (0.1–0.5 g). The effects of varying 
these parameters were observed. To determine the effect of 
pH, the initial pH of the Pb2+ ions was adjusted to the desired 
value between 1.5 and 5.5 with HCl or NaOH solution. In the 
adsorption study, 0.25 g of PLA/AC was added into 50 mL 
samples of Pb2+ ions at 100–4,000 mg L–1 of solution at pH 
5.0. The mixture was agitated in a rotary shaker at 23°C±2°C 
for 180 min. The concentration of Pb2+ ions, before and after 
adsorption, was determined by atomic absorption spectro-
photometry. For the selective adsorption test, mixed solu-
tions of Pb2+, Cu2+, Cd2+, Zn2+ and Mn2+ ions at pH 5.0 were 
prepared, and initial concentrations of all metal ions were 
50 and 100 mg L–1.

2.4. Mathematical treatment for kinetic and adsorption studies

2.4.1. Determination of adsorbed amount of Pb2+ ions 

Pb2+ ion concentration was analyzed by atomic absorp-
tion spectrophotometry. The adsorbed amount of Pb2+ ions 
was calculated from Eq. (1) and the percentage of Pb2+ ions 
adsorbed was determined with Eq. (2) as follows [33]: 
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where qe is the amount of Pb2+ ions adsorbed (mg g–1) in solid 
phase at equilibrium, V is the volume of the solution (L), C0 
is the initial concentration of Pb2+ ions (mg L–1), Ce is the equi-
librium concentration of Pb2+ ions (mg L–1), and W is the mass 
of adsorbent (g).

Kinetic adsorption and adsorption isotherms were eval-
uated from the equilibrium data. The maximum adsorption 

Fig. 1. Chemical structure of PLA.
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capacities were calculated using the Langmuir model for 
monolayer saturation of Pb2+ ions on PLA/AC beads.

2.4.2. Kinetic models

The kinetic models of Pb2+ ions sorption used were 
pseudo-first order [34,35] and pseudo-second order [36] 
kinetic models, as shown in Eqs. (3) and (4), respectively. 

dq
dt

k q qt
e t= −1( )  (3)

dq
dt

k q qt
e t= −2

2( )  (4)

where qt is the amount of Pb2+ ions adsorbed (mg g–1) at a 
given time t, k1, and k2 are, respectively, the pseudo-first 
order and pseudo-second order kinetic constants, and qe is 
the amount of Pb2+ ions adsorbed (mg g–1) in solid phase at 
equilibrium (mg g–1).

2.4.3. Adsorption isotherm models

The Langmuir adsorption isotherm [37,38] is often used 
to describe adsorption on homogeneous surfaces based on 
the assumptions of monolayer adsorption. The Freundlich 
adsorption isotherm [39] is used for non-ideal adsorption, 
which involves systems with heterogeneous surface energy. 
It is assumed that adsorption occurs at sites of different 
energy. The isotherms were derived from Eqs. (5) and (6), 
respectively:
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where Ce is the equilibrium concentration of adsorbate in 
solution (mg L–1), qe is the equilibrium concentration of adsor-
bate in the adsorbent (mg g–1), and qm and b are Langmuir 
constants related to the maximum adsorption capacity 
(mg g–1) and the adsorption equilibrium constant (L mg–1), 
respectively; KF and n are Freundlich constants related to the 
adsorption capacity and the adsorption intensity, respectively.

2.4.4. Dimensionless separation factor (RL)

For the Langmuir isotherm model, the dimensionless 
separation factor (RL) [40,41] can be used to predict the 
favorability of adsorption, which is calculated from Eq. (7):

R
bCL = +
1

1 0
 (7)

RL values indicate the nature of adsorption to be 
unfavorable (RL > 1), linear (RL = 1), favorable (0 < RL <1), or 
irreversible (RL = 0).

2.4.5. Selectivity coefficient 

The selectivity of PLA/AC beads for Cu2+ over the other 
metal ions can be estimated by the selectivity coefficient 
(Cu2+/M2+), which is expressed as Eq. (8):
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D
Cu2+ and D

M2+ are the distribution ratio (D) of the Cu2+ and 
other coexisting metal ions, respectively, C0 and Ce are the 
initial concentration of metal ions (mg L–1), V is the volume 
of the solution (L), and W is the mass of PLA/AC beads (g).

3. Results and discussion 

3.1. Characterization of PLA/AC bead

The specific surface area of the prepared PLA/AC beads, 
determined from the BET equation [27] was 95.98 m2 g–1. The 
pore size distribution of the beads, which was relatively nar-
row, was determined by the BJH model [28]. The PLA/AC 
beads presented an average pore diameter of 3.34 nm. This 
result indicates that the developed beads may be classified 
as a mesoporous material, containing pores with diameters 
between 2 and 50 nm [42]. Furthermore, the point of zero 
charge (pHpzc) of the PLA/AC beads was 3.5 indicative of a 
surface of an acidic nature.

The digital photograph in Fig. 2(a) shows spherical PLA/
AC beads of nearly equal size. SEM images of PLA/AC beads 
are shown in Figs. 2(b)–(d). The spherical PLA/AC bead in 
Fig. 2(b) shows a diameter of about 3 mm. The numerous 
pores on the surface of the PLA/AC bead (Fig. 2(c)) and the 
internal cross-section (Fig. 2(d)) are clearly presented. 

3.2. Adsorption studies

3.2.1. Effect of contact time and initial Pb2+ ions concentration

The time to reach equilibrium is a necessary datum for the 
study of kinetic adsorption [43–46]. The amount of adsorbate 
adsorbed at time t, qt, was used to determine the kinetic 
models. Graphs were plotted of qt against t for all three ini-
tial concentrations of Pb2+ ions (50, 300, and 500 mg L–1) at 
23°C±2°C, pH 5.0 and 0.25 g dose of PLA/AC. The plots show 
that sorption of Pb2+ ions increased by increasing the con-
centration of Pb2+ ions in solution (Fig. 3). But the different 
initial concentrations did not affect the time to reach equilib-
rium. It was found that the uptake equilibrium of Pb2+ ions on 
PLA/AC beads was achieved after 60 min and no significant 
changes were observed for longer times (Fig. 3). As expected, 
the amount adsorbed increased with initial Pb2+ ions con-
centration. The shapes of the curves representing Pb2+ ions 
uptake vs. time suggest two adsorption steps. The first step, 
occurring during the first 30 min, indicated a rapid adsorp-
tion after which equilibrium was slowly achieved. In 50, 300, 
and 500 mg L–1 initial concentrations of Pb2+, approximately 
83.85%, 78.79% and 71.77%, respectively, of the total final 
removal of Pb2+ ions occurred within 60 min. Consequently, 
180 min was chosen to ensure equilibrium in the kinetic stud-
ies and determination of the adsorption isotherms.
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In order to analyze the adsorption kinetics of Pb2+ ions 
on PLA/AC beads, two kinetic models were applied to the 
experimental data. Figs. 4(a) and (b) show the plots of non-
linear forms of pseudo-first order and pseudo-second order 
kinetic models at all initial concentrations. The kinetic mod-
els for adsorption of Pb2+ ions on PLA/AC beads were also 
tested to obtain the rate parameters according to Eqs. (3)–(6). 
Kinetic parameters (qexp, k1 and k2) for two kinetic models and 
correlation coefficients of Pb2+ ions on PLA/AC beads under 
different initial concentrations of Pb2+ ions were calculated 
and are displayed in Table 1. 

The validity of these kinetic models was checked. 
The plots in Figs. 4(a) and (b) show a good agreement of 
dynamical data, corresponding to the pseudo-second order 
kinetic model. The correlation coefficient values (R2) of the 
pseudo-second order kinetic model for Pb2+ ions on PLA/
AC beads are extremely high (R2 > 0.99) (Table 1). Moreover, 
the equilibrium sorption capacities derived from the 
pseudo-second order model were much closer to the exper-
imental results than those of the pseudo-first order system.
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Fig. 2. (a) Digital photograph of PLA/AC beads and SEM images of (b) bead size, (c) surface, and (d) internal cross-section of 
PLA/AC bead.

Fig. 3. Effect of contact time of Pb2+ ions adsorption onto PLA/
AC beads at different initial Pb2+ ions concentrations (50, 300, and 
500 mg L–1). PLA/AC dose 0.25 g/50 mL, temperature 23°C±2°C, 
and pH = 5.
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3.2.2. Effect of pH 

In Fig. 5, the pH of the system is an important variable 
parameter in the adsorption process because the surface 
charge of the adsorbent often depends on the pH of the 
solution. The adsorption capacity of the developed PLA/AC 
beads for Pb2+ ions increased across the pH range as the pH 
was increased from 1.5 to 5.5. The lower adsorption capacity 
observed at lower solution pH might occur because, at low pH 
values, the high concentration of H+ ions promotes the proton-
ation of functional groups, such as carboxylic groups, in the 
adsorbent. As a result, these functional groups become pos-
itively charged and repel the positive charges of the cationic 
Pb2+ ions: hence result in the reduction of Pb2+ ions adsorption. 
An alternative view is that, at such low pH values, the H+ ions 
compete with Pb2+ ions for adsorption sites [16].

3.2.3. Adsorption isotherms 

The isotherm parameters from nonlinear regression of 
the equilibrium data of Pb2+ ions sorption on PLA/AC beads 
indicate the L-2 type isotherm (Fig. 6). This type represents 
the ratio between the concentrations of Pb2+ ions remaining 
in solution and adsorbed on the PLA/AC beads decreasing as 
increase in Pb2+ ions concentration. This produces a concave 
curve [47]. This indicated that there was a reduction in the 
number of active sites on the adsorbent surface at higher Pb2+ 
ions concentration in the solution phase. 

Fig. 7 shows the adsorption isotherms of Langmuir 
and Freundlich models for Pb2+ ions adsorption onto 

PLA/AC beads at 23°C±2°C, from initial concentrations of 
100 to 4,000 mg L–1 and pH range 3 to 5. Moreover, all of the 
fitted parameters are summarized in Table 2. 

The favorability of adsorption is known to be indicated by 
the dimensionless separation factor (RL). Calculated from the 
data in Table 2, the RL values were 0.07–0.80 at pH 3, 4, and 5 
in the initial concentration range of 100–4,000 mg L–1. These 
values suggested that the Langmuir isotherm is favorable. 
The obtained results revealed that the equilibrium data of Pb2+ 
ions sorption on PLA/AC beads were well described by both 
Langmuir and Freundlich models but, of the two models, the 
Langmuir model performed better, producing higher R2 values 
(Table 2), indicating a monolayer adsorption mechanism.

50 mg L-1 
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300 mg L-1 

(b)
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500 mg L-1 

300 mg L-1 
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Fig. 4. (a) Pseudo-first order and (b) pseudo-second order kinetic models for Pb2+ ions adsorption onto PLA/AC beads. PLA/AC dose 
0.25 g/50 mL, temperature = 23°C±2°C, pH = 5 and equilibrium time = 180 min.

Table 1
Parameters of kinetic studies of the pseudo-first order and the pseudo-second order models with various initial concentrations of Pb2+ 
ions (50, 300 and 500 mg L–1) at 23°C±2°C, PLA/AC dose 0.25 g, and pH = 5, equilibrium time 180 min.

C0 
(mg L–1)

qe 
(exp) (mg g–1)

Pseudo-first order Pseudo-second order
qe (mg g–1) k1 (×10–1) (min−1) R2 qe (mg g–1) k2 (×10–3) (g mg−1 min−1) R2

50 5.25 4.89 4.38 0.991 5.15 2.13 0.995
300 29.57 29.11 1.32 0.987 31.20 8.61 0.999
500 44.90 43.27 1.11 0.981 45.01 4.89 0.998

Fig. 5. Effect of pH on PLA/AC beads for Pb2+ ions adsorption. 
PLA/AC dose 0.25 g/50 mL, temperature 23°C±2°C, Pb2+ 
concentration of (a) 50 mg L–1 and (b) 200 mg L–1.
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The maximum Pb2+ ions uptake capacities (qm, mg g–1) 
of the developed PLA/AC beads were compared with 
those of other adsorbents reported in the literature 

(Table 3). The maximum adsorption capacity of PLA/AC 
beads for Pb2+ ions was higher than all of the adsorbents in 
the literature.

3.2.4. Effect of PLA/AC dosage 

The adsorption of Pb2+ ions increased as a function of 
the dosage of PLA/AC beads. For initial concentrations of 
Pb2+ ions of 100, 200, and 300 mg L–1, the percent adsorption 
of Pb2+ ions increased, respectively, from 41% to 80%, from 
44% to 84%, and from 55% to 85% from the initial adsor-
bent dosage of 0.1 g/50 mL to the final dosage of 0.4 g/50 mL 
(Fig. 8). This increased adsorption was due to the increasing 
number of binding sites for complexation of Pb2+ ions. Thus, 
the PLA/AC beads dosage is another important parameter 
which influences the extent of Pb2+ ions uptake from the 
solution. The percentage of Pb2+ ions adsorbed reached a 
maximum value when the weight of PLA/AC beads was 
0.4 g. However, after 0.25 g, the adsorption capacity only 
slightly increased with increments of PLA/AC beads. A dos-
age of 0.25 g was, therefore, considered to be the optimum 
level for the PLA/AC beads. Also, at this dosage, the time 
to reach equilibrium was short, which is advantageous in 
industrial applications [55].

Table 2
Parameters of the Langmuir and Freundlich models for Pb2+ ions 
adsorption by PLA/AC beads (0.25 g) at 23°C±2°C, pH = 3, 4 and 
5 and equilibrium time = 180 min

pH Langmuir Freundlich
qm (mg g–1) b (L mg−1) R2 KF (mg g–1) n R2

3 177.55 0.0024 0.999 2.00 1.71 0.929
4 189.25 0.0028 0.998 2.91 1.78 0.938
5 202.81 0.0029 0.999 2.71 1.79 0.932

Table 3
Maximum adsorption capacities of Pb2+ ions compared with other adsorbents reported in the literature

S. No. Adsorbent pH qm (mg g–1) Ref.

1 Apricot stone activated carbon 5.0 22.84 [16]
2 Palm shell activated carbon with chelating polymer 5.0 20.00 [17]
3 Walnut wood activated carbon 5.0 47.62 [18]
4 Nano hydroxyapatite (HAp) and hydroxyapatite granular activated 

carbon nanocomposite (C-HAp)
6.0 HAp = 83.83

C-HAp = 9.31
[21]

5 Pure chitosan (PC) and goethite/chitosan nanocomposite (GC) 6.0 PC = 36.61
GC = 61.51

[48]

6 Chitin nanofibers (CNFs) and chitosan nanoparticles (CNPs) 5.0 CNFs = 60.24 CNPs = 94.34 [49]
8 Magnetic ATP/FA/Poly(AA-co-AM) ternary nanocomposite microgel 5.0 40.0 [50] 
9 Magnetic Fe3O4@ silica–xanthan gum composites 6.0 20.32 [51]

10 Magnetic chitosan (MC), graphene oxide (GO), and magnetic 
chitosan/graphene oxide imprinted Pb2+ (Pb-MCGO)

6.0 MC = 47.91 
GO = 45.23
Pb-MCGO = 79.80

[52]

11 Lanthanide metal–organic frameworks 6.5 5.07 [53]
12 Natural adsorbent perlite 6.0 31.25 [54]
13 Polylactic acid/activated carbon composite bead form (PLA/AC) 5.0 202.81 This study

Fig. 6. Adsorption isotherms of Pb2+ ions onto PLA/AC beads. 
PLA/AC dose = 0.25 g/50 mL, temperature = 23°C±2°C; pH = 3, 4, 
and 5; and equilibrium time = 180 min.

Fig. 7. Adsorption isotherms of Langmuir model for Pb2+ 
ions adsorption onto PLA/AC beads. pH = 3, 4, and 5; 
temperature = 23°C±2°C; PLA/AC dose = 0.25 g; and equilibrium 
time = 180 min. 
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3.2.5. Selective adsorption test

For the selective adsorption test, a mixed solution con-
taining Pb2+, Cu2+, Cd2+, and Zn2+ ions was prepared. The con-
centration of all heavy metal ions to be adsorbed by the PLA/
AC beads was set at 50 mg L–1. The adsorption of Cu2+ ion 
was higher than the other heavy metals in the mixed solution 
and the order of adsorbed percentages is Cu2+ > Pb2+ > Cd2+ > 
Zn2+ > Mn2+ (Fig. 9). Preferential adsorption of heavy metal 
ions depends on many factors, such as initial concentration, 
adsorbent species and dosages. The selectivity of the PLA/AC 
beads for Cu2+ over the other metal ions was estimated from 
the selectivity coefficients calculated from Eq. (8) (Table 4). 
It can be seen from the results that the relative selectivity 
coefficients for each specific metal ion are far greater than 1, 

indicating priority of sorption of the corresponding ion and 
ability to remove other metal species in a mixed solution [56].

Derived from an energy dispersive X-ray spectrometer 
system (SEM/EDX), using a standardless qualitative EDX 
analytical technique, the EDX spectra and dot mapping of 
a PLA/AC bead before and after adsorption of Pb2+ ions are 
presented in Fig. 10. The qualitative spectra of the PLA/AC 
bead before adsorption, shown in Fig. 10(a), indicated that C 
and O are the main components. The single of the Pb element 
in the PLA/AC bead was represented by the bright points in 
the dot mapping. After Pb2+ ions adsorption, the EDX spec-
trum of the PLA/AC bead showed main components of C, O, 
and Pb (Fig. 10(b)). The presence of Pb2+ ions in the spectrum 
confirmed the adsorption of Pb2+ ions on the PLA/AC bead. 
Moreover, the elemental distribution mapping of adsorbed 
Pb2+ ions on the PLA/AC bead clearly presented, by dot map-
ping, the distribution of Pb2+ ions on the surface of PLA/AC 
bead (Fig. 10(b)).

4. Conclusions 

Efficient, cheap, and eco-friendly PLA/AC beads were 
successfully prepared by a facile method for use as a poten-
tial adsorbent for the removal of Pb2+ ions from aqueous solu-
tions. The PLA/AC beads presented a highly porous spherical 
form in mesoporous scale. The kinetic adsorption of the 
developed composite beads was successfully described by 
the pseudo-second order kinetic model. Moreover, Langmuir 

Fig. 8. Effect of dosage on PLA/AC beads for Pb2+ ions adsorption. 
PLA/AC dose = 0.1–0.4 g/50 mL, temperature = 23°C±2°C; pH = 5; 
and initial Pb2+ ions concentration of 100, 200, and 300 mg L–1.

Fig. 9. Percentage efficiency of metal ions removal on PLA/AC 
beads from a mixed solution of metal ions (C0 = 50 mg L–1, pH = 5.0).

Table 4
Selective adsorption of Pb2+, Cu2+, Cd2+, Zn2+, and Mn2+ ions on 
PLA/AC beads

Metal ions Distribution ratio (L g–1) Selectivity coefficient
Cu2+

Pb2+

Cd2+

Zn2+

Mn2+

1.162
0.136
0.087
0.067
0.040

–
8.542

13.404
17.272
28.944

Element      Wt%       σ 
    C  59.1 
    O        40.9  
 
 

      (a) 

C 

O 0.7
0.7

        (b) 

Element      Wt%       σ 
    C         55.8       0.2 
    O        42.1       0.2 

Pb          2.7       0.1 
 

 

C 

O 

Pb 

C

 

Fig. 10. EDX spectra and dot mapping of PLA/AC bead (a) before 
and (b) after Pb2+ ions adsorption.
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and Freundlich isotherm models were evaluated and the 
equilibrium data were best fitted by the Langmuir model. 
The maximum adsorption capacity (qmax) was 202.81 mg g–1 
at pH 5.0, temperature 23°C±2°C and PLA/AC dose 0.25 g. 
From these results, it can be concluded that the PLA/AC 
beads are not only more convenient to use than powder AC 
but also their higher adsorption capacity for the removal of 
Pb2+ ions will be useful in the process of industrial wastewater 
treatment.
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