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Abstract
Methylene blue dye can cause damage to the eyes of humans and animals, as well as skin irritation. Also, it can result in 
nausea, cancer, vomiting, convulsions, and diarrhea. Consequently, in this work, an aqueous solution of sodium metasilicate 
pentahydrate (12 g dissolved in 50 mL of deionized water) reacted separately with two aqueous solutions of magnesium 
nitrate hexahydrate (8.47 g dissolved in 50 mL of deionized water and 11.47 g dissolved in 50 mL of deionized water) to 
obtain sodium magnesium silicate hydrate/sodium magnesium silicate hydroxide as novel nanostructures via the sol–gel 
method. Besides, the synthesized nanostructures were utilized for the efficient removal of methylene blue dye from aque-
ous media. The mean crystallite sizes of the nanostructures, which were synthesized using 8.47 and 11.47 g of magnesium 
nitrate hexahydrate, are 73.17 and 60.25 nm, respectively. The nanostructures, which were synthesized using 8.47 and 
11.47 g of magnesium nitrate hexahydrate, were composed of cubes, spheres, and irregular shapes with mean grain sizes of 
175 and 110 nm, respectively. The BET surface areas of the nanostructures, which were synthesized using 8.47 and 11.47 g 
of magnesium nitrate hexahydrate, are 171.04 and 189.90  m2/g, respectively. The maximum adsorption capacities of the 
nanostructures, which were synthesized using 8.47 and 11.47 g of magnesium nitrate hexahydrate, toward methylene blue 
dye are 384.62 and 404.86 mg/g, respectively. The adsorption of methylene blue dye using the synthesized nanostructures 
is consistent with the pseudo-second-order kinetic model and the Langmuir equilibrium isotherm. Also, the adsorption of 
the methylene blue dye is chemical and exothermic.

Keywords Sodium magnesium silicate hydrate · Sodium magnesium silicate hydroxide · Nanostructures · Adsorption · 
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1 Introduction

Water contamination is one of the most major environmental 
issues, growing at an unprecedented rate alongside industri-
alization. Numerous industries directly discharge varying 
amounts of dye wastewater into the surrounding environ-
ment, causing environmental anxiety [1–3]. The majority 
of dyes are consumed by textile, clothing, food, and phar-
maceutical factories [4]. Because of their complicated aro-
matic structures, it is hard to treat synthetic dyes biologically 
with conventional techniques [5]. The majority of dyes are 
toxic, carcinogenic, infrequently biodegradable, and highly 
water-soluble. Dye-polluted water impacts aquatic organ-
isms, human health, and the aesthetic appeal of water. Con-
sequently, the treatment of wastewater is one of the main 
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challenges in environmental protection from pollutants, as 
it facilitates safe recycling within the ecosystem. Diverse 
techniques, including adsorption, coagulation sedimentation, 
flotation, oxidative degradation, electrochemical treatment, 
membrane filtration, biological, and photocatalysis, have 
been utilized to remove dye contaminants from wastewater 
[6–13]. Comparing these techniques, adsorption is regarded 
as a simple and effective method due to its ease of opera-
tion, low cost, high efficiency, remarkably low sludge output, 
and speed [14, 15]. Methylene blue (MB) dye is extensively 
utilized in numerous industries, including wood, linen, and 
silk. It is a cationic dye with high resistance to heat and 
light. Its release into the environment could be detrimen-
tal to human health and the environment [16]. It can cause 
injury to the eyes of humans and animals, as well as skin 
irritation. Also, it can result in nausea, cancer, vomiting, 
convulsions, and diarrhea as reported by Radon et al. [17]. 
Consequently, methylene blue dye must be eliminated from 
the water. Diverse adsorbents have been utilized to purify 
wastewater from methylene blue dye such as  Fe3O4/kaolin-
ite composite, kaolin/graphene oxide composite, magnetic 
multi-wall carbon nanotube composite, zeolite, SDBS-
modified zeolite, activated carbon, and attapulgite/bentonite 
composite [17–23]. Isik et al. [24] synthesize boron carbon 
nitride using melamine and boric acid as precursors for the 
removal of MB dye from aqueous media. Using the Lang-
muir model, it was also found that the uptake capacity at 
25 °C is 212.8 mg/g. Temiz et al. [25] utilized the Capsella 
bursa-pastoris-filled chitosan biocomposite microbeads for 
the removal of MB dye from aqueous media. The uptake 
capacity of the composite increased as the amount of Cap-
sella bursa-pastoris increased, and the maximum uptake 
capacity at 25 °C was determined to be 222.22 mg/g. Li 
et al. [26] synthesize porous activated Starbons derived 
from starch for the removal of MB dye from aqueous media. 
The uptake capacity of the activated Starbons increase as 
the pH of the MB dye increases, and the maximum uptake 
capacity at 25 °C was determined to be 891 mg/g. Xue et al. 
[27] synthesize activated carbons and MOF-based compos-
ite from the ashitaba biomass for the removal of MB dye 
from aqueous media. The activated carbon modified by a 
surfactant outperformed other synthesized adsorbents made 
from ashitaba biomass, exhibiting uptake capacities greater 
than 400 mg/g. Therefore, in search of effective, economical, 
and new adsorbents, we have synthesized sodium magne-
sium silicate hydrate/sodium magnesium silicate hydroxide 
nanostructures as novel adsorbents for the removal of MB 
dye from aqueous media. The synthesized adsorbents are 
more effective than activated carbon in removing MB dye 
for several reasons, namely: 1: The adsorbents were syn-
thesized using simple and low-cost chemicals such as mag-
nesium nitrate and sodium metasilicate. 2: The adsorbents 
were synthesized in a short time using an inexpensive and 

environmentally friendly sol–gel method because they do not 
use ignition furnaces or other devices that consume electric-
ity and do not produce toxic gases that pollute the environ-
ment, which is the opposite of what happens in the case of 
preparing activated carbon. 3: The adsorption capacity of the 
synthesized adsorbents towards the MB dye is much higher 
than that of the activated carbon. The synthesized nanostruc-
tures were characterized using several tools such as X-ray 
diffraction (XRD), Fourier-transform infrared spectroscopy 
(FT-IR),  N2 adsorption/desorption analyzer, and field emis-
sion scanning electron microscopy (FE-SEM). Effects of 
pH, time, temperature, and concentration were studied. The 
nanostructures utilized in this study had a higher % removal 
of MB dye than those previously reported.

2  Experimental

2.1  Chemicals

Magnesium nitrate hexahydrate (Mg(NO3)2⋅6H2O), sodium 
metasilicate pentahydrate  (Na2SiO3⋅5H2O), hydrochloric 
acid (HCl), sodium hydroxide (NaOH), and methylene blue 
dye  (C16H18N3SCl) were of analytical grade, supplied from 
the Sigma Aldrich Company, and utilized without additional 
chemical refining.

2.2  Synthesis of Sodium Magnesium Silicate 
Hydroxide/Sodium Magnesium Silicate Hydrate 
Nanostructures

12 g of  Na2SiO3⋅5H2O was dissolved in 50 mL of deion-
ized water to obtain Si(IV) solution. Also, two solutions of 
Mg(II) ions were prepared separately by dissolving 8.47 and 
11.47 g of Mg(NO3)2⋅6H2O in 50 mL of deionized water. 
Each solution of Mg(II) ions is added separately to the 
Si(IV) solution drop by drop (rate equals one drop per sec-
ond) with vigorous stirring at 570 rpm for 1 h. The produced 
nanostructures were filtered, washed using deionized water, 
and dried at 60 °C for 8 h. The samples, which were syn-
thesized using 8.47 and 11.47 g of Mg(NO3)2⋅6H2O, were 
encoded as M1 and M2, respectively. It is noteworthy that 
two concentrations of Mg(NO3)2⋅6H2O were studied to study 
their effect on the properties of the formed nanostructures 
such as average crystal size and morphology. The previous 
preparation method is called the sol–gel method. Scheme 1 
represents the experimental synthetic steps of the M1 and 
M2 nanostructures.

2.3  Instrumentation

A Bruker D8 Advance X-ray diffraction (XRD) appara-
tus was used to characterize the crystalline properties of 
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the M1 and M2 samples, where  CuKα wavelength equals 
1.54 Å. A Nicolet iS50 Fourier transform infrared (FT-IR) 
instrument was utilized to identify the functional groups 
of the M1 and M2 samples using the KBr disc method 
in the wavenumber range of 4000–400  cm−1. The surface 
morphology and elemental analysis of the M1 and M2 
samples were identified using a JEOL 6510LA scanning 
electron microscopy (SEM) coupled to an energy-disper-
sive X-ray (EDX) unit. The pore characteristics and BET 
surface areas of the M1 and M2 samples were determined 
using  N2 adsorption/desorption analysis at − 196 °C on a 
Quantachrome NOVA Touch LX2 instrument. The con-
centration of the MB dye was determined using a Jasco 
V-670 UV–Vis spectrophotometer.

2.4  Removal of MB Dye from Aqueous Media

0.05 g of the adsorbent (M1 or M2) was completely added 
to 100 mL of a 200 mg/L of MB dye solution. Using 0.1 M 
NaOH or HCl, the pH of the mixture was adapted to the 
required value. The mixture was magnetically stirred at 
the desired time. The adsorbent was centrifuged then the 
MB dye concentration was measured by a Jasco V-670 
UV–Vis spectrophotometer. Additionally, the maximum 
wavelength of the MB dye is 663 nm. Several experimen-
tal conditions were studied, for example, pH (2–8), time 
(10–110 min), temperature (298–328 K), and concentration 
(120–280 mg/L). The % removal (% R) of the MB dye and 
the adsorption capacity (Q) of the M1 and M2 adsorbents 
were calculated using Eqs. (1) and (2), respectively.

where  Co represents the initial concentration of MB dye 
(mg/L),  Ce represents the concentration of the MB dye at 
equilibrium (mg/L), M represents the mass of the adsorbent 
(g), and V represents the volume of the MB dye solution (L).

3  Results and Discussion

3.1  Characterization of the Synthesized Samples

Figure  1A and B depicts the XRD patterns of the M1 
and M2 samples, respectively. Additionally, the results 
revealed that the M1 and M2 samples consist of two phases: 
sodium magnesium silicate hydrate (Chemical formula: 
 Na2Mg3Si6O16⋅8H2O and JCPDS No. 00-013-0310) and 
sodium magnesium silicate hydroxide (Chemical formula: 
 Na2Mg6Si8O22(OH)2 and JCPDS No. 01-030-1215). The 
mean crystallite sizes of the M1 and M2 samples are 73.17 
and 60.25 nm, respectively. Peaks at 2θ = 6.71°, 19.94°, 
21.19°, 27.27°, 28.22°, 30.95°, 38.92°, and 53.72° are attrib-
utable to sodium magnesium silicate hydrate. Besides, the 
peaks at 2θ = 29.27°, 35.35°, 48.19°, 55.30°, and 60.24° 
are due to the (060), (− 122), (500), (− 323), and (143) 
miller indices of sodium magnesium silicate hydroxide, 
respectively.

(1)%R =
Co − Ce

Co

× 100

(2)Q = (Co − Ce) ×
V

M

Scheme 1  The experimental 
synthetic steps of the M1 and 
M2 nanostructures
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Figure 2A and B depicts the EDX patterns of the M1 and 
M2 samples, respectively. Additionally, the results revealed 
that the M1 samples is composed of Si, Mg, Na, and O with 
weight percentages equal to 36.82%, 17.34%, 7.53%, and 
38.31%, respectively. Besides, the M2 product is composed 
of Si, Mg, Na, and O with weight percentages equal to 
32.02%, 20.10%, 8.14%, and 39.74%, respectively.

Figure 3A and B depicts the FT-IR spectra of the M1 
and M2 products, respectively. Additionally, the results 
confirmed that the bands, which were observed at 455 and 
494  cm−1 in the M1 and M2 products, are due to the bend-
ing vibrations of U–O–U (U = Mg and/or Si), respectively. 
The observed bands at 660 and 654  cm−1 in the M1 and M2 
products, are because of the internal symmetric stretching 
of U–O–U, respectively. Additionally, the bands at 902 and 
910  cm−1 in the M1 and M2 products, are because of the 
external symmetric stretching of U–O–U, respectively. The 
bands, which were observed at 1007 and 1006  cm−1 in the 
M1 and M2 products, are because of the internal asymmetric 

stretching of U–O–U, respectively. Furthermore, the bands 
at 1390 and 1391  cm−1 in the M1 and M2 products, are 
because of the external asymmetric stretching of U–O–U, 
respectively. Moreover, the bands, which were observed 
at 1643 and 1647  cm−1 in the M1 and M2 products, are 
because of the bending vibration of O–H, respectively. The 
bands, which were observed at 3448 and 3466  cm−1 in the 
M1 and M2 products, are because of the stretching vibration 
of O–H, respectively [24, 25, 28].

Figure 4A and B depicts the FE-SEM images of the M1 
and M2 products, respectively. Additionally, the results 
revealed that the M1 and M2 products consist of cubic, 
sphere, and irregular shapes with mean grain sizes of 175 
and 110 nm, respectively.

Figure 5A and B depicts the  N2 adsorption/desorption 
isotherms of the M1 and M2 products, respectively. Addi-
tionally, the results showed that the obtained curves belong 
to the IV isotherm [26, 27]. An adsorption isotherm is 
obtained by measuring the amount of gas adsorbed across 
a wide range of relative pressures at a constant tempera-
ture (typically liquid  N2). Conversely, desorption isotherms 
are achieved by measuring the gas removed as pressure is 
reduced. The IV isotherm is characterized by a hysteresis 
loop, an initial loop (mono-multilayer adsorption), and a 
second loop (desorption). The IV isotherm occurs on porous 
adsorbents. At higher pressures, the slope shows increased 
uptake of adsorbate as pores become filled, and the inflection 
point typically occurs near the completion of the first mon-
olayer. Also, surface properties such as BET surface area, 
total pore volume, and average pore size of the M1 and M2 

Fig. 1  The XRD patterns of the M1 (A) and M2 (B) samples

Fig. 2  The EDX patterns of the M1 (A) and M2 (B) samples
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samples are shown in Table 1. The BET surface area of the 
M2 sample is greater than that of the M1 sample because 
the mean crystallite size of the M2 sample is less than that 
of the M1 sample.

3.2  Removal of MB Dye from Aqueous Media

3.2.1  Effect of pH

Figure 6A and B expresses the graph of pH versus % R of 
MB dye and Q of the M1 and M2 samples, respectively. 
Increasing the pH value from 2 to 8 led to an increase in % R 
or Q. Therefore, at pH 8, the maximum quantity of MB dye 
can be eliminated. A pH higher than 8 causes the MB dye to 
precipitate, so the study was carried out in the range from 2 
to 8 only. % R of the MB dye at pH 8 employing the M1 and 
M2 samples equals 93.89 and 99.30%, respectively. Also, Q 
of the M1 and M2 samples toward MB dye equals 375.54 
and 397.18 mg/g, respectively. The point of zero charge 
 (pHPZC) is the pH of the suspension at which the net charge 

on the surface of an adsorbent is zero. Additionally, Fig. 7 
expresses the graph of  pHfinal versus  pHinitial for several KCl 
solutions using the M1 and M2 samples, respectively in the 
same way as reported by Khalifa et al. [29]. Besides, the 
results showed that the  pHPZC of the M1 and M2 samples is 
6.00 and 5.70, respectively. If the pH of the MB dye solution 
exceeds  pHPZC, both M1 and M2 are surrounded by a lot 
of negative ions  (OH−) on their surfaces, which can attract 
positive ions (MB dye) and thus increase both the % R and 
Q. If the pH value of the MB dye solution is smaller than 
 pHPZC, the surface of both M1 and M2 is surrounded by a lot 
of positive ions  (H+) that repel positive ions (MB dye) and 
thus decrease both the % R and Q [27, 30].

3.2.2  Effect of Time

Figure 8A and B expresses the graph of time versus % R 
of MB dye and Q of the M1 and M2 samples, respectively. 
Increasing the contact time value from 10 to 90 min led to 
an increase in % R or Q. Also, increasing the contact time 
from 90 to 110 min did not cause a significant change in % 
R or Q. Thus, time = 90 min is the better value at which the 
maximum amount of MB dye is removed. % R of the MB dye 
after 90 min applying the M1 and M2 samples equals 94.15 

Fig. 3  The FT-IR spectra of the M1 (A) and M2 (B) samples

Fig. 4  The FE-SEM images of the M1 (A) and M2 (B) samples
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and 99.25%, respectively. Also, Q of the M1 and M2 samples 
toward MB dye equals 376.60 and 397.00 mg/g, respectively.

The obtained results were analyzed using the pseudo-first-
order and pseudo-second-order kinetic models, as defined by 
Eqs. (3) and (4), respectively [27, 30].

(3)log
(

Qe − Qt

)

= logQe −
k
1

2.303
t

Fig. 5  The  N2 adsorption/desorption isotherms of the M1 (A) and M2 
(B) samples

Table 1  The BET surface area, average pore size, and total pore vol-
ume of the M1 and M2 products

Surface properties Sample

M1 M2

BET surface area  (m2/g) 171.04 189.90
Average pore size (nm) 2.4751 2.1275
Total pore volume (cc/g) 0.2117 0.2020

Fig. 6  The plot of pH versus % R of MB dye (A) and Q of the M1 
and M2 samples (B)

Fig. 7  The plot of  pHfinal versus  pHinitial for several KCl solutions 
using the M1 and M2 samples
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where  Qt (mg/g) is the quantity of MB dye adsorbed at time 
t (min).  Qe (mg/g) is the adsorption capacity of the M1 and 
M2 samples at equilibrium.  k1 is the rate constant of the 
pseudo-first-order model (1/min) whereas  k2 is the rate con-
stant of the pseudo-second-order model (g/mg/min). Fig-
ure 9A and B represents the plots of log  (Qe-Qt) and t/Qt 
versus t, respectively. Also, Table 2 contains the constants 
of the pseudo-first-order and pseudo-second-order kinetic 
models. Due to the large value of the pseudo-second-order 
correlation coefficient  (R2) compared to its counterpart in 
the pseudo-first-order, the results are more consistent with 
the pseudo-second-order model.

3.2.3  Effect of Temperature

Figure 10A and B expresses the plot of temperature versus % 
R of MB dye and Q of the M1 and M2 samples, respectively. 
Increasing the temperature value from 298 to 328 K led to 

(4)
t

Qt

=
1

k
2
Q2

e

+
1

Qe

t a decrease in % R or Q. Therefore, temperature = 298 K is 
the best value at which the maximum amount of MB dye is 
removed. On the basis of the experimental data, the ther-
modynamic parameters of adsorption processes of the MB 
dye applying the M1 and M2 samples, △G° (change in free 
energy, kJ/mol), △H° (change in enthalpy, kJ/mol) and △S° 
(change in entropy, kJ/mol kelvin), were calculated using 
Eqs. (5), (6), and (7) [27, 30].

R (kJ/mol kelvin) is the gas constant. T (kelvin) is the 
absolute temperature whereas  Kd (L/g) is the distribution 
constant. Figure 11 expresses the plot of ln  Kd versus 1/T. 

(5)lnKd =
ΔSo

R
−

ΔHo

RT

(6)ΔGo = ΔHo − TΔSo

(7)Kd =
Qe

Ce

Fig. 8  The plot of time versus % R of MB dye (A) and Q of the M1 
and M2 samples (B) Fig. 9  The plots of log  (Qe −  Qt) (A) and t/Qt (B) versus t
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Table 3 contains the calculated thermodynamic parameters. 
The negative values of △Ho and the positive values of △S° 
suggested that the adsorption processes of MB dye were 
conducted under exothermic nature with the increase in the 
system randomness. The adsorption processes of the MB dye 
are chemical because the △H° values are greater than 40 kJ/
mol. The negative values of △Go indicated that the adsorp-
tion processes of the MB dye were spontaneous.

3.2.4  Effect of Concentration

Figure 12A and B expresses the plot of concentration ver-
sus % R of MB dye and Q of the M1 and M2 samples, 

respectively. Increasing the concentration value from 120 
to 280 mg/L led to a decrease in % R and an increase in 
Q. The obtained results were analyzed using the Langmuir 
and Freundlich isotherms, as defined by Eqs. (8) and (9), 
respectively [27, 30].

Qm (mg/g) represents the maximum adsorption capac-
ity of the M1 and M2 samples.  kL (L/mg) represents the 
constant of the Langmuir isotherm. 1/n and  kF (mg/g)(L/
mg)1/n are the heterogeneity constant and the constant of 
the Freundlich isotherm, respectively. The Freundlich iso-
therm can be used to determine the  Qm using Eq. (10) [27, 
30].

Figure 13A and B expresses the Langmuir and Freundlich 
isotherms, respectively. Also, Table 4 contains the constants 
of the Freundlich and Langmuir isotherms. Due to the large 
value of the Langmuir correlation coefficient  (R2) com-
pared to its counterpart in the Freundlich, the results are 
more consistent with the Langmuir isotherm. The maximum 

(8)
Ce

Qe

=
1

kLQm

+
Ce

Qm

(9)lnQe = lnkF +
1

n
lnCe

(10)Qm = kF
(

C1∕n
o

)

Table 2  The constants of the 
pseudo-first-order and pseudo-
second-order kinetic models

Adsorbent Qe (mg/g) Constants R2

First order Second order k1 (1/min) k2 (g/mg/min) First order Second order

M1 324.98 389.11 0.0133 6.33 ×  105− 0.9916 0.9958
M2 310.29 409.84 0.0162 8.95 ×  105− 0.9823 0.9968

Fig. 10  The plot of temperature versus % R of MB dye (A) and Q of 
the M1 and M2 samples (B)

Fig. 11  The plot of  lnKd versus 1/T
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adsorption capacities of the M1 and M2 samples toward MB 
dye are 384.62 and 404.86 mg/g, respectively.

The % removal of MB dye using the M1 and M2 sam-
ples was compared with that of many adsorbents in previous 
studies, for example,  Fe3O4/kaolinite composite, kaolin/gra-
phene oxide composite, magnetic multi-wall carbon nano-
tube composite, zeolite, SDBS-modified zeolite, activated 
carbon, and attapulgite/bentonite composite, as clarified in 

Table 5 [17–23]. The nanostructures utilized in this study 
had a higher % removal of MB dye than those previously 
reported.

In the crystal lattice of the sodium magnesium silicate 
hydrate/sodium magnesium silicate hydroxide, divalent 
magnesium ions replace some tetravalent silicon ions, 

Table 3  The thermodynamic 
constants for the removal of MB 
dye applying the M1 and M2 
products

Adsorbent △Ho (kJ/mol) △So (kJ/mol K) △Go (kJ/mol)

298 308 318 328

M1  − 48.86 0.1357  − 89.31  − 90.66  − 92.02  − 93.38
M2  − 56.23 0.1425  − 98.69  − 100.11  − 101.54  − 102.96

Fig. 12  The plot of concentration versus % R of methylene blue dye 
(A) and Q of the M1 and M2 samples (B)

Fig. 13  The Langmuir (A) and Freundlich (B) isotherms

Table 4  The calculated 
constants of the Langmuir and 
Freundlich isotherms

Adsorbent Langmuir Freundlich

Qm (mg/g) kL (L/mg) R2 Qm (mg/g) kF (mg/g)(L/mg)1/n R2

M1 384.62 2.8200 0.9999 437.47 277.0007 0.7911
M2 404.86 5.1257 0.9999 457.47 312.9145 0.5073
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and this leads to the creation of a negative charge that is 
neutralized by positive sodium ions. After that, it is easy 
to replace positive sodium ions with other positive ions 
such as MB dye [16]. To confirm this adsorption mecha-
nism, the FT-IR spectra of MB dye adsorbed on the M1 
sample (as illustrative example) are shown in Fig. 14. The 
two bands at 3000 and 2857  cm−1 represent the stretching 
vibrations of CH aromatic and CH aliphatic of MB dye, 
respectively. The bands in the range 1422–1568  cm−1 rep-
resent the stretching vibrations of C=C aromatic of MB 
dye [31–35].

3.2.5  Regeneration and Reusability Study

To regenerate the adsorbent, MB dye is completely 
removed from the surface of M1 or M2 samples by heat-
ing at 180 °C for 3 h. After that, the regenerated M1 or 
M2 samples were used for the removal of MB dye for four 
consecutive cycles as previously described in the experi-
mental part. The adsorption capacity of MB dye using the 
M1 and M2 samples did not change significantly as shown 
in Fig. 15A and B, respectively.

4  Conclusions

An aqueous solution of sodium metasilicate pentahydrate 
(12 g dissolved in 50 mL of deionized water) reacted with 
two aqueous solutions of magnesium nitrate hexahydrate 
(8.47 g dissolved in 50 mL of distilled water and 11.47 g 
dissolved in 50 mL of distilled water) to produce sodium 

Table 5  Adsorption capacity of the synthesized nanostructures com-
pared to that of further adsorbents

Adsorbent Adsorption 
capacity (mg/g)

Refs.

Fe3O4/kaolinite composite 171.00 [18]
Kaolin/graphene oxide composite 28.016 [19]
Magnetic multi-wall carbon nanotube 

composite
15.87 [20]

Zeolite 8.67 [21]
SDBS-modified zeolite 15.68 [22]
Activated carbon 270.27 [23]
Attapulgite/bentonite composite 168.63 [28]
M1 384.62 This study
M2 404.86 This study

Fig. 14  The FT-IR spectrum of the MB dye adsorbed on the M1 sam-
ple

Fig. 15  The plot of the adsorption capacities of the M1 (A) and M2 (B) samples versus cycle number
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magnesium silicate hydrate/sodium magnesium silicate 
hydroxide as novel nanostructures. M1 and M2 are the 
abbreviations for the nanostructures that were synthe-
sized using 8.47 and 11.47 g of magnesium nitrate hexa-
hydrate, respectively. The maximum adsorption capacities 
of the M1 and M2 samples toward MB dye are 384.62 and 
404.86 mg/g, respectively.
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