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TOM TAT
HAP PHU Pb** TREN NANOCOMPOSITE MgO-Fe,05-CuO/ GRAPHENE

Vat liéu composite MgO-Fe,03-CuO/GNPs dwgc tong hop bang phwong phdp dong két tia tiv mudi kim logi
két hop véi thiy nhiét trén nén GNP. Cdc dic tinh ciia vt liéu composite dwogc nghién ciru, nhw chup anh
SEM, phan tich XRD va EDX. Cdc tinh thé oxit duwoc phan bé déu trén be mdt cdc 1op GNP. Véi 26,73% vé
khai luong nguyén 16, cachon c¢é mat véi lwong twong doi lom trong mau composite. Ty 1é phan tram cdc
nguyén té kim loai (Mg, Fe va Cu) lan luot la 5,30, 9,24 va 24,21%. Vit liéu ciing dwoc danh gid kha ning
hdp phu Pb2+ trong dung dich véi dung long hdp phu cuc dai la 165,42 mg/g. Mé hinh déng hoc bdc hai
dwoe wu tién hon mé hinh gia bdc nhat. Kha ndng hdp phu téi da dwoc tinh todn bang mé hinh ddng nhiét
Langmuir ciia vdt liéu composite hén hop oxit ba kim loai trén nén graphene doi véi cdc ion Pb2+ ¢6 thé lén

toi 1.111 mg/g.

Tir khéa: oxit hon hop ba kim loai, nanocomposite, graphene, hap phu, é nhiém chi

1. INTRODUCTION

One heavy metal element that can be
found in nature or produced through a
variety of means, such as manufacture
and transportation, is lead (Pb). Lead
poisoning has a detrimental effect on
numerous facets of human health,
including  the neurological [1],
cardiovascular [2], immune system [3],
kidney and liver functions [4], etc. More
gravely, lead affects fetuses, newborns,
and kids in more significant ways,
including lower 1Q, delayed fetal
development, decreased learning capacity,
and aberrant behavior [5]. Recent studies
have connected lead to fractures, damage,
and mutations in DNA. Furthermore,
biodiversity is impacted by lead-polluted
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water supplies, which hinders the growth
of plants and animals.

Many methods, such as ion exchange [6],
chemical precipitation [7], biological
processes [8], etc., have eliminated Pb in
water.  Adsorption  techniques  are
frequently applied to graphene [9],
chitosan [10], alginate [11], etc.
Adsorption has many advantages
compared to other methods because the
materials used as adsorbents are relatively
abundant, easy to prepare, inexpensive,
and environmentally friendly. Therefore,
this is an ongoing issue that many
scientists are interested in and
researching. In addition to the above
materials, metal oxides are also used as
Pb adsorbents in aqueous environments
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thanks to the electrostatic attraction of
oxygen, a highly electronegative element.
Metal oxides capable of adsorbing Pb?*
ions have been studied, including CuO
[12], Fe,O3 [13], MnO, [14], etc.
Furthermore, these oxides are combined
with other materials to remove Pb(ll) by
adsorption, such as MnO,/PDA [15],
Fe,Os/chitosan (geopolymer; gelatin) [10],
CuO/chitosan/PVA (PANI; cellulose) [16],
and other composites. In Vietnam, studies
on Pb?* adsorption using agricultural or
industrial waste materials have been
surveyed and evaluated such as modified
red mud, rice husk ash, etc. [17, 18].

Graphene is a one-atom-thick flat sheet of
carbon atoms with sp? bonds forming a
honeycomb-shaped crystal array. In
which  many graphene sheets are
assembled, the C-C bond length in
graphene is about 0.142 nm. Graphene is
the fundamental structural element of
several allotropes, including graphite,
carbon  nanotubes, and fullerenes.
Graphene nanoplatelets are graphene
whose main characteristics are easy
production, low cost, remarkable
electrical and thermal conductivities,
excellent mechanical characteristics, a
high aspect ratio with a planar shape, and
lightweight. ~ They  have  various
applications as fillers for composites, neat
coatings, and isolated materials [19]. In
some other applications, graphene
nanoplatelets are used as a base material
for the synthesis of composite materials
[20]. In this study, graphene nanoplatelets
were used as a base material in
manufacturing multi-metal oxide/GNPs
composites for Pb?* adsorption in water.

2. EXPERIMENT
2.1. Materials

Graphene nanoplatelets was supplied
from VNGraphene Company, Vietnam.
MgC|26H20, FeC|3.6H20, CUC|2.2H20,
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and NaOH for co-precipitate were
purchased from Macklin, China. Ethanol
was bought from Macklin (China) for
materials cleaning.

All experiments in this study use original
Lead standard solution — Pb(NO3), 1000

mg/L  from Merck, USA (code:
1.19776.0500).
2.2. Synthesis of trimetallic

oxide/GNPs composite

Mg-Fe-Cu binary oxide/GNPs composite
was fabricated by one-pot hydrothermal
process. First, MgCl,.6H,0, FeCl;.6H,0,
and CuCl,.2H,0O with weight ratio 5:5:5
was dissolved in 80 ml ethanol. Then, 1 g
of GNPs was dispersed in mixture by
ultrasonic for 15 minutes and stirring for
30 minutes. Final, a 2M NaOH solution
was added slow into mixed solution under
stirring condition until a pH of 9 was
reached. After an hour of stirring, the
reaction mixture was transferred in
autoclave and heated to 150 °C for 3
hours. Finished reaction, the precipitate
was filtered and washed with ethanol/water
(volume ratio 1/1) at least three times to
remove excess material. The sample was
dried at 80 °C in air for 8 hours.

2.3. Characterization

The trimetallic oxide/GNPs composite
was characterized by using X-ray
diffraction (XRD) on X’Pert Pro,
scanning electron microscope (SEM) on
Hitachi S-4800, and transmission electron
microscopy (TEM) on EMLab NIHE. The
porosity of materials was investigated by
the N, gas adsorption isotherm method on
Micromeritics TriStar 11 device.

2.4. Removal of ion Pb?*

Pb** contaminated mock water samples
were prepared at a concentration of 100
ppm. The experiments were conducted
with the ratio of composite to the amount
of Pb®* solution of 0.25 g/L. The material



and the Pb** solution were put into a dark
glass vase. In the experiments, the
solution was filtered from the sample after
24 hours of adsorption and tested for Pb**
concentration using the Inductively
Coupled Plasma (ICP) technique. Before
testing, the sample solutions are diluted
with the suitable dilute factor.

Adsorption  kinetics: A standard
experiment involved mixing 100 mL of
30 ppm Pb*" with 25 mg of adsorbent in a
glass vessel. The combined solution was
agitated at 160 rpm using an orbital
shaker. The mixture was filtered, and Pb**
was measured at predetermined intervals.
First- and second-order kinetic models
were used to investigate the material's
adsorption Kinetics.

Adsorption isotherm: 100 mL of Pb**
solution with starting concentrations
ranging from 10 to 50 ppm was mixed
with 25 mg of composite in glass jars.
The adsorption process was run for 24
hours at room temperature with 160 rpm
shaking. The mixes underwent filtration,
and  inductively  coupled  plasma
spectrometry (ICP) was utilized to assess
any remaining Pb*. The interaction
between the adsorbent and adsorbate is
investigated  using the  Langmuir,
Freundlich, and Temkin isotherm
equations.

3. RESULTS AND DISCUSSION

3.1. Characterization of trimetallic

oxide/GNPs composite

Using the images displayed in Figure 1,
scanning electron microscopy (SEM) and
transmission electron microscopy (TEM)
were used to examine the morphology of
the MgO-Fe,03-CuO/GNPs  material.
With a thickness of less than 20 nm and a
diameter of tens of microns, the resulting
GNPs exhibit a thin, layered morphology.
Additionally, Cu-Fe-Mg oxide crystals
were found inside the small spaces
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between the GNP layers, as seen by the
TEM image in Figure 1b. It is clear from
the SEM and TEM images of the MgO-
Fe,03-CuO/GNPs material in Figure 1
that mixed MgO-Fe,O3-CuO oxide was
produced and uniformly dispersed on the
surface of narrow multilayer graphene.
TEM pictures of the composite material
reveal that the oxides on the graphene are
a mixture consisting of an aggregation of
amorphous crystals rather than well-
defined nanocrystals.

Figure 1. The SEM (a) and TEM (b) images of
MgO-Fe,03-CuO/GNPs composite

The X-ray diffraction (XRD) technique
confirmed the amorphous nature of the
oxide mixture on GNPs, with the results
shown in Figure 2a. In the XRD diagram,
shallow peaks in the region from 20 to 70
show the amorphous nature of MgO-
Fe,03-CuO oxides. At the same time, the
combinatorial distribution of oxides on
the graphene nanoplatelet surface leads to
the masking of the background material.
The characteristic peak of GNP was not
shown on the diagram. However, in the
results of analyzing the elemental content



of the composite sample, the existence of
carbon is relatively high at 26.73% by
weight. The metal elements (Mg, Fe, and
Cu) content reached 5.30, 9.24, and
24.21%, respectively. Meanwhile, the
elemental oxygen content is 34.53%,
demonstrating the existence of metal
oxides in the composite.

3.2. Determine Pb*" concentration in
sample solutions by ICP-MS

Determine Pb®" concentration using the
ICP-MS system (Thermo Scienctific
iCAP RQ ICP-MS)...

Calibration curve is created from 4 level
concentrations of Pb*" (100, 200, 500,
1000 pg/L). The results is shown in
Figure 3.

The calibration has correlation coefficient
value — R? = 0.9999. It means that the
calibration is excellent to use to determine
the concentration of Pb?* in solutions.
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Figure 2. The EDX (a) and XRD (b) patterns of
MgO-Fe,03;-CuO/GNPs composite
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Figure 3. Calibration of Pb?* by iCAP RQ ICP-
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3.3. lon Pb*" adsorption of trimetallic
oxide/GNPs composite

The kinetics of the adsorption process
were evaluated through two apparent
kinetic models: first-order and second-
order. Based on experimental data on Pb**
adsorption capacity over time, a linear
regression of In(ge-q;) values against t
according to the equation of the first-order
apparent model, and the following values:
(1/qy) versus t according to the equation of
the second-order apparent model. From
the slope values and the intersection with
the vertical axis of the linear lines, the
kinetic constants k; and k, will be
calculated. The linearity of both
experimental values according to the
model is evaluated by the reliability
coefficient R% The results of kinematic
parameters and reliability coefficients are
presented in Table 1.

Table 1. Parameters of the apparent kinetic equation
for Pb?* adsorption on MgO-Fe,05-CuO/GNPs
material

Pseudo-first-order model

R? ki (hour™) Ge.cal (M/Q)
0.9789 2.4674 59.537
Pseudo-second-order model
. K. 10* qzeycaI qze’exp
(9/mg. h) (mg/g) (mg/g)
0.9984 0.0506 111.11 99.52




The results in Table 1 show that the
pseudo-second-order model is more
reliable than the pseudo-first-order model.
Furthermore, the equilibrium adsorption
capacity value is obtained from the
experiment, and the equation calculates
the value. There is a significant difference
in the pseudo-first-order equation, while
this result is equivalent to the value
calculated according to the pseudo-
second-order equation. From there, it can
be seen that the Pb** adsorption process
by  MgO-Fe,03-CuO/GNPs  material
follows according to the pseudo-second-
order model.

This study analyzed data using Langmuir,
Freundlich, Temkin, Redlich-Peterson,
and Dubinin-Radushkevich models. The
following formula gives the linear
equation of the Langmuir isotherm model:

1_ 1 + 1 1

qe dm K. am Ce
R = 1
71 4K,

The following formula expresses the
linear equation of the Freundlich isotherm
model:

1
Inq, = InKp + ElnCe
The equation
isotherm model:
qe = fInK; + BInC,

The Redlich-Peterson isothermal model
has three unknown parameters and is
represented by the formula:

represents the Temkin

c
In (KRPq—‘" _ 1) — BInC, + Blnagy

e

The equation expresses the linear form of
the  Dubinin-Radushkevich  isotherm
model:

Ing, = Ingn, — Be*
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In which: € = RT In (1 + Ci)
The average adsorption energy value
indicates the nature of the adsorption
process. When the E value is less than 8
kJ/mol, the adsorption process is physical,
and 8 - 16 kJ/mol is chemical adsorption.
The average adsorption energy can be
calculated from the Dubinin -
Radushkevich model according to the
formula:

1
E=——
/_Zﬁ
The isotherm parameters are given in
Table 2.

Table 2. Parameters of Pb®* adsorption isotherms
using MgO-Fe,03-CuO/GNPs material.

Model Parameters
KL 1.00
Langmuir Om (Mg/g) 1,111.1
R 0.9981
1/n 0.577
Freundlich K 346.71
R? 0.916
K+ 27.39
Tempkin br (kJ.mol) 0.014
R 0.9672
Kr 2562.2
ag (L/mQg) 4.754
Redlich-Peterson
B 0.781
R? 1
E (kJ/mol) 0.141
Ra:?jﬂts);]rlrgv;ch p 25.005
R 0.972

From Table 2, the results show that the
isotherms Langmuir, Freundlich, Temkin,
Redlich-Peterson, and all Dubinin -
Radushkevich have high R2 coefficients
(R? > 0.91), Especially for the Redlich-
Peterson isotherm, the coefficient R? = 1.




The value of Temkin's constant: br -
typical for the heat of adsorption of Pb?*
ion is 0.014 kJ/mol. The slight heat of the
adsorption value shows a weak interaction
between the adsorbent and the adsorbent.
The average adsorption energy value
calculated according to the Dubinin -
Radushkevich model: E = 0.141 < 8
kJ/mol shows that the adsorption process
is physical adsorption. Calculation results
according to the Langmuir isotherm
model show that the maximum adsorption
capacity for Pb?* reaches a high value of
1,111 mg/g, showing the material's
potential for Pb®* ion adsorption.

4. CONCLUSION

Research results show that the MgO-
Fe,O3-CuO/GNPs material can adsorb
Pb® in solution with an adsorption
capacity of 165.42 mg/g. Optimal
conditions for Pb?* adsorption include an
initial concentration of 20 mg/Il, a material
ratio of 0.1 g/I, and a treatment time of 2
hours. The maximum adsorption capacity
calculated according to the Langmuir
isotherm model of the composite material
of mixed oxides on a narrow multilayer
graphene substrate for Pb®* ion can be up
to 1,111 mg/g. This proves that the
potential of the synthesized material to
remove Pb?* in water is very high.
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