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Abstract

In this research work, tungsten trioxide (WO;) and activated doped WO; composites were prepared for the photocatalytic
degradation of rhodamine-B. Activated carbon was prepared by waste sugarcane burgesses, tungsten trioxide (WO;) was
synthesized by precursor sodium tungstate dihydrate (Na,WO,-2H,0) using hydrothermal method. To study the morphology,
functional groups, band gap, purity and optical properties of the prepared catalyst SEM, FTIR, PL and UV-Vis spectroscopy
were used. SEM micrograph shows that tungsten trioxide has nanocubic rods-like structure with size 50-500 nm. Morpho-
logical results showed that nano rods become sharper when activated carbon were added in WO;. The average nanorods
have average size 20-250 nm which is very efficient for degradation. UV—Vis spectroscopy shows that band gap of the
fabricated catalyst changes from 2.76 to 2.26 eV by varying the concentration ratio of the activated carbon. FTIR analysis
the functional groups of the prepared catalyst. PL-spectroscopy determined that the maximum excitation wavelength was
446 nm. Photocatalytic results show that 2% activated carbon doped WO; composite shows the maximum degradation rate
as compare to the other prepared catalyst. Synthesized catalysts are environment friendly, cost effective and due to low band

gap very useful for the degradation purpose.
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Introduction

As the population of the world is increasing, the demand of
people also rising which indirectly causes the environmental
pollution in the world. Water pollution is a type of environ-
mental pollution which has become the major problem in the
whole world. Almost 50% people of the world have short-
age of fresh and clean water. The need of the hour is to save
more water according to needs as it is considered the essen-
tial element for the proper functioning of the ecosystem.
Water contains many pollutants but in aquatic environment
the most common pollutants are dyes which are harmful
due to their toxicity. Industries manufacture dyes at large
scale which are used in medicals, leather, fabrics, cosmetics
and paper industries at large scale. The annual production
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of dyes for the industry is about 10° with over 7 x 10° tones.
The waste water of the industries contains more than 15% of
the dyes which are harmful for civil and aquatic life (Anfar
et al. 2018).The dyes are classified as anionic dyes, non-
ionic dyes and cationic dyes. Rhodamine-B is widely used
in printing and as a colorant in food items and textile indus-
tries which is very dangerous for human health, plants and
animals. Many diseases such as irritation in humans’ skin,
eyes and cancer are due to excessive use of rhodamine-B
(Chaudhary et al. 2017).

International community has great concern in this matter
as everyone wants to solve this problem (Matthews 1990).
The work over the removal of dyes is due to their toxicity, so
researchers have introduced many methods to remove dyes
from wastewater and convert it into less harmful. But there
is no specific method which removes all type of compounds
and dyes from industrial waste water (Tahir et al. 2018).
Current physical methods which are used for the removal
of waste from the water are filtration, ion exchange, reverse
osmosis and distillation which are only suitable for inorganic
compounds (Andreozzi et al. 1999). To remove the organic
waste compound from water chemical oxidation process has
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become one of the best physiochemical process. It converts
toxic organic molecules into carbon dioxide, sulfates, and
nitrates using highly oxidizing reagents.

More valuable advance oxidizing processes are radioly-
sis, sonolysis, ozonolysis, photo-femto reaction and photo-
catalysis. But the most suitable and low-cost method for the
dyes degradation is photocatalysis. In recent years, various
voluminous literatures are present to improve the photocata-
lytic process for the dyes degradation of industrial wastewa-
ter (Pera-Titus et al. 2004). Photo-catalysis is an effective
advanced oxidation process that can be used in the purifica-
tion of toxic and harmful dyes. Using this approach dyes
degradation can be done in the presence of catalyst under
visible light without adding any oxidizing agent as a sec-
ond harmful pollutant (Esplugas et al. 2002). Semiconduc-
tor photo-catalysts for purification of water from inorganic
materials is consider as a valuable method. The best advan-
tage of photocatalyst was that they are insoluble in water and
can be used again (Klavarioti et al. 2009).

Many materials have been used for the removal of rhoda-
mine-B from wastewater by iron-based nanoparticles. TiO,
nano material is doped with metal for the purification of
water, is also used. In this research work, tungsten trioxide
is used for the removal of rhodamine-B. It has been reported
that the tungsten trioxides WOj; is a n-type semiconductor
having indirect band gap 2.7 eV. This semiconductor is one
of best transition metal oxides it exists in many forms such
as nanowires, nano belts and nanorods. WO; is used for the
removal of organic pollutants due to its stable physical and
chemical properties and also its high absorption capacity of
visible light. Pure tungsten trioxide has lower energy conver-
sion efficiency which can be increased by doping. Its nano
structure is cubic when other material is added in it then
its band gap reduces. For the electro chromic performance,
structure of WO is also very important (Oller et al. 2011).

There are many methods to synthesis the tungsten tri-
oxide such as sol-Gel method, electrode position method,
electro chemical ionization method and hydrothermal
method. But hydrothermal method is low in cost, environ-
ment friendly and the energy losses are less in it (Hepel and
Hazelton 2005).

Activated Carbon is basic form of carbon which has small
size and low volume pores. It has large surface area 1 g of
AC contain 3000 m? surface area for the chemical reaction.
Its micro porosity is very high (Cao et al. 2011). AC in lab-
oratories is also used for the purification and filtration of
water. In the rayon fiber technique, activated carbon is used
to filter the materials by forming the carbon cloth filter (Luo
and Hepel 2001). Present research work is based on analysis
of photo-catalytic efficiency of the fabricated samples for
the dyes degradation (Amin 2008). Rhodamine-B dye was
used in the photocatalytic reactor, it has been noticed that
pure WOj; and activated carbon doped WO; composites were
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really promising photocatalysts for the degradation under
visible light (Krishnan and Anirudhan 2002).

Material and method

In this research study, the material used for the preparation
of catalysts are, sodium tungstate dihydrate (Na,WO,-2H,0)
2 g, sodium chloride (NaCl) 3 g, sulphuric acid (H,SO,)
20 ml, hydrochloric acid (HCI) 10 ml, distill water 100 ml,
ethanol 5 ml, sugarcane barges powder about 50 g and
rhodamine-B.

Preparation of activated carbon (AC)

Waste sugarcane burgesses (SCB) were collected from the
sugarcane juices shop. These burgesses were washed two
to three times with normal tap water and dried in the sun
light for 2 days. Brown and white burgesses separated, then
grinded in the big grander machine (Ito et al. 2008). 10 ml
H,SO, was added in the SCB powder and dried these sam-
ples in oven for 20 h at 250 °C for the complete reaction
(Lv et al. 2011). Then prepared sample was washed until its
pH reached to 7 and grinded again. Pure form of AC was
obtained after that process the complete process is shown in
Fig. 1 which were got time to time.

Preparation of nanoparticles of Tungsten trioxide
wo,

For tungsten trioxide sodium tungstate dehydrate
(Na,WO,-2H,0) 1.067 g and pure sodium chloride (NaCl)
about 0.038 g, were added in 20 ml of distill water. The
solution was Starrier for 20 min at 300 rpm and during star-
rier 5 ml hydrochloric acid was added in the solution drop
wise (Pihosh et al. 2014). Then the color of the sample was
changed from white to light yellow which indicated the
accuracy of the samples as shown in Fig. 2.

Stainless steel autoclave was used for the hydrothermal
process, prepared solution was added in the Teflon bottle
and was placed into the oven for 24 h at 150 °C temperature.
When the reaction times completed the autoclave was placed
to cool down at the normal temperature for 2 h. Then this
sample was washed 3 to 5 time by distilled water till its pH
reached to 7. Sample was placed in the china dish, for 5 min
about 550 °C temperature. Dried pure WO; sample were
collected by help of spatula.

Synthesis of activated carbon doped WO,
composites

For the synthesis of activated carbon doped WO; compos-
ites, first added 5 ml of ethanol in 0.01 g of activated carbon
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SC waste from juice shop

Fig. 1 Grinding process of dry sugarcane burgesses

After heating for 20h, at 250 'C PH paper show 7pH after washing

/

place in oven for reaction

Nay WOy 2H0 + NaCl in distill water

Fig.2 Procedure for synthesis of WO,

and sonicated it for 10 min. 1 g of pure WO; and prepared
activated carbon were added in 10 ml distilled water. Solu-
tion had been stirred continuously at 300 rpm for 20 min in
the dark room, during this process 5 ml hydrochloric acid
was added drop wise. Solution saw placed in the autoclave
at 150 °C temperature for 24 h (Zhang et al. 2013). 1%

After adding HCI and stirrer for 20min

Pure Tungsun trioxide

activated carbon doped WO; was gained after washing and
drying. For the 2% of AC doped WO; composite, 0.02 g
was taken in the same percentage of WO, and the same
procedure was repeated. Flow chart in Fig. 3 clarifies the
procedure of the preparation of activated carbon doped WO,
composites.
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Fig.3 Flow chart for the syn-
thesis of activated carbon doped

. Pure Tungsten
WO; composites - -
trioxide Acid
, | = Acid
- Stirred for 20 min
[ Pure activated
Cooled at room
Autoclave 150 °C for 24 h E— temperature \
Dried at 100 °C and calcinate at (——— Washing with distil /
550°Cfor3h water and dry

Characterization techniques

Pure WO; and its activated carbon doped composites nano-
particles were characterized by the characterization tech-
niques such as scanning electron microscopy (SEM), Fourier
transformation infra-red spectroscopy (FTIR), UV—-Vis spec-
troscopy, and photoluminescence spectroscopy (PL) (Kim
et al. 2012). To study the morphology, functional groups,
band gap and optical properties of the synthesis samples.

Results and discussion
SEM result analysis

To study the morphology and size of the samples with
the help of analytic picture scanning electron microscopy

Fig.4 SEM results of pure WO,

SEM MAG: 50.0 kx
SEM HV: 20.0 kV
BI: 10.00

'WD: 8.09 mm
Det: SE + InBeam  1pm
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(Hitachi TM-1000) was used (Alaei et al. 2012). Activated
carbon doped WOj; and pure WO; nanoparticles results
showed that these samples had shapes such as nanorods
having the 20-250 nm range, their size, length and diam-
eter range were varying as we changed the concentration
ratio of the activated carbon (Montes-Burgos et al. 2010).
Micrograph of pure WO; of the SEM and its activated car-
bon coupled samples shown in Fig. 4. The band gap energy
of pure tungsten oxide is large and changed inversely as the
content ratio of activated carbon was changed. Each single
crystal of tungsten oxide take growth from nucleus and grow
continue in all directions (Helfrich et al. 2006).

In the first early stage, sodium tungstate dehydrate and
hydrochloric acid started reacting and ions formed, there-
after nucleation growth started. These ions reacted very
festally to form the nuclei of WO; (H,0). Thermodynamic
parameters changed the nucleation growth, particle size, size

MIRA3 TESCAN

Det: SE + InBeam | 500 nm
Date(m/dly): 03/05/19 Institute of Space Technology, ISB

MIRA3 TESCANJ SEM MAG: 100 kx WD: 8.09 mm
SEM HV: 20.0 kV

BI: 10.00
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of nuclei, which depends upon the super-saturation. It had
been analysis that the value of pH of the solution played
an important role in the formation of morphology (Willard
et al. 2004). Presence of AC in pure WO; changed the orien-
tation of the nanorods in all the directions as shown in Fig. 5.

Micrograph of SEM clearly indicated that activated
carbon nanoparticles intrepid with the pure tungsten triox-
ide. WO; SEM result showed that its nanoparticle had size
78-128 nm but when activated carbon 2% content ratio were
added in the tungsten trioxide its size was reduced from 50
to 102 nm and the nanorods became sharper (Hole et al.
2013). By SEM results observation it was cleared that if
we access the doping of AC in pure WOj; then its size also
changes (Adhikari et al. 2014). Figure 5 shows critical pic-
tures of the SEM of activated carbon doped WO; composite
with different magnification ranges.

Analysis of Fourier transform-infrared spectroscopic
result

Wave numbers (cm)~! and functional group that are found in
the material were determined by FTIR spectrometer. Infrared
spectroscopic graph of activated carbon had a lot of adsorp-
tion wave numbers (Paramasivam et al. 2010). Its highest
adsorption frequency was observed at 3035.05 cm™~! which is
due to bonded —OH groups, the adsorption at 2109.06 cm™!
was due to the C=C stretching vibrational frequency and
the lowest adsorption frequency at 1156.81 cm™! was due
to the C—O-C stretching vibration (Kim et al. 2010). FTIR
spectroscopic graph of activated carbon is shown in Fig. 6.

FTIR spectrum result for WO; and AC doped WO; had
the various adsorption bands (Abazari et al. 2014). The
highest adsorption was obtained at 3442.5 cm™' due to sur-
face symmetric vibration that was formed because of O-H
banding with crystal structure which was generated due to

Fig.5 SEM results of AC/WO;
particles at pm and nm scale

WD: 8.60 mm
Det: SE + InBeam  1pm
Date(m/dly): 03/05/19 Institute of Space Technology, ISB
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Fig.6 FTIR spectrum result of activated carbon nano particles

hydrothermal preparation way (Sudrajat and Babel 2016).
The adsorption at 804.14 cm ~! was the lower frequency
peak which was owing to CH band out of phase deforma-
tion and the band adsorption at 1649.02 cm™! were due to
the stretching vibration of amino group as shown in Fig. 7.
The adsorption at 615.88 cm™' was due to the C—O-H
twist broad. When activated carbon was added in the pure
WO; then absorption rate of tungsten trioxide was changed
(Vinodgopal et al. 1996). 1% activated carbon had small
change in absorption rate but when 2% of AC was added in
WO;, FTIR spectrum graph showed that change in absorp-
tion rate was higher.

UV-Vis spectroscopy to measure band gap

The UV-visible spectrometer (UV-Vis absorption:
TU-1901) was used to determine the UV-Vis spectrum of
pure WO; and activated carbon doped WO; composites.

Ll MIRA3 TESCAN| SEM MAG: 100 kx
SEM HV: 20.0 kV
BI: 10.00

WD: 8.60 mm Ll MIRA3 TESCAN

Det: SE + InBeam 500 nm
Date(m/dly): 03/05/19  Institute of Space Technology, ISB
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Fig.7 FTIR spectrum results of pure WO; and activated carbon
doped WO; composites ’— 1% AC/WO3|
=
These materials concerned with optical band gap and defects -8
which depend upon on the absorbance (Cai et al. 2015). §" z
The band gap measured form tauc plot were 2.76 eV for -:E %
pure WO,, 2.42 and 2.26 eV were determined by 1% AC Z s
composite, and 2% AC composite, respectively, as shown in 1 PN
Fig. 8. The reduction in the band gap when we added 1% and 0.3 ' P e vy
2% activated carbon in WOj clearly shows that the doping of . 260 360 460 560 660 760 800
AC in the lattice of WO;. It also changes the phases of the Wavelength(nm)
tungsten trioxide nano particles. This is due to the increase
in doping concentration which changes the stimulation and
excitation of the electron from valance band to conduction © L=
band. 1.04 : —Sqri(alphn)
It has been noticed that difference in band gap between 0.9- b N
pure WO; and activated carbon doped WOj; is owing to the Z 5]
electronic coupling and perfect interstitial packing of the E 0.81 - T30 eV
nano particles. é 074 '+ ¥ 3T - ‘\/
5 -
. 2 0.6
Photoluminescence measurements >
0.54
To determine the defects produced in the samples, photo- 0.4 2%AC/WO,
luminescence spectroscopy (PL: RAMANLOG 6, UOG) 03

had been utilized (Gan et al. 2016). The wavelength of the
activated carbon doped WO; composites are very important
in the formation of energy, position, peaks and the intensity
on the PL spectrum (Ding et al. 2017). At room temperature
fabricated WO; has maximum wavelength 446 nm which
gradually decreases by increasing the concentration of the
activated carbon in WOj; as shown in the Fig. 9. The first
wavelength peak gives us band gap 2.78 eV which is accu-
rate for tungsten trioxide. And second peak give us informa-
tion of the impurities present in the samples.

Photocatalytic activity for the degradation Rh-B

Homemade photocatalytic reactor having 400 W power
metal halide lamp, was used to investigate the dye
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Fig.8 UV-Vis absorption spectrum of a pure WO; b 1% AC doped
WO; ¢ 2% AC doped WO4

degradation efficiency of the prepared samples. WO; were
considered really an efficient catalyst for the photo-catalytic
activity (Ren et al. 2014). In 100 ml distill water 0.1 mg of
rhodamine-B (Rh-B) dye was put and stirred in dark room
for 30 min then 0.01 g of pure WOj; catalyst was added.
Solution was placed in the reactor and after every 30 min
5 ml was taken from the solution, then getting UV-Vis spec-
trum, repeated this process for 180 min. Repeated same steps
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Fig.9 PL-emission spectrum of pure WO; and its composites with
AC
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Fig. 10 Photo catalytic activity UV-Vis spectra of pure WO,

for activated carbon doped composite. To calculate the per-
centage degradation efficiency of those prepared catalysts
following formula had been used:

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

Here, initial concentration is C, and after time ¢, C is
the concentration of dye. Figure 10 represents the UV-Vis
spectra of Rh-B, absorption peak moves downward as soon
as time interval is changed, this was the evidence of degrada-
tion of Rh-B with time (Hunge et al. 2018). From Figs. 11
and 12 it has been noticed that the degradation efficiency
enhanced with increase in AC doped WO; composites and
moved toward the visible range of light due to decrease in
the band gap of the synthesis composites.

Increases the concentration ratio of activated carbon in
the pure tungsten trioxide degradation efficiency were also
increased. 1% activated carbon atoms doped in WO; nano-
particles gave the 63% degradation rate within the visible
range.

2% activated carbon doped WO, degraded 76% Rh-B dye
in 180 min which saw the evidence that its efficiency was

1.4

1.2- Rh—B_
= 30 min
< 1.0- 90 min
= T 150 min
g 0.84 -
(]
£ 0.6
2
=
= 04 /\

0.2

200 300 400 500 600 700 800

Wavelength (nm)

Fig. 11 Photo catalytic activity UV—Vis spectra of 1% activated car-
bon doped WO;

1.4
102 _§(:1-B
P — 60 min
-3 s 9() min
= =i
S 08
S .
<
=
S 06
=
= 04
0.2

200 300 400 500 600 700 800
Wavelength(nm)

Fig. 12 Photo catalytic activity UV-Vis spectra of 2% activated car-
bon doped WO,

high as compare to all other composite materials. From the
above figures, it was observed that degradation rate directly
associated with the exposure time (El-Salamony et al. 2018).
The highest degradation efficiency was observed for 2% AC
doped WO, composite in the comparison of other composite
materials.

Figure 13 shows the photocatalytic concentration effi-
ciency for degradation of Rh-B. It was observed that expo-
sure time were directly proportion with the concentration
rate. As concentration ratio decreases, the degradation inten-
sity increased. The highest efficiency of the photo-catalyst
was observed for composite having 2% AC as compare to
the other samples.

In the photocatalytic activity when light with thresh-
old frequency falls on the photocatalyst, the valance band
electrons get excited. These electrons move toward the
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WOj; composites

conduction band and the same numbers of holes are pro-
duced in the valance band (Yu et al. 2009). The WO; ions
absorb the photo generation electrons and superoxide radi-
cals are produced, in this way WO; works like a scavenger
and reduces electron holes’ recombination rate.

2AC/WO; + hv —» AC/WO,(e7) + AC/WO,(h*), (1)

AC/WO,(h*) + Rh - B (dye) - Rh - B*' (dye) + AC/WOs5,

2)
AC/WO,(h*) + H,0 — AC/WO, + OH' + H*, 3)
AC/WO;(h*) + HO" - AC/WO, + OH™, 4)
AC/WO,(e7) + 0, - AC/WO; + O, (5)
O, /OH' +Rh - B* (dye) — CO, + H,0. (6)

The hydroxyls radicals and hydrogen ions form when AC/
WO; catalyst reacted with water (Yin et al. 2009). The holes
combine with the Rh-B dye and charged it positively. When
oxygen O, and electron reacted, the superoxide anion radical
was produced (He et al. 2009). Both these hydroxyl ions and
radical reacted then formed peroxide radicals and hydrogen
ion. The superoxide anion and hydroxyl radicals formed
strong oxidants which reacted with Rh-B and converted into
CO, and water. The schematic diagram of photocatalysis
degradation mechanism is given in Fig. 14.

Conclusions

Photocatalytic method is really an efficient method to
remove toxic dyes from the industrial waste water. This
method always requires those catalysts which have low band
gap energy. Characterization of the synthesis samples also
proves that adding impurity in pure metal oxide material
reduces its band gap and its degradation ability gradually
increases. Hydrothermal method was also a unique method
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Fig. 14 Phototcatalysis mechanism of WO; and activated carbon
doped WO, composites

for the preparation of pure WO; and its 1% and 2% activated
carbon doped WO; composites. By examining the Rh-B dye,
degradation was also verified that these catalysts have great
efficiency. Measured band gap of WO; was 2.78 eV and
activated carbon doped WO; composites show 2.42 eV and
2.26 eV. This is a great achievement which plays vital role
in degradation process.
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