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Abstract

Ordered mesoporous MgO was synthesized via template method by using magnesium nitrate as a precursor and amphiphilic
triblock copolymer Pluronic F127 as a template. The products were characterized by X-ray powder diffraction (XRD) and
transmission electron microscopy (TEM), and the Brunauer-Emmett-Teller (BET) method was used to calculate the specific
surface areas. The effects of aging time, relative humidity, and magnesium nitrate content on the morphology and textural
properties of the products were studied. When the aging time was 36 h and the relative humidity was 40%, the ordered
mesoporous MgO with uniform pore sizes (3.2 nm), high specific surface areas (517.2 m%/g), and high pore volumes (0.42
cm’/g) were obtained. Furthermore, the adsorption properties of ordered mesoporous MgO as adsorbent for removal of Pb(IT) and
Cd(I) ions were studied. The adsorption kinetics and isotherm data agreed well with pseudo-second-order model and
Langmuir model, indicating that the adsorption of heavy metal ions on the ordered mesoporous MgO was mainly
chemical and homogeneous adsorption. The maximum adsorption capacities for Pb(Il) and Cd(II) ions were up to

3073.5 mg/g and 1485.1 mg/g, respectively.
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Introduction

As we all know, freshwater is an essential resource for the
survival of all life on Earth. However, with the rapid develop-
ment of modern industrialization, the environmental water
pollution is becoming more and more serious (Wu et al.
2017). Among various sources of water pollution, heavy metal
ions have been considered as one of the most toxic pollutions
because of their non-degradable and accumulative nature
(Bhatnagar et al. 2011; Wang et al. 2013; Yu et al. 2018).
Excessive concentrations of heavy metal ions like Pb(Il) and
Cd(I) in water can cause serious human health problems,
such as heart disease, bladder cancer, leukemia, and thyroid
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disorder (Liu et al. 2014; Qu et al. 2013). Therefore, highly
effective adsorption of them from water is of great importance.
To the best of our knowledge, various conventional methods
like ion exchange, precipitation, adsorption, and evaporation
have been used for wastewater purification (Iannazzo et al.
2017; Kumar et al. 2013; Li and Zhou 2018; Mahmood
et al. 2011). Among them, the adsorption method has been
widely used because of its simplicity and high efficiency for
heavy metal ion removal (Sheela et al. 2011; Xiong et al.
2015; Yuetal. 2011). Till now, a few of traditional adsorbents
such as WOs3, TiO,, CuO, and activated alumina have been
extensively utilized for the adsorptive removal of heavy metal
ions from wastewater (Karami 2013; Liu et al. 2009; Ozdemir
et al. 2006; Zhao et al. 2011). However, these adsorbents
suffer from the problem of low adsorption capacity, which
greatly limit their application. Thus, it is very necessary and
meaningful to synthesize new adsorbent materials with low
cost and high adsorption performance.

In recent years, ordered mesoporous materials have
attracted extensive attention owing to their unique structure.
These materials have been widely applied in many applica-
tions such as separation, adsorption, photonic crystals, and
supercapacitor electrodes (Abdusalam et al. 2017; Fan et al.
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2007; Han et al. 2012; She et al. 2011). Among them, meso-
porous metal oxides with high specific surface area and uni-
form pore size distribution exhibit excellent adsorption effi-
ciency for the removal of heavy metal ions from wastewater,
which are considered good adsorbents (Sharma et al. 2019).
Magnesium oxide (MgO), a non-toxic and environment
friendly functional metal oxide, has been widely studied as
an adsorbent for water purification. To date, lots of methods
have been developed to synthesize mesoporous MgO nano-
structures, including hydrothermal (Liu et al. 2015), sol-gel
(Niesz et al. 2005), chemical gas phase deposition (Lazaridis
et al. 2007), surfactant method (Possato et al. 2020), and
spray-drying method (Kuang et al. 2019). Chowdhury et al.
(2016) synthesized mesoporous nanostructured MgO by hy-
drothermal method, which exhibited excellent adsorption ca-
pacity for the removal of heavy metal ions. Yu et al. (2018)
reported that MgO mesoporous nanofibers had the superior
adsorption capacity of 237.49 mg/g for fluoride and 4802.27
mg/g for Congo red. Feng et al. (2015) synthesized hexagonal
mesoporous MgO nanosheets with the maximum Ni(II) ad-
sorption capacity of 1684.25 mg/g. Kuang et al. (2019) had
synthesized hollow mesoporous MgO spheres by spray-
drying method with improved adsorption capacity for Pb(II)
and Cd(II) ions. Although various MgO nanomaterials have
been successfully synthesized by different technologies, chal-
lenges still remain in the development of nanostructured MgO
with high specific surface area and superior adsorption perfor-
mance for Pb(IT) and Cd(IT) removal.

In this paper, ordered mesoporous MgO nanostructures
were synthesized based on the template method by using mag-
nesium nitrate as a precursor and amphiphilic triblock copol-
ymer Pluronic F127 as a template. The effect of aging time,
relative humidity, and magnesium nitrate content on the mor-
phology and textural properties of the products was investi-
gated. Furthermore, we studied the adsorption capacity of the
resultant mesoporous MgO nanostructures on Pb(Il) and
Cd(II) ions. The adsorption isotherms and adsorption kinetics
were also studied to reveal the adsorption mechanism. The as-
synthesized mesoporous MgO nanostructures could be devel-
oped as potential adsorbents for highly effective adsorption of
heavy metal ions in wastewater treatment.

Experiments
Materials

Triblock copolymer Pluronic F127 was purchased from
Sigma Company. Magnesium nitrate hexahydrate
(Mg(NO3),'6H,0), phenol, formalin solution (37 wt%), sodi-
um hydroxide, hydrochloric acid, ethanol, lead nitrate
(Pb(NO3),-4H,0), and cadmium nitrate (Cd(NO3),-4H,0)
were purchased from Beijing Chemicals Reagent Company

(Beijing, China). All the chemical reagents in our ex-
periment were analytically graded and used directly
without further purification.

Preparation of resol precursors

First, 8.0 g phenol and 0.36 g NaOH were dissolved in 1.7 g
deionized water at room temperature. Then, 14.5 g formalde-
hyde solution was dropped into this solution. The mixed so-
lution was heated to 75 °C for 1.5 h. After cooling to room
temperature, the pH value was adjusted to 7.0. The solution
was placed in a vacuum oven at 45 °C to remove water.
Finally, the resol precursors were re-dissolved in ethanol to
prepare a solution with 20 wt%.

Preparation of mesoporous MgO

In a typical preparation, 1.0 g F127 was dissolved in 20 g
ethanol and stirred for 1 h at 40 °C to form a clear solution.
Subsequently, 0.1-0.4 g Mg(NOs),-6H,0 and 5 g resol solu-
tion were added in sequence. After stirring at room tempera-
ture for 2 h, the mixture was dried at 30 °C for 4 h and then
aged for 36 h at 40% relative humidity (RH) in an oven. Then,
the as-made membranes were scraped from the glass and were
calcined at different temperatures under nitrogen atmosphere
with a heating rate of 1 °C/min in a tube furnace. The process
was first suspended at 350 °C for 3 h and at 600 °C for 2 h.
After cooling to room temperature, the products were ground
into fine powders. Finally, the powders were calcined at 350
°C for 1 h under oxygen atmosphere with a heating rate of 5
°C/min in tube furnace.

Characterization

The phase of the powders was characterized by X-ray
diffractometer (XRD, Rigku D-max 2500) with Cu Ko
radiation (A = 0.15 nm) at a scanning speed 3°/min.
The morphologies of the samples were characterized
by using transmission electron microscopy (TEM)
(Tecnai G2 30ST), with an accelerating voltage of 300
kV. The N, adsorption and desorption isotherms were
measured by using Micromeritics ASAP 2020 to char-
acterize the adsorption types, and the specific surface
areas and pore size distributions were calculated by
the Brunauer-Emmett-Teller (BET) and Barrett—Joyner—
Halenda (BJH) methods, respectively. The inductively
coupled plasma-atomic emission spectroscopy (ICP-
AES, Jarrell-Ash model ICAP 9000) was utilized to
determine the concentrations of heavy metal ions re-
maining in solutions after adsorption.
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Fig. 1 XRD pattern of prepared mesoporous MgO calcined at 350 °C
Heavy metal ions adsorption test

Pb(II) and Cd(II) ion solutions with different concentrations
were prepared by using lead nitrate and cadmium nitrate as the
sources of heavy metal ions, respectively. The pH values of
each Pb(Il) and Cd(II) ion solution were 5.0. The mesoporous
MgO powders obtained by calcination at 350 °C were used as
adsorbent. For the adsorption kinetic study, 200 mg mesopo-
rous MgO powders were added into 200 mL Pb(II) and Cd(II)
solutions with an initial concentration of 100 mg/L, respec-
tively. After stirring at specified time, the solid and liquid were
separated immediately, and the concentrations of residual
heavy metal ions in the supernatant after centrifugation were
measured by the inductively coupled plasma-atomic emission
spectroscopy (ICP). For the adsorption isothermal study,
20 mg of mesoporous MgO was added to 20 mL solutions
with different concentrations of Pb(II) and Cd(II) ions under
stirring at room temperature (25 °C) for 24 h.

The adsorption capacity (g., mg/g) of MgO for adsorbing
heavy metal ions was calculated by the formula:

V(Co—C,)

qde = I (1)

Fig. 2 TEM image (a) and the
amplification TEM image (b) of
as-prepared mesoporous MgO
calcined at 600 °C
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Fig. 3 SAXRD pattern of the synthesized mesoporous MgO calcined at
600 °C

where C, (mg/L) is the initial concentrations of heavy met-
al ions and C, (mg/L) is the equilibrium concentrations, while
V (L) is the volume of the solution and m (g) is the weight of
the adsorbent.

Results and discussion

Structures and morphologies of the synthesized
mesoporous MgO

The XRD pattern of mesoporous MgO powders calcined at
350 °C is shown in Fig. 1. It is obvious that the diffraction
peaks can be indexed to MgO (JCPDS # 79-0612) and
Mg,CO5(OH),(H,0); (JCPDS # 70-0591) phases. Among
them, Mg,CO3(OH),(H,0); phase was formed by the combi-
nation of MgO with CO, produced during decarbonization
and H,O in the environment (Yan and Xue 2005). The reac-
tion equation is presented as follows:

MgO + CO, + H,0—Mg,CO;3(OH), (H,0), (2)
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In addition, the diffraction peaks of MgO were obvious and
sharp, indicating that the samples had good crystallinity after
calcination at 350 °C.

Figure 2 a shows the TEM image of as-prepared mesoporous
MgO calcined at 600 °C. As shown in Fig. 2a, the as-prepared
mesoporous MgO exhibits large domains of typical stripe-like and
hexagonally arranged patterns, indicating that a highly ordered
mesostructure is formed in the as-prepared mesoporous MgO (Li
et al. 2021). The high-magnification TEM image (Fig. 2b) further
reveals that the as-prepared mesoporous MgO exhibits 2-D hex-
agonal mesostructured with average pore diameter of ~ 3 nm.

The small-angle XRD (SAXRD) pattern of mesoporous
MgO powders calcined at 600 °C is shown in Fig. 3. It dis-
plays an obvious small diffraction peak at 26 of 1.05°, indi-
cating that the MgO structure still maintains an obvious

Fig. 5 TEM images of
mesoporous MgO by different
aging times. a 12h.b24h.¢36h.
d48h

mesoporous structure without collapse (Babu et al. 2012),
which is consistent with the above TEM surface morphology.

The N, adsorption-desorption isotherms and pore size distri-
butions via the BJH method of the as-prepared MgO powders
calcined at 350 °C are shown in Fig. 4. The isotherm exhibits a
typical Langmuir IV isotherm with H2 hysteresis loop, indicating
the existence of mesostructure in the as-prepared MgO (Biabani
etal. 2012; Li et al. 2021). Moreover, obvious capillary conden-
sation was observed at a relative pressure (P/P,) of 0.45-0.83,
which reflects a high-uniformity mesopores (She et al. 2011).
The corresponding BJH pore size distributions derived from
the desorption data of the isotherms are shown in the inset of
Fig. 4. It can be seen that the pore size distribution was narrow
and mainly concentrated in the range of 20100 A, indicating
that the prepared MgO has uniform mesoporous channels. The

100nm
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Fig. 6 TEM images of
mesoporous MgO prepared at
different relative humidities
(RHs). a 30% RH. b 35% RH. ¢
40% RH. d 45% RH

calculated pore size of the sample is 3.2 nm, the specific surface
area is 517.5 m?/g, and the pore volume is 0.4152 cm’/g.
According to the above analysis results, mesoporous MgO ma-
terials with ordered arrangement pores were successfully pre-
pared by template method.

Effect of aging time

The aging conditions of the membranes play an important role
in the formation of mesoporous structures. We examined the
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Fig. 7 N, adsorption-desorption isotherms of the MgO synthesized by
different relative humidities (RHs). a 30% RH. b 35% RH. ¢ 40% RH. d
45% RH
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effect of aging time on the morphology and textural properties
of the products. The TEM images of mesoporous MgO pow-
ders by different aging time are shown in Fig. 5. It can be
clearly seen that when the aging time is 12 h, the sample has
few and disordered mesoporous structures (Fig. 5a). As the
aging time extended to 24 h (Fig. 5b), the obtained MgO
material has a large number of mesoporous structures, and is
undergoing self-assembly sequence of micelle contraction and
closing, and the pore structure changes obviously. The main
reason is that the short aging time leads to a decrease in the
crosslinking degree of the gel, and there is no sufficient hy-
drolysis and condensation process to form an unstable meso-
porous structure. When the aging time is 36 h, the obtained
mesoporous structure is shown in Fig. Sc, presenting regular
mesoporous structure. Moreover, according to the above dis-
cussion, the membranes prepared under this condition can
withstand baking at 600 °C. However, when the aging time
increases to 48 h (Fig. 5b), the ordered degree of mesoporous
structure of MgO decreases.

Table 1 Textural properties of different relative humidity samples

RH (%) 30 35 40 45
Sper (M%/g) 387.7 530.9 517.5 526.8
Diyerage (Nm) 29 3.1 32 2.8

V (cm®/g) 0.29 0.41 0.42 0.38




Environ Sci Pollut Res (2021) 28:31630-31639

31635

Fig. 8 TEM images of MgO
synthesized by different
Mg(NO3),:6H,O contents. a 0.1 g
Mg(NO3),6H,0.¢ 03 g
Mg(NO3),6H,0

Effect of relative humidity

Relative humidity is also a very important factor in the syn-
thesis of mesoporous materials. In order to study its influence
on the sample morphology, we have prepared mesoporous
MgO materials by aging for 36 h under different relative hu-
midities. Figure 6 shows the TEM images of the synthesized
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Fig. 9 SAXRD patterns of MgO synthesized by different

Mg(NO3),-6H,0 contents. a 0.1 g Mg(NO3),-6H,0. b 0.2 g
Mg(NO3),:6H,0. ¢ 0.3 g Mg(NO;),-6H,0. d 0.4 g Mg(NOs),-6H,O

Intensity(a.u.)

[\

200nm

| (M]

mesoporous MgO powders. It is obviously observed that all
samples exhibit large domains of typical stripe-like and or-
dered arrangement.

To further study the effect of relative humidity on the pore
structures of the samples, the N, adsorption-desorption iso-
therms and BJH calculated method were used to analyze the
pore sizes and specific surface areas of the samples. As shown
in Fig. 7, all synthesized mesoporous MgO exhibits a typical
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Fig. 10 N, adsorption-desorption isotherms of MgO synthesized by dif-
ferent Mg(NO;),-6H,0O contents. a 0.1 g Mg(NO5),-6H,0. b 0.2 g
Mg(NO3),:6H,0. ¢ 0.3 g Mg(NO3),:6H,0. d 0.4 g Mg(NOs),-6H,O
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Table3 Langmuir equation parameters for Pb(Il) and Cd(II) adsorption
onto mesoporous MgO

Table 2 Physicochemical properties of MgO with different
Mg(NO3), 6H,0 contents

Mg(NOs), 6H,0 (g) 0.1 0.2 0.3 04
Sger (m¥/g) 5159 454.7 441.4 382.5
Diyerage (Nm) 2.1 2.1 2.7 39

V (cm’/g) 027 0.23 0.29 037

Langmuir IV isotherm and has H2 hysteresis loop, indicating
a highly uniform mesostructure (Li et al. 2021), which is con-
sistent with the TEM result. The calculated parameters are
listed in Table 1. The mean pore sizes of the mesoporous
MgO prepared at different relative humidities are in the range
0f2.9-3.2 nm. When the relative humidity is 30%, the specific
surface areas of the sample are small and only 387.7 mz/g.
When the humidity is in a low range, the volatile matter in the
film volatilizes at a very high speed so that the micelle does
not completely shrink and close, forming particles, resulting in
a low specific surface area. However, when the relative hu-
midity is 45% RH, the pore size and volume become smaller
mainly due to the high humidity and low evaporation rate,
which promotes the inorganic salt oligomer to combine with
EO [HO(CH,CH,0)] group of PEO (polyethylene oxide) in
the inner layer of micelle, thus forming ordered mesopores
with large wall thickness.

Effect of magnesium nitrate content

In this study, the effects of magnesium nitrate content on
mesoporous MgO structures were also investigated. As shown
in Fig. 8, the TEM images of mesoporous MgO samples with
different Mg(NO3),-6H,0 contents all exhibit typical stripe-
like arrangement, showing that there are 2-D hexagonal
mesostructures in them. In addition, the SAXRD was also
utilized to further characterize the orderliness of MgO mate-
rials synthesized by adding different Mg(NO3),-6H,0
contents. As shown in Fig. 9, the samples have an ob-
vious diffraction peak around 26 = 1.02°, indicating a

3200{ @ v
2800 4
— 24004 N
) A
ED 20001
3 1600+
= L
1200- = 0.1 g Mg(NO3)2: 6H20
f e 0.2 g Mg(NO3)2:- 6H20
8004 A 0.3 g Mg(NO3)2- 6H20
1 1 v 0.4 g Mg(NO3)2: 6H20
400 ] —— Langmuir fit
0

0 200 400 600 800 1000 1200 1400 1600
Ce (mg/L)

Mg(NO3),:6H,0 (g) gm (mg/g) R ARE (%)
Pbd) Cdd) Pbd) Cdd) Pb(l) Cd(l)
0.1 1671.9 787.1 09955 0.9943 137 3.49
0.2 1952.6 992.0 09710 09764 435 3.14
0.3 2347.5 13258 0.9917 09916 2.76 4.39
0.4 3073.5 1485.1 0.9928 0.9951 526 4.01

hole with regular pores (Babu et al. 2012). With the
increasing magnesium content, the peak intensity in-
creased, and pores became more regular.

As shown in Fig. 10, the N, adsorption-desorption iso-
therms of the mesoporous MgO materials belong to typical
IV curves with H2 hysteresis loop. Obvious capillary conden-
sation is observed at a relative pressure (P/Py) of 0.45-0.8,
indicating a highly uniform mesostructure (Li et al. 2021). The
specific surface area, pore sizes, and pore volumes of MgO
samples calculated according to BET and BJH method are
shown in Table 2. The pore size of MgO is mainly distributed
in the range of 2.1-3.9 nm, showing small variations with
different Mg(NOs),-6H,O contents. The specific surface area
gradually decreases with the increasing Mg(NOs),-6H,0 con-
tents, which is attributed to the increased ratio of high density
of magnesium nitrate.

Heavy metal ion adsorption study

To investigate the potential application of the synthesized
mesoporous MgO adsorbents for heavy mental ion removal,
the adsorption performance of the MgO samples for Pb(II) and
Cd(II) ions was evaluated.

Adsorption isotherm

The adsorption isotherms of different concentrations ranging
from 100 to 5000 mg/L of Pb(IT) and Cd(I) ions adsorbed by
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800 1 a »
E
2 600 0.1 g Mg(NO3)2: 6H20
400 0.2 g Mg(NO3)2: 6H20
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200 0.4 g Mg(NO3)2- 6H20
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<200 0 200 400 600 800 1000 1200 1400 1600
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Fig. 11 Adsorption isotherms for Pb(Il) (a) and Cd(II) (b) ion adsorption onto mesoporous MgO synthesized by different Mg(NO;),-6H,O contents
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Fig. 12 Effect of reaction time on the adsorption of Pb(Il) (a) and Cd(II) (b) on ordered mesoporous MgO

MgO materials prepared with different Mg(NO;),-6H,0
contents are shown in Fig. 11. The adsorption capacities
were calculated using Langmuir model, expressed by
the following equation:

o quLCe

= dniCe 3
1e=11k,.C, (3)

where ¢, is the equilibrium adsorption capacity (mg/g), C,
is the equilibrium concentration of metal ions (mg/L), g, is the
maximum adsorption capacity of the adsorbent (mg/g), and
K; is the adsorption constant (L/mg).

The average relative error (ARE) was applied to evaluate the fit
quality according to the following equation (Alves et al. 2019):

10,

n

9imodel ™ 9iexp

ARE = (4)

ql.exp

where ¢; moder 18 €ach value of g (mg/g) predicted by the
fitted model, g; ¢, is each value of ¢ measured experimentally,
and » is the number of experimental points.

The calculated adsorption capacities are listed in Table 3;
Fig. 11 and Table 3 show that the experimental data all agree
well with the Langmuir adsorption isotherm (R?>0.97). With
the increase of Mg(NOs),'6H,O contents, the saturated ad-
sorption capacity of ordered mesoporous MgO on Pb(II) and
Cd(Il) ions increases gradually. When the Mg(NO3),-6H,O
content increases to 0.4 g, the maximum adsorption capacities
of the MgO powders for Pb(Il) and Cd(Il) are 3073.5 and

1485.1 mg/g, respectively. The results indicate that the syn-
thesized mesoporous MgO is an ideal adsorbent, which can
effectively remove heavy metal ions from water.

Adsorption kinetics

The adsorption rate of Pb(Il) and Cd(II) ions on mesoporous
MgO adsorbents prepared by adding 0.4 g Mg(NOs),-6H,0O
was studied. The initial concentrations of Pb(II) and Cd(I)
ions solutions were 100 mg/L. As shown in Fig. 12, the syn-
thesized ordered mesoporous MgO adsorbent has good ad-
sorption efficiency for Pb(IT) and Cd(II) ions. After adsorption
for 5 min, the adsorption capacities both reach to 99.9 mg/g,
which are close to the equilibrium adsorption capacities. In the
following 6 h, the adsorption capacity almost does not change,
indicating that the adsorption equilibrium is established after 5
min. The results show that the prepared ordered mesoporous
MgO can rapidly remove Pb(Il) and Cd(II) from water.

The adsorption kinetics of Pb(Il) and Cd(II) ion removal were
further investigated by the pseudo-first-order and pseudo-
second-order models. The pseudo-first-order and pseudo-
second-order model equations are presented as follows:

4, = q.(1-e ™) (5)
2
qskot

qt 1+qek2t ( )

where ¢, and g, (mg/g) are the amounts of heavy metal ions
adsorbed onto adsorbent at equilibrium and any time ¢ (min),

Table 4 The kinetics parameters

of Pb(Il) and Cd(I) onto ordered Pseudo-first-order

Pseudo-second-order

mesoporous MgO

k e, cal R ARE (%) K Ge, exp R ARE (%)
min)  (mg/g) (gmg 'min") (mglg)
Pb(I) 0.0056 13.65 09744  6.23 0.169 99.93 0.9986 1.31
Cddrn  0.0050 8.27 0.9797  5.09 0.261 99.97 0.9982 1.07
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respectively. k; (min ") is the first-order rate constant, and ,
(g mg ' min"") is the second-order rate constant.

The pseudo-first-order and pseudo-second-order kinetics
model parameters are listed in Table 4. It is obvious that the
linear plots are better fitted into the pseudo-second-order mod-
el with high regression coefficients (R > 0.99), indicating that
the adsorption of Pb(Il) and Cd(II) on mesoporous MgO is a
chemisorption process (He et al. 2019; He et al. 2020).

Conclusion

In summary, ordered mesoporous MgO powders were suc-
cessfully synthesized via template method by using magne-
sium nitrate as a precursor and amphiphilic triblock copoly-
mer Pluronic F127 as a template. The effects of aging time,
relative humidity, and magnesium nitrate content on the mor-
phology and textural properties of ordered mesoporous MgO
were investigated in this study. When the aging time was 36 h
and the relative humidity was 40%, the synthesized mesopo-
rous MgO exhibits uniform pore sizes (3.2 nm), high specific
surface areas (517.2 m?/g), and high pore volumes (0.42 cm’/
g). The mesoporous MgO powders prepared by adding 0.4 g
magnesium nitrate showed maximum adsorption capacities
up to 3073.5 and 1485.1 mg/g for Pb(Il) and Cd(II) ions,
respectively. The adsorption data of kinetics and isotherm
fitted well with pseudo-second-order model and Langmuir
isotherm model, respectively, indicating that the adsorption
of Pb(Il) and Cd(II) on ordered mesoporous MgO is a homo-
geneous and chemical adsorption process. The superior ad-
sorption performance showed that the mesoporous MgO ma-
terials would be a promising adsorbent for Pb(II) and Cd(II)
removal from water.
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