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Abstract: This study aimed to evaluate the potential of utilizing aerated concrete (AC) and clay bricks
(CB) sourced from construction and demotion waste (CDW) as low-cost adsorbents for the removal
of Pb2+ from aqueous solutions. The effects of various parameters, including particle size, solution
pH, contact time, adsorbent dosage, and initial Pb2+ concentration, were analyzed through batch
experiments. The results indicated that AC performed more efficiently in removing lead ions than
CB under all the tested conditions. The highest removal efficiency of Pb2+ with AC was 99.0%, which
was achieved at a pH of 5.0, contact time of 1 h, an adsorbent dosage of 5 g/L, and an initial Pb2+

concentration of 100 mg/L. The maximum adsorption capacities of AC and CB were 201.6 mg/g and
56.3 mg/g, respectively. The adsorption isotherm data of the adsorbents were successfully modeled
using both the Langmuir and Freundlich models. The removal of lead ions from aqueous solutions by
both adsorbents is primarily achieved through adsorption and microprecipitation. Compared to CB,
AC exhibited superior performance, attributed to its larger specific surface area, pore volume, and
alkalinity. The cost-effectiveness and availability of AC make it a promising candidate for treating of
Pb-contaminated wastewater, providing a new way for resource utilization of CDW.
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1. Introduction

Water is an essential resource for the existence of life on the earth, yet its quality
has been detrimentally altered due to fast industrialization, population expansion, and
urbanization [1]. One of the primary causes of degradation in water quality is the presence
of heavy metal pollutants [2,3], which pose a growing environmental issue of concern
worldwide due to their tendency for accumulation, toxicity, and persistence [4]. Lead (II)
is particularly hazardous, being one of the most toxic heavy metal ions found in aquatic
environments [5]. Exposure to lead can have devastating effects on the human body,
potentially causing harm to the brain and central nervous system, disrupting proper bone
development, damaging the gastrointestinal tract, and leading to serious disorders or even
death [6,7]. As a result, the International Agency for Research on Cancer (IARC) have
classified lead as a carcinogen, and the World Health Organization (WHO) regulates its
release to be less than 10 µg/L [8]. However, for industrial effluents, the lead (II) discharge
limit is 100 µg/L in the United States and 1 mg/L in China [9]. To ensure safe release
standards and prevent lead from contaminating the environment, it is crucial to effectively
remove it from wastewater.

Several techniques have been employed for the removal of lead from aqueous solutions,
including adsorption, membrane filtration, chemical coagulation and flocculation, chemi-
cal precipitation, electrochemical methods, ion exchange, and bio-remediation, etc. [10,11].
Among these methods, the adsorption process is currently viewed as an economical, effective,
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and simple-to-implement technology for the elimination of lead from wastewater [12,13]. Var-
ious adsorbents have been tested and utilized for removing lead, both in laboratory settings
and in practical industrial applications [13–15]. However, certain adsorbents such as synthetic
polymers, nanoparticles, and carbon nanotubes, despite exhibiting high efficiency in lead
removal, have not been extensively adopted due to their high cost [16–18]. Thus, substantial
efforts have been made to identify potential low-cost adsorbents for the removal of lead.
Low-cost adsorbents can be broadly classified into geosorbents, biosorbents, industrial wastes,
industrial byproducts and construction and demolition waste (CDW), and modified low-cost
adsorbents [19]. Nonetheless, compared with other low-cost adsorbents, research on CDW as
an adsorbent for the elimination of lead ions from wastewater is relatively scarce.

A vast amount of CDW is produced globally due to rapid economic growth and
urbanization. China is the largest producer of CDW worldwide, generating 2.4 billion tons
per year, accounting for nearly half of the world’s total [20]. However, the utilization rate
of CDW in China is only 5%, which is significantly lower compared to Japan (90%), the
Netherlands (75%), and most European countries (80%) [21]. Unutilized CDW in substantial
amounts can lead to negative environmental consequences if not properly managed [22].
Therefore, efficient strategies for the reuse and recycling of CDW are imperative to mitigate
the adverse effects of its generation. Clay bricks and aerated concrete as the most common
building materials are the primary components of CDW in China [23]. Clay bricks are
primarily made of clay minerals, which have experienced a stage of firing through kilns
to enhance their hardness and durability. Aerated concrete blocks are manufactured by
blending cement, lime, fly ash, and fine river sand. They are a light-weight porous building
material that have the advantages of effective heat and sound insulation, fireproofing,
and energy efficiency [24]. Clay bricks and aerated concrete are characterized by high
porosity, with a porosity of about 40% and 68%, respectively [23]. Given their abundance,
low cost, and high porosity, clay bricks or aerated concrete sourced from CDW appear to
be promising candidates to be evaluated as alternative adsorbents in the remediation of
wastewaters. Powdered clay bricks or aerated concrete wastes have been formerly utilized
for the removal of organic pollutants and heavy metals, including cadmium (Cd), iron (Fe),
zinc (Zn), nickel (Ni), and copper (Cu), from wastewaters [25–29]. However, the use of
aerated concrete and clay bricks from CDW as adsorbents for lead removal has not been
fully examined. In order to gain a comprehensive understanding of lead adsorption onto
aerated concrete and clay bricks, further studies are required to investigate the effect of
various parameters, including particle size, contact time, solution pH, adsorbent dosage,
and initial Pb2+ concentration on lead adsorption characteristics.

Hence, this research aimed to explore the feasibility of utilizing aerated concrete
and clay bricks from construction and demolition wastes as adsorbents for lead removal.
The objectives of the study were: (1) to investigate the adsorption characteristics of lead
(II) ions from aqueous solutions using aerated concrete and clay bricks under various
experimental conditions, and (2) to monitor changes in the concentration of metal ions
(Pb2+, K+, Na+, Ca2+, Mg2+) in water and lead solution, along with variations in pH and
electric conductivity (EC), after the addition of the adsorbents, to gain insights into the
adsorption mechanisms.

2. Materials and Methods
2.1. Materials Preparation

Aerated concrete and clay brick wastes were sourced from a two-story building that
was demolished near Northeast Agricultural University (Harbin, China) in November 2019.
The materials were thoroughly cleaned of surface impurities and dust before being crushed
and sieved into six particle sizes: 2–5 mm, 1–2 mm, 0.5–1 mm, 0.25–0.5 mm, 0.1–0.25 mm,
and less than 0.1 mm.
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2.2. Chemicals and Reagents

In the study, all reagents were of analytical reagent grade and were procured from
Kermel Chemical Company in Tianjin, China. A stock solution of 1000 mg/L of Pb(II)
was prepared by dissolving 1.60 g of lead nitrate (Pb(NO3)2) in 1 L of deionized water.
The required concentrations (50, 100, 150, 200, and 250 mg/L) for the experiments were
obtained by diluting the stock solution with deionized water.

2.3. Material Characterization

The textural properties of the adsorbents were analyzed using the Surface Area and
Porosity Analyzer (ASAP2020, Micromeritics, USA). The crystal structures formed dur-
ing the adsorption process were studied using an X-ray diffraction (XRD) apparatus
(D/max2200 model, Hitachi, Japan) at U = 40 kV and I = 30 mA. The scans were con-
ducted between 5◦ and 100◦ with a scan rate of 5◦/min and a step size of 0.0131◦ at
room temperature. The presence of certain metal elements was detected using an X-ray
fluorescence (XRF) apparatus (EDX6600, 3V, China). The chosen V/m ratio was 500 mL/g.

2.4. Batch Experiments

In batch experiments, the impact of adsorbent particle size (0.1–5 mm), solution pH
(3.0–5.5), contact time (0.25–3 h), adsorbent dosage (2–10 g/L), and initial lead (II) concen-
tration (50–250 mg/L) on the lead removal were evaluated. All adsorption experiments
were conducted using a mechanical shaker equipped with a thermostatically controlled
water bath, operating at 150 rpm and using 150 mL Erlenmeyer flasks. The experiment was
performed at room temperature of 25 ◦C. The pH of the lead ion solution (in the range of
3.0–5.5) was adjusted using HCl (0.5 M) or NaOH (0.1 M) solution. A certain amount of
adsorbent was weighed and added into the Pb2+ solution, and the mixture was shaken on
a shaker under controlled conditions before the filtrate was collected. The concentration
of lead ions (II) in the filtrate was measured using an Atomic Absorption Spectrometer
(AA-6800, Shimadzu-GL, Japan). All experiments were conducted in triplicate.

In the contact time-based batch experiment, the concentrations of other metal ions
(K+, Ca2+, Na+, Mg2+), pH, and EC, along with that of lead ions, were measured at 0.25 h,
0.5 h, 1 h, 1.5 h, 2 h, 2.5 h, and 3 h intervals. The concentration of calcium and magnesium
ions in the filtrate was measured using an Atomic Absorption Spectrometer (AA-6800,
Shimadzu-GL, Japan), while the concentration of sodium and potassium ions was analyzed
using a Flame Photometer (6400A, Caihong, China). The pH of the solutions was measured
with a pH meter (PB-10, Sartorius, Germany) and the EC of the solutions was measured
with an EC meter (DDS-11A, Leici, China).

The removal efficiency (R, %), the adsorption capacity at time t (qt, mg/g), and the
adsorption capacity (qe, mg/g) at equilibrium were calculated as follows:

R =
Ci − Ce

Ce
× 100 (1)

qt =
(Ci − Ct)× V

m
(2)

qe =
(Ci − Ce)× V

m
(3)

where Ci (mg/L) and Ce (mg/L) represent the initial and equilibrium lead (II) concentra-
tions, respectively; Ct (mg/L) is the concentration at time t; V (L) is the volume of reaction
solution, which was standardized at 0.1 L; and m (g) is the mass of the adsorbent used.

2.5. Adsorption Isotherm Model

At a constant temperature, the interaction between a solid and a liquid phase in sorp-
tion is commonly described by Langmuir and Freundlich isotherm models. These models
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were utilized to analyze the adsorption behavior within a range of medium concentrations.
The commonly used form of the Langmuir isotherm model is represented as follows:

Ce

qe
=

Ce

qmax
+

1
KLqmax

(4)

where qe (mg/g) represents the equilibrium adsorption capacity, qmax (mg/g) is the max-
imum monolayer capacity per unit mass of the adsorbent, Ce (mg/L) is the equilibrium
concentration of lead ions in the solution, and KL (L/mg) is Langmuir equilibrium constant,
which is related to affinity of the binding sites.

The general Freundlich equation is calculated as follows:

log qe = log K f +
1
n

log Ce (5)

where Kf [(mg/g) (L/mg)1/n] is a Freundlich constant representing adsorption capacity
and n is an empirical parameter describing the adsorption intensity.

2.6. Statistical Analysis

A statistical analysis was conducted utilizing SPSS 19.0 and included an analysis of
variance (ANOVA) to assess the differences between the selected treatments. Further, a
t-test was performed to determine the significant difference in treatment means, with a
significance level of p < 0.05, based on three replicates. The graphics were generated using
Origin 2021.

3. Results and Discussion
3.1. Adsorbent Characterization
3.1.1. Pore Characteristics

The textural characteristics of the adsorbents were analyzed through N2 adsorption–
desorption isotherm studies (Figure 1). All the isotherms exhibited a Type II isotherm with
distinctive Type H3 hysteresis loop, suggesting the presence of slit-shaped pores in these
materials [30,31]. The BET surface area, Langmuir surface area, total pore volume, and
average pore width of AC and CB are shown in Table 1. According to the International
Union of Pure and Applied Chemistry (IUPAC), solids possessing an average pore diameter
within the range of 2–50 nm are classified as mesoporous materials, while those exhibiting
average pore diameters greater than 50 nm are considered macroporous materials. Both
AC and CB were found to be mesoporous solid with average pore diameters of 4.74 and
6.56 nm, respectively. AC exhibits higher surface area and pore volume compared to CB,
which may contribute to its greater adsorption capacity.
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Table 1. Pore characteristics of the adsorbents.

Variable AC CB Unit

BET surface area 29.15 ± 0.81 2.82 ± 0.31 m2/g
Langmuir surface area 39.07 ± 0.83 3.78 ± 0.22 m2/g

Total pore volume 0.0070 ± 0.0004 0.0013 ± 0.0002 cm3/g
Average pore width 4.74 ± 0.14 6.56 ± 0.24 nm

3.1.2. XRD Analysis

The XRD diffraction patterns of AC and CB before and after the loading of lead
ions are presented in Figure 2. No additional peaks were observed in the spectra of
AC-Pb and CB-Pb, suggesting that lead ions did not result in the formation of new crys-
tal structures in either AC or CB. The diffraction peaks observed in the XRD pattern of
AC-Pb are associated with calcite (syn, Ca(CO3), FOM value 2.0, PDF# 81-2027), clinoto-
bermorite (Ca5Si6O16(OH)2·4H2O, FOM value 6.1, PDF# 88-1328), and magnesium calcite
(syn, (Mg0.03Ca0.97)(CO3), FOM value 7.4, PDF# 89-1304) (Figure 2a). The diffraction peaks
observed in the XRD pattern of CB-Pb correspond to quartz (SiO2) (FOM value 2.6, PDF#
87-2096) and albite (Ca-rich, ordered, (Na, Ca)Al(Si, Al)3O8, FOM value 10.1, PDF# 41-1480)
(Figure 2b). In comparison to native materials, certain peak intensities in the lead-loaded
materials were increased, which was related to the dissolution of the soluble components
and the relative enhancement of the insoluble components [32,33].
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3.1.3. XRF Analysis

X-ray fluorescence spectroscopy (XRF) was utilized to detect 31 metallic elements
potentially present in the materials. The content of lead and other metallic elements that are
relatively abundant in the materials is shown in Table 2. Calcium (Ca) was found to be the
dominant metallic element detected in AC, while no significant amount of Ca was detected
in CB, which is consistent with the XRD detection results. A comparison between native
materials and lead-loaded materials revealed a significant increase in lead content (1.1% in
AC-Pb and 0.5% in CB-Pb), along with a decrease in the content of Ca and Fe, suggesting
the occurrence of ion exchange of calcium and iron ions with lead ions. However, it should
be noted that the limited sample size and the inherent limitations of XRF in detecting certain
elements, particularly light elements [34], necessitate the application of complementary
chemical techniques for a more comprehensive analysis.
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Table 2. The content (%) of some metallic elements of native and lead-loaded materials.

Samples Pb Ca Mg K Fe Cu Zn Mn Na

AC 0.0 33.4 ± 0.4 0.0 0.0 1.3 ± 0.2 0.4 ± 0.1 0.0 0.0 0.0
AC-Pb 1.1 ± 0.2 19.8 ± 1.0 0.0 0.0 0.8 ± 0.1 0.2 ± 0.1 0.0 0.0 0.0

CB 0.0 0.3 ± 0.1 0.0 0.0 4.0 ± 0.3 0.3 ± 0.1 0.0 0.1 ± 0.1 0.0
CB-Pb 0.5 ± 0.1 0.0 0.0 0.0 3.5 ± 0.4 0.3 ± 0.1 0.0 0.0 0.0

3.2. Batch Experiments for Lead Ions Removal
3.2.1. Effect of Particle Size

The lead removal efficiency of AC was found to be significantly higher compared to
CB under different experimental conditions (Figure 3). It was observed that smaller particle
sizes facilitated the removal of lead ions (Figure 3a). This can be attributed to the fact that
smaller particles generally have larger surface areas, which leads to improved adsorption
performance and higher adsorption efficiency [35]. Upon reaching a particle size of 1–2 mm,
the removal efficiency (R value) of AC had reached 98.0%, effectively removing almost
all lead ions in the solutions. Therefore, it was challenging to further increase the R value
with further decrease in particle size of AC. In contrast, the R value of CB increased with
decreasing particle size. However, compared to AC, the R value of CB was significantly
lower, ranging from 41.7% to 54.9%, making the effect of particle size on lead removal
more pronounced.

3.2.2. Effect of Contact Time

The adsorption of Pb2+ onto AC occurred rapidly in the initial 0.5 h and proceeded
at a slower pace thereafter. The removal efficiency of Pb2+ by AC increased from 75.3% to
99.0% at 1 h, reaching adsorption equilibrium (Figure 3b). The adsorption efficiency of CB
was limited, with values ranging from 34.2% to 35.2%. The R value of CB did not change
significantly over time, suggesting that the adsorption process reached saturation within
0.25 h. There was little change in the R value of CB with time, which was related to the
fact that CB was a sintered material with less soluble substances and had relatively stable
particles during the shaking process.

During the adsorption process of AC, the dissolution of more metal ions and the ion
exchange may take a longer time. The particles of AC were prone to breakage during
shaking, which could increase the adsorption capacity to some extent, leading to a more
significant change in the R value of AC with contact time. Based on technical and economic
considerations, the optimal contact time for Pb2+ removal with AC was determined to be
1 h in this study.

3.2.3. Effect of pH

The efficiency of removing pollutants from wastewater through adsorption is greatly
influenced by the pH of the solution. This is because the pH affects the surface charge
of the adsorbent, the degree of ionization, and speciation of the adsorbate [36]. In this
study, the impact of pH was analyzed in the acidic range by using initial pH values ranging
from 3.0 to 5.5. Initial pH levels above 5.5 were avoided due to the potential for metal
hydroxide precipitation, which is likely to occur at higher pH levels, and to align with
the practical interest of metal-contaminated waters, which typically present with an acidic
pH [37]. The results indicated that the R values of both adsorbents rose as the initial pH
increased and reached a relatively stable level at a pH of 4.0. The peak removal efficiency
of both adsorbents was observed at a pH of 5.0. This indicated that a higher initial pH is
more beneficial for the removal of lead ions due to the competition of hydrogen ions for
the adsorption sites under low pH conditions [38,39].
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3.2.4. Effect of Adsorbent Dosage

The impact of adsorbent dosage on Pb2+ removal is presented in Figure 3d. It was
observed that increasing the adsorbent dosage enhanced the lead removal efficiency. As the
AC dosage was increased from 2 to 6 g/L, the removal efficiency improved correspondingly.
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At a dose of 6 g/L, the R value reached 98.0%. The removal efficiency of CB increased with
an increase in dosage.

3.2.5. Effect of Initial Pb2+ Concentration and Adsorption Isotherms

The impact of initial concentration on the adsorption of Pb (II) by the adsorbents
was examined through varying solution concentrations (50, 100, 150, 200, and 250 mg/L)
as depicted in Figure 3e. The results indicated that as the initial concentration of Pb (II)
increased, the removal efficiency of the adsorbents decreased. The regression analysis of
the initial concentration (Ce) and the adsorption capacity (qe) revealed that the adsorption
isotherm data of the adsorbents aligned well with the Langmuir and Freundlich models
(Table 3). The Langmuir model estimated the maximum adsorption capacities of AC and
CB to be 184.9 mg/g and 42.9 mg/g, respectively. In order to validate the theoretical values,
a lead solution with a concentration of 1000 mg/L was employed, and the results indicated
that the maximum adsorption capacities of AC and CB were 201.6 mg/g and 56.3 mg/g,
respectively. It was found that the maximum adsorption capacity of AC was over three
times that of CB.

Table 3. Langmuir and Freundlich isotherm model for the adsorption of lead ions (T: 298 K, pH 5.2,
adsorbent dosage of 5 g/L, contact time of 1 h, Pb2+ concentration at 50, 100, 150, 200, 250 mg/L).

Adsorbent
Langmuir Constant Freundlich Constant

KL qmax R2 n Kf R2

AC 0.001 184.9 0.994 1.189 0.378 0.981
CB 0.004 42.9 0.996 1.457 0.486 0.980

Numerous studies have explored the adsorption of Pb (II) by inorganic mineral adsor-
bents and the adsorption capacities of various types of adsorbents used for Pb (II) removal
were compared. It was revealed that AC reached the adsorption capacity that is comparable
to that of zeolite and other mineral adsorbents (Table 4).

Table 4. Comparison of maximum adsorption capacities of Pb (II) ions with some mineral adsorbents.

Adsorbent qmax (mg/g) References

aerated concrete 201.6 This work
clay brick 56.3 This work

waste brick dust 128.1 [40]
powdered marble wastes 101.6 [41]

natural sand particles 24.9 [42]
celtek clay 18.8 [43]

zeolite 64 [44]
kaolinite 2.35 [45]

montmorillonite 3.25 [46]
illite 4.29 [47]

bentonite 68.84 [48]
goethite 5 [49]
sepiolite 50 [50]
sericite 4.697 [51]

3.3. Mechanism of Pb(II) Removal by Adsorbents

The metal ions, including K+, Na+, Ca2+, and Mg2+, leached from the adsorbents
into water and lead solution were determined (Figure 4). During the adsorption process
of AC in lead solution, the concentration of Pb2+ decreased sharply over time, while the
concentrations of K+, Na+, and Ca2+ increased (Figure 4a). The concentrations of K+, Na+,
and Ca2+ in lead solution with AC at each time point was found to be higher than their
concentrations in water (Figure 4a,b). This suggests that K+, Na+, and Ca2+ in lead solution
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added with AC are derived partly from the naturally dissolved ions present in AC, and
partly from the ions exchanged with Pb2+.
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The difference between the concentration of each metal ion in lead solution and that
in water is considered as the concentration of the ion exchanged with Pb2+ (Cie). The
concentration of each ion exchanged with Pb2+ was added as the total metal ion exchange
concentration (Csum). The correlation analysis showed that there was no significant correla-
tion between Cie or Csum and the concentration of Pb2+ (CPb) (Table 5). This suggests that
ion exchange is not the primary mechanism that influences the removal of lead ions by AC.
There was only a small amount of metal ions that leached from CB into both lead solution
and water (Figure 4c,d), and Cie can be disregarded. This observation indicates that ion
exchange is also not the predominant mechanism for CB to remove lead ions.

Figure 5a demonstrates the change in the final pH of AC in lead solutions and water
over time. AC exhibited higher alkalinity in water, but the pH values in lead solutions at
each time point were lower compared to that in water. This can be explained by the fact
that under alkaline conditions, Pb2+ and OH− quickly form lead hydroxide as precipitates,
which results in the consumption of OH− and a surplus of H+. This, in turn, leads to a
decrease in the solution pH. Similar findings were reported in previous studies on the use
of compost to remove lead ions from aqueous solutions [33,52]. The final pH value of CB
in water was close to 7.0. Similar to AC, the final pH value of CB in lead solutions at each
time point was also lower than that in water (Figure 5b), indicating that both adsorbents
utilize microprecipitation as a mechanism to remove lead. Studies have demonstrated



Processes 2023, 11, 1798 10 of 14

that microprecipitation reactions can be effectively modeled using both the Langmuir and
Freundlich models [53].

Table 5. Correlation coefficients of CPb, pH, EC, Cie-K, Cie-Na, Cie-Ca, and Csum.

CPb pH EC Cie-K Cie-Na Cie-Ca Csum

CPb 1 −0.867 −0.633 0.814 0.161 −0.704 −0.37
pH 1 0.921 * −0.944 * −0.046 0.51 0.046
EC 1 −0.886 * 0.236 0.157 −0.206

Cie-K 1 0.033 −0.384 0.209
Cie-Na 1 −0.759 −0.167
Cie-Ca 1 0.572
Csum 1

Note: CPb, concentration of Pb2+; Cie, difference between the concentration of each metal ion in lead solution and
that in water; Csum = Cie-K + Cie-Ca + Cie-Na; * Correlation is significant at: p < 0.05 (two-tailed).
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The EC value can reflect the salt content in the solution. The higher the concentration
of salt in the solution, the greater the measured EC value. The results indicated that the
addition of AC into water led to an increase in EC values with time, suggesting the leaching
of salts from AC (Figure 5c). In lead solution, the removal of Pb2+ by AC resulted in an EC
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value that was lower than the initial value, but eventually, the dissolution of salt from AC
caused the EC value to rise. The EC value of CB in water remained relatively constant and
close to the initial EC value of the water. However, in lead solution, the removal of lead by
CB caused the EC value to decrease, but due to a limited amount of salt leaching from CB,
the EC value changed only slightly (168.7–180.0 µS/cm) (Figure 5d).

The release of other metal ions during the adsorption process of lead ions by AC may
restrict its potential as a superior adsorbent to some degree. Despite this, the use of AC
for the treatment of lead-contaminated wastewater for irrigation purposes appears to be a
feasible option. Although sodium ions leached from AC may lead to soil salinization to
some extent, calcium, magnesium, and potassium ions are essential plant nutrients required
in large quantities that promote plant growth. Furthermore, the leaching of salt from AC is
limited, and its hazards are considered acceptable when compared to those of lead ions.
To optimize the benefits of using AC in future applications, a well-designed application
process should be developed to maximize its benefits while minimizing any drawbacks.

Based on the results and analysis above, it can be concluded that adsorption and
micro-precipitation are the main mechanisms for removing lead by these two adsorbents
(Figure 6).
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4. Conclusions

In the present study, powdered aerated concrete (AC) and clay bricks (CB) from con-
struction and demolition waste were investigated as low-cost adsorbents for the removal
of Pb(II) from aqueous solutions by applying batch experiments. The adsorption char-
acteristics were examined at different particle sizes, contact time, pH values, adsorbent
dosage levels, and different initial Pb(II) concentrations. The results showed that AC
outperformed CB in removing lead ions under all tested conditions, and the maximum
adsorption capacity of AC for lead ions was over three times that of CB. The Langmuir and
Freundlich models successfully described the adsorption isotherm data of both adsorbents.
The exchange of lead ions with other metal ions was observed for both adsorbents, but this
effect was weak, particularly for CB. The primary mechanism for removing lead ions from
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aqueous solutions using both adsorbents is through adsorption and microprecipitation. AC
exhibited superior performance compared to CB due to its larger specific surface area, pore
volume, and alkalinity. The cost-effectiveness and availability of AC make it a potentially
attractive adsorbent for treating wastewater contaminated with lead, providing a new way
for resource utilization of ever-increasing construction and demotion wastes.
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