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Abstract−MCM-41 supported layered double hydroxides (LDH) composite materials (ML) were synthesized and
studied for removal of Acid Red G (ARG), an anionic dye, with the adsorption method. ML was prepared using in situ
synthesis procedure for the low supersaturation coprecipitation method, and ML10 and ML20 presented promising
application towards ARG dye adsorption capacity in industrial wastewater. Powder samples were characterized by X-
ray diffraction, FTIR spectroscopy, scanning electron microscopy and energy dispersive spectrometry. The effects of
different reaction time, initial solution pH and temperature on the dye adsorption capacity were investigated. Adsorp-
tion process was well described by pseudo-second-order kinetic model and Langmuir isotherm model. The fitting
curves showed that ML10 and ML20 had higher adsorption rates and maintained a certain theoretical saturated
adsorption capacity (92.19807 mg/g and 96.41947 mg/g, respectively) compared with LDH.
Keywords: Wastewater Treatment, Adsorption, Layered Double Hydroxides, MCM-41, Acid Red G

INTRODUCTION

With the rapid development of economic globalization, the treat-
ment of wastewater has become a major environmental problem
in textile, cosmetics, paper, leather, pharmaceutical, food, and other
industries [1,2]. In them wastewater is an important source of
water pollution, because it is resistant to degrading and threatens
human health as an organic carcinogen [3,4]. Hence, there is a
strong desire for research an effective method to remove dyes from
effluents.

Some conventional commercial methods for removing dyes,
such as coagulation, ultrafiltration, zonation, oxidation, sedimenta-
tion, reverse osmosis, flotation, precipitation and anaerobic micro-
bial degradation, have certain defects and limitations in application,
taking into account economy and practicability [5]. Although micro-
bial technology is economically advantageous in commercial ap-
plications, its type of organic dye is limited [6]. Adsorption method
to remove the dye in the waste water has the advantages of excel-
lent removal efficiency, simple process and low equipment cost,
and is widely regarded as one of the economic and promising
methods for purifying and separating impurities in waste water
[7]. Many conventional sorbents have been explored in the removal
of dyes from wastewater, such as, resin [8,9], bentonite [10,11],
zeolite [12], carbon nanotubes [13], coal based sorbents [14], coal
fly ashes [15], and Mg-Al-layered double hydroxide [16]. How-
ever, the traditional adsorbents have been modified into compos-
ite adsorbents to remove dyes from wastewater that have been
widely researched recently [17].

Layered double hydroxides (LDH) as a class of anionic clays

have attracted considerable attention due to the intercalation assem-
bly characteristic and functional applications. The chemical com-
positions of LDH materials are expressed by the general formula
[M(1−x)

2+Mx
3+(OH)2]Ax/n

n−·mH2O, and its nanoscale two-dimen-
sional laminates along the longitudinal arrangement into a three-
dimensional crystal structure. In the above formula, An− are vari-
ous interlayer inorganic anions or organic anions with negative
charge n, x is the value of the M3+/(M2++M3+) ratio, and the syn-
thesis of pure hydrotalcite needs x in a range of 0.1-0.33 [18], and
m is the number of interlayer water molecules and equal to (1−3x/
2−Δ) where Δ is below about 0.125 [19]. In recent years, LDH
composite materials as adsorbent to remove the dye from aque-
ous solutions have become a research focus. Jiao et al. [20] suc-
cessfully prepared the composites of magnetic iron oxide and
LDHs (Fe/LDHs) that can effectively adsorb Acid Flavine 2G (AF
2G) from wastewater solution. Jia et al. [21] reported that MgAl-
LDH/CoFe2O4 and MgAl-CLDH/CoFe2O4 nanofibers were pre-
pared and investigated for the effective removal of Congo Red
(CR) from aqueous solution. Zhang et al. [22] fabricated a com-
posite via direct assembly of surface passivated carbon dots on the
surface of the positively charged LDH, and found that it could be
particularly efficient in removing Methyl Blue (MB). In 1992 Mobil
Co. reported the synthesis of the ordered mesoporous silica molecu-
lar sieves of MCM-41 [23]. MCM-41 was considered suitable as a
support material for composite adsorbents due to its high specific
surface area, abundant pore structure, excellent thermal stability
and physico-chemical stability. Bayramoglu et al. [24] constructed
a novel MCM-41 silica particle grafted with polyacrylonitrile that
has enhanced adsorption capacity for uranium ions from aqueous
medium. Arica et al. [25] reported that magnetic MCM-41 com-
posite particles were prepared and then grafted with poly(glycidyl
methacrylate) for the adsorptive removal of Direct Blue 6 (DB-6)
dye and Direct Black-38 (DB-38) dye from aqueous medium. The
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respective advantages of both materials can be fully exploited due
to the combination of LDH and MCM-41. To our best knowl-
edge, adsorption of Acid Red G (ARG) dye on LDH with MCM-
41 composite materials adsorbent has not been investigated before.

In the present work, MCM-41 supported LDH composite materi-
als (ML) were synthesized via in situ synthesis procedure for the
low supersaturation coprecipitation method, and as adsorbent were
examined for the removal of ARG dye from aqueous solutions.
The structural and chemical properties of the synthesized LDH
and ML were characterized by XRD, FTIR, SEM and EDS. The
effects of different contact time, solution pH and reaction tem-
perature on the adsorption performance of dyes in wastewater were
investigated by the batch of comparing experiments. Experimen-
tal data were fitted with adsorption kinetics models, Freundlich
and Langmuir models to research the interaction between adsor-
bents and dye.

MATERIAL AND METHODS

1. Materials
All the materials and reagents used in the synthesis process were

analytical grade and all solutions were prepared with deionized
water. Acid Red G (C18H13N3Na2O8S2, >99.5%) was purchased from
TCI Development Co., Ltd. HCl, NaOH and Na2CO3 were obtained
from Tianjin HengXing Chemical Reagent Co., Ltd. Others includ-
ing Mg(NO3)2·6H2O, Al(NO3)3·9H2O, cetyl trimethyl ammonium
bromide (CTAB), ethyl acrylate (EA) and tetraethoxysilane (TEOS)
were obtained from Sinopharm Chemical Reagent Co., Ltd.
2. Synthesis of MCM-41

MCM-41 as a composite support material was synthesized fol-
lowing the hydrothermal method of Lin et al. [26]. CTAB, EA (70
wt%) and distilled water were combined at room temperature before
TEOS was slowly added under vigorous stirring until the solution
became homogeneous. The starting mixture with the composi-
tion 1.0SiO2 : 0.15CTAB : 1.6EA : 120H2O was stirred for 4 h and
then transferred into a stainless steel autoclave with Teflon liner
and heated at 373 K for 48 h. After the hydrothermal process, the
product was filtered out, washed with distilled water until the pH
reached 7 and dried at 363 K in the oven. The organic template in
the sample was removed by calcining at 823 K for 6 h in a high
temperature furnace, and the rate of heating was controlled at 1 K/
min from room temperature and then dropped through air-cool-
ing environment.
3. Synthesis of LDH

The Mg-Al type LDH was synthesized by low supersaturation
coprecipitation method of Bhatta et al. [27]. Solution A contain-
ing 11.5 g of Mg(NO3)2·6H2O and 8.4 g of Al(NO3)3·9H2O was
dissolved in 22.5 mL distilled water with a Mg/Al atomic ratio of
2 : 1. Solution B containing 4.24 g of Na2CO3 was dissolved in
15 mL distilled water. Solution C containing 6.4 g of NaOH and
solution A were added dropwise simultaneously into solution B to
maintain pH in the range of 10 to 12. The pH was monitored using
a Model PHS-3C pH meter (Qiwei Instrument, China). The mix-
ture was stirred for 24 hours at room temperature. The resulting
precipitate was separated by centrifugation, washed with distilled
water until the pH value was reduced to 7 and then 5.0g of obtained

sample was dried at 363 K in the oven.
4. Synthesis of ML

The in situ synthesis procedure for the low supersaturation copre-
cipitation method was described as follows: 1.25 g of MCM-41
was impregnated with the above solution B before it was added
dropwise simultaneously with the above solution A and solution B
maintaining a constant pH of 10-12. The mixture was stirred for
12 hours at 333 K. This composite material was separated by cen-
trifugation, washed with distilled water until the pH value was
reduced to 7 and dried at 363 K, and it was abbreviated as ML20.
In addition, synthesis procedures of ML10, ML30, ML40 and ML50
were similar to the above ML20, where the numeral indicates the
mass percentage of MCM-41 loading in the composites.
5. Characterization Methods

X-ray diffraction (XRD) patterns of LDH and ML were obtained
by using an XRD-7000 diffractometer (Shimadzu, Japan) with Cu-
Kα radiation that had the highest power of 40 kW. FTIR spectra
of the samples were measured in the spectral range of 4,000-
500 cm−1 on a Cary 660 Spectrum One FTIR spectrometer (Agi-
lent Technologies, Australia). To analyze the surface morphology
of materials, scanning electron microscope (SEM) images were
obtained by using a EVO Element scanning electron microscope
(ZEISS, Japan) using a beam voltage of 15 kV, which was coupled
with an energy dispersive spectrometer (EDS) to identify the ele-
mental composition content of samples.
6. Adsorption Experiments

All the adsorption experiments were performed in a series of
flasks on a constant temperature magnetic stirrer. The suspension
containing a certain concentration of Acid Red G and adsorbents
(LDH or ML) was magnetically stirred for a certain time. Then
the supernatant was achieved by centrifugation at 8,000 rpm for
3 min and analyzed by the UV-Vis spectrophotometer (Analytik
Jena, Germany) to evaluate the adsorption capacity of all adsor-
bents. Adsorption capacity of adsorbent was measured by the dif-
ferences between the initial and final dyes concentration in the
equilibrium solution, and the absorbance values of ARG were
recorded at the wavelength of 503 nm.

To study kinetic adsorption behavior, 50 ml concentration of
25 mg/g ARG solution and 50 mg of adsorbent were added into
the flask in order and then magnetically stirred for 0 to 120 min at
appropriate time intervals on 293 K. The effect of solution initial
pH on adsorption capacities was surveyed by adjusting the desired
pH of ARG solution with HCL or NaOH solution (1 mol/L) from
2 to 11. The effect of temperature on adsorption capacities experi-
ment was determined at different temperatures (273, 293, 313, 333
and 353 K). For the adsorption isotherms experiment, ARG solu-
tion was prepared as a solution with a concentration from 50 to
400 mg/g at 50 mg/g concentration intervals for 60 min to achieve
adsorption equilibration.

RESULTS AND DISCUSSION

1. Characterization
X-ray diffraction (XRD) patterns of the samples are shown in

Fig. 1. These XRD patterns were compared with each other to
confirm the structure of the samples and to determine whether
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LDH was successfully combined with MCM-41. The presence of
three intense reflection peaks close to ~11o, ~23o and ~35o (2θ)
was ascribed to the diffractions by basal planes of (003), (006) and
(009) reflections, and less intense characteristic pair of (110) and
(113) reflection near 60o (2θ). This indicated that the synthesized
samples were well crystallized, and the low angle reflection peak at
11.3o confirmed the presence of the intercalated carbonate ions in
the LDH layer. These structural features were similar to the re-
ported information in the literature [28-30]. There was an absence
of crystalline by-products such as magnesium oxide or metal hy-
droxides, suggesting the purity of synthetic products. As the load
content of MCM-41 increased, the reflection signal of the com-
posites became weaker, which may be because the admixture was
amorphous or the synthesis process affected the LDH crystal for-
mation.

The FTIR spectra of LDH and ML are illustrated in Fig. 2. The
spectrum of MCM-41 and ML shows bands at 1,080 cm−1 and
801 cm−1 which were due to asymmetric stretching of Si-O-Si and
the corresponding symmetric stretching, respectively [31]. Absorp-

tion bands around 3,430 cm−1 for all samples are indicative of
water and -OH stretching groups present on the surface or inter-
layer water molecules, and the band at 1,633 cm−1 was due to -OH
bending vibration of water molecules [32]. The band of LDH and
ML at 1382 cm-1 could be observed, which was attributed to the
symmetry of carbonate anions being close to free anions [33]. These
characteristic spectra again demonstrate that the layered structure
of the combined LDH was complete as the loading of MCM-41
increased.

The scanning electron microscope images of MCM-41 and
ML20 are presented in Fig. 3. We observed that the particle size of
MCM-41 was relatively homogeneous and well dispersed with no
obvious agglomeration. Therefore, it appeared that it could evenly
load the LDH surface. Clearly, in Fig. 3(B), the MCM-41 particles
were well supported on the surface of the platelet-shaped LDH. As
shown in Fig. 4, the composition of the samples was quantita-
tively determined by EDS analysis. In contrast to the EDS spec-
trum data of pure LDH, characteristic peaks of the silicon element
newly appeared due to the loading of MCM-41. The elemental

Fig. 1. XRD patterns of the samples. (a) LDH, (b) ML10, (c) ML20,
(d) ML30, (e) ML40, and (f) ML50.

Fig. 2. FTIR spectra of the samples. (a) MCM-41, (b) LDH, (c)
ML10, (d) ML20, (e) ML30, (f) ML40, and (g) ML50.

Fig. 3. SEM images of (A) MCM-41, and (B) ML20.
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component content represented by the respective characteristic
peaks of samples is summarized in Table 1. The molar ratio of
Mg/Al in all samples was approximately 2 : 1, which was the same
as the expected calculation at the time of synthesis. A similar anal-
ysis was reported in the literature [34]. The mass fraction of MCM-
41 was calculated to be about 20 wt% of the composite by the ratio
of the atomic mass of the Si and the other elements in the ML20,
which was also in line with the expected loading.
2. Adsorption Kinetics

The adsorption mechanism and adsorption characteristics of
adsorbent adsorbed dye ARG were studied by adsorption kinetics
experiment and kinetics model. The adsorption kinetics experi-
ment of ARG on LDH and ML powder was operated in regular
time interval at room temperature. The data obtained from adsorp-
tion experiment were fitted by various kinetic models including
the pseudo-first-order kinetics model (1) and pseudo-second-order
kinetics model (2).

(1)

(2)

where qe and qt are the amounts of dyes (mg/g) adsorbed on the
adsorbents at equilibrium and any time t, respectively; k1 and k2 are
constants of pseudo-first-order and pseudo-second-order kinetic
model for adsorption, respectively.

As shown in Fig. 5, adsorption quantity changes in LDH and
ML with time were described experimental measurement points
and the pseudo-second-order kinetic model [35] predictive curves.
It is obvious that the LDH loaded with MCM-41, in comparison

with the raw LDH, increased the adsorption rate and shortened
the equilibrium time. However, with the increase of MCM-41 load
ratio, the adsorption effect increased first and then decreased.
Among them, quantity capacity of LDH, ML10 and ML20 was
approximately the same, but the adsorption rate of ML10 was the
largest within 120 minutes. Although the adsorption capacity of
ML30, ML40, ML50 was clearly reduced owing to the increase of
MCM-41 load ratio, especially the adsorption effect of ML40 and
ML50 has been severely affected, their adsorption rate was still
increased at the initial time. The calculated parameters of the
pseudo-first-order kinetic [36] and pseudo-second-order kinetic
models for adsorption of LDH and ML are shown in Table 2.
Compared with the pseudo-first-order kinetic model?the values of
the correlation coefficients of the pseudo-second-order kinetic
model are more perfect (Maximum R2=0.9756), indicating the
adsorption behaviors of the five adsorbents in the whole range of
considered time can be described. Meanwhile, it is suggested that
LDH and ML were chemically adsorbed on ARG and chemisorp-
tion usually is considered irreversible. The result of the model was
built on the adsorption quantity of dye adsorbed, and it will help
to predict the adsorption behavior over the entire concentration

lg qe − qt( ) = lgqe − 
k1

2.303
------------t

t
qt
---- = 

1
k2qe

2
---------- + 

1
qe
----t

Fig. 4. EDS analysis of (a) LDH, and (b) ML20.

Table 1. Chemical composition of LDH and ML20 from EDS anal-
ysis

Sample
Chemical composition (wt%) Mg/Al molar

ratio
SiO2/sample

wt. ratioO Mg Al Si
LDH 54.42 28.18 17.41 0.0 1.80 0.0000
ML20 54.67 22.08 12.71 10.54 1.93 0.2254

Fig. 5. The adsorption amount of ARG over samples as a function
of time.
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range and time range, and as a rate control mechanism to sup-
port chemical adsorption [37]. Furthermore, the mechanism of
adsorption, in addition to the physical and chemical properties of
the adsorbent, was also determined by the mass transfer process
[38]. The ML, which was compounded by mesoporous materials,
thus increased the mass transfer rate, and then its adsorption rate
increased, showed a greater advantage for dye adsorption.
3. Effect of Initial pH on Adsorption

The data on the effect of the initial solution pH on the dye
adsorption capacity were recorded in Fig. 6, where LDH and ML
were used as adsorbents, and experiments were performed under
various initial solution pH values ranging from 2 to 11 under the
same operating conditions. It is clearly shown that the adsorption
quantity of the adsorbents was relatively stable at the initial solu-
tion pH of 2 to 9, and then significantly reduced with further
increasing pH value. Several aspects, such as adsorption capacity
of adsorbent, surface charges and active sites, may be attributed to
the adsorption behavior of the adsorbent under different solution
pH values [39]. Compared with pure LDH, the complex ML had
a similar trend to the adsorption capacity at different pH values,
since the surface with CO3-LDH contained a large number of
chemically active sites. The point of zero charge (PZC) is a qualita-
tive analysis of the adsorbent surface charge balance parameters,
and can be used to explain the effect of solution pH on adsorp-
tion capacity [40]. According to the PZC theory, when pH<PZC,
the adsorbent surface is positively charged, which enhances the

adsorption capacity of negatively charged anionic dyes by electro-
static attraction force. ARG is a type of anionic dye, so the electro-
static attraction force contributed to the adsorption behavior in
this pH range between 2 and 9. The composite ML had no change
in the characteristics and mechanism of the effect of acidity on the
adsorption properties of the solution, and still had a wide range of
pH adsorption applications that are similar to LDH.
4. Effect of Temperature on Adsorption

Effect of dye solution temperature on the adsorption capacity of
LDH and ML at 0-80 oC is presented in Fig. 7. It is obvious that
the adsorption capacity of LDH and ML to dyes was relatively sta-
ble in the range of 20 to 40 oC, and out of this range they had a
decrease in adsorption capacity at lower temperatures of 0 oC and
higher temperatures of 80 oC. At lower temperatures, the Brown-
ian motion of dye molecules is weak, which reduces the contact of
dye molecules with the adsorbents, leading to less adsorption [41].
On the other hand, the decreased trend of ML adsorption quan-
tity was more pronounced at higher temperature of 80 oC, may be
due to the collapse of the hydrogen bond or physisorption of dye
on MCM-41 surface. The experiment was carried out in a con-
stant temperature oil bath in the laboratory. ML was not signifi-
cantly reduced in temperature range owing to the complex, and it
can still be adapted to the relatively wide temperature requirements
of industrial dye wastewater.
5. Adsorption Isotherms

To identify a suitable model for design purposes, the adsorp-

Table 2. The calculated parameters of the pseudo-first-order and pseudo-second-order kinetic models for adsorption of LDH and ML
Kinetic model Parameters LDH ML10 ML20 ML30 ML40 ML50
Pseudo-first-order qe (mg/g) 22.8569 21.5774 19.3174 12.4247 7.3995 7.1435

k1 (1/min) 0.4250 0.0547 0.8625 0.4808 0.5912 0.3436
R2 0.7858 0.9400 0.7906 0.7841 0.5432 0.6389

Pseudo-second-order qe (mg/g) 23.5887 24.9328 19.8383 12.8005 7.6355 7.3881
k2 (g/(mg min)) 0.0329 0.0028 0.0784 0.0708 0.0271 0.0883
R2 0.9416 0.9756 0.9660 0.9502 0.8207 0.8485

Fig. 6. Effect of initial solution pH on adsorption quantity of dye
by LDH and ML.

Fig. 7. Effect of solution temperature on adsorption quantity of dye
by LDH and ML.
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experimental data obtained in this study were analyzed by the
commonly used Freundlich and Langmuir isotherm models. The
experimental data and the results of the two fitting models are
shown in the Fig. 8. The Freundlich adsorption isotherm is a widely
applicable equation for many adsorption solutions, which is assumed
that adsorption occurs on non-uniform surfaces. The Freundlich
isotherm model is expressed by the following equation [42]:

(3)

where qe (mg/g) and ce (mg/L) are the equilibrium adsorption quan-
tity of adsorbents and equilibrium adsorbate concentration of solu-
tion, k and 1/n are Freundlich isotherm constants which are as
indicative of the extent of adsorption and adsorption intensity.

Langmuir theory suggests that the adsorption sites can be
evenly distributed over the entire interaction surface, but more
non-uniform distribution. Langmuir isotherm model can be de-
scribed by the following equation [43]:

(4)

where qe (mg/g) and ce (mg/L) are the equilibrium adsorption
quantity of adsorbents and equilibrium adsorbate concentration of
solution, qm (mg/g) is the maximum sorption capacity, and b (L/mg)
is the Langmuir constant related to the free energy of adsorption.

The parameter values such as k, 1/n, qm, b and the correlation
coefficients for Freundlich and Langmuir models obtained by
non-linear curve fitting are listed in Table 3. It is clearly shown that
the value of correlation coefficients (R2=0.90791, 0.92512, 0.90276,
0.99061) for the Langmuir model was much closer to 1 than that
of Freundlich model. Therefore, the adsorption isotherm of ARG
dye on LDH and ML was more suitably described by Langmuir
isotherm model, compared with Freundlich isotherm model. On
the other hand, both LDH and ML were on a higher level of fit-

lgqe = 
1
n
---lgce + lgk

ce

qe
---- = 

1
bqm
--------- + 

ce

qm
------

tion isotherms were carried out to estimate the adsorption charac-
teristics between dye and adsorbent. The equilibrium adsorption

Fig. 8. Adsorption isotherms of ARG dye on LDH and ML. (a) Fre-
undlich isotherm, (b) Langmuir isotherm.

Table 3. Adsorption isotherm parameters of ARG dye on LDH and ML
Model Parameters LDH ML10 ML20 ML30
Freundlich model k 51.63467 37.31673 22.23065 11.93036

1/n 0.19558 0.19434 0.29681 0.05044
R2 0.68403 0.64201 0.72518 0.78597

Langmuir model qm (mg/g) 119.17696 92.19807 96.41947 15.44052
b (L/mg) 0.49647 0.25202 0.08074 0.48074
R2 0.90791 0.92512 0.90276 0.99061

Table 4. Comparison of adsorbents for dye removal from the literature and the present study
Adsorbents Dye used Adsorption capacity (mg/g) References
Fe/CLDH Acid Flavine 2G 147 [20]
MgAl-LDH/CoFe2O4 Congo Red 213 [21]
LDH-carbon dot Methyl Blue 185 [22]
p(GMA-EGMA)-TAA resin Reactive Brown 10 162 [25]
Mg-Al-LDHs Acid Red G 093 [28]
ML10 Acid Red G 092 This work
ML20 Acid Red G 096 This work
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ting degree of Langmuir models, so they had the same adsorption
characteristics. Theoretical adsorption capacity of ML10 (qm=
92.19807 mg/g) and ML20 (qm=96.41947 mg/g) was slightly lower
than that of LDH, but still maintained a high value. However,
according to the above description, the adsorbent adsorption rate
of the composite was improved considerably. Comparison of ad-
sorbents for dye removal from the literature and this work is sum-
marized in Table 4. The adsorption capacity of ML10 and ML20
to remove ARG has a higher level in the present study. Therefore,
ML10 and ML20 have a wide application prospect in adsorbing
ARG dye wastewater.

CONCLUSIONS

A series of experimental results in this study showed that ML20
had higher adsorption rate and maintained a certain adsorption
capacity compared with LDH for the removal of ARG dye from
aqueous solution. XRD patterns, FTIR spectra, SEM images and
EDS analysis of LDH and ML clearly show that MCM-41 parti-
cles were well supported on the surface of the platelet-shaped LDH,
and the layered structure of the combined LDH was complete as
the loading of MCM-41. The adsorption kinetics experimental
data were analyzed and studied for the adsorption rate, which was
consistent with the pseudo-second-order kinetic model. And the
adsorption rate of ML was greater than LDH due to the loading of
the mesoporous material to enhance the mass transfer rate. The
adsorption performance of ML was excellent at a pH of 2 to 9 and
had a wide range of pH adsorption applications. The adsorption
capacity of LDH and ML to dyes was relatively stable in the range
of 20 to 40 oC. Adsorption isotherm of ARG dye on LDH and ML
was more suitably described by Langmuir isotherm model, and
both had the same adsorption characteristics. The theoretical satu-
rated adsorption capacity by ML10 and ML20 was 92.19807 mg/g
and 96.41947 mg/g, respectively, indicating that ML10 and ML20
are more superior materials for application in the adsorption of
ARG dye wastewater.
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