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The first morphologically controlled synthesis of
a hanocomposite of graphene oxide with cobalt tin
oxide nanoparticles

Saba Jamil,? Hasnaat Ahmad,? Shafig-ur-Rehman,? Shanza Rauf Khan?®
and Muhammad Ramzan Saeed Ashraf Janjua (& *P<d

In the present research, the degradation and decolorization of Reactive Black 5 synthetic dye at 30 ppm
concentration under sun irradiation in the presence of a newly synthesized graphene based cobalt tin
oxide nanocomposite were investigated. These nanoparticles were synthesized by a simple hydrothermal
approach using precursor chloride salt i.e., stannous chloride and cobalt chloride and then adsorbed on
the surface of RGO by a solvothermal process by changing the condition. The newly synthesized
product was subjected to various instrumentation to study the morphology and other properties. X-ray
powder diffraction analysis (XRD) explained the structural composition and various parameters of the
product, which were further verified by Vesta software. The surface morphology of the product was
analyzed by scanning electron microscopy (SEM) and it was observed that the size of each cube was
approximately 5-10 um from every face of the cube. Transmission electron microscopy (TEM) explained
that the nanoparticles were within the range of 100-250 nm. These synthesized nanocubes were used
in one more application, which was the investigation of the fuel efficiency in the presence of different
concentrations of newly synthesized nanocomposites as a catalyst. The efficiency of kerosene oil was
investigated by studying different parameters: the flash point, fire point, specific gravity, cloud point, pour
point, and calorific value at increasing dosages of catalyst (0, 30, 60 and 90 ppm). It was observed that
the values of these parameters changed significantly by changing the concentration of the catalyst
dosage. The effect of the nanoparticles on the degradation of the RB 5 azo dye showed the highest
removal percentage at the largest value of catalyst dosage, which was 0.70 mg ml™! with the highest
value of 3 ml of hydrogen peroxide.

based photocatalysts and their derivatives have been used for
the degradation of (BPA) in contaminated industrial waste-

Nanotechnology has secured a significant role in different fields
because of its use in electronics,' medicines," storage devices,”
biomedical applications,® catalysis* and drug delivery® in recent
years. Currently, the focus is increasing significantly towards
the synthesis of nanocomposites because of their unique
fundamental physical and chemical properties and potential
applications in different domains.® In addition, bisphenol A
(BPA) is known as a dangerous environmental pollutant and it is
mostly used as a raw material in many industries that synthe-
size polycarbonate and epoxy resins. TiO,, Zn, Bi, Ag and carbon
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water.” The controlled morphological synthesis of single metal
oxides at the nano and micro level by using a hydrothermal
bottom-up approach has become a promising method of
synthesis.® The many physical and chemical properties of metal
oxide nanoparticles depend on the aspect ratio, crystalline
density and stacking number.® In the case of simple SnO,
nanoparticles, they have been widely used as electrocatalysts,*
photocatalysts™ and fuel additives.” Similarly, cobalt oxide
nanoparticles have been used in the electrochemical detection
of hydrogen peroxide,*® gas sensing and aerobic oxidation of
alcohol in the liquid phase.” On the basis of these unique
properties and the applications of these two metals, many
researchers have attempted to achieve a good controlled
morphology of CoSn oxide or hydroxide nanoparticles by
different methods i.e., by electrostatic spray deposition (ESD),*®
awet sonochemical method'” and a hydrothermal approach.*® A
catalyst with nonporous oxygen evolution was prepared by
selective electrochemical etching of cobalt hydroxystannate
nanoparticles and applied in the oxygen evolution reaction
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(OER) because of its unique properties of high surface area and
high compatibility, when CoSn(OH)s nanoparticles were
calcined at 400 °C, they changed into cobalt tin oxide.**

Chemically synthesized graphene oxide (GO) is an atomically
fine sheet of graphite powder that can be used as a precursor for
graphene sheets with its own properties.” GO has excellent
properties that make it an interesting material in advanced
future applications in the fields of electronics and photonics,*
solar cells** and wireless humidity sensing.*® In addition, many
dyes are visible in water at concentrations as low as 1 ppm,
which is enough to present an aesthetic problem.** Many
research papers are also available in the scientific literature in
which bimetallic nanoparticles have been prepared by different
methods*' and on the basis of their different applications
have been reported.**** Many scientists have reported graphene
based composites with oxides such as BiFeOs, composites with
RGO,* CeO,/graphene nanocomposites®* and TiO, composites
with graphene nanosheets® but a composite of tin cobalt oxide
nanoparticles with graphene oxide for the application of RB 5
dye degradation and as a fuel additive has not been reported
earlier, although some scientists have reported this composite
with different applications.?*?*37*% The present research has
filled this gap in the literature as a C;,C0401¢Sn nanocomposite
with RGO is reported here with the unique applications of the
photocatalytic degradation of the RB 5 azo dye and the inves-
tigation of the effect of this newly synthesized nanocomposite
on the efficiency of kerosene oil. Azo reactive dyes that contain
one to four azo groups in their chemical structure represent one
main group of textile dyes, usually attached with two radicals,
exceptionally one, but usually both, are aromatic groups. These
dyes are chemically stable and difficult to degrade.** The RB 5
dye was removed by the Fenton's oxidation (FO) process by
using a significant amount of FeSO, and hydrogen peroxide.*
This dye was also investigated in heterogeneous aqueous solu-
tions which contain semiconductor oxides i.e., CO,, NO;, and
SO, ions as photocatalysts.*® A UV reactor with TiO, was used
to break down the color of RB 5 as an annular photoreactor.”
Doped TiO, in the presence of N and F increases the intrinsic
properties of the catalyst and shows an increased kinetic UV
photoreactivity as compared to the un doped TiO, in the
degradation of 1,3,5-triazine herbicides.*® Cao et al. reported the
synthesis of a graphene-TiO, composite and its application for
tetrabromobisphenol A degradation.*” Karthik et al. used a gra-
phene-cerium molybdate composite for the photocatalytic
degradation of the antibiotic chloramphenicol.*® Al-Nafiey et al.
used a graphene-cobalt oxide composite for the removal of
three organic dyes (rhodamine B, methyl orange and rose
bengal).”*

The discharge of industrial wastewater containing dye
pollutants presents acute or long term toxicity on ecosys-
tems.*** It is estimated that annually 80 000 tons of more than
ten thousand various kinds of dyes are synthesized worldwide
and approximately 5.0-10.0% are assimilated into wastewater
bodies by many procedures.> 10-15% of all reactive industrial
dyestuffs are excreted directly into wastewater due to ineffi-
ciency in dyeing operations.** Thus, the removal of reactive dyes
is a serious challenge.* This is why the RB 5 azo dye was used as
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a model to examine the catalytic properties of the newly
synthesized nanocomposite.

Materials and method

SnCl,-5H,0, CoCl,-6H,0 and pallets of sodium hydroxide
(NaOH) were used for the synthesis of nanocubes. Graphite
powder, potassium permanganate (KMnO,), sodium nitrate
(NaNOs3), sulfuric acid (H,SO, 98%), and hydrogen peroxide
(H,0,) were used for the synthesis of graphene oxide. Ethylene
glycol was used for the synthesis of the nanocomposite. All
chemicals were analytical grade and used without further
purification. Deionized water was used throughout the experi-
mental work.

Synthesis of nanoparticles

Cobalt tin oxide nanoparticles were synthesized by a simple
hydrothermal technique. In a typical approach, 0.3 g (SnCl,-
5H,0) and 0.6 g (CoCl,-6H,0) with an atomic ratio of 1 : 2 were
mixed in 30 ml of deionized water under constant magnetic
stirring for 30 minutes at 500 rpm. After sometime they were
completely dissolved. Then 7 ml of a 4 mol L™' NaOH solution
was added slowly into the solution. For further purification, the
solution was treated in a Teflon lined stainless steel hydro-
thermal reactor autoclave and the temperature was maintained
at 200 °C for 5 hours. After 5 hours, the hydrothermal autoclave
reactor was allowed to naturally cool to room temperature for
several hours. The precipitates of the product were collected by
the process of centrifuging and were washed with ethanol and
distilled water. The obtained product was dried in an oven at
60 °C for 24 hours as reported in a previous research paper.**

Synthesis of graphene oxide (GO)

GO was synthesized by taking 90 ml of 99% pure H,SO, and
2.1 g of 98% H;PO, and stirring for one hour. After one hour of
stirring at 500 rpm, 2 g of graphite flakes was added to the
solution in a 500 ml volumetric flask in an ice bath and the
temperature was maintained at 0-5 °C for two hours. 15 g of
KMnO, powder was slowly added into the suspension during
the next three hours of stirring at 500 rpm and the temperature
was maintained at 15-20 °C. After 6 hours, 184 ml H,O was
carefully added into the solution under constant stirring and
the temperature was maintained at 60-70 °C. After completing 8
hours of stirring at 500 rpm, the solution passed into the reflux
system for 20-25 minutes at 100 °C temperature. After refluxing,
the solution was cooled down to 30 °C and this temperature was
maintained for 4 hours and then 40 ml of hydrogen peroxide
was added into the solution. The color of the solution quickly
changed and the bubbles of the suspension from the flask was
noted. In the last step, the solution was divided into three
beakers and then 150 ml of water was added into each beaker
and they were left overnight. The pH of the solution was
maintained by a process of centrifuging several times. The
solution was placed in an oven at 60 °C and the product was
dried and used for further analysis.

This journal is © The Royal Society of Chemistry 2018
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Synthesis of the nanocomposite

The tin cobalt oxide based nanocomposite was synthesized by
a simple solvothermal method by changing the solvents and
conditions of the reaction and the results of these variations are
discussed in Experimental section. In the end, the conditions
and solvent that gave the best result were determined. Typically
in this method, 60 ml of ethylene glycol was added as the
solvent into which 0.15 g of graphene oxide was mixed during
40 minutes of stirring on magnetic plates at 500 rpm. After
mixing graphene oxide into the solvent, 0.31 g of tin cobalt
oxide was slowly added into the solution and stirred again for
one hour. After stirring for one hour, the solution was placed in
a Teflon lined stainless steel autoclave for 4 hours at 200 °C for
further purification. After passing this 4 hour time period, the
autoclave was placed at room temperature and the solution was
cooled down naturally. The precipitate of the solution was
collected by the process of centrifugation several times. The
product was dried in the oven at 60 °C overnight. The dried
product was placed in the electric furnace for calcination at
400 °C for 5 hours.

Characterization

Powder XRD patterns of the nanoparticles were obtained from
a Rigaku D/max Ultima III X-ray diffractometer with a radiation
source of Cu-Ko. (wavelength = 1.54174 A) at 45 kV and 60 mA at
a scanning step size of 0.020° in the 26 range 10.015-80.012°. The
XRD results were analyzed with the help of MATCH 3 software
and the lattice parameters were calculated. The structural model
was constructed on VESTA software. Scanning electron micro-
scopic calculations were performed at 250 Quanta with a pressure
of 70 (Pa) and 30 kV power. The patterns showed the cubic crystal
structure of these nanoparticles. The catalytic reduction and
absorption spectrum of the synthetic dye RB 5 was examined by
a Halo DB 20 double beam spectrophotometer with the wave-
length range of 400-700 nm. Investigation of the fuel properties
by adding the newly synthesized graphene based tin cobalt oxide
nanocomposite into the fuel to check the effect on the fuel effi-
ciency was carried out in which the flash and fire point was
monitored by the APEXJCX309 Closed Cup Flash Point Tester. An
APEX-JCX406 oxygen bomb calorimeter was used to calculate the
calorific value of the fuel. Specific gravity values were calculated
by the gravity meter DA-640.

Result and discussion
EDX analysis

Energy Dispersive X-ray (EDX) analysis of the synthesized
nanocomposite elements is shown in Fig. 1. The EDX spectrum
describes the presence of Co, oxygen, tin and carbon atoms in
the newly synthesized C;5C0,016Sn nanocomposite. It can be
seen from Table 1 that the atom percentage of Co is more than
half of all the elements present in the nanocomposite.

XRD results of graphene oxide and the composite

Fig. 2(a) shows the XRD pattern of GO in the 2-theta range 10-80°.
One sharp diffraction peak at 12.521° with the (001) zk! plane is

This journal is © The Royal Society of Chemistry 2018
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Fig. 1 EDX pattern of the newly synthesized C;6C04016SNn

nanocomposite.

Table 1 EDX elemental microanalysis (atom?%) of the C16C04016SNn
nanocomposite sample

Sample Co (%) Sn (%) O (%) C (%)

GO based cobalt tin 14.27

oxide nanocomposite

54.55 14.45 16.63

observed. This diffraction peak is characteristic of GO (JCPDS 96-
810-0415). GO typically contains some functional groups (OH,
—-COOH etc.) along with water molecules. During reduction, GO
loses water molecules upon treatment in a furnace at high
temperature or sometimes gets fully rid of functional groups by
heating at more than 1000 °C. In Fig. 2(b), the X-ray diffraction
pattern of C;6C0,0;6Sn can be seen. The XRD pattern of cobalt tin
oxide nanoparticles is discussed in a previous article.*® In Fig. 2(b),
straight sharp diffraction peaks explain that the product is pure
and well crystallized. Strong and sharp diffraction peaks at the 2-
theta values 15.621°, 17.541°, 25.453°, 28.504°, 30.744°, 33.241°,
36.203°, 45.443°, 53.191°,63.961°, 73.513° and 75.793°, which are
associated with ikl planes (311), (222), (242), (513), (060), (444),
(571), (682), (793), (868) and (797), respectively, can be seen. These
sharp diffraction peaks are characteristic of the newly synthesized
GO based tin cobalt oxide nanocomposite (C;,C040165n, JCPDS
no 96-900-7767). The product investigation report, in which
crystal parameters, cell parameters, space groups, atomic co-
ordinates, lattice parameters, bond lengths, bond angels,
volume, density, and d-spacing are shown in Table 2.

Detailed study of the diffraction peaks illustrates that the
synthesized C;6C0,01¢5n nanocomposite possesses a cubic lattice
structure with a space group of F-43c. Fig. 3(a) shows that the Sn
atoms are located at the corner of the cube while Fig. 3(b) shows
that the cobalt atoms which are represented with a blue color are
present at the center of the walls of the cube and Fig. 3(c-d)
describes the presence of oxygen atoms in the center of the cube.
The positions of all the atoms of the product are shown in
Fig. 3(e). The positions and arrangement of all the atoms over the
carbon atoms can be seen in Fig. 3(f). The three dimensional
cubic lattice with the placement of all atoms is described in

Fig. 3(g)-

RSC Adv., 2018, 8, 36647-36661 | 36649
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Fig. 2 (a) XRD pattern of GO and (b) the newly synthesized C15C040:65Sn nanocomposite.

SEM and TEM analysis of the nanoparticles

SEM and TEM images of the tin cobalt oxide nanoparticles are
given in Fig. 4(a) and (b), respectively. In Fig. 4(a), the SEM
image of the simple tin cobalt oxide nanoparticles with
a magnification of 5000x can be seen. A number of small cubes
are visible in this image. Similarly, the TEM image of the simple
tin cobalt oxide at a magnification of 50 000x can be seen in
Fig. 4(b). The size of these particles lies in the 70-200 nm range.

SEM analysis of the nanocomposite

In Fig. 5(a) and (b), the 30 micro meter range with 1600x and
1579 x magnification at a 250 quanta clean surface can be seen.
In Fig. 5(c) and (d), in a 5 micro meter range with a high
magnification of 6000, small rough nano surfaces can be seen
but no small cubic nanoparticles are seen, which is why with
some modifications in the technique, clear and smooth SEM
images of the synthesized C;4C0,0;6Sn nanocomposite at
different magnifications are shown in Fig. 6(a-d).

In Fig. 6(a), with a 20 micro meter range and a 2000x
magnification at 250 quanta, small nanoparticles can be seen.
The blue arrows indicate the surface of GO on which the newly
synthesized cobalt tin oxide nanoparticles are adsorbed. In
Fig. 6(b) and (c), the 10 micro meter view of the cube shape
nanoparticles with the same magnification of 4000x but with
a different value of high voltage ie., 12.50 kv and 20.00 kv,
respectively, can be seen. This view also shows that all the
synthesized nanoparticles are separate from each other with the
perfect corner edges of the cubes. In Fig. 6(d), the smooth and
clear surface of the cubes of the nanoparticles at a 5 micro
meter range with a 8000x magnification at 250 quanta can be
seen. All the SEM images are captured in the presence of a gold
coating at 250 quanta because at high magnification, the cobalt
and tin metal shows charge in the presence of reduced gra-
phene oxide (RGO). These highly magnified images show that
the product comprises of compact cubes of tin cobalt hydroxide
over the surface of RGO.

TEM analysis of the nanocomposite

To explore the morphology of the newly synthesized GO based
bimetallic oxide nanocomposite in more detail at the nanoscale,

36650 | RSC Adv., 2018, 8, 36647-36661

TEM images at different magnifications are shown in Fig. 7(a-d).
It can be clearly observed from the images of Fig. 7(a) that, at
250 nm with a magnification of 30k, the nanocomposite is in
a cubic shape with soft edges and the rough corners of the cube
are indicated by an orange arrow. The soft edges and rough
corners of the cube are due to the product being calcined at
400 °C. In Fig. 7(b), at 250 nm with a magnification of 30 000x,
the surface of RGO can be seen, as indicated by the blue arrow. In
Fig. 7(c), with a small range of 150 nm and Fig. 7(d) with a small
range of 100 nm, small nanoparticles can be seen with a magni-
fication power of 30 000x and 40 000x, respectively. In the case
of the metal oxide nanoparticles, the cubic particles show pores
in their cube. These small pores can reduce the purity and the
compatibility of the product and damage the surface area but in
the tin cobalt oxide nanocomposite with RGO, the shape of the
product is compact but irregular. The TEM images of the product
confirm all the previous results of the SEM and XRD.

Photocatalytic applications

Removal of the color of Reactive Black 5 under sunlight and in
the presence of the catalyst and hydrogen peroxide is shown in
Fig. 8. The reduction of the RB 5 dye in the presence of the
catalyst was investigated with the help of a UV-visible spectro-
photometer because RB 5 azo dye strongly absorbs at 598 nm.
The degradation of the dye was checked in the absence of the
nanocomposite, but the maximum absorbance at 598 nm
stayed the same with time. This showed that the degradation of
the RB 5 dye could not be possible in the absence of the
nanocomposite. Thus, the photocatalytic degradation of the dye
that was carried out in the presence of an excess amount of
hydrogen peroxide and sun irradiation increased the degrada-
tion rate, such that the reduction of dye followed pseudo first
order kinetics. The addition of hydrogen peroxide enhanced the
degradation of the dye because of the additional generation of
hydroxyl radicals and prevention of electron-hole pair
recombination.”

UV spectra of the composite and the band gap calculation

The resulting UV spectrum obtained from the C;6C0401¢Sn is
shown in Fig. 9(a). The recorded spectral data showed a strong

This journal is © The Royal Society of Chemistry 2018
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Table 2 Summary of parameters obtained from XRD analysis of
product C;6C040:45N

Parameters Results
Space group F-43c¢
Space group number 219
Crystal system Cubic
Cell parameters

A 17.2550 A
B 17.2550 A
c 17.2550 A
Angles

o 90°

8 90°

¥ 90°

Atomic coordinates

x, y and z coordinates of Sn 0.000, 0.000 and
0.000

—0.089, —0.089 and
—0.089

—0.193, 0.043 and
—0.109

—0.151, —0.007 and
—0.099

2.07500 g cm™®
5.800000
15.621°, 5.2026 A
and (311)
17.541°, 4.9811 A
and (222)
25.453°, 3.5222 A
and (242)
30.744°, 2.9166 A
and (513)
33.241°, 2.8758 A
and (060)
36.203°, 2.4902 A
and (444)
45.443°,1.9924 A
and (571)
53.191°, 1.6920 A
and (682)
63.961°, 1.4635 A
and (793)
73.513°, 1.3474 A
and (868)
75.793°, 1.2897 A
and (797)

X, y and z coordinates of Co
x, y and z coordinates of O
x, y and z coordinates of C

Calculated density
I/IC()[‘
2-Theta, d-spacing and miller indices (k)

cut off at 290 nm with a minimum absorbance that collaborated
in the percentage reflectance mode. The term band gap refer to
the difference in energy between the conduction band at the
bottom and the valence band at the top and is indicated by
a double blue arrow in Fig. 9(b). Electrons have the capacity to
move up from one band to another. The transition of electrons
from the valence band to the conduction band requires
minimum packets of energy. It can be seen from Fig. 9(b) that as
the density of state increases, the band gap difference also
increases. In the calculation of the band gap, the energy (E) =
hc/) where h (Planck’s constant) = 6.62 x 10 >*J s, ¢ (speed of

This journal is © The Royal Society of Chemistry 2018
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Fig. 3 The structural model of C16C04016Sn: (a) the position of the tin
atoms in the cubic lattice. (b) The position of the tin and cobalt atoms
in the cubic lattice with different orientations. (c and d) Description of
the oxygen atoms (red) in the cube with more than one rotation of the
cube. (e) Representation of all the atoms present in the cubic lattice. (f
and g) The correct place for every atom present in the product at one
or three cubic cells.

light) = 3.0 x 10° m s, A (cut-off wavelength) = 4.1882 x 10~°
m, and 1 eV = 1.6 x 10~ *° J (conversion factor). The band gap is
calculated to be 4.7418 x 10~ J or 2.9636 eV.

Dye dependent UV-Vis spectra

The dye concentration dependent UV-Vis spectra in the pres-
ence of 0.50 mg ml " of catalyst and 2 ml of hydrogen peroxide
is shown in Fig. 10.

These dye concentration dependent spectra were taken to
study the maximum absorption and intensity of the dye in the
absence of a catalyst and hydrogen peroxide. It can be seen in
Fig. 10 that at 10 ppm dye solution the maximum absorbance is
0.410 and with 20 ppm dye solution the maximum absorption is
0.653 and similarly at concentration of 30 ppm dye solution max
absorption is shown at 0.973. All the maximum absorptions
were seen at 598 nm. Thus, a dye with a maximum concentra-
tion was chosen for further study of different parameters of RB 5
dye degradation.

Time dependent UV-Vis spectra

The RB 5 dye degradation time dependent UV-visible spectra in
the presence of 0.5 mg ml~" of catalyst and 2 ml of hydrogen
peroxide under sun irradiation is shown in Fig. 11. It can be
seen that when the process starts, the maximum absorbance at
598 nm is 0.973 but with the passage of time, absorbance at
598 nm decreases to 0.404 after 120 min of stirring under
sunlight irradiation. This shows that the dye is degraded and
the nanocomposite has a significant impact on dye
degradation.

RSC Adv., 2018, 8, 36647-36661 | 36651
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Fig. 4

Effect of catalyst concentration variation

Fig. 12(a) shows the graph of the absorbance of dye versus time
in the presence of 0.30, 0.50 and 0.70 mg ml ™" of catalyst and
sunlight. It can be seen in the case of small dosages of catalyst
that initially the change in value of absorbance with the passage
of time is very small but as the dosage of catalyst increases, the
rate of degradation is also increased. As the time passes, the
process of dye degradation is increased and with the highest
ratio of catalyst dosage ie., 0.70 mg ml '. At this dosage of
catalyst the dye degraded with a quick time interval of 140 min
and in the case of the other two dosages, the dye takes 160 min
to degrade, which shows how the dosage of catalyst is important
for the degradation of the RB 5 azo dye. In the case of 0.50 and
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(@) SEM and (b) TEM images of the simple tin cobalt oxide nanoparticles.

0.30 mg ml ™" catalyst dosage, a rapid decrease in the value of
absorbance with time is firstly observed and then this decrease
in absorbance becomes slow as compared to the case of 0.70 mg
ml " catalyst dosage. The data from Fig. 12(a) is used to find the
value of k,p,p,. The plot of the catalyst dosage and k,ap is shown in
Fig. 12(b). The value of k,,, increases from 0.003 to 0.059 mg
ml ™" by increasing the concentration of the catalyst from 0.30 to
0.50 mg ml~". This increase in the value of k,p, is because of the
increase in the number of available active sites with an
increasing concentration of catalyst. This shows that at a low
dosage of catalyst, the speed of catalysis is slow. In all the dye
degradation processes where the dosage of catalyst varies with
time, the other two parameters (dye concentration and
hydrogen peroxide concentration) were constant.

(a) benzene + autoclave at 150 °C + 4 hours
(b) toluene + autoclave at 200 °C + 4 hours
(c) toluene + autoclave at 400 °C + 2 hours

(c) benzene + autoclave at 150 'C + 2 hours

Fig.5 (a)and (b) SEM images of the first attempt of the nanocomposite and (c) and (d) SEM images of the second attempt of the nanocomposite.
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Fig. 6 SEM images of the newly synthesized nanocomposite.

Fig. 7 TEM images of the synthesized GO based tin cobalt oxide nanocomposite at different magnifications.

This journal is © The Royal Society of Chemistry 2018 RSC Adv., 2018, 8, 36647-36661 | 36653


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra05962d

Open Access Article. Published on 30 October 2018. Downloaded on 12/5/2025 2:14:43 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

View Article Online

Paper

Na

ﬁ J Sunlight
‘fl HC—S Newy OS¢
N
Na—O—ﬁ—O—C{L }l ) 5;;
) " Q H,0
Reactive Black 5 azo dye - - ]dD_Ve e
' HN Catalyst egradation
i o 160min
o H,C—S N=N 7
2 FN\
Na—0—S—O0—CH, ¢ 4 0\
Na
No color
Black color

Fig. 8 Removal of the color of Reactive Black 5 under sunlight and in the presence of a catalyst and hydrogen peroxide.

0.5
Sample C4gC0404Sn
044 @
<
£ 0.3+
e
<
3
< 0.2+
410.2
" -""-/\'_\N/
0.0 r

/

Conduction band

|
1

2
P

Energy of electron

400 500 600 700 80O
wavelength (nm)

300

Density of states

Fig. 9 UV/visible spectra of the sample C14C04046Sn (left). Pictorial diagram of the explanation of band gap (right).

Effect of hydrogen peroxide without a catalyst

The graph of absorbance versus time for 1, 2 and 3 ml concen-
trations of hydrogen peroxide in the absence of a catalyst is
shown in Fig. 13. In this graph, minor changes with fluctuating
values of dye absorbance can be seen. At 20 ppm concentration,
the dye shows the lowest absorbance of 0.595 with 3 ml of
hydrogen peroxide amount and in the absence of a catalyst. This
shows that the catalyst has a huge impact on the photocatalytic
degradation.

Effect of hydrogen peroxide concentration in the presence of
a catalyst

The graph of absorbance versus time for 1, 2 and 3 ml concen-
tration of hydrogen peroxide is shown in Fig. 14. The graph in
Fig. 12 is like that of Fig. 14. In this plot, initially the absorbance
does not decrease with time in the case of 1 ml of hydrogen
peroxide concentration. However, in the case of a 2 ml
concentration of hydrogen peroxide, the absorbance decreases
throughout the time period and decreases until the start of the
decolorization. However, as the amount of hydrogen peroxide
increases to 3 ml, a sharp decrease in the absorbance can be
seen and then in a short period of time the absorbance
decreases slowly but at 80 min a sharp decrease can be seen and
then a continuous decrease in absorbance is observed for
160 min. The maximum decrease in absorbance can be seen in

36654 | RSC Adv., 2018, 8, 36647-36661

3 ml of hydrogen peroxide at a 160 min time interval, which is
0.079. After 160 min, the photocatalytic dye degradation process
stops and the dye solution shows almost the same absorbance
as the full degradation of dye within 2 hours. In all the dye
degradation processes where the hydrogen peroxide concen-
tration varies, the other two parameters (dye concentration and
catalyst dosage) are constant. The data from Fig. 14(a) is used to

1.0 — 10 ppm
—— 20 ppm
—— 30 ppm
0.8
1]
2064
©
=
S
o
2
S04
0.2
L L) L L] L] L)
400 450 500 550 600 650 700

Wavelength (nm)

Fig. 10 Comparison of dye absorbance spectra at different concen-
trations of dye solution and at 0.50 mg ml™* concentrations of catalyst
and 2 ml of hydrogen peroxide.
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Fig. 11 UV-Vis spectra of the photocatalytic degradation of the dye at
different time intervals under sunlight (conditions: [RB5] = 30 ppm,
[hydrogen peroxide] = 2 ml, and [catalyst] = 0.50 mg ml™?).

find the value of k.. The plot of catalyst dosage and ka,p is
shown in Fig. 14(b). The value of k,,p, is increased from 0.0019 to
0.0032 mg ml " by increasing the amount of hydrogen peroxide
from 1 to 3 ml. This increase in the value of &, is because of
the increase in the number of available active sites with
increasing the concentration of catalyst.

Mechanism of dye degradation

Nano level semiconductors have a higher volume to surface area
ratio than their bulk counterparts, which therefore allows
a higher absorption of photons in the presence of a photo-
catalytic surface. Furthermore, recombining of e~ and hole
pairs in the semiconductor nanoparticles is reduced when
particle size is smaller. When the size of particles in the semi-
conductor is reduced to the nanometer level, the energy band
gap greatly increases, which leads to huge redox potentials in
the whole system Therefore bulk scale semiconductors are ex-
pected to lower photocatalytic activity while nanoscale semi-
conductors have a high photocatalytic activity.”® Commonly, to
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Fig. 13 Graph of time versus absorbance for the photocatalytic
degradation of dye at different dosages of hydrogen peroxide
(conditions: [RB5] = 20 ppm, [hydrogen peroxide] =1, 2 and 3 ml, and
[catalyst] = absence of catalyst).

improve the efficiency of a catalyst, the number of electrons are
reduced and the charge rate is enhanced so the recombination
of holes and electrons is very important. It is known that
semiconductor photocatalyzed reactions are started by holes or
electrons being generated in the valence band or conduction
band by semiconductor nanoparticles.” After adding the cata-
lyst into the solution, light is absorbed in the form of energy
according to the band gaps. Positive holes in the VB are formed
due to the transfer of electrons from the valence band to
conduction band.

Semiconductor + UV light — h™ + e~

An electron hole pair has a lifetime of only a few seconds but
it is still enough to start a redox reaction with the semi-
conductor nanoparticles in the solution. There are three
possible reaction pathways which have been proposed in the
photochemical reaction (Fig. 15).
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(a) Graph of time versus absorbance for photocatalytic degradation of dye at different dosages of catalyst (conditions: [dye] = 30 ppm,

[hydrogen peroxide] = 2 ml, [catalyst] = 0.30, 0.50 and 0.70 mg ml~?). (b) Plot of Kkapp versus different concentrations of catalyst (conditions: [RB5]

= 30 ppm, [hydrogen peroxide] = 2 ml, and [catalyst] = 0.30, 0.50 and
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(1) An hydroxyl radical (OH) is oxidized by water and a posi-
tive hole which further oxidizes the dye molecules.

H,O+h'* - OH + H"

OH: + RB5 dyei (product) oxidised dye molecules

(2) A super oxide anion is formed when dissolved oxygen is
reduced by an electron and this anion will start the minerali-
zation of the RB5 dye. This super oxide radical again reduces to
hydrogen peroxide.

02 +e — 027.

. . . HO,
02 + H —>H02ﬁ—> HzOz + Oz

0,” + HO,—HO, + 10,———H,0,

Cleavage of H,0,
H202 + 027. — OH" + 02 + OH™

H202 — 20H"

(3) An hydroxyl radical (OH) is produced by water molecules
by a positive hole which causes in turn the oxidization of the dye
molecules.

For the confirmation of this mechanism, the presence of
hydrogen peroxide for degradation of the RB5 azo dye in the
presence of sunlight was investigated. For this reason, KMno,
was added into the solution as a titrant. When it was added into
the solution, the purple color was diminished and hydrogen
peroxide was produced consistently throughout the photo-
catalytic decomposition of the RB5 dye in which the

36656 | RSC Adv., 2018, 8, 36647-36661

permanganate ion acts as an oxidizing agent and causes the
oxidation of hydrogen peroxide. The permanganate ion was
reduced from a +7 oxidation state (purple color) to a +2 oxida-
tion state in Mn with no color.*>*

H202 - 02 + 2H+ + 2e”

MnO,” + 5¢~ + 8H" — Mn**-4H,0

C;16C04016Sn nanoparticles as a catalyst for fuel efficiency

Low octane kerosene oil was used in the presence of the
synthesized nanocomposite as a reference for investigating the
efficiency of this fuel and to study the properties of modified
kerosene oil because kerosene oil is commonly used in heavy jet
engines and aircraft. The efficiency of the fuel was monitored by
examining all the parameters at different concentrations of fuel
in the presence of the newly synthesized nanocomposite. The
fire point, flash point, cloud point, pour point and calorific
values were observed to examine the burning properties of pure
kerosene oil as a model reaction. To analyze the physical
characteristics of kerosene oil, the specific gravity was
calculated.

Effect of the C,6C0,0,¢Sn nanocomposite on the efficiency of
kerosene oil

The effect of the synthesized nanocomposite on the efficiency of
kerosene oil was investigated by different parameters such as
fire point, flash point and specific gravity. These parameters
were studied at various dosages of catalyst (0, 30, 60 and 90 mg
ml ™). All the results secured by using various dosages of cata-
lyst were compared with reference to pure kerosene oil.

Flash point and fire point

The effects of flash point and fire point on the efficiency of pure
kerosene oil at different concentrations of nanocomposite (0,
30, 60 and 90 ppm) are shown in Fig. 16 and 17.

This journal is © The Royal Society of Chemistry 2018
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Fig. 15 Proposed degradation routes for the photocatalytic oxidation of the Reactive Black 5 dye.

It can be clearly seen from the plots that without the nano-
composite, the flash point and fire point temperature of pure
kerosene oil is high. But after some time, as the concentration
of nanocatalyst increases, the flash and fire point temperature
significantly decreases. The decreasing plot shows the contin-
uous decrease in the flash and fire point temperature. This
decreasing pattern of the flash and fire point temperatures
shows that the newly synthesized nanocomposite has the best
characteristics as a catalyst to increase the efficiency of pure
kerosene oil.

From Table 3, it can be clearly seen that the temperature of
the flash and fire point of pure kerosene oil was high in the
absence of the nanocatalyst. These values sharply decrease
initially but by increasing the concentration of nanoparticles
these values gradually decrease until the end of the 90 ppm
concentration of kerosene oil. The temperature difference
between the flash and fire points of pure kerosene oil was 7 °C
and after adding the nanocatalyst, initially it changed to 6 °C
and ended with 5 °C. This difference in temperature indicates

This journal is © The Royal Society of Chemistry 2018
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Fig. 16 Effect of the C16C04016SNn nanocomposite on the flash point
of pure kerosene oil.
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that the new nanocomposite plays a vital role as a catalyst to
increase the efficiency of pure kerosene oil by varying the
dosage of the catalyst at commercial as well as for analytical
scale.

Specific gravity

The specific gravity of pure kerosene oil was examined by
a specific gravity meter (DA640) with 10 seconds of pump timing
for each sample of the C;,C0,0,65n nanocatalyst at 25 °C being
used to check the effect of the specific gravity on pure kerosene
oil.

Firstly, the specific gravity of kerosene oil in the absence of
the nanocatalyst at 20 °C was measured which gave low values of
specific gravity 0.7853 g cm ™ >. When the nanocatalyst at 30 ppm
concentration was added into the pure kerosene oil it showed
some increasing behavior ie. the specific gravity of the pure
kerosene oil increased to 0.7878 g cm ™ * and was continuously
increased by enhancing the concentration of the nanocatalyst. A
higher concentration of nanoparticles dosage (90 ppm) shows
the high values of specific gravity. The high specific gravity of
kerosene oil was due to the high surface area of the newly
synthesized nanoparticles. The effect of the nanoparticles on
the specific gravity of the fuel is shown in Fig. 18. By running the
sample on (SGM) three times, the results show that the specific
gravity value of pure kerosene oil is low as compared to the
modified kerosene oil. At different concentrations, the specific
gravity values shift but they are lower than the pure sample.
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Fig. 18 Effect of the C16C04016SN nanoparticles on the specific
gravity of kerosene oil.

Pour point and cloud point

The pour point and cloud point values of pure kerosene oil
were high in the absence of the nanocatalyst. The values of
cloud point at the start decreased by the addition of nano-
particles. With a high dosage of the catalyst, the cloud point
values of the pure kerosene oil initially decreased by 1 °C per
30 ppm and ended with 3 °C per 30 ppm approximately. In the
case of the pour point, the temperature in the presence of
three different concentrations of the nanocatalyst in pure
kerosene oil was found to be in the range of —15 to —33 °C. The
pour point temperature constantly decreased by 1 °C for each
concentration of kerosene oil by increasing the amount of
C,6C0,0,6Sn nanoparticles up to 90 ppm. These values show
that the pour point temperature is not affected by adding
different dosages of nanocatalyst.

Calorimetric values

In the presence of three different dosages of the concentration
of C;6C0,016Sn nanoparticles (30, 60 and 90 ppm), the calorific
values of pure kerosene oil are given in Table 3. It can be clearly
seen from the given table that pure kerosene oil in the absence
of a catalyst shows a low calorific value. After adding a catalyst of
three different concentrations, the kerosene oil shows
constantly high calorific values by adding a high concentration
dosage of nanoparticles.

Conclusions

A composite of cobalt tin oxide nanoparticles with RGO was
successfully synthesized by a solvothermal approach. The newly

Table 3 Effect of the nanocomposite on the various parameters and different concentrations of kerosene oil

Concentration of catalyst dosage

Parameters (Pure kerosene oil) 30 ppm 60 ppm 90 ppm

Flash point 42 °C 35°C 31°C 29 °C

Fire point 49 °C 41 °C 35°C 33°C

Specific gravity 0.7853 g cm > 0.7878 g cm 0.7880 g cm > 0.7884 g cm >
Cloud point 9°C 6°C 5°C 3°C

Pour point —15°C —19°C —22°C —30°C
Calorific values 920) g " 12604 g " 20819 g " 31412]¢g "
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synthesized nanocomposite was characterized by UV-visible
spectroscopic analysis, EDX, XRD, SEM, TEM and X-ray
diffraction (XRD). The investigation report confirms that the
product is pure and the cobalt tin oxide nanoparticles are
adsorbed over the surface of RGO. Controlled morphological
experiments show that in the product, the nanocomposites are
completely separate from each other and the sizes of the
nanocomposite are in the nano range. The wavelength of the
maximum absorption of the RB 5 azo dye is found to be 598 nm.
The degradation of the Reactive Black RB 5 azo dye was inves-
tigated to examine the photocatalytic properties of the newly
synthesized nanocomposite. It was observed that the absor-
bance decreases in the presence of sunlight from 0.973 to 0.404
with an increase in the C;6C040:6Sn dosage from 0.30 to
0.70 mg ml ™" It is noted that the value of the absorbance is also
decreased from 0.973 to 0.079 by increasing the amount of
hydrogen peroxide from 1 ml to 3 ml. The maximum degrada-
tion of Reactive Black 5 dye is observed for a 3 ml concentration
of hydrogen peroxide and 0.70 mg ml™" of catalyst. The
synthesized nanocomposite was also used to examine the effi-
ciency of kerosene oil by investigating different parameters of
the modified kerosene oil. From the addition of the nano-
composite to pure kerosene oil, the calorific values were also
increased which shows the effectiveness of the catalytic prop-
erties of the newly synthesized nanocomposite. It was also
determined that the flash and fire point temperatures were
significantly decreased by the addition of the C;,C0,0,65n
nanoparticles. It is also observed that the C;,C0,04¢Sn nano-
particles have a positive effect on the pour point and cloud point
temperatures of pure kerosene oil. The experimental results of
photocatalytic and fuel additive applications indicate that the
newly synthesized C;6C040,6Sn nanoparticles have an efficient
surface area and photocatalytic properties.
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