ASM Sc. J., 13, Special Issue 6, 2020 for INCOMR2019, 66-72

Molybdenum Disulphide/Polypyrrole Hybrid
Composite for Photocatalytic Degradation of
2-Chlorophenol from Aqueous Solution

Muhammad Syazwan Kasim?, Siti Nor Atika Baharin'*, Faizah Yunus?, Syed Shahabuddin2 and
Nur Rabiatul Adawiah Mohammad Noor3

ISchool of Chemistry and Environment, Faculty of Applied Sciences Universiti Teknologi
MARA, Kuala Pilah Campus, Negeri Sembilan, Malaysia
2Research Centre of Nanomaterials and Energy Technology, School of Science and
Technology, Sunway University, Selangor, Malaysia
3School of Industrial Technology, Faculty of Applied Sciences Universiti Teknologi MARA,
Kuala Pilah Campus, Negeri Sembilan, Malaysia

This investigation highlighted on the photocatalytic degradation of 2-chlorophenol in aqueous solution
by using molybdenum disulphide (MoS.)/polypyrrole (PPy) composite. The composite was prepared via
in-situ oxidation polymerization method using FeCl; as oxidation agent. The synthesized MoS./PPy
composites were comprehensively characterized using X-ray diffraction (XRD) and Fourier transforms
infrared spectroscopy (FTIR). The photodegradation of 2-chlorophenol was performed under direct
sunlight for 180 minutes and using different parameter such as contact time with initial concentration
and also different pH. The results indicated that MoS./PPy composite have efficient photocatalytic

activity compared to PPy and MoS.. The best pH reveals at pH 5 while the best initial concentration was

50 mg/L with 79.59% degradation efficiency
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I. INTRODUCTION

Growing amounts of non-conventional chemicals discharge
in wastewater, surface water as well as drinking water have
elevated great distress. These pollutants, which are mostly
connected to the wusage of substances such as
pharmaceuticals, personal care, agriculture, are regularly
found in traces amount. Nevertheless, their adverse effects
on health and environment have been largely recognized
(Pomati et al., 2006). Phenolic groups have a high toxicity to
human being even at low concentration exposure (Huong et
al., 2016). The presence of these compounds in the
environment is also related to the production and
degradation of pesticides such as chlorobenzene and others.
The existence of these contaminants in aquatic environment
caused harmful effects such as biological, physical or

chemical threats. 2-chlorophenol is widely used as an
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ingredient in fertilizer for agricultural applications. The US
Environment Protection Agency (USEPA) impose very strict
regulation for 2-chlorophenol amount in wastewater, the
maximum concentration must be below than 1 mg/L
(Michalowicz and Duda,

chlorophenol to human and the environment may cause

2007). The exposure of 2-

cancer, gene mutation and unstable ecosystem (Texier et

al.,2018). Moreover, 2-chlorophenol can cause skin
irritation, gastrointestinal problems, and in some case poses
a serious ecological threat as environmental contamination
(Mondal et al, 2011). Therefore, the development of
efficient and versatile technique in removal of this toxic
element is necessary.

Breakthrough in the removal of 2-chlorophenol from
wastewaters has taken interest among scientists.
Photocatalysis has seemed as one of the most favourable

techniques amongst the wide variety of methods to degrade
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health- threatening waste materials, specifically organic
compounds, to less poisonous or less unsafe materials
(Julinova and Slavik, 2012). Despite the successful TiO:
material to degrade various kind of pollutants the
degradation only can be done under UV light due to the
(3.2 eV). Novel

photocatalysts for example ZnO, ZnS, ZrO2, semiconductor-

large band gap of TiO. material
graphene, perovskites, MoS., W03, CdS and Fe.O; were
actively studied this past few years (Shaham-Waldmann and
Paz, 2016; Vinoth et al., 2016; Wang et al., 2017). Recently,
utilizing  renewable  energy sources (solar) for
photodegradation has attracted more attention due to its
pollution-free and low cost. To utilize the visible light, 43%
of the solar spectrum, the band gap must be in the range of
1.7—2.2 €V. This value may be in the range of many other
semiconductor materials, including oxides, oxynitrides, and
oxysulphide (Pasternak and Paz, 2013). However, their
practical uses have been limited by their low photocatalytic
activity under solar light. Among these, MoS, semiconductor
is believed to be the best photocatalyst that works under
visible light due to the separation of the charge carrier. MoS,
have a powerful absorption within the visible and has been
exploited as a completely unique visible sensitive
semiconductor for photocatalyst.

Integration of MoS, with conducting polymer such as
polypyrrole to form composite displayed significantly
enhanced conductivity and electrocatalytic activity
(Sabarinathan et al, 2017). Conducting polymer has
stability,

environmental and

Polythiophene,

excellent processability,

photoelectric  property. polyacetylene,
polypyrrole, polyphenylene, and polyaniline are examples
of conducting polymers that have been widely studied
(Shahabuddin et al., 2016) Integration of polyaniline-
anastase TiO. have established in the degradation of
synthetic dye, methylene blue (George et al., 2016).
According to Ullah et al., (2017), the used of polypyrrole in
photodegradation of environmental pollutants and solar
water splitting are one of the best methods in water
treatment. In recent study, polypyrrole-TiO, composite
have narrow band gap and useful in absorption of visible
light. Hence, the combination of conducting polymer with
the noble metal nanoparticle is the best way to produce
sustainable and advance materials which can be used in
photodegradation. In the present investigation, integration
MoS, with polypyrrole can be applied as a photocatalyst to
degrade 2-chlorophenol in aqueous solution under solar

irradiation.

II. MATERIALS AND METHOD

A. Reagents and Chemicals

Ferric chloride (FeCls), 0.1% of sodium hydroxide (NaOH),
0.1% of nitric acid (HNO3), 2-chlorophenol, ethanol, pyrrole
and molybdenum disulphide nanoparticle (MoS.) (90 nm)

were purchased from Merck (Darmstadt, Germany).

B. Preparation of Polypyrrole

4g of FeCl; was added into beaker that contains 25 mL of
deionized water. The mixture was stirred for 5 minutes while
1 mL of pyrrole monomer was added dropwise. The mixture
then was sonicated for 1 hour at temperature below 10°C.
The product was filtered and washed using deionized water
followed by ethanol. Finally, the sample product was dried
in vacuum oven at 60°C overnight (Appavu and

Thiripuranthagan, 2016).

C. Preparation of MoS./PPy composite

0.1 g of MoS. was added into the beaker that contained 25
mL of deionized water. Then, the mixture was sonicated for
30 minutes. 1 mL of pyrrole monomer was added into the
mixture and was sonicated for 30 minutes. Next, 4 g of FeCls
was added into the mixture and sonicated for 4 hours. Lastly,
the sample was filtered and washed with deionized water
and ethanol prior dried for 15 hours at 60°C (Appavu and
Thiripuranthagan, 2016).

D. Characterisations of MoS./PPy composite

PPy, MoS., and MoS./PPy composite were analysed using
ATR-FTIR Perkin Elmer Fourier Transform Infrared (FTIR)
Model 100 recorded between 4000 and 400 cm~! (Perkin
Elmer, Massachusetts, USA. Phase structure of the samples
(XRD)
Panalytical model Empyrean at 40 kV and 35 mA using Cu,

were determined using X-ray Diffractometer

Ka radiation is A= 1.54059 A.

E. Photocatalytic Studies

The photocatalytic properties of MoS./PPy composite were
evaluated by employing 2-chlorophenol as a target
degradation product 10 mg of MoS., PPy and MoS./PPy
each were added into 5 mL of 50 mg/L of 2-chlorophenol

solution and were exposed to the sunlight for 180 minutes in
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and 250 mg/L. The mixtures were centrifuged, and
supernatant solutions were measured its absorbance at 290

nm by using UV-Vis spectrophotometer.

The percentage degradation was calculated by using this

where A, is an initial absorption of 2-chlorophenol and A is
C-N

Figure 1. FTIR spectrum of a) PPy, b) MoS: and c)
MoS2/PPy composite

an absorption of 2-chlorophenol at sampling time after the

photocatalytic activity (Ibrahim, 2015).

III. RESULT AND DISCUSSION
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A. Characterisation of MoS./PPy composite
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Figure 1 shows various pertinent peaks in the IR spectra of
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MoS., PPy and MoS-/PPy. 3397.26 cm-1 corresponding to
stretching vibration of N-H bonds polypyrrole. Two
absorption peaks of C=C stretching of PPy ring at 1535.08
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cm and 1456. 82 cm® had been observed at 1536.43 cm™ 0 20 20 20 =0 0 20
and 1468.72 cm™ in composite (Xu et al., 2010). Meanwhile, 2-Theta (degree)
10000

C-N stretching of PPy was found at 1295.7 cm™ while (bgoz) 103
1286.65 cm™ in MoS./PPy. This slightly shifted changes due 8000 4

to the interaction between molybdenum disulphide with

polypyrrole which causes to the partial m-electron 60007
. (100)
transferring from polypyrrole to the molybdenum 2000 (105)

Intensity (a.u)

(106)
(110)

disulphide NPs (Xu et al., 2010). The peaks at 892.22 cm™

indicate Mo-S bond in composite spectrum. Meanwhile, the 2000 4 »...J
S-S bond of molybdenum disulphide was observed at 914.21

cm™ in MoS. and 961.65 ecm in composites (Ding et al., 20 40 60
. 2-Theta (d
2016). Thus, this reveals that PPy was successfully eta (degree)

154 ¢)

integrated with MoS. forming MoS./PPy.

Figure 2 shows the phase arrangements and the crystal
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structure of MoS., PPy and MoS./PPy composite. Broad
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peak of MoS./PPy indicated the presence of amorphous PPy

(100) (403,

Intensity (a.u)

phase in the lattice. The distinctive peaks of MoS./PPy

o
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composite occurred at 20 = 14.68°, 33.52°, 40.00°, 50.00°,

58.97° and 60.00° which can be indexed to the (002), (100),

(103), (105), (106) and (110) (Ding et al., 2016). Hence, 0 y . r r r r
10 20 30 40 50 60 70
diffractogram (c) clearly revealed MoS. and PPy structure 2-Theta (Degree)

phase was present in the MoS./PPy composite. Figure 2. Diffractogram a) PPy b) pure MoS: and c)
MoS./PPy composite
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B. Photocatalytic Activity of MoS., PPy and

MoS./PPy Composite
Figure 3 reveals the efficiency of three different
photocatalysts PPy, MoS. and MoS./PPy towards

photodegradation of 2-chlorophenol in aqueous solution
under solar radiation. From the results, it is clearly observed
MoS./PPy have highest degradation efficiency compared
with PPy and MoS.. MoS:/PPy achieved stronger visible
light absorption compared to PPy and MoS. due to the
integration of MoS. and PPy producing narrow band gap
and photogenerated electrons were transfer from excited
state into the conduction band of MoS. particles efficiently

(Quinn et al., 2013).
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286 288 290 292
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282 284
Figure 3. Photocatalyst activity for degradation of 2-
chlorophenol (condition: 10 mg composite, 5 mL of 50 mg/L
of 2-clorophenol at pH 5 and exposed to the sunlight for 180

minutes)

C. Effect of Contact Time with Different Initial
Concentration

As illustrates in Figure 4, percentage of degradation were
decreased with increasing of 2-chlorophenol concentration
from 50 mg /L to 250 mg/L. Highest percentage of
degradation was observed at 50 mg/L with the percentage of
76.86%, while the

concentration of 250 mg/L. This may be due to the surface

lowest degradation occurred at

sites of catalyst was saturated with the 2-chlorophenol
molecule, thus lower the catalytic activity. Moreover, as the
concentration of 2-chlorophenol increased, more compound
gets absorbed on the photocatalyst surface which more
production of OH needed in order to increase the
degradation efficiency (Ahmed et al.,, 2010). The graph

revealed the increasing percentage of degradation with

69

increasing time with rapid degradation for the first 15
minutes and slowly degraded until 180 minutes. This
situation occurred since at the first 15 minutes, there is more
available site for efficient catalytic activity. Meanwhile, when
reached 180 minutes, the active sites become saturated and

eventually lower the degradation efficiency.
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Figure 4. Percentage degradation of different contact time
with different initial concentration of 2-chlorophenol
(condition: 10 mg composite, 5 mL of 50- 250 mg/L 2-
clorophenol at pH 5 and exposed to the sunlight for 0-180

minutes)

D. Photodegradation Efficiency of 2-chlorophenol at
Different pH

Figure 5 shows percentage of degradation of 2-chlorophenol.
From the graph, pH 5 (79.59%) demonstrates highest
percentage degradation compares to pH 3 (63.33%), pH 7
(78.57%) and pH 9 (50%). In photocatalytic degradation,
adsorbed water is oxidized by positives hole generated from
the excitation of electron of MoS./PPy from valence band to
conductive band to produces OH radicals. The OH radicals
eventually, degrade the pollutants to intermediate and
further degrade to CO- and H-0O. At low pH the presence of
water is limited, to react with the positive holes to form
hydroxyl radicals (¢<OH) (Ahmed et al., 2011). Thus, it will
decrease the photodegradation efficiency of 2-chlorophenol.
Meanwhile, in the alkaline regime, the percentage
degradation decreased may be due to the surface of the
MoS./PPy becomes negatively charge and thus repelled the
2-chlorophenol. Nevertheless, the degradation will still

occur but in less efficient.
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Figure 5. Percentage degradation of different pH (condition:
10 mg composite, 5 mg/L 2-chlorophenol and exposed to the

sunlight for 180 minutes)

E. Comparison Photocatalyst Efficiencies in
Different Photocatalyst

A comparative study of the photocatalytic efficiencies of the
photocatalysts reported in the literature with the present
catalyst is substantial and is demonstrated in Table 1.
Ahmed et al., (2010), reported 92% degradation efficiency of
phenol in the UV light condition at pH 5 using TiO- (Ahmed
et al., 2011). 2-chlorophenol was successfully degraded by
Co-TiO: which is done under UV light by Ahmed et al.,
(2010) .On the other hand, MoS. and MoS./Gr/Ags;Po,
degraded phenol in visible light condition with degradation
percentage of 55% and 75% at pH 5 and 3 respectively
(Zhang et al., 2017; Peng et al., 2014). Thus, in this context,
it is very well recognized that our MoS./PPy offers higher

degradation percentage.

IV. CONCLUSION

Based on overall result and discussion, it can be concluded
that the MoS. was successfully coated with PPy. The
synthesized MoS./PPy were characterized by using FTIR
and XRD. FTIR and XRD results revealed the successful
integration of PPy and MoS.. In the photocatalytic activity
test towards 2-chlorophenol, MoS./PPy (53.33%) show the
highest percentage of degradation compared to MoS- (50%).
In addition to this, the concentration of 50 mg/L has the
highest percentage degradation which is (76.86%) at the
contact time of 180 minutes compared to other
concentration. Furthermore, the best condition of pH
towards 2-chlorophenol in these studies are clearly observed
to be at pH 5 (79.59%). The proposed method may be
utilized for the synthesis of numerous composites materials,
with other conducting polymers to overcome the present-
day issue of environmental pollution affected by various
the

photocatalytic activity in visible light region is more

organic  pollutants.  Furthermore, enhanced
economical compared to UV irradiation and may further

apply for industrial purposes.
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Table 1 Comparative study of photocatalytic efficiencies of the different photocatalyst.

Photocatalyst Pollutant Light Concentration pH Contact Degradation Ref.
Source (mg/L) Time (%)
(min)

TiO- Phenol uv 50 5 360 92 [22]

Co-TiO- 2-chlorophenol uv 25 9 150 93 [22]

CMK/PANI Phenol uv 250 3 240 81 [23]

MoS. Phenol Visible 10 5 120 55 [24]

MoS./Gr/AgzPoy Phenol Visible 10 3 60 75 [25]
MoS./PPy 2-chlorophenol Visible 50 5 180 79.59 This work
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