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Abstract: A nano-MoS,/bentonite composite was synthesized by calcinating MoS; deposited on bentonite in H,. The obtained
composite was characterized using thermogravimetric analysis, X-ray diffractometer, scanning electron microscope and transmission
electron microscope. The results show that nano-MoS, particles are distributed on the surface of bentonite and form layered
structures with layer distance of about 0.64 nm. The composite presents an excellent performance for the removal of methyl orange.
Some operation conditions affect the removal efficiency of methyl orange, such as dosage of composite, initial concentration of
methyl orange, temperature and pH value. However, light source does not influence the removal efficiency. The removal mechanism
is attributed to the adsorption of methyl orange on the nano-MoS,/bentonite composite. The adsorption of methyl orange on the
composite is in accordance with the pseudo-second-order kinetic model.
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1 Introduction

Molybdenum disulfide (MoS,) is a typical layered
compound with weak van der Waals gap and reveals
excellent properties in catalysis and lubrication. As for
the catalytic properties, MoS, has been vastly used as
catalysts to remove S and N from crude oils [1-3].
Nanosized MoS, better
properties than bulk MoS,, thus attracting so much

(nano-MoS,) usually has

attention [4—8]. Some chemical methods have been
reported to synthesize nano-MoS, particles in various
shapes [9—12]. The catalytic performance of nano-MoS,
has also been investigated [13,14]. When the size of
MoS, is decreased to nanoscale, Mo edge-site atoms
become chemically active without the protection from
the inert basal planes of MoS,. Correspondingly, the
band gap of nano-MoS, becomes low enough to absorb
the solar spectrum, resulting in potential applications in
photo catalysts [15—17].

Natural minerals are often used as supporters in
photo catalysts such as zeolite and attapulgite [18,19]. In

previous study, a nano-MoS, composite was synthesized
by depositing platelet-like MoS, nanoparticles on a
kaolin supporter [20]. The composite showed very high
capability for the removal of methyl orange from
aqueous solutions and the removal mechanism was
attributed to the photo catalytic activity of nano-MoS,. In
the present work, the synthesis of a MoS,/bentonite
composite was investigated. The composite revealed
very high activity for the removal of methyl orange.
However, the removal mechanism was mainly attributed
to the
nano-MoS,/bentonite composite.

adsorption of methyl orange on the

2 Experimental

2.1 Synthesis of nano-Mos,/bentonite composite

All the chemical reagents used were of analytical
grade. 0.6 g Na;MoO,-2H,0 and 3.4 g Na,S-9H,0 were
added to 100 mL de-ionized water with 10 mL alcohol
dispersant. Bentonite was dispersed in the above solution
with stirring. 8 mL 12 mol/L HCIl was then added to
the obtained suspension. The precipitation reaction
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immediately began between Na,MoO, and Na,S, leading
to a brown precursor. After being dried at 105 °C, the
as-synthesized precursor was calcinated at 450 °C under
a H, flow for 30 min to produce the desired
nano-MoS,/bentonite composites. A pure nano-MoS,
sample was also synthesized by the similar method.

2.2 Characterization

The calcination of the brown precursor was studied
on a Netzsch model TG209 thermo gravimetric analyzer
(TGA). The nano-MoS,/bentonite was characterized
using a Rigaku D/Max—2500V X-ray diffractometer
(XRD), a Philips XT30 ESEM-TMP scanning electron
microscope (SEM), a Hitachi H—800 transmission
electron microscopy (TEM) and a JEOL 2010
high-resolution  transmission electron  microscope
(HRTEM).

2.3 Removal of methyl orange

The removal efficiency of methyl orange on the
nano-MoS,/bentonite composites was evaluated using
the absorbance of methyl orange solution at a
wavelength of 464 nm. The methyl orange solution with
the composites was stirred in a quartz glass reactor. The
absorbance (A4) of methyl orange solution was measured
every 15 min on a 721 spectrophotometer (Shanghai
Precision & Scientific Instrument Company, China) after
centrifugation of 3000 r/min for 5 min. The removal
efficiency E was calculated from the formula:
E=(40-A)/Ay, where A, is the initial absorbance. As a
comparison, the pure nano-MoS, and bentonite were also
studied.

3 Results and discussion

3.1 Synthesis of nano-MoS,/bentonite

Bentonite is not easy to dissolve in the cold HCl
solution. However, there exists a chemical corrosion on
the surface of bentonite when high concentration
hydrochloric acid is used. The weak chemical corrosion
activates the insoluble mineral surfaces and provides
nucleation sites for the deposition of MoS; [20]. Thus,
the precursor (MoS;) easily deposits on bentonite to form
a composite according to the following reaction:

38> +Mo0O,* +8H +Bentonite—
MoSs/Bentonite | +4H,0 (1

The calcination of the MoS;/bentonite precursor
was studied using TGA, and the results are shown in Fig.
1. As shown in this figure, the initial decomposition
temperature of MoS;/bentonite is about 395 °C. The

decomposition of MoS;/bentonite is completed at 450 °C.

When the temperature exceeds 450 °C, the obvious
decomposition of bentonite is observed. This indicates

that higher temperatures easily lead to structural changes
of bentonite. Thus, 450 °C was used in this work.
Moreover, the bentonite is still slightly decomposed even
at 450 °C according to the TGA curve. To avoid the
adverse decomposition, a short treatment time of 30 min
was selected. The calcination reaction is shown as

follows:
MoS;/bentonite + H, 420 "Cfor 30 min

nano-MoS,/bentonite + H,S 2)
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Fig. 1 TGA curve of MoS;/bentonite precursor

3.2 Characterization of nano-MoS,/bentonite

Figure 2 shows the XRD pattern of the resultant in
reaction (2). The main diffraction peaks in the XRD
pattern are indexed to bentonite (JCPDS No. 03-0019) or
nano-MoS, [21]. Moreover, minor peaks in the XRD
pattern could not be indexed, which are ascribed to the
decomposing resultants of bentonite such as metal
oxides. The findings confirm that the MoS,/bentonite is
successfully prepared, accompanied by a small quantity
of impurities.

The micrographs of the nano-MoS,/bentonite
composite are shown in Fig. 3. The composite is

. e — Bentonite
= — Nano-MoS,
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20/(°)

Fig. 2 XRD pattern of nano-MoS,/bentonite composite
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Fig. 3 Micrographs of nano-MoS,/bentonite composite: (a, b) SEM; (c) TEM; (d) HRTEM

composed of bulk particles of 5-10 pm in size and
nano-MoS, particles with very small sizes are distributed
on the surface of bentonite (Figs. 3(a) and (b)). The TEM
image in Fig. 3(c) also confirms that the nano-MoS, is
deposited on the surface of bentonite. As shown in the
high-resolution TEM (HRTEM) image (Fig. 3(d)), the
nano-MoS, on bentonite forms layered structure with
layer distance of about 0.64 nm, which is close to that of
the typical 2H-MoS, (0.615 nm).

3.3 Removal of methyl orange

Figure 4 shows the effect of mass ratio of MoS, to
bentonite on the removal efficiency of methyl orange
from aqueous solutions. As shown in the figure, 0.075 g
pure nano-MoS, leads to a relatively low removal
efficiency of methyl orange (20 mg/L). The composite
with mass ratio of MoS, to bentonite 1:4 results in a
lower removal efficiency as compared to the pure
nano-MoS,. Similar removal efficiency of methyl orange
is observed at mass ratio of 1:1 and the pure nano-MoS,.
However, the two nano-MoS,/bentonite composites with
mass ratio of 2:1 and 4:1 reveal very high activity in the
removal of methyl orange. The figure also indicates that
the activity is improved when the content of nano-MoS,
in the composite is increased.

The nano-MoS,/bentonite composite with mass
ratio of 4:1 was selected as a sample to study the effect
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Fig. 4 Effect of mass ratio of MoS, to bentonite on removal of
methyl orange from aqueous solutions

of operation conditions on the removal efficiency of
methyl orange from water, and the results are shown in
Fig. 5. As shown in Fig. 5(a), the removal efficiency
within 70 min attains a satisfactory level (about 88%)
when the dosage of composite is increased to 0.1 g in
150 mL 20 mg/L methyl orange solution. However, the
dosage of 0.05 g is not enough to treat 150 mL methyl
orange solution within 70 min. Figure 5(b) indicates that
the initial concentration remarkably affects the removal
efficiency of methyl orange by the composite. The



HU Kun-hong, et al/Trans. Nonferrous Met. Soc. China 22(2012) 2484—2490

100
(a)
X 80r
&
|
.9 A
3 L
2 60
o
E
= 401 = — (.05 g composite/
& . 150 mL methyl orange
o — 0.10 g composite/
201 150 mL methyl orange
4 — 0.15 g composite/
| | | . 150 mL methyl grange
0 10 20 30 40 50 60 70 80
Time/min
100
X 80
&
8
Q
2 60
o
=
3 40
=)
Q
o~
20
1 1 1 | 1 1 1
0 10 20 30 40 50 60 70 80
Time/min
100
80

D
S

N
S

=— Qutdoor intensive sunlight
o— Indoor weak scattered sunlight

Removal efficiency/%

3]
(=]

L 1

0" 10 20

1 1 Il 1 1
30 40 50 60 70 80
Time/min

removal efficiency decreases with increasing the initial
concentration. The removal efficiency is satisfactory
only when the initial concentration is less than 20 mg/L
with the composite of 0.075 g. The removal efficiency of
methyl is also influenced by temperature and pH value
(Figs. 5(c) and (d)). The composite is more effective on
the removal efficiency of methyl orange at a relatively
low temperature. The removal efficiency of methyl
orange is high in acidic solutions but low under alkaline
conditions. The results are consistent with those reported
in Refs. [20,21]. However, light source has no effect on
the removal efficiency of methyl orange (Fig. 5(¢)).

3.4 Regeneration of nano-MoS,/bentonite
Figure 6 shows the influence of regeneration
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Fig. 5 Effect of operation conditions on
removal efficiency of methyl orange from
aqueous solutions: (a) Dosage of nano-MoS,/
bentonite; (b) Initial concentration of methyl
orange; (c) Temperature; (d) Initial pH value;
(e) Light source

methods of the nano-MoS,/bentonite composite on the
removal efficiency of methyl orange. The nano-MoS,/
bentonite composite regenerated via filtration presents
very low removal activities after one repeated use.
However, the removal activity of nano-MoS,/bentonite is
completely recovered after calcination at 450 °C in H,.

3.5 Removal mechanism of methyl orange

The platelet-like nano-MoS, can remove organic
chemicals from wastewater because of its excellent
photocatalytic performance under visible light [20]. The
photocatalytic mechanism of nano-MoS, is attributed to
the formation of hydroxyl radicals (‘OH) from the
adsorbed water by valence band holes under visible
light [16].
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Fig. 6 Influence of regeneration methods of nano-MoS,/
bentonite composite on removal efficiency of methyl orange
from aqueous solutions

MoS,*+*H,0+hv—> MoS,+OH+H" 3)

Moreover, the adsorption of the nano-MoS, is also a
factor for the removal of organic compounds. The
temperature has minor effects on the reaction rate for a
photocatalytic reaction. However, for an adsorption
process, the increasing temperature can generally
decrease the adsorption amount of organic chemicals on
the adsorbent, which is confirmed by the result in
Fig. 5(c). Moreover, the light source can remarkably
affect the catalytic degradation reaction of methyl orange
[22]. However, as shown in Fig. 5(¢), the light source has
no effect on the removal efficiency of methyl orange.
According to these mentioned above, the removal
mechanism is mainly attributed to the adsorption of
methyl orange on the nano-MoS,/bentonite composite.

Generally, the adsorption ratio can be magnified by
increasing dosage of the adsorbent and decreasing initial
concentration of adsorbed substances. Thus, the removal
efficiency of methyl orange is increased with increasing
dosage of nano-MoS,/bentonite and decreasing initial
concentration of methyl orange (Figs. 5(a) and (b)).
Methyl orange exhibits low adsorption level under
alkaline conditions, whereas acidic solution remarkably
improves the removal efficiency of methyl orange
(Fig. 5(d)). Methyl orange may present two molecular
structures, i.e., quinoid methyl orange under acidic
condition and azo methyl orange under alkaline
condition. The easy adsorption of methyl orange under
acidic condition confirms that the nano-MoS,/bentonite
composite has a higher activity for the adsorption of the
quinoid methyl orange.

3.6 Adsorption kinetics

The adsorption of methyl orange on the
nano-MoS,/bentonite composite is demonstrated using
the pseudo-first-order and pseudo-second-order models

as follows [23,24]:
Pseudo-first-order equation

1 —-q,) =lgq, ———1 4
&(ge —a0) =lgg. ——= = 4
Pseudo-second-order equation
t 1 t
- = P +— (5)
9 kyq: 9

where ¢, is the adsorption amount; ¢, is the equilibrium
adsorption amount; ¢ is the time; k; and k, are the
adsorption rate constants.

Figure 7(a) provides the results of pseudo-first-
order model. As shown in the figure, the linear fitting
degree (R?) is only 0.907 in the pseudo-first-order linear
fitting. The equilibrium adsorption amount (g.) is
17.25 mg/g, which is deviated from the experimental
(44.56 mg/g). These indicate that the
pseudo-first-order model cannot be used to explain the

value

removal of methyl orange on the composite. However,
the pseudo-second-order fitting is well consistent with
the experimental results (Fig. 7(b)). The equilibrium
adsorption amount is 46.84 mg/g, calculated according to
the pseudo-second-order fitting curve, which is very
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Fig. 7 Adsorption kinetics of methyl orange on nano-MoS,/
bentonite composite at 20 °C: (a) Pseudo-first-order linear
fitting; (b) Pseudo-second-order linear fitting
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close to the experimental value. Moreover, the R* (0.998)
is also satisfactory in the pseudo-second-order fitting.
Thus, the adsorption of methyl orange on the nano-
MoS,/bentonite composite may be demonstrated using
the pseudo-second-order model. This also indicates that
the removal of methyl orange results from its chemical
adsorption on the nano-MoS,/bentonite composite. The
adsorption equation at 20 °C may be described as:

L 0.11107+0.02135 6)
gt

4 Conclusions

1) The nano-MoS,/bentonite composite can be
synthesized by depositing nano-MoS, on the acidified
surface of bentonite. The as-prepared composite has an
excellent performance for the removal of the organic
dye.

2) Some operation conditions obviously affect the
performance of composite including the mass ratio of
nano-MoS, to bentonite, initial concentration of methyl
orange, temperature and pH value. However, the light
source does not influence the removal efficiency of
methyl orange from aqueous solution.

3) The removal mechanism is mainly attributed to
the adsorption of methyl orange on the nano-
MoS,/bentonite composite. The adsorption of methyl
orange is in accordance with the pseudo-second-order
kinetic model.
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