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ABSTRACT

As an industrial byproduct, autoclaved aerated concrete waste (AACW) was used as an efficient
and economic adsorbent for Cd (II) removal in wastewater. The structure and physical properties of
AACW were characterized by XRE, SEM, XRD and its adsorption properties for removal of 3 mg/L
Cd (II) under different conditions were also investigated. The results showed that the removal rate
of AACW for Cd (II) has attained 97% after 90 min when the initial dosage of AACW was 10 g/L.
The adsorption process was fitted to Langmuir model and pseudo-second-order kinetic model. Phy-
sisorption and chemisorption were both observed during the process. Besides, AACW possesses
comprehensive removal effects for other heavy metal ions in industrial wastewater. The adsorption
of Cd (II) ion was affected by other metal ions and different ions in the solution showed different
inhibitory effects. Taken together, the AACW recycled from the construction process could serve as
a promising adsorbent for toxic metals remediation from aqueous solution.
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1. Introduction

As one of the most toxic heavy metals, Cadmium (Cd)
has attracted increasing attention of environmentalists for its
irreversible impact on both human health and natural envi-
ronment [1]. It is listed as the sixth most poisonous substance
jeopardizing human health and being bio-accumulated
in organism body such as bone, liver and kidneys [2]. Cd
enters into the water from various industrial activities such
as smelting, cadmium-nickel batteries, metal plating, min-
ing, pigments and alloy industries [3,4]. Cd (II) is defined as
the first category of hazardous waste pollutants in the Inte-
grated Wastewater Discharge Standard of China (GB 8978-
1996) with maximum acceptable emission concentration of
0.1 mg/L. And the drinking water guideline value recom-
mended by World Health Organization as well as the per-
missible limit for Cd (II) in drinking water in China is 0.005
mg/L [5]. Exposure to low amounts of cadmium may cause
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disorders such as heart disease, cancer and diabetes [6]. The
concentration of Cd (II) in wastewater and the most contami-
nated leachates may reach up to 3 mg/L [7]. However, previ-
ous studies focused on the removal of high concentrations of
Cd (10-500 mg/L), so research on remediation the toxic metal
at low concentrations is necessary, as presented in this paper.

Given pervasive cadmium contamination and the low
industrial wastewater emission standards (0.1 mg/L), there
is considerable interest in the development of techniques
to remove cadmium from contaminated water before it
reaches drinking water sources. Among various methods
for removing Cd (II) and other heavy metals from aque-
ous solution, adsorption process has attracted much atten-
tion due to its economy and high efficiency [2]. Therefore,
a large number of alternative non-conventional low-cost
materials including natural materials and waste products
from the industrial sector have been tested as adsorbent
for the removal of heavy metals [8-10]. Meanwhile, there
is upsurge of interest to exploit applicable adsorbents from
various industrial wastes, e.g. fly ash, red mud and differ-
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ent types of slag [11-14] for the recovery of Cd (II) from
aqueous solution and industrial effluents, which enable the
reduction of adsorbent costs and help resolving problems in
industrial waste utilization [15].

Autoclaved aerated concrete (AAC, Fig. la), a light
weight and highly porous wall material owning national
standard for preparation, has been invented in Sweden in
1923 and now becomes a worldwide attractive building
material [16,17]. Abundant solid waste residues (Fig.1b, 1c)
are unavoidably generated in the process of production of
AAC [18], hence how to utilize or reuse this kind of indus-
trial by-product has become a significant issue in recent
years. To date, several studies have focused on that AACW
could serve as an adsorbent or filter medium to purify the
wastewater containing phosphate or oil products [15,18—
23]. However, to our knowledge, little research has been
conducted on the utilization of AACW for remediation of
heavy metals from aqueous solutions. In fact, in addition
to its wide availability, strong acid neutralization and coag-
ulation-sedimentation ability, the excellent adsorption and
cation exchange capacity of AACW has made it a potential
adsorbent for the removal of heavy metals.

In the present experiment, we explore the viability of
AACW as a novel economical adsorbent for the treatment of

low concentration (3 mg/L) of Cd (II) ions in aqueous solu-
tion. The optimal adsorption conditions were investigated
under varying experimental conditions, such as adsorbent
dosage, solution pH, contact time, and initial concentration.
And the kinetics and equilibrium data of the adsorption pro-
cess were studied to quantify the adsorptive capacity. Cd (II)
removal mechanism of AACW was also discussed. Moreover,
the removal efficiency for other heavy metals by AACW and
competitive adsorption of Cd (II) with Zn (II), Cu (II) and Ni
(I) ions in mixed metals solution were proposed here.

2. Materials and Methods
2.1. Preparation of materials

Autoclaved aerated concrete waste (AACW) used in
this study was obtained from a building materials factory
in Guangzhou, China. The material was ground and sieved
to pass through 100 mesh sieve (0.15 mm), then dried at
105+0.5°C for 4 h and cooled to ambient temperature in a
desiccator. The appearance of the fresh AACW is shown in
Fig.1 and the main ingredients or the significant compo-
nents are presented in Table 1.

Fig. 1. Visual images of fresh AAC (a) and AACW (b, ¢, d).



172 Y. Zhang et al. / Desalination and Water Treatment 82 (2017) 170-178

Table 1
The chemical composition of AAC

Compound wt (%)
SiO, 4811
CaO 28.59
ALO, 8.25
Fe, O, 5.39
MgO 0.74
K,0 0.72
SO, 0.67
Na,O 0.19

2.2. Preparation of solutions

All the chemicals used in this study were in the analyt-
ical grade and were used without further purification. Cd
(1), Cu (II), Pb (II), Ni (II) and Zn (II) stock solution were
prepared by dissolving an accurate quantity of their nitrate
salt in deionized water, and other desired concentrations
were prepared from the stock solution (1000 mg/L) by
dilution, respectively. The pH of the solution was adjusted
using 0.1 M HCl or 0.1 M NaOH. All laboratory wares used
for analytical determination were cleaned first by trace
metal grade nitric acid, followed by repeated rinsing with
deionized water and oven-dried before each experiment.

2.3. Characterization, test method and instruments

The chemical composition of AACW was obtained by
X-ray Fluorescence (XRF) (PW2404, PHILIPS Company).
The X-ray diffraction patterns (XRD) of the samples before
and after adsorption were measured on D8 advance X-ray
diffractometer (Bruker, Germany) with Cu Ko radiation in
the diffraction angle (20) range of 10-70°. Surface morphol-
ogy of the adsorbent was determined by scanning electron
microscope (SEM) (Zeiss Ultra 55, German). And the spe-
cific surface areas of the samples were determined from the
N, sorption isotherms at -196°C by applying the Brunauer,
Emmett and Teller (BET) method [25] using a surface area
analyzer (ASAP2020, Micromeritics, USA).

In adsorption batch experiments, the conical flasks were
shaken at room temperature (25°C) at 200 rpm using on a
model HZQ-X100 thermo-stated shaker (Suzhou, China).
After equilibration, the samples were centrifuged using
a low speed centrifuge (KDC-40, Zonkia, China). Finally,
the concentration of metal ions was measured by atomic
absorption spectrophotometer (TAS-990, Persee, China).

In order to determine the pH of AACW, the samples
were placed in deionized water with a solid to liquid ratio
1:100 (1 g material and 100 mL of deionised water) at room
temperature (25°C) and agitated by the thermo-stated
shaker at 200 rpm for 24 h. The final pH values of the adsor-
bent in water were determined.

2.4. Experimental designs

Screening experiments were conducted to investigate
the adsorption of Cd (II) ions by AACW. All sorption exper-
iments were carried out in 250 mL conical flasks, in which

an appropriate amount of adsorbent and 50 mL of Cd (II)
ions solution were added. The mixture was next stirred at
200 rpm using on a thermo-stated shaker at 25°C. In order
to determine the optimum dosage, different dosages were
added into 50 mL of Cd(NO,)* solution (pH 6.0) with an ini-
tial Cd concentration of 3 mg/L. To evaluate the pH effect,
measurements were performed with the initial pH of the
solution ranging from 1 to 11 within 2h. For adsorption
kinetic study, 10 g/L of AACW were placing in a conical
flask containing Cd (II) ion solution at pH 6.0 for prede-
termined intervals of time. A series of cadmium solution,
ranging among 1-35 mg/L, were prepared to determine
the equilibrium isotherms following the addition of 10 g/L
AACW within 90 min.

Subsequently, the removal efficiency for Cd (II) and
other heavy metals by AACW was performed at the same
initial concentrations of 10 mg/L for each element includ-
ing Cd (II), Cu (II), Pb (II), Ni (II) and Zn (II). The whole
flasks were shaken continuously for 2 h to attain the equilib-
rium state. Besides, the change on Cd (II) ions uptake when
exposed in binary solute and hybrid metal ions system
was tested with constant metal concentration of 10 mg/L
respectively.

After adsorption, all solution samples were primarily
centrifuged and the supernatant was taken with a syringe
and filtered through 0.45 pm filter membrane for analysis.
The quantity of metal ions presenting in the filtrate was
measured by atomic absorption spectrophotometer. All the
experiments were performed in triplicate to ensure accuracy.

2.5. Calculation of removal percentage and adsorption capacity

The removal rate (A %), the amount of heavy metal ions
adsorbed per unit mass of adsorbent at time t (Q, mg/g),
and the amount of metal ions adsorbed per unit mass of
adsorbent at equilibrium (Q, mg/g), were calculated from
the following equations:

A%=5"C 100 )
Co
c,-C
Q =——xV )
mS
Q="Cexy )
m

where C and C, (mg/L) are the initial and the final con-
centrations of heavy metal ions in solution respectively, C,
(mg/L) is the concentration at time t. V is the volume of
the solution (L) and m_is the mass of adsorbent powder

used (g).

2.6. Sorption isotherm models

Two models including Langmuir and Freundlich were
applied to analyze the data. The Langmuir isotherm (Fig. 2,
inset) model is based on the equation of

& = L + C"
Q. 1, Q, @)
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Fig. 2. SEM photograph of fresh AACW powder.
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where b (L/mg) is the Langmuir parameter related
to energy of adsorption. The linear plot of C,/Q, vs C,
gives the intercept and slope corresponding to 1/ (Q, b)
and 1/Q , respectively, from which both Q and b are
derived.

The R, value is a dimensionless parameter to express the
essential characteristics of the Langmuir isotherm, which is
defined as:

1
R =
" 140G, ®)

where b is the Langmuir constant and the C is the initial
concentration of Cd (II) ions. The value of R, indicates the
type of the isotherm to be either unfavorable (R, > 1), linear
(R, =1), favorable (0 < R, < 1) or irreversible (R, = 0) [4,5].

The Freundlich isotherm is analyzed based on the
following equation:

logQ, =logk + llog C, (6)
n

where k [(mg/g)(L/g)""] and n are Freundlich constants,
indicating the sorption capacity and sorption intensity
respectively. The plot of log Q against log C, gives the inter-
cept and slope corresponding to log k and n respectively,
from which both K and # are obtained.

2.7. Kinetic models

The adsorption kinetic mechanism was evaluated using
two conventional models, namely the pseudo-first-order
and the pseudo-second-order equations [24]. The pseudo
first-order equation is shown as:

log(Q,-Q,)=logQ, — kit 7)

where k, (g/mg min) is the rate constant of the pseu-
do-first-order sorption, which can be calculated by plotting

log (Q, - Q) versus t.

The pseudo-second-order equation can be written as:
t 1 t
—_— 3 + —
Qt sze Qe
where k, (g/mg min) is the rate constant of pseudo-sec-
ond-order adsorption. The values of 1/ (k,Q,)* and 1/Q, are

derived experimentally from the intercept and slope of the
linear plots of t/Q, versus t.

®)

3. Results and discussion
3.1. Physicochemical characterization of AACW

Since the adsorption process from the liquid phase to
the solid phase is influenced by the intrinsic characteristics
of the adsorbent, the physicochemical structure of AACW
need to be investigated for proper interpretation of Cd (II)
remediation from aqueous solution.

The chemical compositions of the AACW detected by
the XRF are listed in Table 1. The main chemical composi-
tions of the material consist of SiO, and CaO, other oxide
composition found in the AACW are Al,O,, Fe,O,and MgO
and so on.

The SEM micrographs of AACW powder is shown
in Fig. 2. SEM observations reveal its surface textures. It
shows that AACW mainly contains some pieces of irreg-
ular shape particles and porous network structure. These
properties should facilitate the diffusion of the Cd(II) ions
to the surface of adsorbent. Although Fig. 1 and Fig. 2 both
indicate the porous structure of the AACW, a low specific
surface area (11.56 m?/g) was determined by BET analysis.
Even lower surface areas for similar materials have been
observed earlier [3,8].

The X-ray diffraction (XRD) patterns of AACW are
demonstrated in Fig. 3. The main diffraction peaks of the
adsorbent are attributed to quartz (SiO,), tobermorite
(Ca,5i,0,,(OH),-4H,0), anhydrite (CaSO,), and limestone
(CaCO,). In contrast to the XRD pattern of AACW after
adsorptlon this result shows that CdCO, (23.20°, 31.86°,
36.13°, 43.38°) was formed after adsorption 0f 100 mg/LCd
(II), which may indicate that the ion exchange reaction hap-
pened between Ca (II) released from AACW and Cd (II) ion
in solution.

The AACW is an alkaline material which can release
OH- ions after hydration reaction. The final solution pH
was close to 9.0 when 1 g of sample was placed in 100 mL
deionised water. It indicated that the adsorbent showed
strong acid neutralization capacity as used in wastewater
especially acid mine drainage.

3.2. Effect of adsorbent dosage

The effect of the AACW dosage on the removal of Cd
(IT) is shown in Fig. 4. The removal rate A% increased with
an increasing dosage of AACW from 6 g/L to 10 g/L, this
tendency results from the availability of larger surface area
and more adsorption sites. While the A% remained the
same level when adsorbent dosage ranged from 10 g/L to
18 g/L. And at adsorbent dosage >10 g/L, the removal per-
centage of Cd (II) do not enhance obviously as the surface
metal ions concentration and the solution metal ions con-
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Fig. 3. XRD patterns of AACW before and after adsorption of Cd
(II) ions under condition with Cd (II) initial concentration = 3
mg/L, pH 6.0, AACW 10.0 g/L, t =90 min and T = 25°C.
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Fig. 4. Effect of adsorbent dose on the removal of Cd (II) ions by
AACW under condition with Cd (II) initial concentration = 3
mg/L, pH 6.0, AACW 0.3~20g/L,t=2hand T = 25°C.

centration come to equilibrium with each other [25], besides
that, these high amounts of adsorbent had more sorption
sites which could not be saturated through the adsorption
reaction when the total concentration of Cd(Il) ions in the
solution remained fixed [26]. As the gain in the removal
of Cd(Il) using AACW doses higher than 10 g/L did not
increase substantially, concurrently the effluent concentra-
tion of Cd (IT) meet the industrial wastewater emission stan-
dards (0.1 mg/L), hence the dose was decided to apply for
all future experiments.

3.3. Effect of pH

The pH of the adsorption system strongly influences
the adsorption process as it affects the surface charge of the
adsorbent and the degree of ionization and speciation of the
metal contaminant [27]. Experiments were conducted over
a pH ranging from 1 to 11 to study the effect of pH on Cd
(IT) adsorption by AACW (Fig. 5). In strong acid solution
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Fig. 5. Effect of pH on the removal of Cd (II) ions by AACW
under condition with Cd (II) initial concentration = 3 mg/L, pH
1.0~11.0, AACW 10.0 g/L,t =2 hand T = 25°C.

(pH between 1 and 3), only a slight amount of Cd (II) could
be removed, and then the removal efficiency increased
when pH value up to 3, after which the rate remained sta-
ble. Out of overall consideration, the raw water pH 6.0 was
employed for further study, avoiding the hydroxide precip-
itation of Cd at pH value upon 9.36.

Under strong acid solution, the hydrated surface of
AACW is protonated with a reaction (9) and therefore
acquired positive charge.

Sur—OH+ H" — Sur - OH; )

where Sur stands for the surface sites of the AACW, and the
Sur — OH represents a surface hydroxyl group.

Leading to the released OH™ ions (reaction 10) and
increase in pH, the hydrated surface of AACW is deproton-
ated with reaction (11), thereby obtained a negative charge.

Sur+ H,0—"Sur - OH" + OH" (10)
Sur—OH+OH™ — Sur-0" + H,0 (11)

Therefore, low pH values are unfavorable for the
adsorption process: on the one hand, there would be a com-
petition between protons and Cd (II) ions for the adsorptive
sites; on the other hand, electrostatic repulsion takes place
between the cationic metal ions and the positively charged
surface of the adsorbent in low pH. With an increase in pH,
the degree of protonation on surface hydroxyl group of the
adsorbent decreased and the adsorption process is more
favorable, resulting in an increase in removal efficiency.
Similar theories have also been proposed by other research-
ers for the metal adsorption [3,5,28]. Regarding the pH_
of AACW is 5.75, in solution having pH value lower than
pH,, of AACW, the surface hydroxyl sites could be proton-
ated and positively charged while it was negative at a pH
above the pH_ _[5,28]. However, in this study, the removal
of Cd (II) ions was observed in solutions having pH values
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less than pH_ _of AACW, therefore, the adsorption process

pzc . L2
on AACW surface would occur via non-electrostatic inter-
action. Furthermore, the alkalinity nature of the adsorbent
makes it a good neutralizing agent with the pH of the efflu-
ent water keeping 7-8 in these series of tests, which means
that the adsorbent can also act as a pH buffer for the heavy
metal removal from acidic wastewater stream.

3.4. Effects of contact time and adsorption kinetics

The results in Fig. 6 show that process of removal Cd
(IT) was rapid at the beginning and about 90 % of total Cd
(I) was removed within 5 min. Thereafter, the removal rate
increased slowly before the adsorption equilibrium time of
90 min, and then the removal rate remained constant. Thus,
as stated above, the contact time was set to 90 min in the
following experiments, which was considered as sufficient
for the remediation of Cd (II) ions to meet the industrial
wastewater emission standards.

The kinetic parameters for Cd (II) adsorbed by AACW
were calculated using the pseudo-first-order and pseu-
do-second-order equations. The R? value for the second-or-
der kinetic model is 0.9999, indicating that the system under
study is more appropriately described by the pseudo-sec-
ond-order model (Fig. 7), which exhibits the following char-
acters: (1) Cd (II) ions were adsorbed onto the adsorbent
surface via chemical interaction, (2) the adsorption followed
a monolayer regime on the adsorbent surface, (3) the rate of
adsorption occurred rapidly at the initial step of adsorption.
Similar trends of Cd (II) ions adsorption from aqueous solu-
tions have been reported by other adsorbents [24,28].

3.5. Effects of initial concentration and adsorption isotherms

The effect of initial concentration on the adsorption of
Cd (II) ions by AACW was investigated with varying solu-
tion concentrations (1, 3, 5, 7, 15, 20, 25, 35 mg/L) using 0.5
g adsorbent dose (Fig. 8) after 90 min of contact time. With
increasing concentration of solution, Q, increased, while A
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Fig. 6. Effect of the contact time on the removal of Cd (I) ions
by AACW under condition with Cd (II) initial concentration =
3mg/L, pH 6.0, AACW 10.0 g/L, t = 0~240 min and T = 25°C.
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% decreased. At lower initial concentration, the surface area
and the availability of adsorption sites were relatively high,
and the Cd (II) ions were easily adsorbed and removed. At
higher initial concentration, the total available adsorption
sites are limited, thus resulting in a decrease in removal
rate. The increased Q at higher initial concentration can be
attributed to enhanced driving force.

The parameters calculated from the Langmuir and Fre-
undlich isotherm models are listed in Table 2. The Langmuir
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Fig. 7. Pseudo-second-order kinetic model for adsorption of Cd
(II) ions on AACW.
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Fig. 8. Effect of initial concentration on the removal and adsorp-
tion of Cd (II) ions by AACW under condition with Cd (II) initial
concentration = 1~35 mg/L, pH 6.0, AACW 10.0 g/L, t = 90 min
and T = 25°C.

Table 2
Langmuir and Freundlich parameters for adsorption of Cd (II)
ions on AACW

Freundlich model Langmuir model
k 1/n R? Q. b R?
0.7839  0.4561 0.962 2.07 1.07 0.9835
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model is more likely applicable due to the higher correla-
tion coefficient (R* = 0.9835), indicating the applicability
of monolayer coverage of cadmium on AACW surface.
Besides, the values of R, obtained for the present adsorbent
is 0.24, suggesting that a favorable adsorption took place in
the process studied.

Meanwhile, Table 3 lists a comparison of maximum
monolayer adsorption capacity of Cd (II) on some low-
cost adsorbents [12,29-33]. The maximum adsorption
capacity of AACW is higher than most adsorbents pre-
sented in the list. Furthermore, the more promising feature
of AACW is the strong acid neutralization capacity which
can expand its environmental applications compared with
other adsorbents.

3.6. Mechanisms of Cd (II) removal by AACW

In the experiment, chemical adsorption and physical
adsorption certainly occurred at the same time during our
adsorption experiment process.

The nature of the adsorbent dispersion presented in the
SEM micrograph (Fig. 2) confirms the presence of micro-
metric-sized and irregular-shaped particles, which imply-
ing that AACW possess physical adsorption capacity for
the heavy metal adsorption. Besides, this adsorbent also
emerges unique advantage of coagulation-sedimentation
ability to support Cd (II) removal.

Furthermore, ion exchange reaction may happen
between the release of interlayer cations such as Ca (II) and
Cd (II) in solution to form CdCO,, as demonstrated in the
XRD analysis above. On the other side, metal oxide and
metal oxide hydrate particles in solution would favor the
adsorption of Cd (II) ions depending on metal complex-
ation between surface hydroxyl groups (-M—OH) on partic-
ulate matter interface and metal ions as follows:

M-OH+Cd* - M-0Cd* + H" (M = Si,Ca, Al,Fe,etc.) (12)

2M-OH +Cd* —»[M-0]2Cd* +2H* (13)

M—-OH +Cd* + H,0 - M —-OCdOH + 2H* (14)

Table 3
Comparison of adsorption capacities of Cd (II) ions with some
low-cost adsorbents.

Adsorbent Q,(mg/g) Refs
AACW 2.07 This work
Areca waste 1.32 [25]
Kaolinite clay 0.88 [26]

Rice husk 0.89 [27] InD
Saw dust 0.29 [27] InD
Baggase fly ash 2.00 [11]

Pine bark char 0.34 [28]

Oak wood char 0.37 [28]
Coconut copra meal 1.84 [29]

3.7. Remowval efficiency for other heavy metals by AACW

The batch screening studies were performed to assess
the adsorption of other heavy metals by AACW. For capac-
ity study, the solutions of 10 mg/L of Cu (II), Pb (II), Ni
(II), Zn (II) and Cd (II) at raw water pH were used. Using
adsorbent dose of 10 g/L, the percentage of removal was
obtained after 2 h. As shown in Fig. 9, the removal efficiency
was decreased in the order: Pb (II) > Cd (II) > Cu (II) > Zn
(I) > Ni (II), implying that AACW as a new low-cost adsor-
bent expresses comprehensive removal ability for main
toxic heavy metal in contaminated water and potential to
be applied on actual complex wastewater.

3.8. Competitive adsorption of Cd (II) with Zn (1), Cu (1) and
Ni (1I) ions

Wastewaters, however, typically contain a mixture of
metals may exhibit a different sorption pattern compared

A (%)

metal ions

Fig. 9. Removal of different heavy metal ions using AACW un-
der condition with initial concentration of each ion = 10 mg/L,
pH 6.0, AACW 10.0 g/L, t =90 min and T = 25°C.
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Fig. 10. Competitive adsorption of Cd (II) with Zn (II), Cu (II)
and Ni (II) ions from binary and hybrid solute under condition
with initial concentration of each ion = 10 mg/L, pH 6.0, AACW
10.0 g/L, t =90 min and T = 25°C.
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with single metal, resulting in a change on removal effi-
ciency for Cd (II) ion by AACW. In this research, the Cd
(I) removal efficiencies were determined when used in
binary solute and hybrid metal ions system with constant
initial concentration of 10 mg/L, respectively. It proved
that Hybrid system emerges the biggest influence on Cd (II)
removal effect. In the binary system: the strongest inhibi-
tory effect was mainly attributed to Zn (1), followed by Cu
(I) and Ni (II) ion. It indicated that adsorption of Cd (II)
ion was reduced by the presence of other metal ions, which
competes for the same available adsorption surface active
sites onto the adsorbent [34].

4. Conclusions

This study represents the first attempt to establish
the ability of AACW to adsorb Cd (II) of low concentra-
tion from solutions. The optimum conditions of sorption
were as follows: a sorbent dose of 0.5 g in 50 mL of Cd (II),
contact time of 90 min and pH 6. The adsorption process
was found to follow pseudo-second-order kinetic model
and Langmuir isotherm model. The mechanism of Cd
(II) remediation by this by-product can be attributed to
physisorption and chemisorption including ion exchange
reaction as well as metal complexation. The cost-efficient
and availability of AACW make it a potentially attractive
adsorbent for eliminating Cd (II) and other heavy metals
in aqueous solution. Additionally, the last but not least,
the application will realize the resource utilization of large
quantities of AAC residues resulting from the construction
industry.

In the future, modifications and optimization of man-
ufacturing conditions of AACW to enhance the adsorption
capacity, in addition to strengthen its applicability at indus-
trial scale need further studies.
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