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TOM TAT

UNG DUNG CAC PHUONG PHAP PHAN TiCH QUANG PHO PE NGHIEN CUU
CAC TINH CHAT VAT LY CUA MOS; VA PANG NHIET HAP PHU
VA NHIET PONG HQC CUA TARTRAZINE

Trong nghién cizu nay, MoS; diroc tong hop bang phuwong phdp thity nhiér d@é hap phuy tartrazine trong
méi trirong nude. Cac phiong phdp phén tich quang phé dwoc &p dung dé khao sét cac tinh chat vat ly
cia mau tong hop va dwong dang nhiét hap phu va nhiér déng hoc cua nd. Tinh thé cia MoS; ¢6 cdu
tric luc giac, hinh thai ciia MoS; 1a hinh dang gidng san hé dwoc két hop tir nhiéu tdm nano cé dg day
khodng 10 nm. Puong dang nhiét hdp phu duwoc thiec hién bang céch si dung cac md hinh Langmuir va
Freundlich. Két qua cho thay diz liéu thuc nghiém dieoc mé ta béi md hinh Langmuir pht hgp hon so
V6i mé hinh Freundlich. Dung heong hap phyu don 16p t6i da, hang s6 Langmuir va R? lan heot 12 26,7
mg/g, 0,78 L/g va 0,984. Céc thong sé nhiér dong hoc, AG°, AH® va AS° di dwoc tinh toan x&c nhdn
qué trinh hap phu 1a nhiér @éng hoc tod nhiét va tir phat.

Tir khod: Phan tich, quang phd, MoS,, ding nhiét hap phu, nhiét déng luc hoc.

1. INTRODUCTION
Molybdenum disulfide (MoS2) belongs to

layered transition metal dichalcogenides
(TMD). It is a layered material with
molybdenum sandwiched between two

sulfide layers by covalent forces, forming S—
Mo-S layer and the weak Van der Waals
forces, jointing S — Mo - S layers. In
appearance and feel, molybdenum disulfide
is like graphite. Bulk MoS; is a diamagnetic,
indirect bandgap semiconductor similar to
silicon, with a bandgap of 1.23 eV [1]. Many
papers have shown that MoS, could be
applied in various sectors such as solid
material lubricants [2], hydrogen evolution
reaction [3], lithium batteries[4], and energy
storage & conversion [5].
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Recently, organic dyes usually use in various
fields such as textile dyeing, cosmetic, paper
making, and pesticide industries. It possesses a
potential health hazard to all forms of life even
at a very low concentration. Therefore, various
methods have been applied to remove organic

dyes from wastewater which include
precipitation, adsorption, ion exchange,
chemical oxidation, biological degradation,

and coagulation [6]. In which, adsorption is
believed to be a low-cost and rapid method for
effective removal of organic dyes and has been
widely used in water treatment.

Tartrazine is a synthetic lemon-yellow azo dye.
It is considered as a typical organic
contaminant and widely applied in many
industries like foodstuff, medicine, cosmetics,



and textiles. Tartrazine is confirmed to highly
toxic for humans due to causes of asthma,
eczema, thyroid cancer [7].

In order to that, we fabricated MoS; by utilizing a
hydrothermal method for adsorption of tartrazine.
As-prepared sample was characterized by
spectroscopic analysis methods (XRD, BET, FT-
IR and SEM). The adsorption isotherm and
thermodynamic of tartrazine on MoS; were
investigated. In  addition, the adsorption
performance of MoS; was compared to other
MoS; samples in literatures.

2. EXPERIMENTAL

2.1. Materials

Thioacetamide (CzHsNS, 99%) and sodium
molybdate dihydrate (Na:M00..2H,0O, 99%)
were purchased from China. Tartrazine (99%)
was purchased from Sigma-Aldrich. All the
chemicals were used without any purification
and distilled water was used throughout the
experiments.

2.2. Synthesis of MoS:

MoS, was synthesized by the hydrothermal
method using sodium molybdenum dihydrate
and thioacetamide as the starting material. In a
typical experiment, NazM004.2H.0O (0.54 @)
and C;HsNS (0.36 g) were dissolved in 40 mL
of distilled water and stirred for 60 min to form
a transparent solution. The mixed solution was
transferred into a Teflon-lined 100 mL
stainless steel autoclave and heated at 200 °C
for 48 h. Then, the autoclave was cooled to
room temperature, the MoS, powder was
collected by a vacuum filter, washed with
distilled water and ethanol, and dried in an
oven at 70 °C for 12 h.

2.3. Characterization

The crystalline phase of as-prepared MoS, was
investigated by X-ray power diffraction. XRD
pattern was obtained by using XRD-
diffractometer (Bruker D8 Advance, Germany)
with CuKo irradiation (40 kV, 40 mA). Fourier
modified infrared (FT-IR) spectra were
recorded on the JASCO FT/IR-4600 spectrum
analyzer. Scanning electron microscopy (SEM)
image of MoS; material was recorded using an
FE-SEM, JEOL-7600F, working at 15 kV.
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Textural properties were measured via N
adsorption/desorption  isotherm  using a
micromeritics (Gemini VI1I). The specific surface
area was calculated by using the Brunauer-
Emmett-Teller (BET) method and the pore size
distribution was obtained by using the Barrett-
Joyner-Halenda (BJH) method.

2.3. Adsorption experiment

The adsorption experiments were performed by
batch reactor, a certain amount of MoS; (0.08g)
was poured into a beaker containing 100 mL of
tartrazine under magnetic stirring. After a certain
time, about 2 mL of suspension was withdrawn
from the beaker and then filtered to remove the
adsorbent. The concentration of dye was
analyzed by a UV-vis spectrophotometer (Agilent
8453). The equilibrium adsorption capacity (ge)
and the removal efficiency (Re) of the dye are
determined by equations (1) and (2), respectively.

_ Cg—Cgl =V 1
qe_% (1)
Re = 2%t % 100% )

]
where ge (mg/g) is the equilibrium adsorption
amount, C, (mg/L), Ce (mg/L), and C; (mg/L)
are the initial, equilibrium, and concentration
at t time, respectively; V (L) is the volume of
dye solution; and m (g) is the mass of MoS..
3. RESULT AND DISCUSSION
3.1. Characterization of material
The XRD pattern of the MoS; sample was
presented in Figure 1 (a). The diffraction peaks at
20 values of 33.28° 39.58°, and 58.76° could be
assigned to (100), (103), and (110) planes, which
reflected hexagonal structure of MoS;[8].
The FT-IR spectrum is shown in Figure 1 (b). It
could be observed the strong band at 3586 cm?, it
corresponded to the fluctuation of the O-H bond
in the adsorbing water (H-O-H) on the surface of
MoS;. The strong region at 1638 cm® was
assigned to the C = O covalent oscillating bond of
the carboxyl group (-COOH). The main bands at
1128 cm® and 658 cm could be assigned to the
oscillation of the S = O bond in MoS;, the
characteristic of the bending oscillation of S,Oy,
respectively [9,10].
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Figure 1. (a) XRD pattern and (b) FT - IR
spectra of MoSs.

The SEM result of MoS; is presented in Figure 2.
The as-prepared MoS; has a coral-like structure,
the agglomerated shape was 80-100 nm in size,
which was consisted of many nano-sheets with a
thickness of about 10 nm. It resulted in the larger
pore in the sample and the relatively high surface
area (in Table 1). These could be significant
factor for accelerating the adsorption capacity and
adsorption rate of dyes on MoS;
’ . - P -

Figure 2. SEM images of MoS;

The N adsorption/desorption isotherm and
Barrett-Joyner-Halenda (BJH) pore size
distribution plot of MoS; are shown in Figure
3. The isotherm was identified as classical type
IV according to the IUPAC classification [11],
which was characteristic of the mesoporous
structure. Table 1 summarizes the physical
parameters of the MoS; sample. The BET
surface area, pore volume, and pore diameter
of MoS, were 83.9 m?/g, 0.48 cm®, and 18.9
nm, respectively.
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Figure 3. (a) N2 adsorption/desorption
isotherm and (b) pore size distribution of

MoS;.
Table 1. Physical parameters of the MoS;
material.
Sample | Seer Pore | Average pore
(m?/g) | volume diameter
(cmd/g) (nm)
MoS; 83.9 0.48 18.9

3.3. Adsorption isotherms

The adsorption isotherm shows how the
adsorbed molecules distribute between the
liguid phase and solid phase when the
adsorption equilibrium has been established.
The adsorption isotherms studies were carried
out using Langmuir and Freundlich

models. The Langmuir model (Eq.3) assumes
that adsorption occurs on a homogeneous
surface by monolayer coverage and no

subsequent interaction between adsorbed
species. The Freundlich model (Eq.4) is an
empirical model based on multiplayer
adsorption on heterogeneous surfaces.

11 1

Qe B Amax Ce-KL-Qmax

®

Ing, = Ink; + ﬁlnCE )
where Ce (mg/L) is the equilibrium

concentration, de (mg/g) is the equilibrium
adsorption capacity, qmax (Mg/g) represents the
maximum adsorption capacity, k. and kg is the
Langmuir and Freundlich adsorption constant,
respectively, and n is the Freundlich
exponential coefficient.




The Langmuir and Freundlich isotherm models
which were fitted experimental data were
presented in Figure 4. The parameters for
tartrazine adsorption on MoS; calculated from
the two models are shown in Table 2.

Table 2. Adsorption isotherm parameters.

Isotherm Parameter Value
model

Langmuir Qmax (Mg/Q) 26.7
ke (L/mg) 0.78

R? 0.984
Freundlich ke (mg/g) 175
n 8.7

R? 0.975

The results from Table 2 show that the R?
value of the Langmuir isotherm (R? = 0.984)
was higher than that of the Freundlich

isotherm (R? = 0.975). It can be concluded that
the Langmuir model was more suitable than
Freundlich model to describe the adsorption of
tartrazine on MoS,. It indicated that the
interaction between the tartrazine molecules

and the MoS; surface was homogeneous and
monolayer adsorption behavior.

Table 3 shows the comparison of the
morphology,  surface  area,  maximum
monolayer adsorption capacity of as-prepared
MoS; sample, and MoS; samples synthesized
through the hydrothermal method. It could be
observed that the specific surface area of MoS;
in this study is quite high (83.9 m2/g) which
was only lower than fungus-like nanosheet
MoS,. However, its maximum monolayer
adsorption capacity of as-prepared MoS; (26.7
mg/g) was lower than those of other materials
(39.03 - 425.50 mg/g). This can be assigned to
reasons following: (1) after dispersing into the
water the surface of the negatively charged
MoS; particles increases the electrostatic
repulsion between it and the anionic dye
(tartrazine), making the adsorption capacity
decrease [12,13]; (2) the

structure and charge of each dye resulting in
the difference of adsorption capacity on MoS..
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Figure 4. Langmuir (a) and Freundlich models (b) for tartrazine adsorption on MoS..
Table 3. Comparison of the properties of MoS; with various adsorbents.

No.| Material Morphology BET Dye Maximum Reference
surface monolayer
area (m?/g) adsorption capacity
(mg/g)
1 MoS; nano-sheet 67.8 Bisphenol A 39.03 [14]
2 MoS; fungus-like nanosheet |  107.0 Congo red 285.7 [15]
multi-layered Methylene blue, _ [16]
3 MoS; nanosheets 62,5 Methyl orange
4 |MoO3/MoS;| nanorod shape 43,5 Rhodamine B 425,5 [17]
3D flower-like Rhodamine B 291 [12]
5 MoS; structure 63.9
Methylene blue 208
Hierarchical Methylene blue 87,4 [18]
6 MoS; microspheres _
nanosheets
7 MoS; | coral-like structure 83.9 Tartrazine 26.7 In this work
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3.2. Adsorption thermodynamics

The thermodynamic parameters were very
important to understand the Kinetics of
adsorption, which were included free energy
(AG®), enthalpy (AH®), and entropy (AS°),
were calculated by using the following
equations (5), (6), and (7).

AG® = —RTInk, (®)

k= 2 (6)

k= —2H 4 a8 ()
£ RT R

where k. is the equilibrium constant, (ge/Ce) is
the distribution coefficient, T is the
temperature in Kelvin and R is the universal
gas constant (8.314 J/mol K).

The effect of temperature on adsorption
capacity and Van’t hoff plot for adsorption of
tartrazine on MoS; are shown in Figure 5. The
thermodynamic parameters were calculated
from equations 5 and 7 at three different
temperatures and the result was shown in Table
4. We can observe that the value AG°
negative at all temperatures and it increased
from -2.75 to -0.14 kJ/mol when the
temperature increased from 293 to 313 °K,
respectively, which indicates that the
adsorption of tartrazine on MoS; was a
spontaneous process. The value of AG® became
more positive with the increase in temperature,
suggested that higher temperature was less
favorable for the adsorption of tartrazine on
MoS,. The negative value AH® (-41.02 kJ/mol)
confirmed the exothermic nature of adsorption,
which was also supported by the decline in the
tartrazine adsorption removal ratios when the
increased temperature. The negative value of
AS° (-0.13 kJ/K/mol) reflected that there was a
decrease in the degree of freedom of the
adsorbed species [19].

Table 4. Thermodynamic parameters.

Temperature AG® AH® AS°
(K) (kd.mol?) | (kd.molt) | (kJ.K°
1 mol?)
293 -2.75
303 -1.32 -41.02 -0.13
313 -0.14
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Figure 5. Effect of temperature on adsorption
capacity (a), Van't hoff plot for adsorption of
tartrazine on MoS; (b), respectively.

4. CONCLUSION

In summary, the coral-like MoS; has been
successfully synthesized by a hydrothermal
method. The spectroscopic analysis methods
were applied to investigate the physical
properties of as-prepared sample and its
adsorption isotherm and the thermodynamic.
MoS; had hexagonal structure and a relatively
large specific surface area (83.9 m?qg)
compared to that in recent reports. The
Langmuir model was more suitable than
Freundlich model to describe the adsorption of
tartrazine on MoS;. The maximum monolayer
adsorption capacity was 26.7 mg/g. The

adsorption  process is exothermic and
spontaneous, as demonstrated by
thermodynamic parameters.
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