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Catalysts Metals-Doped Tin Dioxide
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Abstract: In order to improve the photoatalytic properties of tin dioxide, nanosized powders of SnO,
photocatalysts doped by alkali metals (Li, Na and K) were synthesized by sol-gel process. The physical
properties of these materials were characterized by X-ray diffraction, nitrogen adsorption-desorptiorn, Scanning
Electron Microscopy and Ultraviolet-visible diffuse reflectance spectroscopy. The photocatalytic tests under
UV radiation conducted on four aromatic compounds (phenol, paramtrophenol, pentachlorophencl and benzoic
acid) showed that tin dioxide doped with sodium possesses the highest photocatalytic activity; The Li-doped
SnO; is moderately active, while K-doped catalyst measured the smallest activity.
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INTRODUCTION

In recent decades, a large number of applications
associated with the photocatalysis have seen the day in
areas such as clean water or air, hydrogen production or
self-cleaning materials. This method has been suggested
mn environmental protection due to its ability to oxidize the
organic and inorganic substances [1].

Semiconductors metal such as ZnO, Ti0, and SnO,
have been recognized to be preferable materials for photo-
catalytic processes due to their high photo-sensitivity,
non-toxic nature, low cost and chemical stability [2, 3].
However, the band gap width of TiO, (3.2 V), ZnO (3.3
eV) and SnO, (3.6 eV) lunits the absorption ability of the
high-energy portion (UV) of the sunlight, which results in
the relatively small efficiency [4].

Tin dioxide (SnO,) 1s an important semiconducting
material which has been widely used in an extensive range
of applications such as catalysts [5, 6], gas sensors [7, 8],
heat mirrors [9, 10], varistors [11, 12] and transparent
electrodes for solar cells [13, 14], glass melting electrodes
and optoelectronic devices [15].

Recent research work has been devoted for the
development of synthesis of SnO, nanoparticles of
varying sizes in a controllable manner [16], among the
different routes such as sol-gel process, precipitation,
hydrothermal, solvothermal, etc. Sol-gel process is an

effective method preferred to control the textural and
surface properties of metal oxides. This method 1s based
on the hydrolysis and polycondensation of a metal salt,
which ultimately yields hydroxide or oxide under certain
conditions [17] and provides a facilitated route to prepare
uniform, well dispersed and well-crystallized SnO,
nanoparticles.

Doping has been widely used to alter the properties
of nanocrystalized solids in desirable and controllable
ways [18, 19]. Dopants can strongly influence electronic
behaviour of bulk semiconductors. Doped tin dioxide
nanocrystals have been studied in recent years [20, 21].

The first aim of this work is to synthesize a
crystallized pure and alkali metals doped- SuO, powders
by sol- gel process. Photocatalyst powders are
charactenized by using X-Ray diffraction (XRD), Scamming
electrton microscopy (SEM), Nitrogen adsorption
isotherms and UV-Vis spectroscopy. The second aim of
this work 1s to study the photocatalytic activity of
different photocatalysts under UV radiation.

Experimental Section

Photocatalysts Preparation: The photocatalysts were
prepared at the base of the tin dioxide doped by alkali
metals (Lithium, Sodium and Potassium) with a dopant
concentration of 10 wt. % using the sol-gel process,
according to the following protocol:
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Fig. 1: Reactor used in the photocatalytic experiments

37 mmol of SnCl, (Aldrich, Purity: 99.99%) was mixed
in 100 mL of absolute ethanol (Merck, Purity: 99.9%)
under stirring and refluxing at 80°C under nitrogen
ambient in a closed vessel for 2 h. A white tin alkoxide
powder was obtained after heating of solution at 80°C
under vacuum condition [22], to which 50 mL of absolute
ethanol and 50 ml of LiNO;(Tucker-USA, 99.5%), NaNO,
(Cheminova: International S.A, 99.5%) or KNO,
(BIOCHEM, Chemopharma, 99.9%), solution with
respective concentrations 1.85 mmol. L™, 1.83 mmol.L"
and 1.85 mmol. L™" were added. This solution was then
stirred and heated for 2 h at 50°C.

The stirring was stopped and gelation underwent in
about 5 days. Afterwards, the gel was dried at 110°C for
2h. Finally, the powder was calcined under flowing air
(0.1mmol s™") at 700°C for 4 h.

Catalysts Characterization: To determine the crystalline
phase and the crystallite size of the photocatalysts,
powder X-ray differactograms were recorded applying
Philips PW 1830 differactometer using the Cu-Ka line
(A=0.15458 nm). The phases present were identified by
comparison with JCPDS cards and the crystallite sizes
were calculated by X-ray line broadening profile analysis
according to the Debye-Scherrer formula.

Morphology and particles sizes of photocatalysts
were examined by SEM on a Jeol JSM-840 under high
vacuum, at an acceleration voltage of 20 kV. The samples
were deposited onto carbon tape and coated with gold in
a Balzers plasma sputterer (30 s at 30 mA).

Specific surface areas (Sger) of the samples were
performed using the BET method, the nitrogen
adsorption-desorption isotherms were measured at -196°C
on a Fisons Sorptomatic 1990 after outgassing for 24 h at
ambient temperature.

Ultraviolet-visible diffuse reflectance spectra (UV-Vis
DRS) of the samples were measured on a Varian Cary 5000
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UV/Vis/NIR spectrophotometer, equipped with a Varian
External DRA-2500 integrating sphere, using BaSO, as the
reference.

Photocatalytic Experiments: Four organic compounds
(phenol, paranitrophenol, pentachlorophenol and benzoic
acid) were chosen to evaluate the photocatalytic activity
of synthesized photocatalysts. The study of degradation
of the compounds in question was carried out at 20°C
using a water-cooled cylindrical 200 mL glass reactor
(Fig.1), with external lamp (125 W UV lamps, Black light
Mercury HgV). The experimental conditions are fixed as:
The amount of catalyst powder, [Photocatalyst], was kept
at 1.0 g L™, the initial concentration of pollutant, C,, was
0.2 g L™" and the pH of the solution was fixed to 6.5.

Before each photocatalytic test, the mixture was kept
in the dark for 1h to ensure that the adsorption-desorption
equilibrium was reached before illumination. The sample
was then taken out at the end of the dark adsorption
period, just before the light was turned on, in order to
determine the pollutant concentration in solution.

When the lamp was turned on, the experiment started.
After a given irradiation time, the sample was taken out
from reactor, then the catalyst was removed by
centrifugation and the remaining pollutant concentration
in the solution was measured with the photocoulometric
method of 4-amino-antipirine [23]. Repetition tests were
made to ensure the reproducibility of results. So all the
photocatalytic result presented in this work are the mean
of three replicates.

RESULTS AND DISCUSSION

Characterization of Synthesized Photocatalysts:
Fig. 2 shows the X-ray differactograms of the undoped
and (Li, Na and K) doped SnO, powders heated at 700°C
for 4hours. For all samples, the peak position agree well
with the reflection of tetragonal rutile structure (a= b=
0.4731 nm and ¢ = 0.3173 nm) of pure SnO, (JCPDS Card
N° 88-2348) and the diffraction peaks arise at (110), (101),
(200), (111), (211), (220) and (002) without any other
phases detected, indicating that all ions of alkali metals
were embedded into the crystal lattice of SnO,. The peaks
appear more intense in the case of doped powders which
may indicate a relatively high degree of crystallinity. A
decrease in crystallinity is observed from lithium to
potassium (Fig. 2). The average size of crystallites for the
different photocatalysts is calculated from profile
Scherrer’s formula based on line broadening analysis [24].
And their values are cited in Table 1.
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Table 1: Characteristics of the different SnO, photocatalysts synthesized.

Sample Size(nm) Surface area(m®/g)  A(nm) E,(eV)
Undoped SnO, 36 25,0 342 3.625
Li-doped SnO, 14 23.8 382 3.246
Na-doped SnO, 12.5 28.6 398 3.115
K-doped SnO, 7.5 223 422 2.938
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Fig. 2: XRD patterns of undoped and doped SnO,
powders.

By SEM analysis, it is observed in Fig.3b-d that the
calcined powders of SnO, doped by alkali metals (Li, Na
and K) are composed of agglomerates; these clusters are
composed of aggregates of heterogeneous sizes in the
case of Li-doped SnO, and homogeneous sizes in the case
of K-doped SnO,. The agglomerates formed the powders

of Na-doped SnO, are much more orderly and composed
of particles with sizes relatively homogeneous. The mean
size of SnQO, particles is equal to 50 nm (Fig. 3a) which is
near from the values calculated by XRD.

A nitrogen adsorption-desorption isotherm was
carried out to analyze the textural properties of pure and
doped SnO, powders and it is presented in Fig. 4a-d. This
isotherm displays a slight increase of the adsorbed
volume at very small p/p0 values, which is characteristic
of the presence of micropores (< 2 nm) inside SnO,
particles [25]. Furthermore, the isotherm shows a
hysteresis at p/p, from 0.4 to 1, due to capillary
condensation in mesopores (2-50 nm) corresponding in
the voids between the 30-50 nm SnO, powder particles
[25]. Finally, Table.1 provides the values of specific
surface area obtained by the BET method [25] of the pure
and doped SnO, powders.

UV-Visible absorption spectra are a particularly
suitable technique to diagnose the band structure in the
materials [26]. Fig. 5 shows the UV-visible (UV-vis) diffuse
reflectance spectra of undoped and Li, Na and K-doped
Sn0O,. Using the method reported by Provenzano et al.
[27] and the simplified form of energy-wavelength
relationship, Eg (eV) = 1240/A [28, 29], the absorption edge
and band gap width values of different photocatalysts
were calculated and are reported in Table.1. From these
results, it was noticed that doping with alkali metals
decreased the energy band gap (E,) of SnO,.
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Fig. 4: N, adsorption/desorption isotherms for undoped and doped SnO,: (a) Undoped-SnO,, (b) Li-doped SnO,, (c) Na-

doped SnO, and (d) K-doped SnO,.
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Fig. 5: UV-Vis spectra of undoped and doped SnO,.

Photocatalytic Activity of Pure and Doped-SnO,
Powder: Fig 6-9 shows respectively, the photocatalytic
degradation of phenol, paranitrophenol,
pentachlorophenol and benzoic acid in contact with
different photocatalysts powder as a function of time at
pH 6.5 and T=20°C.

It is observed that the Na doped SnO, has the largest
photocatalytic activity compared to other photocatalysts
and for virtually all organic compounds studied, it
achieves a degradation of about 88.2% for the phenol
solution, 68.55% for the paranitrophenol solution, 76.24%
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Fig. 6: Degradation of phenol as a function of time, where
C, is the initial phenol concentration (g L") and C
is the phenol concentration at the time t. C, = 0.2
g L', [photocatalyst] = 1.0 g L™". pH = 6.5 and
irradiation time = 120 mn.

for the pentachlorophenol solution and 62.25% for the
benzoic acid solution after 2 hours of irradiation. This
finding could be discussed in terms of the role of Na
dopant in the crystallite size of SnO, from 36 to 12.5 nm
and increasing its Sgg; from 25 to 28.6 m%/g. Research has
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Fig. 7: Degradation of paranitrophenol as a function of
time, where C, is the initial paranitrophenol
concentration (g L™') and C is the paranitrophenol
concentration at the time t. C, = 0.2 g L7,
[photocatalyst] = 1.0 g L™. pH 6.5 and
irradiation time = 120 mn.
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Fig. 8: Degradation of pentachlorophenol as a function

of time, where C, is the initial pentachlorophenol
concentration (g L") and C is the
pentachlorophenol concentration at the time t. C,
=0.2 g L', [photocatalyst] = 1.0 g L™". pH = 6.5
and irradiation time = 120 mn.

shown that the particle size plays on two important
characteristics of the photocatalyst: Its surface area and
its dispersion in solution. Reduce the small particle size
increases the contact area and improves the dispersion of
the powder in solution thus promoting interactions
photons/catalyst/pollutant [30-32].

A lesser extent, we can observe that doping by
lithium could improve the photocatalytic activity of tin
dioxide since the degradation rates obtained with Li-
doped SnO, are much higher than those obtained with
undoped SnO,.
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Fig. 9: Degradation of benzoic acid as a function of time,

where C, is the initial benzoic acid concentration
(g L™ and C is the benzoic acid concentration at
the time t. C, = 0.2 g L™', [photocatalyst] = 1.0 g
L~". pH = 6.5 and irradiation time = 120 mn.

On the other hand, the results represented in
Figs 6-9, show that the effect of doping by
potassium on the photocatalytic properties is negative.
This effect is translated by an effective decrease in
rates of degradation compared to those recorded for
pure SnO, catalyst. In light of the smallest crystallite of
SnO, due doping with K,this particular catalyst should
exhibit the highest activity and not the smallest activity.
This disctepancy could be resolved by considering
the optical properties of K- doped SnO, whose E,
value measures the smallest value( 2.938), making a
photocatalyst active under visible light and less active
under irradiation SnO, UV.

CONCLUSION

The synthesis and doping of SnO, by alkali metals
(Li, Na and K) were performed using the sol-gel process.

The characterization of these materials showed that
doping of tin dioxide by these elements allows obtaining
powders of small size with a slight increase in surface area
of Na-doped SnO,.

Photocatalytic  degradation of four organic
compounds chosen in this study shows that doping by
alkali metals (Li, Na and k) caused two different effects on
the photocatalytic properties of tin dioxide. A positive
effect was recorded in the case of doping with lithium and
sodium. The negative effect was observed in the case of
tin dioxide doped by potassium.
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This study has enabled us to highlight the qualities

photocatalytic of Na-doped SnQ, with can be improved

by varying the doping level or change the method of

synthesis.
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