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Abstract

A highly efficient, visible-light-driven and hybrid-activated carbon-doped pure tungsten trioxide (WOs) composite photocatalyst, with
greatest stability has been synthesized by using hydrothermal method. Carbon nanoparticles were prepared by using sugarcane bagasse,
and tungsten trioxide was prepared by using sodium tungstate (Na,WO,4-2H,0) as a starting material. This study considers the photo-
degradation of paracetamol by photocatalysis process, under visible-light irradiation. To study the properties of the prepared materials,
SEM, TEM, FTIR, PL, and UV were performed. SEM was used to find the structure and size of the prepared materials. FTIR was used
to analyze the presence of functional groups in the material. PL and UV were used to analyze the optical properties of the prepared
materials. The SEM images of the prepared sample of WO3 showed that it has structure-like nanocubic and rectangular rods which
become sharper by addition of carbon nanoparticles. The average size of the nanorods was about 50-550 nm. Some of the nanorods have
smaller sizes about 25-250 nm which became beneficial for the photo-degradation process. UV—Vis spectroscopy showed that the band
gap of the prepared samples varied from 2.78 to 2.26 eV, and this variation of the band gap was due to the variation in the concentration
of the carbon nanoparticles. PL-spectroscopy analyzed the excitation wavelength of the prepared sample which was 448 nm. The
efficiency of the prepared samples was evaluated by using paracetamol as target pollutant; carbon-doped composites of WO; showed a
greater photocatalytic performance as compared with the pure WO;. From the results of the photocatalytic activity, it was clear that
composite having 2% carbon has the highest efficiency to degrade the paracetamol.
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Introduction water for drinking. Thus, the first priority for every human

being is to save the water from all types of pollutants [18]

With an increase in mankind’s population on earth, the prob-
lem of environmental pollution is going to increase day by
day. This increasing population has caused so many environ-
mental and pollution problems. Among all these problems, the
most dangerous problem for every life is water pollution.
Water pollution has direct effects on every living being be-
cause it is an important part of life. The world’s survey reports
showed that almost 50% of people do not have fresh and clean
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such as dyes, heavy metals, pharmaceutical agents, rubber,
leather, paper, and plastic which have become part of the
drinking water and cause serious problems [11]. A type of
water pollutants which are becoming more common are phar-
maceuticals due to their long-lasting toxic effects on humans
and animals. Paracetamol is a pharmaceutical drug and is also
considered an organic pollutant. It is also one of the most three
prescribed medicines in England. Frequently, the presence of
paracetamol, in aquatic environment and drinking water has
raised a concern due to their harmful effects on the aquatic
environment, humans, and animals. The increase of its con-
centration in water from safe limit is affecting human health
and aquatic life badly. The starting material for the commer-
cial manufacture of paracetamol is phenol. Phenol has also
been considered to be a harmful and toxic material [25]. In
the present age, large-scale contributions and efforts have
been made by the international community and researchers
in the field to reduce the toxic effects of paracetamol. The
complete degradation of paracetamol is a challenging process
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due to its long-lasting effects. But these effects can be reduced
and converted into being less harmful by using an
environment-friendly method [20]. Different methods have
been used to remove organic pollutants from waste water such
as radiolysis, ozonolysis, sonolysis, photo-femto reaction, and
photocatalysis [15]. In this research work, photocatalysis has
been chosen as a method for the degradation of paracetamol
because it is green, renewable, cost effective, most suitable,
and reliable. There is no difficulty in the photocatalysis meth-
od because a lot of research has been made, and bundles of the
volumes are present in the literature to improve the
photocatalysis process for the degradation of water pollutants.
The main advantage of the photocatalysis process is that it is a
renewable process [8]. In the present study, the prepared
photocatalyst tungsten trioxide (WO53) was used for the deg-
radation process, and it was prepared using the hydrothermal
method, which is cost effective and easy to handle. It has
indirect band gap of 2.8 eV. Since WOj; has been reported as
a compound which has stable physical and chemical proper-
ties and has a greater capacity to absorb visible light, this
material has been considered to be the best for the degradation
of paracetamol under visible-light irradiation [12]. It has been
observed that WOj in its pure form has a low efficiency which
was increased by doping carbon nanoparticles [27]. Pure WO;3
has a cubic-shaped nanostructure while its composite with
activated carbon has a sharper nanorod structure because the
addition of activated carbon in pure WO; affected the struc-
ture of WOs;. It has been noticed that this form of carbon
nanoparticles has a smaller size and high surface area for the
reaction due to which the composite showed greater photocat-
alytic activity as compared with pure WO3 [23]. WO; doped
with carbon nanoparticles has been proven to be a good
photocatalyst and has greater efficiency for the degradation
of paracetamol. The composite of WO; and activated carbon
has been proven to be one of the best catalysts for the degra-
dation of paracetamol in the presence of visible-light irradia-
tion [17].

Experimental Work

To synthesize the pure WO; and carbon nanoparticles, the
following materials were used, 4 g sodium tungstate de-
hydrate (Na,WO42H,0), 20 ml sulfuric acid (H,SOy),
3 g sodium chloride (NaCl), 100 ml distilled water,
20 ml hydrochloric acid (HCI), 10 ml ethanol, 50 g bio-
mass burgesses of sugarcane, and 10 paracetamol tablets
for the degradation [8].

Preparation of Carbon Nanostructure

Waste burgesses of sugarcane were collected from the
sugarcane stole. First, these burgesses were washed with
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deionized water for three to four times and then placed
independently so that these burgesses were dried natural-
ly. Using a grinder machine, these burgesses were grinded
converting them into fine powder. Sulfuric acid (10 ml)
was added in the powder and after, the prepared samples
were placed in an oven (20 h at 250 °C) for the drying
process [19]. pH 7 was obtained after washing the sam-
ples with distilled water for several times and dried at
70 °C. The dried sample was grinded with a pestle mortar
until pure carbon was obtained, as shown in Fig. 1.

Synthesis of Tungsten Trioxide

Sodium tungstate dehydrate (Na, WO42H,0) was used for the
preparation of WO;. In 20 ml of distilled water, 0.048 g of pure
sodium chloride (NaCl) and 1.27 g sodium tungstate dehydrate
were added. The solution was stirred using a magnetic stirrer, and
5 ml of HCI was drop-wise added in the above solution which
changed the color of the solution. Prepared sample was placed in
100 ml of autoclave for 20 h at a temperature of 250 °C [10].
After, the sample was collected in a beaker and washed with
deionized water to reach its maximum pH of 7. Then the sample
was dried in an oven for 2 h at 250 °C, and pure WO; was
obtained in powder form [21].

Preparation of Carbon and Tungsten Trioxide
Composites

Tungsten trioxide doped with carbon nanoparticle composites
was also prepared using the hydrothermal process. For the
synthesis of 1% carbon-doped tungsten trioxide composite,
two solutions were prepared separately; in the first solution,
0.01 g of carbon nanoparticles was added in 5 ml of ethanol
and then sonicated, so all the carbon nanoparticles were
suspended in the ethanol. Second, the solution was prepared
by adding 1.2 g of pure tungsten trioxide in 15 ml of deionized
water [7]. Then the solution was sonicated by using a
sonicator for 20 to 25 min at 250 rpm in a dark room and
mixed and stirred for 30 min. During the stirring process,
HCI was drop wise added to the above solution, then for a
complete reaction, the sample solution was placed in 100-ml
autoclave for 24 h at a temperature of 250 °C [27]. After, the
prepared sample was washed three to four times with deion-
ized water and dried at 70 °C. The same procedure was re-
peated, and a composite having 2% carbon was formed by
using 0.02 g of carbon nanoparticles in the same amount of
tungsten trioxide [26]. The synthesis of composite is shown in
Fig. 2.

Characterization Techniques

The synthesized photocatalysts were characterized by
utilizing some characterization techniques; to understand



Plasmonics (2020) 15:1205-1212 1207

In Powder form

After heating Pr y i ing gri i
Swilling after adding of H,SO, er heating Process il(‘)t::a‘:ashmg & drying grinded in pestle

Fig. 1 Synthesis steps of carbon nanoparticles from the waste of sugarcane

the surface morphology of the material, scanning elec-  utilizing UV-Vis spectroscopy to calculate the band gap
tron microscopy (SEM) (Hitachi TM-1000) was used.  of the prepared catalysts and measuring the optical
Fourier transformation infrared spectroscopy (FTIR)  properties of the samples through photoluminescence
was used to find the functional groups of the materials,  spectroscopy (PL) [13].

Fig. 2 Synthesis of carbon-doped
tungsten trioxide nanoparticles
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Fig. 3 SEM images of pure WO; at different magnifications, a 1 pm and b 500 nm

Results and Discussion
SEM and TEM Analyses

SEM was used to understand the surface morphology and size
of the synthesized photocatalysts. Its critical pictures showed
that these prepared photocatalysts have nanocubic and
rectangular-shaped rods, and their size range is from 25 to
250 nm. Their length, size, and diameter ranges were
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increased and decreased gradually due to the varying content
ratios of carbon nanoparticles, as shown in Fig. 3.

Pure WO; has a larger band gap and was reduced inversely
as we change the concentration ratio of the carbon nanoparti-
cles. Through the nucleus of the tungsten trioxide atom, each
crystal grows randomly. Nucleation growth started when the
HCI and the sodium tungstate dehydrate (Na,WO,42H,0),
reacting with each other. Tons of these materials reacted to
form the nuclei of the WO;. Particle size, nucleation growth,
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Det: SE + InBeam | 500 nm

Date(m/d/y): 03/05/19 Institute of Space Technology, ISB

SEM HV: 20.0 kV
Bl: 10.00

Fig. 4 SEM images of carbon-doped WO; particles at different magnifications, a 1 um and b 500 nm
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and size of nuclei were changed by the thermodynamic pa-
rameters of the super-saturation.

When carbon nanoparticles were added in the pure WOs3, it
changed the orientation of WOs, as shown in Fig. 4 [4]. The
micrograph of pure WO; shows that its nanoparticles’ size
ranges from 76 to 125 nm, but its composites have 2% of
carbon in tungsten trioxide forming nanoparticle sizes from
50 to 102 nm with nanorods becoming more sharp [2].
Through observation of SEM micrograph, it was noticed that
changed in the carbon content ratio in the WOj; semiconductor
material changed its particle size, as shown in Fig. 4.

Transmission electron microscopy (TEM) was used to
study the crystallinity, shape, and size of the prepared sample.
Figure 5 shows the micrograph of activated carbon-modified
WO; (2%) which is showing nanoparticles with an average
size of 10 nm. The activated carbon was found to be randomly
distributed on the surface of WO;. The planar, flat, and trans-
parent appearance of sheets shows the high crystallinity of the
prepared sample.

Fourier Transform-Infrared Spectroscopy

FTIR spectrometer gives the information of functional groups
and wave numbers (cm ) of the materials [25]. FTIR spectra
of'the pure tungsten trioxide are shown in Fig. 6a, and carbon-
doped WO3; is shown in Fig. 6b. FTIR spectra of pure WO;
(Fig. 5a) show that the material has a lot of adsorption bands,
due to surface symmetric vibration. Highest absorption was
determined at 3512.5 cm™' which was because of the
stretching vibration of the hydroxyl group (-O-H) [3].
Adsorption peak at 804.14 cm™' was obtained due to the
stretching vibration of —CH of the phase deformation that is
the lower-frequency peak of the prepared catalyst, and the
adsorption band at 1632.02 cm ' was obtained because of
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Fig. 5 TEM image of activated carbon-modified WO5 nanoparticles
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Fig. 6 FTIR graph of a pure WO; and b pure WO5 and composites

the amino group. At 617.88 cm ', peak was formed because
of the stretching vibration of -C=0-H group. When carbon
was doped in tungsten trioxide material then its absorption
rate increased gradually [9]. For 1%, the concentration ratio
of the carbon nanoparticles has a small change in absorption
as compared with the catalyst having 2% carbon nanoparti-
cles, as shown in Fig. 6b.
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Fig. 7 UV-Vis absorption spectra and band gap of pure WO3
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Fig. 8 UV-Vis absorption spectra and band gap of 2% carbon-doped

WO,

UV-Vis Spectroscopy

Ultraviolet-visible spectrometer (UV—Vis absorption: TU-
1901) was utilized to measure the band gap of the synthesized
photocatalysts. Spectrum of pure tungsten trioxide and
carbon-doped WO; composites is shown in Fig. 7. Prepared
samples have defects and optical band gap which were re-
duced due to the absorbance of the carbon nanoparticles
[16]. The band gap obtained from Tauc plot of the spectrum
was 2.78 eV for pure tungsten trioxide, 2.48 and 2.26 eV were
the band gap of composites having 1 and 2% carbon concen-
tration, respectively, as shown in Fig. 8. The band gap reduced
due to the addition of carbon nanoparticles in WO;, and car-
bon particles were doped in the lattice of WO5 which changed
the phases of the prepared catalysts [20]. In this semiconduc-
tor electrons, valence band moves to conduction band at its
excitation level and stimulation of the electrons were also
changed because of the increase in the doping concentration
of the carbon material. Decrease in band gap exhibited that
carbon nanoparticles pack perfectly into the interstitial space
in the WO; and electronic coupling was also impeccable [24].

10004
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200
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Fig. 9 PL spectra of pure WO3, 1 and 2% carbon-doped WO;
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Photoluminescence Measurements

The defects which were produced by the whole process had
been determined by the photoluminescence spectroscopy (PL:
RAMANLOG 6, UOG). Band gap and wavelength of the
nanoparticles has a unique role in the photocatalytic degrada-
tion process. Formation of energy levels, their peaks, posi-
tions, and the energy intensities all depend upon the perfect
doping of the materials [8]. From the PL spectrograph (Fig. 9),
the measured wavelength is about 448 nm of the fabricated
samples which was decreased gradually by increasing the
content ratio of the carbon nanoparticles in the WO3 semicon-
ductor photocatalyst [1]. With the help of planks, (£ = hf), the
band energy E, of the synthesized semiconductor materials
was also analyzed by using the first peak of the photocatalysts,
and the 2nd-peak wavelength gave us information of the im-
purity atoms present in the catalysts. The decrease in the in-
tensity also showed that the recombination rate of electrons
and holes decreases [3].

Photocatalytic Activity for the Removal
of Paracetamol

The photocatalytic performance of WO5; and carbon-doped
WO; with different concentration ratios were analyzed using
the photocatalytic degradation of paracetamol. For the photo-
catalytic process, a photocatalytic reactor was used which has
a metal halide lamp (400 W) which was used as an energy
source. Without the photocatalyst, degradation of paracetamol
was extremely poor, which showed that the pollutant is very
stable as compared with other organic pollutants so it indicat-
ed no degradation [6]. But when 0.1 mg of WO; was added in
1 ppm (1 mg) paracetamol powder in 100 ml deionized water
and stirred in the dark room for 20 min at 250 rpm [10]. After
stirring, the solution was placed in the photocatalytic reactor
with 5 ml of the solution being extracted after every 30 min
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Fig. 10 UV-Vis absorption spectra for the degradation of paracetamol
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Fig. 11 The degradation efficiency of prepared samples for the
degradation of paracetamol

with the help of pipit, and UV—-Vis was performed. The UV
spectrograph was used to observe the degradation of the para-
cetamol. Similarly, the process was repeated for six times to
understand the complete behavior of the photocatalyst with
the solution [14].

To make photocatalyst more reactive, it was calcinated at
500 °C for 20 min before the photocatalytic activity. Kinetic
theory of the degradation process was utilized to understand
the quantitative relation by using this formula.

Degradation (%) = (1-C/C,) x 100%

Here, C, is initial concentration and C is final concentration
of'the solution after time 7. UV—Vis spectrograph relation with
time showed that adsorption peaks decreased as the time in-
creases, as shown in Fig. 10, so almost 70-72% of paraceta-
mol was degraded by pure WOs.

UV-Vis spectrograph relation with time showed that ad-
sorption peaks decrease as the time increases so the same

ot
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0.49 eV e EsE
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2.76 eV
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Fig. 12 Photocatalysis mechanism of carbon-doped WO;

procedure was regained for the 1 and 2% carbon-doped
WO; nanoparticles. The degradation efficiency increased for
the composite having 1% carbon nanoparticles, but the com-
posite having 2% carbon-doped nanoparticles showed 96%
degradation of paracetamol in about 180 min time duration.
Figure 11 shows the degradation efficiency of the prepared
nanostrcutures for the degradation of paracetamol. The photo-
catalytic mechanism for carbon-doped WOj3 is shown in
Fig. 12. The composite highly affected the photocatalytic ac-
tivity treatment which was due to the addition of carbon which
increased the adsorption capacity of the pollutants, and the
charge separation efficiency was also increased [5, 22].

Conclusion

In this work, WOj3; and carbon-doped WO; composite were
effectively synthesized using the hydrothermal method. The
sharp nanocubic and rectangular rods were obtained by using
simple hydrothermal method which was analyzed by SEM
characterization, and this sharpness increased with the in-
crease of the carbon ratio in WOj3;. Two percent carbon-
doped WO; nanoparticles gave better results as compared
with 1% carbon-doped WOj3 nanoparticles. Characterization
techniques such as SEM, FTIR, PL, and UV-Vis spectrum
indicated that doping of carbon in WO; semiconductor mate-
rial affected the size, increased the absorption area, and re-
duced the recombination of charge carriers and band gap,
which increased the efficiency of the photocatalytic activity.
WO; photocatalyst with different concentration ratios of car-
bon nanoparticles showed great degradation of paracetamol in
a short-time duration. Degradation of paracetamol (5 ppm) in
deionized water over the different ratios of the carbon-doped
WO; prepared samples has been visualized which showed that
nanocubic rod-like structure of WO; photocatalysts showed
high photocatalytic efficiency. The results of the photocatalyt-
ic activity indicated that paracetamol was highly degraded up
to 85% after 180 min under visible-light irradiation inside a
photocatalytic reactor by using 2% carbon-doped WO5 nano-
particles. PL. and UV—Vis spectrum calculate 2.78 eV band
gap for pure tungsten trioxide and 2.42-2.26 eV of the carbon-
doped WO; composites which play an important role in the
degradation of paracetamol.
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