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Abstract
Non-covalent triazine framework decorated carbon nanotube were prepared by using cyanuric chloride
(CC) and biphenyl (BP) and carbon nanotube (CNT) by Friedel-Crafts reaction. The prepared
poly(cyanuric chloride-co-biphenyl)-carbon nanotube (Poly(CC-co-BP)-CNT) composite is used as a
supporting materials for photocatalyst towards methylene blue (MB) dye degradation. Zinc sulphide
(ZnS) and Zinc sulphide-Tin sulphide (ZnS-SnS) nanoparticles were doped on the surface of
poly(cyanuric chloride-co-biphenyl)-carbon nanotube (Poly(CC-co-BP)-CNT) composite by using aqueous
plant extract of Vanda Testacea as reducing agent. The ZnS/Poly(CC-co-BP)-CNT and ZnS-SnS/Poly(CC-
co-BP)-CNT photocatalyst were analyzed using UV-DRS, PL, XRD, EDX and TEM methods. The durability
of the prepared photocatalyst were tested using methylene blue dye under different UV light sources and
sun light. The photocatalytic activity of ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst is found to be higher
than ZnS/Poly(CC-co-BP)-CNT, unsupported ZnS and ZnS-SnS photocatalyst towards MB dye. This
confirms that prepared ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst is effective for the removal of the
methylene blue dye from waste water.

1. INTRODUCTION
Most threatening environmental pollution is water pollution. The major source for water pollution is
industrial effluents, which gives carcinogenic effects to human beings, aquatic animals and environment.
Industrial effluents like reactive dyes were utilized more in the textile, cosmetic, pharmaceutical, fabric
and plastic industries [1, 2]. Water soluble dyes will seriously affect the human health which causes
pulmonary congestion liver damage, vomiting, diarrhea [3, 4]. In this point of view the removal of reactive
dyes is found to be very essential from the industrial effluents, these industrial effluents were reported to
be treated by several physiochemical methods like trickling filters [5] activated sludge [6], microfiltration
[7], adsorption [8], chemical coagulation [9], reverse osmosis [10], photocatalytic degradation [11–14] for
decolorization/decomposition/degradation of dye molecules. Among physiochemical methods,
photocatalytic degradation is a sustainable method because the renewable solar energy is utilized for
dye degradation which converts the hazardous organic pollutants and microorganisms into harmless
substances like H2O and CO2. [15–17].

Generally, dye degradation takes place through the photochemical reaction. The effective dye
degradation process is limited by the recombination rate of the photo-generated electron-hole pairs
formed during the photocatalytic process and unsuitable interfacial charge-transfer process of
photogenerated charge carriers. Thus, development of photochemically active heterogeneous
photocatalyst of non-precious metal oxides/sulfide [18–23] is a major challenge for the researchers.
This limitation can be overcome by coupling of two different semiconductor of metal oxide/sulfide. The
coupled metal oxide/sulfide semiconductor (i) that reduces the electron-hole pairs recombination
process and (ii) the proper spatial structure for separation of electron and hole pairs which gives
enhanced photocatalytic activity. Recently, the development of semiconducting materials from II-VI
group elements in the periodic table has attracted attention due to their low band gap under Ultra-Violet
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and solar light irradiation. According to previous report semiconducting materials like Ag2S [24], PbS [25,
26], CdSe [27, 28], CuS [29, 30], CdS [31, 32], MoS2 [33, 34], SnS2 [35, 36], ZnS [37, 38] are active towards
dye degradation under solar and ultraviolet light. Among them ZnS is a chalcogenide semiconductor with
a moderate band gap values ∼3.72 eV at room temperature [39] and it is most widely studied material
because of low cost, non-toxicity and Ultra-Violet active photocatalyst towards dye degradation. Apart
from the dye degradation, the ZnS is broadly used in various fields such as light emitting diode (LED), flat
panel display lasers, electroluminescence, biodevices, electro-optic modulator, infrared windows, optical
sensors, phosphors, photoconductors etc, [40–48]. The ZnS nanostructure were prepared by chemical
methods like hydrothermal [49], co-precipitation [50], polyol [51], nonaqueous chem{ical [52], microwave-
solvothermal [53] and chemical bath deposition [54]. Now-a-days, the preparation of metal sulphides by
biological methods has acquired greater significance because of its eco-friendliness, simplicity and
controlled chemical toxicity towards environment.

Vanda Testacea is a species of vandaceous orchid originated in Indian subcontinent to Indochina and it
is broadly used for its medicinal properties. The roots, leaves and flowers of Vanda Testacea are utilized
as herbal medicines for remedy of nervous disorders, anti-cancerous drug, inflammations, rheumatism,
piles, bronchitis [55]. Hence, this shows much interest to use aqueous plant extract of Vanda Testacea
as reducing agent for the preparation of metal sulphide nanoparticles by green bio-synthetic approach.
Semiconducting metal sulphide nanoparticles that reduce the ability of the dye degradation were
agglomerated without supporting materials. In order to avoid the agglomeration, the usage of the porous
supporting materials is essential for metal sulphide photocatalyst. The use of porous supporting
material protects metal sulphide from agglomeration and also gives enhanced effective adsorption and
specific surface area to the photocatalyst. Therefore, the selection of porous materials like alumina,
silica, ordered carbon such as carbon nanotube, graphene, mesoporous carbon, fullerene etc., and is
important for photocatalyst. Triazine framework-based polymer-carbon nanotube composite has been
chosen as porous supporting material for photocatalyst.

With this point of view, the present work is attempting to dope ZnS and ZnS-SnS nanoparticles on
poly(cyanuric chloride-co-biphenyl)-carbon nanotube (Poly(CC-co-BP)-CNT) as supporting material by
green biosynthetic approach for methylene blue dye degradation. Undoubtedly, this is the first work done
on the synthesis of ZnS and ZnS-SnS nanoparticles doped Poly(CC-co-BP)-CNT as a supporting material
by using aqueous plant extract of Vanda Testacea. The durability of prepared ZnS/ Poly(CC-co-BP)-CNT
and ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst have been checked under same experimental condition
towards methylene blue dye degradation. Additionally, the antimicrobial activity of the prepared ZnS/
Poly(CC-co-BP)-CNT and ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst tested against the microorganism
namely Bacillus thuringiensis, Escherichia coli, Pseudomonas aeruginosa and Staphylococcus aureus.

2. EXPERIMENTAL METHODS

2.1. Materials
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Vanda testacea, anhydrous Zinc (II) Chloride (ZnCl2), Stannous (II) chloride dihydrate (SnCl2.2H2O),
Sodium Sulphide (Na2S), Potassium hydroxide (KOH), Methylene blue (MB) were purchased from SRL,
India. Anhydrous AlCl3 and multiwalled carbon nanotubes were purchased from Sigma Aldrich, India.

Anhydrous AlCl3 was purchased from Sigma Aldrich, India. Dichloromethane (DCM), cyanuric chloride
(CC), biphenyl (BP), Peptone (Microbiology grade), Agar (Bacteriological grade) and Sodium Chloride
(Laboratory reagent) were purchased from Merck, India.

2.2. Preparation of aqueous Vanda Testacea plant extract
Vanda testacea plant material was collected in Tirupati hills, Andhra Pradesh, India (April 2021) and is air
dried for 15 days and is crushed into fine powder. This powder is named as Vanda testacea powder. The
aqueous plant extract of Vanda testacea were prepared by microwave-Assisted method. For these 5
grams of Vanda testacea powder is dispersed in 100 ml of deionized water and kept in microwave oven
for 5 mins at input power of 600 watts. After Cooling to room temperature, the aqueous plant extract is
filtered and used as a reducing agent for the preparation photocatalyst.

2.3. Preparation of photocatalyst support poly(cyanuric
chloride-co-biphenyl)-carbon nanotube (Poly(CC-co-BP)-
CNT) composite
For the preparation photocatalyst support Poly(CC-co-BP)-CNT composite, 5 mg of carbon nanotube was
dispersed in 25 ml of anhydrous dichloromethane. To the dispersed solution add 5 mg of cyanuric
chloride and 15 mg of biphenyl. To the above reaction mixture 15 mg of anhydrous AlCl3 catalyst was
added to initiate the Friedel-Crafts reaction [56–58] and reaction mixture is refluxed at 65°C under inert
atmosphere for 16 h. Then the reaction mixture was allowed to cool at 25°C. The obtained Poly(CC-co-
BP)-CNT composite in reaction solution was filtered and its impurities were removed by washing several
times with dichloromethane and distilled water and then the prepared Poly(CC-co-BP)-CNT composite
dried at 110°C in an hot air oven for 24 h.

2.4. Preparation of Zinc Sulphide nanoparticles doped
poly(cyanuric chloride-co- biphenyl)-carbon nanotube
(ZnS/Poly(CC-co-BP)-CNT) by green bio-synthesis method
ZnS/Poly(CC-co-BP)-CNT photocatalyst was prepared by following procedure. At first, 20 mg of
poly(cyanuric chloride-co-biphenyl)-carbon nanotube (Poly(CC-co-BP)-CNT) were dispersed in 20 ml of
aqueous plant extract of Vanda Testacea in a clean 100 ml round bottom flask. To the dispersed mixture
0.4 M of ZnCl2 metal precursor solution is added and stirred for 1 hour. After that 0.4 M freshly prepared

Na2S solution were added slowly to the reaction mixture and the obtained suspension is continuously
stirred for another 4 hours. The obtained ZnS/Poly(CC-co-BP)-CNT was centrifuged, washed and dried at
110°C for 24 hours. For Poly(CC-co-BP)-CNT optimization, the Poly(CC-co-BP)-CNT is taken in different
weight percentage of 0.5%, 1.0% and 1.5% with respect to weight of ZnCl2 metal precursor.
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2.5. Preparation of Zinc Sulphide-Sin Sulphide
nanoparticles doped poly(cyanuric chloride-co-biphenyl)-
carbon nanotube (ZnS-SnS/Poly(CC-co-BP)-CNT) by green
bio-synthesis method
ZnS-SnS/Poly(CC-co-BP)-CNT were prepared by taking 1% wt of Poly(CC-co-BP)-CNT composite by using
0.2 M ZnCl2 and 0.2 M SnCl2.2H2O and 0.8 M Na2S as precursor solution. 1 wt % of Poly(CC-co-BP)-CNT
support was dispersed in 20 ml of aqueous plant extract of Vanda Testacea in a clean 100 ml round
bottom flask. To the above suspension add 0.2 M ZnCl2 and 0.2 M SnCl2.2H2O precursor solution and
stirred for 1 hour. To this reaction mixture add 0.4 M of freshly prepared sodium sulphide solution (Na2S)

and stir the mixture for 4 hours. The obtained ZnS1-SnS1/Poly(CC-co-BP)-CNT photocatalyst were
centrifuged, washed and dried at 110°C for 24 hours. For the optimization of Sn in ZnS-SnS/Poly(CC-co-
BP)-CNT photocatalyst, the ZnS1-SnS0.25/Poly(CC-co-BP)-CNT, ZnS1-SnS0.5/ Poly(CC-co-BP)-CNT and
ZnS1-SnS0.75/ Poly(CC-co-BP)-CNT photocatalyst were prepared by similar experimental procedure.

2.6. Characterization techniques
The surface analysis of the prepared poly(cyanuric chloride-co-biphenyl)-carbon nanotube (Poly(CC-co-
BP)-CNT), poly(cyanuric chloride-co- biphenyl) (Poly(CC-co-BP) and carbon nanotube (CNT) were
characterized by Fourier Transform Infrared (Cary 630, Agilent technologies, USA) Spectroscopy, X-ray
diffraction (Rigaku Mixfix 600, Rigaku corporation, Japan) patterns were analysed at 25°C temperature.
The active surface area of the prepared material was measured by BET analysis (Quanta chrome
Instruments, Autos orb IQ series). The surface of the prepared materials was examined by Scanning
Electron Microscope (JEOL, JEM-2100 Plus, Japan) and Energy Dispersive Spectroscopy (EDAX-EDS-
SDD. EDAX Inc., USA). Finally, the average particles size of the prepared ZnS and ZnS-SnS were analysed
by High Resolution Transmission Electron Microscope (HR-TEM, JEOL, USA) with an accelerating voltage
of 120 kV.

2.7. Measurement of Phenol, Protein, Flavonoid, Reducing
sugar, and Anthocyanin constituents of vanda Testacea
plant extract
Prior to the preparation of ZnS and ZnS-SnS doped Poly(CC-co-BP)-CNT photocatalyst it is essential to
measure the constituents present in the vanda Testacea plant extract [59–62].

2.8. Photo degradation experiments
The dye degradation was carried out by photocatalytic irradiation method using photoreactor (Heber
scientific multilamp, India). The photoreactor chamber consists of mercury vapour lamps (8W) set in
parallel and with emitting wavelength of 365 nm and it have the reflector which is made of high polished
aluminium with inbuilt cooling fan. Further, the photoreactor have the in-build magnetic stirrer and with
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reaction glass tube of capacity of 50 mL. The 10 mg photocatalyst were dispersed 50 mL of 12 PPM dye
solution and it was stirred for 30 mins in dark condition before starting photocatalytic irradiation which
allows the absorption of dye on the photocatalyst surface. During dye degradation by photocatalyst, 3–5
mL of the degrading samples were collected at uniform time interval. Then, it was centrifuged to remove
the photocatalyst present in the collected solution. The absorbance is measured for collected dye
solution at different time interval using Ultra Violet-Visible spectrophotometer.

3. RESULTS AND DISCUSSION

3.1. Phenol, Protein, Flavonoid, Reducing sugar, and
Anthocyanin constituents of vanda Testacea plant extract
It is essential to measure the total phenol, flavonoid, reducing sugar, anthocyanin and total protein
present in vanda Testacea plant extract using precise methods. Table 1 displays the values of
compounds. From the values it was observed that the Vanda Testacea plant extract were abundant in
total phenolic compounds (34.67 ± 4.45 mg g− 1 FW), flavonoids (23.84 ± 2.48 mg g− 1 FW), reducing
sugar (2.26 ± 0.49 mg g− 1 FW), anthocyanin (5.64 ± 0.04 µg g− 1 FW) and total protein (2.48 ± 0.64 mg g− 

1 FW). From the results it was proposed that various compound present in vanda Testacea plant extract
may play a role in the formation of nanoparticles on Poly(CC-co-BP)-CNT surface.

  
Table 1

Protein, reducing sugar, anthocyanin, phenolic and flavonoid content in plant extract
of fenugreek

Total Phenolic

(mg g− 1 FW)

Flavonoid

(mg g− 1 FW)

Reducing Sugar

(mg g− 1 FW)

Anthocyanin

(µg g− 1 FW)

Total Protein

(mg g− 1 FW)

34.67 ± 4.45 23.84 ± 2.48 2.26 ± 0.49 5.64 ± 0.04 2.48 ± 0.64

3.2. Fourier Transform InfraRed analysis
FT-IR spectra of poly(cyanuric chloride-co-biphenyl) composite (Poly(CC-co-BP) and poly(cyanuric
chloride-co-biphenyl)-carbon nanotube composite (Poly(CC-co-BP)-CNT) were shown in Fig. 1(a-b). In
Fig. 1(a), the characteristic triazine peak observed at 1364 cm− 1 and 1507 cm− 1 of cyanuric chloride

monomers and the phenyl moiety characteristic peak observed at 1622 cm− 1 and 774 cm− 1 of biphenyl
monomer. The disappearance of characteristic C-Cl peaks at 850 cm− 1 [63–66], which confirms cyanuric
chloride and biphenyl monomers involve in the formation of Poly(CC-co-BP) composite.

Further, in the Fig. 1(b) of Poly(CC-co-BP)-CNT composite also exhibits comparable characteristic peaks
observed for Poly(CC-co-BP) composite. These confirms the presence of Poly(CC-co-BP) on the surface
of CNT material through non-covalent interaction.
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3.3. X-Ray diffraction analysis
The XRD patterns of ZnS/Poly(CC-co-BP)-CNT and ZnS-SnS/Poly(CC-co-BP)-CNT were shown in Fig. 2. In
Fig. 2(a) for ZnS in ZnS/Poly(CC-co-BP)-CNT exhibits four peaks at 28.03˚, 46.45˚, 55.20˚ and 57.36˚ and
it represents the formation of ZnS nanoparticles with cubic structure (JCPDS no. 05 0566) [67, 68] Fig.
2(b) shows the XRD pattern of ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst. In Fig. 2(b) the ZnS exhibits
four peaks which is comparable to ZnS peaks in Fig. 2(a). Further, SnS exhibits three more peaks at
32.40˚, 35.15˚ and 38.09˚ these represents the SnS is orthorhombic structure (JCPDS no. 39–0354) [69–
71]. From the XRD result it was concluded that ZnS and ZnS-SnS doped on the surface of Poly(CC-co-
BP)-CNT composite.

3.4. Ultra Violet-Diffuse reflectance spectra analysis (UV-
DRS)
The optical property of unsupported ZnS and ZnS/Poly(CC-co-BP)-CNT photocatalyst were analysed
using Ultra Violet-Diffuse Reflectance Spectra. Figure 3 shows Ultra Violet-Diffuse Reflectance Spectra of
unsupported ZnS and ZnS/Poly(CC-co-BP)-CNT photocatalyst. The wavelength of the ZnS/Poly(CC-co-
BP)-CNT photocatalyst is found to greater that of the unsupported ZnS photocatalyst. Here,
ZnS/Poly(CC-co-BP)-CNT photocatalyst shows red shifts when compared with unsupported ZnS
photocatalyst. The band gap energy values were calculated for unsupported ZnS and ZnS/Poly(CC-co-
BP)-CNT photocatalyst and it values is 3.72 eV and 3.28 eV [72, 73]. The decreased band gap energy of
ZnS/Poly(CC-co-BP)-CNT photocatalyst is because of the synergistic chemical interaction between ZnS
and the support Poly(CC-co-BP)-CNT composite. This decreased band gap energy of ZnS/Poly(CC-co-
BP)-CNT photocatalyst shows a broader absorption in the ultra violet region than the unsupported ZnS
photocatalyst, so it can generate more electron-hole pairs in UV irradiation. Generally, the decreased
band gap energy value of the photocatalyst improve the photocatalytic activity of the catalyst [74–76]
The UV-DRS studies is used as supplementary evidence for the enhancement photocatalytic activity of
dye degradation for wastewater treatment applications. So, ZnS/Poly(CC-co-BP)-CNT photocatalyst
shows enhanced photocatalytic activity than that of the unsupported ZnS photocatalyst towards
methylene blue dye degradation.

3.5. Photoluminescence (PL) Studies
Photoluminescence studies were carried out for unsupported ZnS and different weight percentage of
Poly(CC-co-BP)-CNT in ZnS/Poly(CC-co-BP)-CNT (ZnS/0.25% Poly(CC-co-BP)-CNT, ZnS/0.5% Poly(CC-co-
BP)-CNT, ZnS/0.75% Poly(CC-co-BP)-CNT and ZnS/1% Poly(CC-co-BP)-CNT) photocatalyst at room
temperature. Figure 4 shows the photoluminescence spectra of unsupported ZnS and weight percentage
of ZnS/Poly(CC-co-BP)-CNT photocatalysts. The emission band for unsupported ZnS and different
weight percentage of Poly(CC-co-BP)-CNT in ZnS/Poly(CC-co-BP)-CNT photocatalysts were observed at
410 and 450 nm. The weak emission peak at 410 nm was attributed to the surface defects and
vacancies of the ZnS nanoparticles [77].
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From the PL spectra of unsupported ZnS and different weight percentage of Poly(CC-co-BP)-CNT
composite in ZnS/Poly(CC-co-BP)-CNT photocatalyst, it has been detected that the intensity of the
emission peak (photoluminescence) decreases with increase weight of Poly(CC-co-BP)-CNT in
ZnS/Poly(CC-co-BP)-CNT photocatalyst. This indicates that PL quenching occurs because of the
chemical interaction between the ZnS and Poly(CC-co-BP)-CNT in ZnS/Poly(CC-co-BP)-CNT
photocatalyst. Subsequently, the addition of Poly(CC-co-BP)-CNT to ZnS reduces the recombination of
electron-hole pairs which reduces the defects and vacancies in ZnS photocatalyst. So, ZnS/Poly(CC-co-
BP)-CNT can be used as an active catalyst towards dye degradation.

3.6. BET analysis
Photocatalysis process is surface-based process which requires more active sites. Heterogeneous
photocatalyst well recognized for its high surface area is important to produce more active sites that can
increase the shed light on the surface of the photocatalyst. Thus, improves the photocatalytic activity of
the photocatalyst. The photocatalytic activity of the photocatalyst was determined by their active surface
area. It has been broadly known that the prepared photocatalyst possessed with porous nature this gives
hight active surface area. The porous nature of the photocatalyst will allow the transportation of
reactants and products through interior space is due to the interconnected porous network and its cares
the gathering of excited light because of high surface area and many scatterings occurs within the
porous framework [78, 79]. The active surface area of the prepared Poly(CC-co-BP)-CNT composite, Zinc
sulphide (ZnS) and different weight percentage of Poly(CC-co-BP)-CNT in ZnS/Poly(CC-co-BP)-CNT were
measured by Nitrogen adsorption-desorption isotherms (Fig. 5).

The BET surface is Poly(CC-co-BP)-CNT composite, unsupported ZnS, ZnS/0.25% Poly(CC-co-BP)-CNT,
ZnS/0.5% Poly(CC-co-BP)-CNT, ZnS/1% Poly(CC-co-BP)-CNT and ZnS/1.25% Poly(CC-co-BP)-CNT
photocatalysts are 6.4, 65.1, 77.4, 95.8, 155.6 and 131.5 m2/g, respectively. Hence, ZnS/1% Poly(CC-co-
BP)-CNT photocatalyst owns a high surface area than other photocatalysts. Further, the surface area of
the photocatalyst were increased with increase in the weight percentage of Poly(CC-co-BP)-CNT in
ZnS/Poly(CC-co-BP)-CNT photocatalyst. In the present study, 1% weight of Poly(CC-co-BP)-CNT in
ZnS/Poly(CC-co-BP)-CNT photocatalyst exhibits high specific surface are when compared with other
photocatalyst. So, ZnS/1% Poly(CC-co-BP)-CNT photocatalyst have a greater number of active
adsorptions cites for dye adsorption and also harvest more light source. Hence, the high specific surface
is essential to achieve highly active photocatalyst.

3.7. Scanning Electron Microscope and Energy Dispersive
X-Ray analysis
Figure 6 shows the EDAX spectra of ZnS/Poly(CC-co-BP)-CNT photocatalyst. The EDAX spectra confirms
the presence of Zn and S elements in ZnS/Poly(CC-co-BP)-CNT photocatalyst. Figure 7 shows the EDAX
spectra of ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst. Further, the EDAX spectra confirms the presence
of Zn, Sn and S elements in ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst.
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3.8. High Resolution Transmission Electron Microscope
analysis
The morphology and particle size of ZnS and ZnS-SnS doped ZnS-SnS/Poly(CC-co-BP)-CNT
photocatalyst were examined by Transmission electron microscope image. From the Fig. 8 it was clearly
visualized the ZnS and ZnS-SnS nanoparticles were uniformly dispersed on the surface of Poly(CC-co-
BP)-CNT supporting materials without aggregation of nanoparticles. The particles size of ZnS and ZnS-
SnS nanoparticle is approximately 3–4 nm.

3.9. XPS Analysis
X-ray photoelectron spectroscopy (XPS) measurement have been carried out for ZnS-SnS/Poly(CC-co-
BP)-CNT photocatalyst (Fig. 9). The full scan XPS spectrum have been shown in Fig. 9(a) for ZnS-
SnS/Poly(CC-co-BP)-CNT which also the confirms the presence of Zn, Sn and S present in ZnS-
SnS/Poly(CC-co-BP)-CNT photocatalyst. Figure 9 (b, c and d) shows the XPS spectra for Zn(2p), Sn (3d)
and S(2p), respectively. The observed binding energies values are concords with the literature data [80–
83]. Thus, exhibits the interaction among the Zn, Sn and S in the ZnS-SnS/Poly(CC-co-BP)-CNT
photocatalyst.

3.10. Photodegradation of methylene blue dye
The methylene blue dye degradation has been carried out for unsupported ZnS and ZnS/ Poly(CC-co-BP)-
CNT photocatalyst under optimized condition of 12 ppm of methylene blue solution and 50 mg of
photocatalysts under natural sun light and three different UV irradiation sources [UV-1 (350 nm), UV-2
(310 nm) and UV-3 (254 nm)]. The methylene blue dye degradation evolution has been supervised using
UV-visible spectroscopy analysis at various time intervals in the presence of unsupported ZnS and
ZnS/Poly(CC-co-BP)-CNT photocatalyst, were shown in Fig. 10 and Fig. 11.

Figure 10 (a & b) shows the measurement of UV-Visible spectra of methylene blue dye degradation at
various time intervals under natural sun light and UV3 irradiation. From the Fig. 10 (a & b), it has been
observed that the methylene blue solution exhibits an absorption peak at 664 nm. The intensity of the
absorption peak decreases with increase in irradiation time. The complete methylene blue dye
degradation occurs within 210 mins and 120 mins for unsupported ZnS photocatalyst under natural sun
light and UV3 irradiation.

Figure 11 (a & b) shows the measurement of UV-Visible spectra of methylene blue dye degradation at
various time intervals under natural sun light and UV3 irradiation. From the Fig. 11 (a & b), it has been
observed that the methylene blue solution exhibits an absorption peak at 664 nm. The intensity of the
absorption peak decreases with increase in irradiation time. The complete methylene blue dye
degradation occurs within 180 mins and 60 mins for ZnS/1% Poly(CC-co-BP)-CNT photocatalyst under
natural sun light and UV3 irradiation.
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From the Fig. 10(b) and 11(b), it was concluded that methylene blue dye degradation takes effectively in
the presence of the ZnS/1%Poly(CC-co-BP)-CNT photocatalyst under UV3 irradiation (wavelength = 254
nm). In addition to that supported ZnS/1%Poly(CC-co-BP)-CNT photocatalyst is also found to be
effective than unsupported ZnS photocatalyst towards methylene blue dye degradation in other two UV
irradiation sources. Hence, Poly(CC-co-BP)-CNT is a good supporting material for ZnS nanoparticles for
photocatalytic activities. This enhanced photocatalytic activity of ZnS/1%Poly(CC-co-BP)-CNT
photocatalyst may be due to the synergistic chemical interaction between the Poly(CC-co-BP)-CNT and
ZnS nanoparticles present in the ZnS/1%Poly(CC-co-BP)-CNT photocatalyst and the exposed UV3
irradiation light energy is well synchronized with the band gap values of ZnS/1%Poly(CC-co-BP)-CNT
photocatalyst. Therefore, maximum electron-hole pair density was gained, which leads to the rapid
photocatalytic reaction [84].

Further, the time required for methylene blue dye degradation in different light sources was shown in the
Table 2. The percentage of methylene blue dye degradation was calculated by the following Eq. (1)

where, D dye degradation rate, C0 is the absorption of dye at 0 min and Ct is the absorption of dye at time
in minutes for the irradiation.

  
Table 2

Time required for different light source to complete methylene blue dye degradation in the
presence of unsupported ZnS and ZnS/1% Poly(CC-co-BP)-CNT photocatalyst.

Photocatalyst MB solution Light source Time

(mins)

% of degradation

Unsupported ZnS 12 ppm Sun light 210 95

UV1 180 95

UV 2 150 95

UV3 120 95

ZnS/1% Poly(CC-co-BP)-CNT 12 ppm Sun light 180 95

UV1 120 94

UV 2 90 94

UV3 60 100

The above interesting result makes the author to extend the work to furthermore. So, the addition of SnS
(different weight % 0.25, 0.50, 0.75 and 1.00) to ZnS/Poly(CC-co-BP)-CNT photocatalyst. The
photocatalytic activity of the prepared ZnS1-SnS0.25/Poly(CC-co-BP)-CNT, ZnS1-SnS0.50/Poly(CC-co-BP)-

D (%) = × 100 − − − (1)
C0 − Ct

C0



Page 11/30

CNT, ZnS1-SnS0.75/Poly(CC-co-BP)-CNT and ZnS1-SnS1/Poly(CC-co-BP)-CNT photocatalyst (50 mg) is
tested towards methylene blue dye degradation (12 PPM) under and UV3 irradiation (Wavelength − 254
nm) sources. Table 3 shows percentage of methylene blue dye (12 PPM) degradation in 30 minutes for
the various ratio of ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst (50 mg) under UV3 irradiation
(Wavelength − 254 nm) source.

 
Table 3

Percentage of methylene blue dye (12 PPM) degradation in 30 minutes for the various ratio of ZnS-
SnS/Poly(CC-co-BP)-CNT photocatalyst (50 mg) under UV3 irradiation (Wavelength − 254 nm) source

Photocatalyst MB solution Light source Time

(mins)

% of degradation

ZnS1-SnS0.25/Poly(CC-co-BP)-CNT 12 ppm UV3 irradiation 30 68

ZnS1-SnS0.50/Poly(CC-co-BP)-CNT 74

ZnS1-SnS0.75/Poly(CC-co-BP)-CNT 86

ZnS1-SnS1/Poly(CC-co-BP)-CNT 100

From the above result, it was it was observed the 100% methylene blue dye degradation take place in 30
mins for ZnS1SnS1/1% Poly(CC-co-BP)-CNT (50 mg) photocatalyst under UV3 irradiation. But the other
ratio of ZnS1SnS0.25/1% Poly(CC-co-BP)-CNT, ZnS1SnS0.5/1% Poly(CC-co-BP)-CNT and ZnS1SnS0.75/1%
Poly(CC-co-BP)-CNT photocatalyst degrades 68%, 74% and 86% under similar experimental condition.
The photocatalytic activity ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst is found to greater that than
other photocatalyst is may because of synergic effect or interaction between ZnS and SnS in
ZnS1SnS1/1% Poly(CC-co-BP)-CNT photocatalyst that decrease the electron-hole pair recombination
effect and it improve the life time of the photogenerated electron-hole pairs. Therefore, maximum
electron-hole pair density was gained, which leads to the rapid photocatalytic reaction [84].

3.11. Kinetics Studies for methylene blue dye degradation
using ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst
The MB dye degradation was investigated in the presence of ZnS1SnS1/1%Poly(CC-co-BP)-CNT
photocatalyst which follows the pseudo-first order kinetics. The performance of the
ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst will affect by the weight of the photocatalyst and
concentration of the methylene blue dye solution. So, kinetics studies were carried out by varying the
weight of the photocatalyst and concentration of the methylene blue dye solution.

3.11.1. Effect of methylene blue dye concentration
The kinetic studies of the concentration of methylene blue dye degradation were investigated by varying
the concentration of the MB dye from 4, 8, 12 and 16 ppm. Figure 13 shows the effect of MB dye on
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ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst at 10 mins of irradiation time. The concentration of MB
dye increases, which increases the greater number of MB dye molecules adsorbing on the surface of
ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst. Hence, it is likely to improve the photocatalytic activity
towards MB dye degradation.

At the higher MB dye concentration, the penetration of the photons from light source to the photocatalyst
surface was reduced these exhibits the least formation of hydroxy radicals for the MB dye degradation
process [85]. As a result, the rate of MB dye degradation decreases with an increase in the concentration
of MB dye.

3.11.2. Effect of photocatalyst weight
The effect of ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst weight was investigated by varying the
catalyst weight of 10, 30, 50, 70 and 100 mg in 12 ppm of MB dye solution after 10 minutes. Figure 14
shows plots of different weight of ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst weight versus rate of
MB dye degradation. The MB dye degradation on varying the photocatalyst weight also follows the
pseudo-first order reaction. From the Fig. 14 it was noticed, that the increase in the weight of the
photocatalyst (increase the illumination area) leads to increase in the surface area of the photocatalyst.
So, adsorption of the MB dye molecules also increases on the photocatalyst surface [85].

3.12. Mechanism of photodegradation of MB over
ZnS1SnS1/1%Poly(CC-co-BP)-CNT nanocomposite
Figure 15 shows the proposed degradation mechanism of methylene blue dye using
ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst. In a degradation reaction, breaking and formation of
bond takes place. According to bond dissociation energy (BDE) theory, if the BDE is less breaking of the
old bond and formation of new bond takes place easily. Degradation mechanism of methylene blue is
analyzed based on intermediate and products. During the dissolution of methylene molecule  is first
ionized and exists in the detached state. N-CH3 has low BDE during the bombardment of the radical

species, N-CH3 bond is easily broken and -CH3 is oxidized to HCHO and HCOOH. C-S and C-N are the
next most active parts in the methylene blue molecule during bombardment of •OH and O3, the two
bonds are easily broken. In Dielectric barrier discharge (DBD) process [86], an abundance of radical
species in the methylene blue solution is generated. These oxidize organic molecular structures until
they are finally transformed into inorganic ions like , , C, CO2 and H2O [87].

3.13. Reusability of the ZnS1SnS1/1%Poly(CC-co-BP)-CNT
photocatalyst
It is very important to check the durability of the ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst MB dye
degradation under UV3 irradiation. So, the reusability and stability of ZnS1SnS1/1%Poly(CC-co-BP)-CNT
photocatalyst were determined by undergoing the MB dye degradation on same catalyst for three times.

Cl
−

NO
−
3 SO

2−
4
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It was noticed, in Fig. 16 that there is no remarkable change in the photocatalytic activity of
ZnS1SnS1/1%Poly(CC-co-BP)-CNT after repeating the MB dye degradation for three times.

4. CONCLUSION
A green biosynthetic approach is used to dope ZnS nanoparticles on the surface Poly(cyanuric chloride-
co-biphenyl)-CNT composite (Poly(CC-co-BP)-CNT) (different weight percentage 0.25, 0.5, 1 and 1.25%)
using Vanda testacea plant extract as reducing agent. The prepared ZnS/Poly(CC-co-BP)-CNT were
characterised by UV-Visible DRS, PL, EDX, TEM and BET techniques. The BET analysis concludes that 1%
Poly(CC-co-BP)-CNT supported ZnS has a higher surface area than other ZnS/0.25% Poly(CC-co-BP)-
CNT, ZnS/0.5% Poly(CC-co-BP)-CNT and ZnS/1.25% Poly(CC-co-BP)-CNT and unsupported ZnS
photocatalyst. The photocatalytic activity of supported ZnS/1% Poly(CC-co-BP)-CNT and unsupported
ZnS photocatalyst were tested towards methylene blue dye degradation under visible light and various
wavelength of UV light (UV1-350 nm, UV2- 310 nm and UV3-254 nm). From the methylene blue dye
degradation result it was concluded that ZnS/1% Poly(CC-co-BP)-CNT (50 mg) photocatalyst is an
efficient photocatalyst than other and unsupported ZnS photocatalyst towards methylene blue dye (12
PPM) degradation under UV3 irradiation. This may due to the synergistic chemical interaction between
the Poly(CC-co-BP)-CNT and ZnS nanoparticles present in the ZnS/1%Poly(CC-co-BP)-CNT
photocatalyst. Further, the work is extended to next step different weigh ratio of SnS (weight percentage
of 0.25%, 0.5%, 0.75% and 1%) is added with ZnS/1%Poly(CC-co-BP)-CNT photocatalyst. The
photocatalytic activity of the prepared photocatalyst towards methylene dye degradation. From the
result, it was found that ZnS1SnS1/1%Poly(CC-co-BP)-CNT (50 mg) photocatalyst involve 100% of
methylene blue dye (12 PPM) degradation in 30 minutes under UV3 light sources than other
photocatalyst and this may because of synergic effect or interaction between ZnS and SnS in
ZnS1SnS1/1% Poly(CC-co-BP)-CNT photocatalyst which decrease the electron-hole pair recombination
effect and it improve the life time of the photogenerated electron-hole pairs. Therefore, maximum
electron-hole pair density was gained, which leads to the rapid photocatalytic reaction. The stability and
efficiency of the ZnS1SnS1/1% Poly(CC-co-BP)-CNT photocatalyst were tested under similar experimental
condition and the results conclude that the prepared ZnS1SnS1/1% Poly(CC-co-BP)-CNT is a reusable
photocatalyst. Because of durability the prepared ZnS1SnS1/1% Poly(CC-co-BP)-CNT can be

recommended for dye degradation in industries. Hence, the prepared ZnS1SnS1/1% Poly(CC-co-BP)-CNT
photocatalyst is a promising material for the removal of MB dye.
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Figures

Figure 1

FT-IR spectra of (a) Poly(CC-co-BP) and (b) Poly(CC-co-BP)/CNT composite
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Figure 2

XRD pattern for (a) ZnS/Poly(CC-co-BP)-CNT and (b) ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst
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Figure 3

UV-DRS spectra of (a) unsupported ZnS and (b) ZnS/Poly(CC-co-BP)-CNT photocatalyst
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Figure 4

Photoluminescence spectra of (a) unsupported ZnS and (b) ZnS/0.25 % Poly(CC-co-BP)-CNT, (c) ZnS/0.5
% Poly(CC-co-BP)-CNT, (d) ZnS/0.75 % Poly(CC-co-BP)-CNT and (e) ZnS/1% Poly(CC-co-BP)-CNT
photocatalyst
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Figure 5

Nitrogen adsorption-desorption isotherm of (a) Poly(CC-co-BP)-CNT composite, (b) unsupported ZnS (c)
ZnS/0.25% Poly(CC-co-BP)-CNT, (d) ZnS/0.5% Poly(CC-co-BP)-CNT and (e) ZnS/1%Poly(CC-co-BP)-CNT
and (f) ZnS/1.25% Poly(CC-co-BP)-CNT photocatalyst
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Figure 6

EDX spectra of ZnS/Poly(CC-co-BP)-CNT photocatalyst

Figure 7

EDX spectra of ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst

Figure 8

HR-TEM image of (a) ZnS/Poly(CC-co-BP)-CNT and (b) ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst.
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Figure 9

(a) XPS full scan spectrum of ZnS-SnS/Poly(CC-co-BP)-CNT and XPS spectra of  (b) Zn 2p peak (c) Sn 3d
peak and (d) S 2p peak in ZnS-SnS/Poly(CC-co-BP)-CNT photocatalyst.
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Figure 10

Time dependence UV visible spectra of methylene blue dye (12 ppm) using unsupported ZnS (50 mg)
photocatalyst under (a) Natural sun light (b) UV3 irradiation

Figure 11

Time dependence UV visible spectra of methylene blue dye (12 ppm) using ZnS/1% Poly(CC-co-BP)-CNT
(50 mg) photocatalyst under (a) Natural sun light (b) UV3 irradiation
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Figure 12

Time dependence UV visible spectra of methylene blue dye (12 ppm) using ZnS1SnS1/1% Poly(CC-co-
BP)-CNT (50 mg) photocatalyst under UV3 irradiation.
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Figure 13

Effect of methylene blue dye concentration versus rate of MB dye degradation for ZnS1SnS1/1%Poly(CC-
co-BP)-CNT photocatalyst
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Figure 14

Effect of photocatalyst weight (MB=12ppm) versus rate of MB dye degradation and for
ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst.
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Figure 15

Proposed mechanism for the methylene blue dye degradation using ZnS1SnS1/1%Poly(CC-co-BP)-CNT
photocatalyst in UV irradiation.
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Figure 16

Reusability of ZnS1SnS1/1%Poly(CC-co-BP)-CNT photocatalyst for methylene blue dye degradation under
UV3 irradiation


