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This study involves the preparation of titanium hydrogen
phosphate  a-Ti(HPO,),.H,O (o-TiP) and its tin-doped
compounds for use as catalysts in the photolytic degradation of
organic pollutants such as methyl red dye. The structural and
textural properties of prepared samples were examined using
various techniques: X-ray diffraction (XRD), Fourier-transform
infrared spectroscopy (FTIR), nitrogen absorption and
spectrophotometer. The results showed that the higher the
amount of tin added, the lower crystallinity and the greater the
surface area and pore volume of a-TiP. These changes in the
structural and textural properties of (a-TiP) had a significant
effect on the photocatalytic degradation of the methyl red dye,
where the degradation rate increased significantly by increasing
the amount of tin.
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INTRODUCTION

Obtaining clean water has recently become one of
the most important demands of life for all living
organisms due to the presence of many types of
pollutants such as dyes and organic compounds
introduced by different industrial facilities.'™
Various methods have been used to remove these
pollutants. The most important one is photocatalytic
destruction which has several features that make it
the best choice for most researchers around the world
such as high efficiency, speed in implementation and
low cost.”™

A complete and fast photocatalytic process to
destroy organic pollutants requires the use of
catalysts with unique characteristics such as high
surface area, physical and chemical stability, low
cost, availability, non-toxicity, in addition to the
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appropriate electronic and optical properties suitable
for this process.(kg‘ Within this approach, a variety of
catalysts have been used, such as titanium oxide, zinc
oxide and some other composites that achieve the
above-mentioned features.

Researchers are still looking for new catalysts,
either by innovation or by modifying some pre-
existing materials through doping, heating or
grinding processes to make them more convenient
for the photocatalytic process.g_11

Tetravalent metals hydrogen  phosphate
M(IV)(HPO,),.H,O is an important class of
inorganic substances that have recently attracted
much attention for its multiple applications in ion
exchange processes, intercalation, chemical
catalysis, and molecular absorption. In addition,
they have very remarkable physical and chemical
properties. They are highly insoluble, thermally
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stable, chemically inert in neutral or acidic pH and
capable of forming bonds with organic molecules.
These specifications give attention to the use of
these materials as photocatalysts either in pure
form or after being doped by a metal element. 12,13.

This work aims to prepare a-titanium hydrogen
phosphate and their tin-doped compounds for using
them as catalysts in the photocatalytic degradation
process of methyl red in aqueous solutions.

EXPERIMENTAL

Preparation of materials

Titanium hydrogen phosphate o-Ti(HPO,4),.H,O (a-TiP)
has been prepared according to the methods previously
reported,'*'> briefly: a reaction mixture TiCl;(15%).-
H;P04(85%), with constant P:Ti molar ratio 4:1 has been
refluxed at a temperature of 100 °C for 24 hours. The
precipitate was washed with distilled water until PH=7 then
dried at 60°C.

Sn-doped o-TiP samples were obtained by impregnation
method where a fixed mass of pure material was suspended in a
solution containing tin chloride (IV) so that the following molar
ratios were achieved: Sn/Ti=0,0.2,0.4,0.6,0.8 and 1. The resulting
suspension was stirred for 24 hours, at room temperature, then
filtered and washed several times with distilled water. The
obtained solid was dried at 50 °C for 24 hours.

Characterization methods

During the different phases of this work, a variety of
techniques were used including X-ray diffraction (STADI P
“STOE & Cie GmbH”, Germany), Fourier transform, infrared
spectroscopy (“Thermo Nicolet 6700” USA), surface area
analyzer (NOVA 2200 “Quantachrome Corp.”, USA). For the
evaluation the methyl red degradation, a UV-Vis spectro-

photometer (AvaSpec-2028 “Avantes B.V.”, Holland) was
used.

RESULTS AND DISCUSSION

XRD Measurements

X-ray diffraction measurements revealed, as
shown in Fig. 1, that the a-TiP prepared in this work
is a high-quality polycrystalline material (Fig. 1a).
All peaks displayed in this diffraction pattern are
fully compatible with the JCPDS (card 80—1067).

The effect of tin addition in the a-TiP structure
is manifested through XRD patterns (Fig. 1b—
Fig. 1f) as a decrease in peak intensity and an
increase in their width as the proportion of tin
rises. This dissimilarity could indicate the
conversion of a-TiP from the crystalline state to
the semi-crystalline or low crystalline which can
be attributed to a diminution in the crystallite size
due to defects that may have formed as a result of
the difference in phosphorous/metal ratio between
the doped and pure a-TiP samples.

The crystallite size was calculated using
Scherer’s equation: t = 0.9 A/(B cos 0 ),the values
of this parameter are listed in table 1 for pure and
doped a-TiP.

It can also be noted that all diffraction patterns
related to doped specimens do not show additional
peaks indicating the presence of phases other than
a-TiP.
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Fig. 1 — XRD patterns for pure a-TiP (a) Sn-doped a-TiP: Sn/Ti=0.2 (b) 0.4 (¢) 0.6(d) 0.8 (e) 1 (f).
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Fig. 2 — FT-IR spectra for pure a-TiP (a) Sn-doped a-TiP : Sn/Ti=0.2 (b) 0.4 (c) 0.6(d) 0.8 (e) 1 (f).

Fourier transform infrared (FT-IR)

To wverify the data disclosed by X-ray
diffraction, FTIR spectra were recorded for all
samples as shown in Fig. 2. The spectrum related
to the un-doped material (Fig. 2a) is in good
zllg:cordance with that reported by other authors.'®

For Sn-doped samples, FTIR spectra remain
similar to the pure substance spectrum but with
some changes becoming more and more evident as
tin concentration increases. These alterations are
reflected in the broadening of the bonds group
located in the wavelength range between 800 and
1300 cm™ which includes P-O-P (972 cm™), P-O
(1008 cm™), HPO4? (1032 cm™), Ti-O-P (1055
cm”) and P=0O (1250 cm™). Such spectral
broadening can be associated with deformation of
the chemical environment surrounding these bonds
induced by the addition of tin, which may explain
the decrease in the degree of crystallization of a-
TiP observed in XRD results.

N2 adsorption-desorption measurements

To explore further effects of tin addition on
a- titanium phosphate, the textural characteristics

(Surface area, Pore volume, Pore size) were
estimated for the investigated samples. These are
very important factors for the suitability of the
material to be used as a photocatalystlg’zo‘. They
have been determined through nitrogen adsorption-
desorption measurement at liquid N2 temperature
in a relative pressure range of 0.05-0.95. The
values of these charactestics, listed in Table 1,
disclose a good correlation with the tin
concentration. For example, samples with a high
concentration of tin have a larger surface area and
a smaller pore diameter.

These results are also consistent with those
obtained by XRD, where samples with a larger
surface area have a smaller crystallite size.

Photocatalytic Activity

The photocatalytic activity of pure and Sn-
doped o-TiP materials was investigated by
applying a heterogeneous photocatalytic process
for the degradation of methyl red dye in the
presence of ultraviolet radiation. The degradation
rate was estimated by measuring the concentration
of dye in the solution before and after irradiation
according to the following equation:

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

Crystallite size and textural properties for Sn-doped a-TiP samples 0< Sn/Ti <1

. SSA Total pore Crystallite Pore
Sn/Ti 2 . .
Molar ratio (m~/g) volume size diameter
(mL/g) (nm) (nm)
0 4.5 0.0048 1.2 43
0.2 38.1 0.0351 1.2 3.7
0.4 65.2 0.0544 1.2 33
0.6 96.4 0.0715 1.2 3.0
0.8 110.7 0.0803 1.1 2.9
1 116 0.0876 1.0 2.5
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Fig. 3 — Photocatalytic degradation of methyl red dye on pure a-TiP (a)
Sn-doped a-TiP : Sn/Ti= 0.2 (b) 0.4 (c) 0.6(d) 0.8 (e) 1 (f).

The results obtained, as shown in Fig. 3, indicate
that the photocatalytic activity of pure o-TiP remains
low during the entire irradiation period 0—-120 min
(Fig. 3a). For Sn-doped a-TiP, the degradation of
methyl red increase slowly during the irradiation
period, in the case of samples containing (Sn/Ti)
ratios between 0 — 0.6, where it does not exceed 15%,
in the first hour, and about 55% at the end of the
second one (Fig. 3a-3d).

Regarding the samples with (Sn/Ti) ratios
greater than 0.6 (Fig. 3e-3f), the degradation
begins to increase rapidly after 20 minutes of
irradiation and reaches about 60% in the first hour
and about 98% at the end of the second for samples
containing a high concentration of tin (Sn/Ti=1).

The differentiation in the photocatalytic activity
between pure and sn-doped a-TiP can be attributed
to several changes caused by the addition of tin,

the most important being a rise in the specific
surface area of the samples, that increase the
number of dye molecules adsorbed on the surface
of the catalyst and thus the enhancement of
photocatalytic activity. In addition, the presence of
tin may alter the energy gap of a-TiP, another
factor that helps also to raise the catalytic activity.

CONCLUSION

The a-titanium phosphate prepared in this work
is a well crystallized material.

The impregnation method is a good way to
prepare o-titanium phosphate doped with different
concentrations of tin.

The amount of tin added to o-TiP had a
noticeable effect on the crystallization degree and
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textural properties (surface area, pore size) which
in turn altered the photocatalytic activity of
investigated materials.

The degradation rate of methyl red has
increased more rapidly when samples with a higher
Sn/Ti ratio have been used as photocatalysts.
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