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Abstract Tin oxide (SnO,) nanoparticles were synthe-
sized and loaded on groundnut shell activated carbon
(SnO,/GNSAC) using by a chemical precipitation method
and its photocatalytic activity was evaluated by pho-
todegradation of methylene blue under sunlight radiation.
The synthesized products were characterized by X-ray
diffraction analysis, diffusion reflectance spectra show the
optical properties and confirmation made by photolumi-
nescence, Fourier transform infrared spectroscopy, scan-
ning electron microscopy with energy dispersive X-ray and
nitrogen adsorption—desorption technique. The various
experimental parameters like amount of catalyst, initial pH
and contact time for efficient dye degradation of methylene
blue were concerned in this study. In the photodegradation
of methylene blue, a significant increase in the reaction rate
was observed with SnO,/GNSAC under sunlight. This
increase is due to the high migration efficiency of pho-
toinduced electrons and the inhibition of charge—carrier
recombination due to the electronic interaction between
SnO, and GNSAC.

1 Introduction
Nowadays, semiconductor photocatalysts have been

attracted widely attention since the environment pollution
problems become seriously [1]. Various semiconductor
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photocatalysts such as, ZnO, TiO,, CdS, ZrO, and SnO,
[2-7] and etc., among these tin oxide (SnO,) is one of the
most important n-type wide-band gap (3.6 eV) semicon-
ductor nanoparticles. It has found many practical applica-
tions, mainly as gas sensor material, electrode dye-
sensitized in solar cells, catalysts [8—10]. In order to
increase the utilization efficiency of TiO, on solar energy,
researchers do a lot of works from decreasing the forbidden
band-width of TiO, and suppressing the recombination of
electrons and holes [11]. At present, the modification
methods mainly include surface sensitization, metal ion
doping and non metal ion doping. Among these, non metal
modification such as carbon modification can decrease the
band gap energy of TiO,, which can improve its photo-
catalytic activity. Recently, an intense effort has been
devoted to loading TiO, on different supports such as SnO,
loaded on AC, MWNT@SnO, [12]. Especially, TiO, loa-
ded on GNSAC has drawn great attention since the high
adsorption capability of GNSAC can help to enrich organic
substrate around the catalyst, promoting the pollutant
transfer process and hence increasing the photocatalytic
efficiency. The synergistic effect of adsorption by GNSAC
and photocatalytic decomposition by TiO, has been
observed in the degradation of organic pollutants [13]. Tin
oxide nanoparticles have been synthesized through differ-
ent chemical routes, such as co-precipitation, sol-gel,
hydrothermal, solvothermal method [14-17] and etc.,
among these; chemical precipitation method for the syn-
thesis of SnO, nanoparticles has a number of advantages
such as, precise control over the stoichiometry, low tem-
perature synthesis, high purity and high chemical homo-
geneity [18]. In this study, groundnut shell activated carbon
synthesized from groundnut shell by chemical activation
and its chemical precipitation method was used to synthesis
SnO, nanoparticles and loaded on groundnut shell
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activated carbon (SnO,/GNSAC) were well characterized
and their photocatalytic degradation of methylene blue
(MB) under sunlight radiation. The high photocatalytic
performance of SnO,/GNSAC was discussed based on the
electron transfer between SnO, and GNSAC.

2 Materials and methods
2.1 Chemicals

Tin (II) chloride dehydrate (SnCl, H,0), oxalic acid
dehydrate (C,H,O, 2H,0), phosphoric acid (H3;PO,),
Sodium hydroxide (NaOH) and methylene blue (C;¢H;s.
N3SCI) were purchased from Merck and SD Fine. All
chemicals were used as received since they were of ana-
lytical regent grade with 99 % purity. Double distilled
water was used for all dilution and sample preparation.

2.2 Synthesis of groundnut shell activated carbon
(GNSAC)

The groundnut shells (GNS) were collected from Panruti
taluk, Cuddalore district, Tamilnadu, India. The GNS was
first washed with double distilled water to ensure that all
impurities were removed and then dried in an oven at
110 °C for 24 h. GNS was then ground and sieved to
obtain precursors of particle size less than 2 mm. The
precursors were impregnated in phosphoric acid (H3PO,4)
solution at an impregnation ratio of 1:1 (wt% ratio of
H;PO,4: GNS) and the mix was continuously stirred using a
magnetic stirrer. The sample was then dried and activated
by muffle furnace heating (at a rate of 20 °C/min) at
600 °C for 120 min [19]. After cooling down to room
temperature, the product was washed sequentially with
0.1 M NaOH and double distilled water to remove residual
minerals. The washed sample was dried at 110 °C for 6 h
and cooled at room temperature to obtain the groundnut
shell activated carbon (GNSAC).

2.3 Synthesis of SnO, nanoparticles and loaded
on GNSAC (SnO,/GNSAC)

The preparation of SnO, nanoparticles from tin (I) chlo-
ride dehydrate (SnCl, H,O) and oxalic acid dehydrate
(C,H,0,4 2H,0), 0.5 M of tin (II) chloride dehydrate and
0.75 M oxalic acid dehydrate were mixed drop by drop to
obtain SnO,. Then SnO, loaded on groundnut shell acti-
vated carbon catalyst was prepared by a similar method by
adding 1 g of GNSAC. The entire mixture was stirred
magnetically at 70 °C until a white precipitate was formed.
The obtained dispersions were purified by dialysis against
double distilled water and ethanol several times to remove

impurities. The yield product was dried in a hot air oven at
100 °C for 6 h to evaporate water and organic material.
Finally, the product was annealed in a muffle furnace at
400 °C for 2 h to obtain SnO, and SnO,/GNSAC.

2.4 Characterization

The crystalline phase and particle size of SnO, and loaded
on groundnut shell activated carbon were analyzed by
X-ray diffraction (XRD) measurement which was carried
out at room temperature by using the X’PERT-PRO
diffractometer system [scan step of 0.05° (20), counting
time of 10.16 s per data point] equipped with a Cu tube for
generating Cu Ko radiation (k = 1.5406 A); as an incident
beam in the 2-theta mode over the range of 10°-80°,
operated at 40 kV and 30 mA. The band-gap energy was
measured at wavelengths in the range of 200-800 nm by
UV-Vis—NIR spectrophotometer (Varian/Carry 5000)
equipped with an integrating sphere and the baseline cor-
rection was performed using a calibrated reference sample
of powdered barium sulfate (BaSO,). The photolumines-
cence (PL) emission spectra of the samples were recorded
with a spectrofluorometer (Jobin—Yvon, FLUOROLOG-
FL3-11). The functional groups were determined by a
SHIMADZU-8400 Fourier-transform infra-red spectrome-
ter in which the IR spectra were recorded by diluting the
milled powders in KBr and the wavelength between 4000
and 400 cm ™' was used to assess the presence of functional
groups in SnO, and loaded on GNSAC. The morphology of
the products was explored using scanning electron micro-
scope JEOL: JSM-5610LV equipped with energy disper-
sive spectrometer (Bruker) at an accelerating voltage of
20 kV. The BET measurements were recorded using
Micromeritics ASAP 210 apparatus. The UV—Vis absorp-
tion measurements of the products during photocatalytic
measurements were recorded in the wavelength range of
400-800 nm using a Shimadzu UV1800 spectrometer.

2.5 Photocatalytic activity experiment

Photocatalytic activity of SnO, and loaded on GNSAC was
evaluated by studying photodegradation of MB dye solu-
tion under sunlight radiation. The optimum quantities of
SnO, (0.015 g/L) were taken in separate open borosilicate
glasses of 250 mL capacity. 100 mL of dye solution of
initial concentration (20 mg/L) were then added to those
vessels and the contents were stirred keeping irradiated
under sunlight. All the experiments were conducted
between 11.00 am and 02.00 pm under direct sunlight and
the solar intensity (1250 x 100 Lu £ 100) was almost
constant. After predetermined time intervals, adequate
quantity of solutions were taken out and centrifuged (Remi
centrifuge, Model No: C-85414 with 3000 rpm). The
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concentration of dye in supernatant was analyzed using a
Shimadzu UV1800 spectrophotometer by measuring the
absorbance at respective Ap.x of 664 nm. The percentage
of degradation of dye was calculated from the following
equation [20].

Co — C

(0]

%D =

x 100 (1)

where C, is the initial concentration of MB dye solutions
(mg/L), C, is the concentration of dye after irradiation after
selected time interval (mg/L). The same procedure was
adopted for SnO, loaded on GNSAC.

3 Results and discussion
3.1 XRD analysis

The XRD spectra of GNSAC, SnO, and loaded on GNSAC
are shown in Fig. 1. The XRD spectra of GNSAC in shows
two broad peaks which can be indexed to (002) and (100)
diffraction plane. In exhibits two broad peaks and the
absence of sharp peak reveals a predominantly amorphous
structure. All diffraction peaks are indexed to the tetragonal
structure of SnO, with lattice parameters comparable to that
of the JCPDS card (88-0287). The intensity of the diffraction
peaks shows a reduced with SnO, loaded on GNSAC. The
average crystalline sizes of the synthesized samples were
calculated using the Debye—Scherer formula [21].
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Fig. 1 XRD patterns of a GNSAC, b SnO, and ¢ SnO,/GNSAC
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where D is the average crystallite diameter (A), K is the
Scherrer’s constant (0.9), A is the wavelength (1.5406 A), B
is the full width at half maximum and 0 is the Bragg’s
angle. The lattice parameters ‘a’ and ‘c’ for the tetragonal
structure (a = b # c,a = B = v = 90°) can be calculated
by the following equation,

A (h*+K)  A(1)
422 * 4¢? 3)

where h, k and 1 are the miller indices of the peaks. From
the values of ‘a’ and ‘c’, the unit cell volume (V) of the
products is given by the formula V = a’c [22]. The cal-
culated crystallite size, lattice parameters and unit-cell
volume for SnO, and SnO,/GNSAC are given in Table 1.
As shown in the table, it can be observed that the average
crystallite size of SnO, is around 24.06 nm and SnO,
loading on groundnut shell activated carbon, the particle
size reduced to 18.12 nm [23]. This drop could be
explained be SnO, form and settles in the micro and
mesopores of the groundnut shell activated carbon which
limits its growth. It is well know that smaller sized particles
could lead to larger surface area, which would be beneficial
for increasing the photocatalytic activity.

sin? 0 =

3.2 Ultra violet-diffuse reflectance spectra (UV-
DRS)

The diffuse reflectance spectra of SnO, and SnO,/GNSAC
recorded 300-800 nm ranges are shown in Fig. 2. The
band gap energies (Ey) of modified SnO, and SnO,/
GNSAC are obtained from the wavelength values corre-
sponding to the intersection point of the vertical and hor-
izontal parts of the spectra, using the equation [24].

E, = %eV (4)
where E, is the band gap energy (eV), h is the Planck’s
constant (6.626 x 107°*Js), ¢ is the light velocity
3 x 108 m/s) and A is the Wavelength (nm). The band gap
energy (E,) calculated from SnO, and SnO,/GNSAC is
3.75 and 3.64 eV. Since the band gap energies are higher
than the bulk value of SnO, (3.6 eV). The observed red
shift and the decreased band gap indicate that the band
structure SnO,/GNSAC. These lower band gap values are
favorable to photocatalytic activity.

3.3 Photoluminescence (PL)

The PL properties of as-prepared SnO, and SnO,/GNSAC
were studied at room temperature (Fig. 3). From the PL
spectra, it is predicted that the SnO, exhibits five emission
peaks two at UV region (342 and 400 nm) and other three
at visible region (436, 467 and 481 nm). The spectra are
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Table 1 XRD derived
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parameters of SnO, and SnO,/ Samples Particle size (nm) Lattice parameters (A) Volume (A”)
GNSAC a c
SnO, 24.06 4.745 3.188 71.782
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Fig. 3 PL emission spectra of SnO, and SnO,/GNSAC

broad band emission in the range of 385-407 nm for SnO,
and SnO,/GNSAC. The intensity of the PL spectra
decreased in the following order for the photocatalysts;
SnO, and SnO,/GNSAC. The possible mechanism behind
the quenching of UV emission and enhancement of visible
emissions is explained as follows. For SnO,/GNSAC
sample, with the SnO, loaded on groundnut shell activated
carbon content, the intensity of UV and visible band is
found to decrease as a result of the inhibition of recombi-
nation of the excitons. Generally the lower PL intensity
suggest the lower the recombination rate of photogenerated

— T T ' ' ' ' T
4000 3500 3000 2500 2000 1500 1000 500
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Fig. 4 FT-IR spectra of @ GNSAC, b SnO, and ¢ SnO,/GNSAC

electron—hole pairs, which leads to the higher photocat-
alytic activity has been reported by Wang et al. [12].
Therefore, the low PL intensity for SnO,/GNSAC indicates
that the photocatalytic activities of SnO, may be improved
due to the interactions between the excited electron of
SnO, nanoparticles and the GNSAC.

3.4 Functional group analysis

The FT-IR spectra of the GNSAC, SnO, and SnO,/
GNSAC are shown in Fig. 4. The spectra of GNSAC dis-
play absorption bands at 3373.50, 2931, 1599 and 1188.15
2931 cm™'. The spectra of GNSAC broad band at
3373.50 cm™ ! is due to the O-H stretching mode of
hydroxyl group. The sharp peak located at 2931 cm™'
corresponding to aliphatic C—H stretching vibrations, while
the band at 1599 cm™' to C=C stretching of aromatic
group. The peak at 1188.15 cm™' is assigned to the
stretching vibration P-O-C (aromatic) linkage and
P=OOH. The spectra of both SnO, and SnO,/GNSAC
exhibit adsorption bands located at 3423.65 cm ™' is owing
to the vibration of O-H and the band located at
1614.42 cm™" is due to the H-O-H vibrating mode of the
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absorbed water [25]. The band at 623.01 and 489.92 cm ™!
is attributed to the Sn—O stretching vibrations and the O—
Sn—O blending vibration in SnO, [18].

3.5 Morphological analysis

SEM images of SnO, and SnO,/GNSAC are shown in
Fig. 5a, b along with their EDS analyses. SnO, is observed
to exhibit spherical morphology. SnO,/GNSAC exhibits a
rough porous surface resulting from the growth of SnO,
nanoparticles on GNSAC surface.

3.6 Nitrogen adsorption—desorption isotherms

The surface textures of SnO, and SnO,/GNSAC were
determined by nitrogen adsorption and desorption iso-
therms, as shown in Fig. 6a, b, the isotherms exhibit a type
IV Hj hysteresis loop with mesopores structure. The sur-
face area of SnO, determined from BET measurement is
20.80 m2/g [26], Whereas, it is increased to 236.50 mz/g
for SnO, loaded on GNSAC. The pore size distribution
curves (insets of Fig. 6a, b) reveal the pore volume of SnO,
and SnO, loaded on GNSAC as 0.26 and 0.30 cm3/g,
respectively. The higher surface area of the SnO, loaded on

Fig. 5 SEM images of a SnO,
and b SnO,/GNSAC
corresponding EDS spectra (c)

GNSAC recommends its usage in enhanced photocatalytic
activity.

3.7 Effect of catalyst dosage

The effect of catalyst dosage on degradation of methylene
blue dye is illustrated in Fig. 7, respectively. The experi-
ments were run with varying catalyst dosage from 0.005 to
0.025 g/L in 20 mg/L solution of MB for 120 min under
sunlight. The percent removal of the dye reached their
maximum at 0.015 g/L of SnO, and SnO,/GNSAC
respectively and then decreased. It should be pointed out
that the catalyst loading affects number of active site on the
photocatalyst and the penetration of radiation through the
suspension. As the catalyst loading increases the percent
removal of MB decreases due to the enhancement of light
reflectance by GNSAC. The number of sites increases but
the penetration of radiation decreases due to shielding
effect [23]. In our study, the optimum value of catalyst
loading for SnO, and SnO,/GNSAC were 0.015 g/L under
sunlight corresponding MB removals over SnO, and SnO,/
GNSAC were 71.51 and 97 % respectively under sunlight
within 120 min constant time and pH 5 for SnO, and SnO,/
GNSAC.
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Fig. 6 a Nitrogen adsorption and desorption isotherms and the
corresponding pore size distribution curve (inset) of SnO, nanopar-
ticles, b nitrogen adsorption and desorption isotherms and the
corresponding pore size distribution curve (inset) of SnO,/GNSAC

3.8 Effect of pH

The effect of initial pH (2-9) on 20 mg/L of MB removal
at room temperature using 0.015 g/L (SnO,/GNSAC only)
of present adsorbent was investigated for 120 min. Varia-
tion of MB removal with pH is shown in Fig. 8. The results
show that the MB removal increased following rising ini-
tial pH 2—4 and in the pH range of 68 decreased. It may be
seen from the figure that maximum MB removal was
obtained at pH 5. Hence the higher degradation efficiency
is due to the strong adsorption of MB on the SnO,/GNSAC.
The surface charge properties of SnO,/GNSAC changed
with pH. The point of zero charge (pzc) for SnO,/GNSAC
is at pH =~ 6.5. The SnO,/GNSAC surface is positively
charged in acid solution (pH < pzc) and negatively

100 4 EEEEE SnO,:GNSAC
| EEEEE sno,
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=
=
= 60 -
<
]
St
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a2
40
X
20 A
0 -
0.000 0.005 0.010 0.015 0.020 0.025
Adsorbent dose (g)

Fig. 7 Effect of catalyst dosage on photocatalytic degradation of MB
dye in presence of SnO, and SnO,/GNSAC
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04
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Fig. 8 Effect of pH on photocatalytic degradation of MB dye in
presence of SnO, and SnO,/GNSAC

charged in basic solution (pH > pzc). At low pH leads to
an increase, the number of positive charged by adsorbing
dye. As the SnO,/GNSAC surface is positively charged at
pH 5, a significantly strong electrostatic attraction appears
between the positively charged SnO,/GNSAC surface and
dye molecule leading to maximum adsorption of dye. As
the pH of the system increases, the number of negatively
charged site on the SnO,/GNSAC does not favor the
adsorption of dye molecules due to the electrostatic
repulsion, then the adsorption process will decrease

significantly.
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3.9 Effect of contact time

Effect of contact time of catalysts SnO, and SnO,/GNSAC
on photocatalytic degradation of MB are shown in Fig. 9.
The UV-visible spectra of MB dye solution after different
intervals of photodegradation in presence of SnO, and
SnO,/GNSAC are shown in Fig. 10a, b. Contact time
experiments were run with optimum catalyst loading of
SnO, and SnO,/GNSAC (0.015 g/L) in 20 mg/L dye
solution at constant solution pH of 5, for 120 min under
sunlight. The photocatalytic efficiency of catalysts was
evaluated in terms of percentage of dye degrade using
Eq. (1). It can be seen that the increase in the contact time
on photodegradation efficiency of naked SnO, reached
77 % respectively after 120 min irradiation time. In case
SnO,/GNSAC, the efficiency of MB reached 97 % after
same irradiation time. This fact is in agreement with the
surface area is higher for the SnO,/GNSAC than for the
SnO,. This result indicated that there is an interaction
between GNSAC and SnQO,, the size of the SnO,/GNSAC
get smaller and the surface area increased.

3.10 Kinetic studies

The rate constant values for dye degradation for the cata-
lysts were calculated using first order rate equation [27].

Co
In— =kt 5
e (5)
where Kk is the first order rate constant. Figure 11 shows the

plots depicting a linear relationship between In% and time
for all the samples and from the slope of the graph, rate

constant and regression coefficient (Rz) values were cal-
culated and summarized in Table 2. It can be seen from

100 4 [ SnO,/GNSAC
I 510,

80 4

60

40

% Degradation

20 H

0 15 30 45 60 75 90 105 120
Time (min)

Fig. 9 Effect of MB dye degradation by SnO, and SnO,/GNSAC
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table that the rate constant value for SnO, was found to be
0.0093 min~"!, while for SnO, loaded on GNSAC, it was
increased to 0.0286 min~'. The increased rate constant
(k) value of SnO,/GNSAC suggests the excellent photo-
catalytic activity of SnO, loaded on GNSAC.

3.11 Photodegradation mechanism

The photocatalytic activity is based on the reactive nature
of an electron-hole pair generated in semiconductor
nanoparticles under illumination by light of energy greater
than the semiconductor band gap electron is excited to the
conduction band gap and electron in the conduction band
migrates to the particles surface. It no recombination takes
place, these charge carries can react with O, to generate
°0, and the holes theoretically migrate to the surface and
react with OH™ or H,O to generate OH" , these radicals can
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Fig. 10 a UV-Vis absorption spectra of MB solution in the presence
of SnO, at different intervals. b UV-Vis absorption spectra of MB
solution in the presence of SnO,/GNSAC at different intervals
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Fig. 11 Kinetic study of photodegradation of MB in the presence of
SnO, and SnO,/GNSAC

Table 2 The rate constants and linear regression coefficients of MB
photodegradation

Samples Rate constant (min™ ") R?
SnO, 0.0093 0.976
SnO,/GNSAC 0.0286 0.985

react with adsorbed organic pollutants. The reactions can
be expressed as follows;

Dye + OH — degradation products (10)
Dye + h{p — oxidation products (11)
Dye + ecp — reduction products (12)

Figure 12 depicts possible structure of SnO, loaded on
GNSAC with adsorption capacity and photocatalytic
activity. As mentioned in the previous section a large
amount of SnO, will be exposed on the surface of GNSAC
by long activation time. As a result, active site available on
the surface of GNSAC will increase. This may also con-
tribute to the high photocatalytic activity of SnO,/GNSAC.
In such a case, there seems to exist a synergistic effect in
the composite due to the combination of the adsorption
capacity of the GNSAC and the photocatalytic of SnO,
[28].

4 Conclusions

In summary, SnO, and SnO,/GNSAC were successfully
synthesized using co precipitation method. The XRD
analyses reveal that the prepared SnO, were attributed to
the tetragonal system and average crystallite size got
decreased when supported on GNSAC. Decrease of pho-
toluminescence intensity reveals the suppression of elec-
tron—hole recombination by the SnO, loaded on GNSAC.
The BET analysis confirms the increase in the surface area
of SnO, loaded on GNSAC. The experiments revealed that
the photocatalytic oxidation of MB aqueous solution is

SnO, + hv — SnO, (ecy + hiyg) (6)  more effective in SnO,/GNSAC than naked SnO,. About
e 10, - OF (7) 97 % degradation of MB was observed with SnO,/GNSAC
cB 2 2 in comparison to 77 % degradation of MB with naked
hyg + OH™ — OH (8)  SnO, using sunlight respectively within 120 min irradia-
. tion time and the same amount of catalysts. The higher
h{p + H,O — H' + OH 9
vp T 20 = + ©) photocatalytic oxidation efficiency of SnO,/GNSAC at pH
Fig. 12 Tllustration of
Photodegradation mechanism of MB
MB dye over SnO,/GNSAC Sun
E light
1
3
p- CO,+H,0 ‘O,
Photodegradation
.02
H,0 or OH~-
*OH
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5 is due to synergistic effect of GNSAC. The kinetic rate
constant of degradation is higher in the presence of SnO,/
GNSAC.
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